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COVID-19 in patients with gestational  
diabetes: review of literature

ABSTrACT
The risk of severe acute respiratory distress syndrome 
associated with coronavirus-2 (SArS-CoV-2) to ma-
ternal and newborn health has yet to be determined. 
Several studies showed that pregnancy with gesta-
tional diabetes increased the risk of maternal illness, 
but cases of gestational diabetes, preeclampsia and 
preterm birth have been reported rarely. reports in-
dicated placental infection and vertical transmission 
of COVID-19 were uncommon. Interestingly, despite 
the lack of SArS-CoV-2 placental infection, there were 
many records of major abnormalities in placental 
morphology. Continued research into offsprings of 
pregnant women with gestational diabetes infected 
with SArS-CoV-2 was vitally necessary. This study 
showed the impact of COVID infections on the fetus 
and the newborn in gDM pregnancy. There were very 
few data considering this subject and therefore, the 
findings have nowadays very debatable value. How-
ever, it’s worthwhile to show the scientific community 
that nowadays we have no proof that COVID infection 
has a significant impact on pregnancy and the fetus. 
(Clin Diabetol 2020; 9; 6: 367–371)

Key words: COVID-19, patients, gestational diabetes

Introduction 
Severe acute respiratory distress syndrome associ-

ated with coronavirus-2 (SARS-CoV-2), was an etiologi-
cal agent of Coronavirus disease 2019 (COVID-19). It 

was first identified in Wuhan, China, in December 2019 
and is now a global pandemic. To date, more than  
4 million cases and 300,000 deaths have been reg-
istered by the World Health Organisation. There has 
been a significant increase in awareness of the genetic, 
virological, epidemiological, and clinical aspects of 
COVID-19, but there are far fewer studies explaining 
the risks and unique impact of COVID-19 on pregnant 
females with gestational diabetes and their newly born 
infants. In this study, both peer-reviewed and non-peer-
reviewed preprints were included in order to identify 
the most up-to-date information.

Pregnancy with gestational diabetes increases the 
risk of adverse obstetric and neonatal outcomes due 
to many respiratory viral infections. The maternal im-
mune system is altered during pregnancy in order to 
prevent the rejection of the fetus and to contribute to 
the development of the fetus [1]. Some viral infections 
cause more serious or prolonged illness in pregnant 
women with gestational diabetes [2]. COVID-19 has 
resulted in elevated rates of abortion, infant mortality 
and preterm delivery [3]. Multiple influenza studies 
have shown an increased risk of maternal morbidity 
and mortality relative to non-pregnant women. On the 
other hand, the majority of results for pregnant women 
with gestational diabetes infected with SARS-CoV-2 
[5–53] do not vary from the general population. Fever 
is the most common symptom of COVID-19 in these 
patients, but many also experience cough, shortness 
of breath, and diarrhea. Occasionally serious infec-
tions involved mechanical ventilation [2–46] but rarely 
resulted in death [4, 5]. 

COVID in pregnant women  
with gestational diabetes

Although the majority of COVID infections in 
pregnant women with gestational diabetes were 
mild, data indicated substantial placental pathology 
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in SARS-CoV-2 pregnancy despite lack of detectable 
or very low levels of SARS-CoV-2 mRNA or protein 
[4–43]. There were, however, case studies suggesting 
COVID-19 virons in syncytio-trophoblasts in placental 
villous when examined by the electron microscopy 
[6–8] or (PCR) [5, 28, 36].  The significant questions 
that remains unanswered are, whether SARS-CoV-2 
replicates in the placenta, whether it is the cause of the 
reported placenta abnormalities and, whether SARS-
CoV-2 is an “innocent bystander.” It is also important 
to note that the identified placenta abnormalities occur 
mainly in women who are asymptomatic or have mild 
to moderate illness, indicating that these defects are 
not necessarily due to severe COVID disease.

Placenta abnormalities  
in diabetic women

The placenta abnormalities identified in an infected 
diabetic pregnant women with SARS-CoV-2 include 
diffuse perivil fibrin, fetal vascular malperfusion in 
fetal vessels, choriohemangioma, maternal vascular 
malperfusion, and multifocal infarctions [17, 26, 36]. 
In some cases, SARS-CoV-2 has been found in the pla-
centa [5, 17, 28, 36]. Lack of controls and non-specific 
staining issues [16] complicate the interpretation of 
these findings in some of these studies. Importantly, 
the vast majority of placenta cases were negative for 
SARS-CoV-2 as calculated by PCR [12, 22, 26, 27, 36, 
41, 43]. The anomalies observed in placenta pathology 
therefore indicated that the placenta was vulnerable 
to maternal COVID-19 disease, even in the absence of 
infection, because in many cases these disorders may 
be due to maternal co-morbidities such as hyperten-
sion, preeclampsia, and gestational diabetes. There is, 
therefore, a vital need for thorough systematic studies 
to determine the prevalence of infection and replication 
of SARS-CoV-2 in the placenta and its connection with 
placenta abnormalities. 

Easy vertical transmission? 
It still remains to be seen whether SARS-CoV-2 

can be transferred from a diabetic pregnant woman 
to her fetus, a process called vertical transmission. Im-
portantly, the transmission is predicted to have various 
effects over the three trimesters of pregnancy. Transpla-
cental transmission of the virus typically increases with 
advanced gestational age, while there is a decreases in 
the incidence of fetal injuries from embryopathy and 
embryo/fetal death in the first trimester, from fetal 
infection and immune response during the second 
and third trimesters. Unlike many other viral diseases, 
viremia in SARS-CoV-2 is observed in just 1% of symp-
tomatic patients and is usually mild and transient [19].

Effect of COVID-19 on newly born infants
Most of the case reports documented that, the 

birth of a full term baby to COVID-19 positive moth-
ers with mild to moderate illness is not carrying any 
significant risk to the baby itself [8–53]. Preterm births, 
on the other hand, are fairly common in women with 
severe illness, although there are sporadic reports of 
spontaneous preterm births [9–53]. Spontaneous abor-
tion has also been reported twice in early pregnancy 
[5, 45] and fetal death has been reported 6 times [13, 
18, 23, 24]. Case reports of newborns with symptoms 
requiring NICU admission for tachypnea, tachycar-
dia, fever, gastrointestinal symptoms, and signs of 
CT pulmonary infection [2, 7, 12, 27, 41, 48, 52, 53] 
were reported; with 2 of 5 had NP swabs positive for 
SARS-CoV-2. Interestingly, some symptomatic infants 
tested negative for SARS-CoV-2. In one case, a positive 
SARS-CoV-2 infant born at 31 weeks of age needed 
resuscitation and was diagnosed with pneumonia, but 
the authors confirmed that they suspected sepsis with 
Enterobacter [52]. Thus, with the exception of these 
unusual cases, neonates were born healthy to infected 
mothers ofwith SARS-CoV-2. However, it has yet to be 
known whether infection at an earlier stage would have 
a significant effect on neonatal health and whether it 
results in long‐term outcomes.

Actual mode of transmission 
Newborns may be infected by viral infection 

from mother either directly by the virus through 
vertical transmission or passively, by the maternal 
reaction to the virus. Considerable evidence indicates 
the absence of vertical transmission of SARS-CoV-2. 
Multiple newborns were screened for SARS-CoV-2 at 
delivery and viral RNA was not found in cord blood, 
throat and nasopharyngeal swabs, urine, and feces 
[5, 51]. Amniotic fluid samples were also obtained 
from positive COVID pregnant mothers and were 
mainly screened negative for SARS-CoV-2 [5–49]. 
Neonatal testing, 24 hours or more after birth, have 
rarely been confirmed positive for the virus [27–52], 
but due to delays in testing, these infants may have 
already been infected after birth. There was one case 
report of COVID-19 neonates at birth, but the baby 
was symptom free with, perhaps, the exception of 
some minor initial nursing problems [28]. In addition, 
despite cautious isolation, the baby born at 33 weeks 
of age tested positive after 16 hours and again after 
48 hours post-partum [2]. The authors indicated that 
this infant may have been infected either during the 
delivery of the ceasarean or in the uterus. The baby 
needed admission to the NICU for low Apgar scores 
and ventilator support.
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Antibodies were found in neonatal blood
Most babies in these studies were delivered by  

a cesarean section, and it is possible that newborns 
could potentially be contaminated during vaginal deliv-
ery. Vaginal swabs, however, were screened negative at 
37 weeks of caesarean section delivery [12] and nega-
tive for SARS-CoV-2 in 6 women at hospital admission 
[45]. Intriguingly, despite the absence of virus present 
in neonate at birth, antibodies have been detected 
in neonatal tissue [51]. In particular, IgM has been 
documented to be elevated indicating fetal exposure to 
the uterine virus [51]. It is important to note that IgM 
antibody testing results in a high risk of false-positive 
[19] but these findings indicate that ongoing neonatal 
antibody testing can be useful. 

Extracellular vesicles confer viral  
resistance to receptor cells

Overall, there is little evidence of vertical transmis-
sion in the majority of cases of positive COVID-19 birth. 
The fact that viremia is present in 1% of symptomatic 
patients and is usually mild and temporary may play 
a role [42]. However, other processes are likely to be 
just as important or more important in the defense of 
the fetus against vertical transmission. Maternal-fetal 
interface barriers protect the fetus from infection. For 
example, the syncytiotrophoblasts organize the im-
mune response to infection and also act as a physical 
barrier to the viral passage [29, 47]. Immune cells in 
the placenta also have anti-viral potential [47]. Finally, 
previous studies have shown that trophoblast-derived 
extracellular vesicles containing a special group of 
miRNAs, expressed as chromosome 19 miRNA clusters, 
confer viral resistance to receptor cells suggesting  
a paracrine role that allows contact between placental 
cells to control their immunity to viral infections [10].

The ability of the virus to replicate and infect the 
placenta is also dependent on the virus. In the case 
of SARS-CoV-2, the entry of cells requires the binding 
of the spike protein to ACE2 [15]. The virus is then 
produced by cellular proteases such as TMPRSS2 [15] 
and possibly cathepsin B/L7 [37] and furin [6]. Utilizing 
recently reported single-cell RNAseq results, researchers 
have observed robust ACE2 activity in the placenta [21, 
37] though not in TMPRSS2 [37]. Two studies, using 
single nucleotide RNAseq or single-cell RNAseq, were 
recently performed during gestation and found expres-
sion of ACE2 but either no or very low levels of TMPRSS2 
were detected in the placenta [3, 32]. There has been 
no systematic assessment of the presence and role of 
other proteases that lead to viral entry and replication 
in the placenta cell. ACE2 was observed by 133 IHC in 

syncytio-trophoblast, cyto-trophoblast, endo-thelial 
and smooth muscles of the blood vessels [40].

Interestingly, ACE2 is involved in placentation, 
including the migration of trophoblasts, vascular 
remodeling, and maternal vasodilation [33, 39]. 
Complications such as abortion, ectopic pregnancy, 
and preeclampsia have also been implicated in ACE2 
[40]. Therefore, if SARS-CoV-2 affects the expression 
of ACE2 in the placenta as shown by SARS-CoV-1 in 
the lung [20], there is a risk for placental defects and 
complications of pregnancy. The existence of ACE2 in 
the placenta could mean that there is a capacity to 
bind COVID-19 to cause viral infection, but there are 
mechanisms that underlie SARS-CoV-2’s failure to infect 
and replicate in the placenta are unknown.

Conclussion 
 Vertical transmission of SARS-CoV-2 is consid-

ered unlikely at this time but there appears to be consid-
erable potential for SARS-CoV-2 to affect the placental 
function and fetal development. Continued research is, 
therefore, needed focusing especially on the detection 
of SARS-CoV-2 at early gestational time points. Finally, 
careful longitudinal studies with adequate controls 
are needed before any conclusions about COVID-19’s 
maternal or neonatal effects are drawn.
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How to manage the IVF during COVID-19 
pandemic among diabetic females:  
a scientific perspective

ABSTrACT
Diabetes is a challenging clinical problem facing ob-
stetricians and gynecologists when it comes to in vitro 
fertilization and embryo transfer (IVF-ET). During the 
COVID-19 pandemic we are living nowadays, COVID-19 
becomes a new superimposing challenge for diabetic 
females need IVF-ET procedures. 
The persistent lock-down of diabetic health facilities 
already advised by numerous organizations and con-
tributing to challenging diabetes treatment is harmful 
to the whole population and in particular to patients 
with infertilities. Around 0.3% of all babies born last 
year were conceived with IVF-ET therapies worldwide.
We recommend remedies to foresee more delicate 
infertility cases so as to prepare for a resumption of 
temporarily suspended fertility treatment.. In an age 
of crucial challenges for our national health services, 
complication prevention and tension management can 
help competent agencies and health providers identify 
patients that should be preferred to begin fertility 
treatment in a healthy environment.
What we consider as a possible possibility is the 
gradual restart of IVF, which needs many measures 
for diabetic patients. The problem of restarting IVF 

installations after the current lockdown is real since 
each nation follows a certain recovery curve. Especially 
as a result of silent dissemination, attention should be 
provided to COVID-19 infection among patients and 
health-care staff after the restart of IVF therapy. (Clin 
Diabetol 2020; 9; 6: 372–377)

Key words: IVF, COVID-19, pandemic, diabetic, 
females

Introduction 
Since the early stages of the pandemic, diabetic 

patients have been at the frontline, as rising epidemio-
logical evidence showed that they are at higher risk of 
serious clinical effects of COVID-19 [1]. However, the 
present global condition does not discourage women 
from pursuing an interest in building a  family and 
dreaming of a child. Even if she is diabetic and tries 
IVF, there is a possible danger of in-vitro fertilization 
(IVF), which may end in respiratory and cardiovascular 
problems, termed a severe ovarian hyper-stimulation 
syndrome [2]. Since COVID-19 may also induce res-
piratory and cardiovascular complications, it is unclear 
how women with COVID-19 manage a serious ovarian 
hyper-stimulation syndrome. There are no records of 
these problems at the moment [3].

The risk of serious ovarian hyper-stimulation syn-
drome may be increased by diabetes with or without 
other concomitant autoimmune diseases [4, 5]. For 
thorough guidance before embarking on ovarian 
stimulation, knowledge of the association of current 
conditions and the potential for vascular leakage disor-
ders is required. In this demographic, prevention steps 
may be essential factors [5]. 
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It was also established that pregnancy accom-
plished by IVF was linked, according to a study team 
in Greece, with a higher risk of gestational diabetes. 
These methods are considered to be correlated with 
a greater risk of pregnancy and birth complications. 
More than half a million babies are projected to be 
born worldwide through IVF [6]. 

However, fertility and IVF problems allow the  
patient to slip into the difficulty of finding the right  
period for IVF after the pandemic. Either delay or 
resume the extraction of IVF eggs and embryos, or 
freeze the eggs/embryos until date of expiry of eggs/ 
/embryos [7]. 

There is currently little scientific data on the con-
nection between coronavirus and fertility [8]. We 
know that diseases will sometimes contribute to fever 
that can influence the treatment of infertility [9]. One 
research has shown that fever was correlated with a 
reduced amount of embryos, a longer duration and a 
higher amount of treatment needed during their freez-
ing or IVF cycle. However there is no proof that the 
impact of fever on female fertility persists longer [10]. 

COVID-19 and diabetes
Outcome of COVID-19 in diabetics 

People with COVID-19 diabetes are more likely 
to have poor prognosis and mortality. Given the high 
worldwide incidence of diabetes, the COVID-19 demo-
graphic represents a significant susceptible group [11]. 
The worse prognosis of persons with diabetes is likely 
to be a result of the syndromic aspect of the condition: 
hyperglycemia, older age, comorbidity and in particular, 
hypertension, obesity and cardiovascular disease — all 
lead to growing incidence in these individuals [12]. The 
scenario, however, is more complicated as it involves 
factoring in social variables such as inequality and race, 
as well as factors that become important at a time when 
a patient with extreme COVID-19 needs to be handled. 
Here the specialist must not only provide treatment for 
the health condition of the individual with diabetes, but 
must also closely match glucose-lowering medications 
with complex virus infection treatments [13].

Diabetes management in COVID-19 patients
Once again, diabetes treatment in patients with 

COVID-19 represents a significant clinical challenge, 
one that needs a well-integrated team solution, since 
this is an indispensable technique to minimize the 
likelihood of serious problems and mortality as far as 
possible [14]. Careful consideration of the multiple 
components that lead to poor prognosis of COVID-19 
in patients with diabetes might be one of the most, 

if not the only, way to address the current condition 
and make it easier for our health services to be able to 
meet any potential problems in a timely and successful 
manner [15].

Hidden relation between diabetes and COVID
Finally, the inter-relationship between diabetes 

and COVID-19 needs further studies in order to explain 
the degree to which the particular mechanisms of the 
virus (e.g. its pancreatic b-cell tropism) could contrib-
ute to the deterioration of glycemic regulation and 
in certain situations, to the striking development of 
diabetic ketoacidosis or hyperglycemic hyperosmolar 
syndrome [16].

glycemic control and its impact
Medical teams can maintain sufficient glycemic 

regulation in diabetic  patients with COVID-19. This 
includes analysis of all possible effects that COVID-19 
therapy may have had in patients with diabetes [17].

Treatment with chloroquine or hydroxychloroquine 
can induce hypoglycemia, especially in patients on 
insulin or sulfonylurea, due to their effects on insulin 
secretion, degradation and action [18]. Contrarily, med-
ications such as lopinavir and ritonavir can contribute 
to hyperglycemia and exacerbate glycemic regulation 
[19]. These agents may induce hepatic and muscular 
toxicity, so vigilance is advised when used in conjunc-
tion with statins and in patients with fatty liver disease 
[20]. Pharmacokinetic reactions with antidiabetic drugs 
are often normal, triggering over-exposure or under-
exposure to either antiviral or anti-diabetic drugs [21]. 

Glucocorticoids have been used as symptomatic and 
anti-inflammatory therapy in individuals with COVID-19 
with extreme acute respiratory distress syndrome. 
However, their usage can exacerbate insulin resistance, 
retain gluconeogenesis, worsen glycemic regulation, 
and trigger pronounced hyperglycemia. Glucocorticoids 
are known to impose their hyperglycemic impact by 
lowering insulin sensitivity and insulin release, and also 
by interaction with GLP-1 effects, and by increasing the 
development of glucagon [22].

Diabetes and IVf
How diabetes can impact woman fertility 

Women who have diabetes are usually at a higher 
risk for conceiving complications. There are several 
causes that may lead to lower fertility rates: obesity, 
underweight, diabetes problems, PCOS (polycystic 
ovarian syndrome) or autoimmune disorder. The above 
factors are consistent with diabetes in women, which 
usually contributes to lowered fertility rates [23].
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Patients with PCOS are candidates for IVF
Polycystic ovary syndrome — PCOS is a medical 

disorder in which a large number of cysts form on the 
ovary and it may influence fertility due to irregular or 
missing cycles. PCOS is primarily linked with type 2 dia-
betes and obesity [24]. Cycles are considered irregular 
if periods occur at intervals of 35 days or more. Periods 
are considered to be missing when a woman who has 
previously had regular cycles is missing a period for  
6 months or more [25].

 Premature menopause and diabetes 
Premature menopause — frequently correlated 

with type 1 diabetes, premature menopause oc-
curs when a woman stops having periods before 
the age of 40. Endometrial cancer (uterine cancer). 
This condition is more frequent in women with 
type 2 diabetes and PCOS, and can contribute to 
infertility if not treated early [26]. Microvascular 
and cardiovascular risks — findings indicate that 
people with type 1 diabetes who have microvascular 
or cardiovascular complications have significantly 
lower fertility rates [27].

The new triad (IVF, OSS and diabetes)
Patients receiving gonadotrophin ovary stimula-

tion for IVF cycles are vulnerable to Ovarian Stimu-
lation Syndrome (OSS). Presence of unregulated 
diabetes is a risk factor that raises the likelihood 
of ovarian hyper-stimulation; as shown in several 
trials, metformin has had a beneficial impact on 
the prevention of such complications among dia-
betic females pursuing IVF pregnancy. Reduction of 
estradiol amounts on the day of administration of 
HCG. Another potential reason is that the impact of 
berberine or metformin on the reduction of andro-
gen and insulin levels may lead to reduced estradiol 
concentrations [28–31]. 

Data also suggests that metformin has a clear 
impact on human ovarian steroidogenesis [32]. In 
addition, metformin has also been shown to di-
rectly suppress the activity of aromatase enzyme [29]. 
These findings may also explain the rapid biochemical 
improvements in serum testosterone and estradiol con-
centrations observed in our study after a short course 
of berberine or metformin.

Safety is a key consideration for women undergo-
ing IVF. Hyperinsulinemia is a risk factor for OHSS, as 
women with PCOS who are hyperinsulinemic have  
a higher level of E2 and a greater incidence of ovarian 
hyper-stimulation during ovarian stimulation with FSH, 
compared to those with normoinsulinemia [29]. 

IVF and gestational diabetes
Pregnant mothers who used in vitro fertilization to 

conceive are 53% more likely to experience gestational 
diabetes than women who conceived spontaneously, 
according to research results provided at the annual 
meeting of the European Association for the Study of 
Diabetes [33].

“These results underscore the significance of early 
diagnosis of gestational diabetes in pregnant women 
with assisted reproductive technologies that may con-
tribute to an increase in lifestyle activity from the previ-
ous to the IVF era and the first trimester of pregnancy, 
especially in high-risk communities, in order to reduce 
the risk of gestational diabetes.”

In a systematic study and meta-analysis, Anagnostis 
at al. [33] reviewed evidence from 17 matched and 21 
unmatched case-control trials conducted between 1995 
and 2017, contrasting the probability of gestational 
diabetes in singleton pregnancy with assisted repro-
ductive technologies (IVF and intracytoplasmic sperm 
injection) vs. random conception (n = 1,893,599) [34]. 
Studies were removed if conception was accomplished 
by ovulation induction or intrauterine insemination. 
Researchers used maternal age, parity and ethnicity to 
balance aided reproductive groups and spontaneous 
reproduction groups.

Across trials, 4,766 out of 63,760 people who 
experienced assisted reproduction and 158,526 out 
of 1,870,734 women who became pregnant naturally 
acquired gestational diabetes [35]. “This thorough 
review of the best available data to date indicates that 
singleton pregnancy obtained by IVF is correlated with 
an elevated risk of developing gestational diabetes rela-
tive to pregnancies spontaneously born.” Anagnostis 
said in a press release. “The precise cause remains 
unknown, and whether this risk is related to medical 
action or to the inherent infertility status of couples 
undergoing assisted reproduction is not yet well known 
and needs more study.”

COVID-19 and IVf
COVID-19 impact on fertility clinics

Since most coronavirus cases are related to travel 
in places with ongoing outbreaks, fertility clinics are 
advising patients to postpone IVF or other fertility care. 
Previously, it was proposed by the Society for Assisted 
Reproductive Technology (SART) and the American 
Society for Reproductive Medicine (ASRM) that patients 
with a high risk of coronavirus (current symptoms, 
verified patient infection within 14 days of initiation of 
symptoms, or a positive coronavirus test result) should 
aim to prevent pregnancy [36].
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These recommendations apply to procedures in 
egg or sperm donors and surrogate mothers, or IVF 
transfers. In context, if signs of respiratory failure (com-
mon with coronavirus) occur, anesthesia used during 
the extraction period can further inhibit respiration 
while the immune system may still be weakened. Go-
ing ahead with a transfer period may pose a danger to 
the applicant, clinic personnel, or other patients, and 
is usually really not the right option [37].

At the beginning of April, ASRM had initially sug-
gested halting the implementation of new therapy peri-
ods, including activation of ovulation, IUIs, IVF retrievals 
and exchanges, and non-urgent cryopreservation of 
gametes owing to coronavirus pandemics. Patients 
and physicians were actively advised to postpone any 
transfers of embryos, fresh or frozen, and allowed to 
collaborate closely to decide how “urgent” the patient’s 
treatment could be [38].

In other terms, whether fertility treatment was 
super time-sensitive (say, in the case of age or reduced 
ovarian reserve) and a protracted pause may have an 
effect on the result that might have been deemed ur-
gent. The ASRM suggested the cessation of non-time-
sensitive activities, reducing in-person experiences and 
promoting the usage of telehealth. However, patients 
that were mid-cycle would have been willing to pursue 
their care.

COVID-19 impact on fertility
There is currently insufficient clinical information 

on the relationship between coronavirus and fertility. 
But this is a fairly touch-and-go scenario. COVID-19 is 
relatively recent, so the CDC and other scientists would 
need to continue tracking its impact on fertility and 
beyond [39].

What we do know is that viruses will often trig-
ger a fever that can affect fertility care. One research 
indicated that fever during the egg freeze or IVF period 
was correlated with a lower number of eggs recovered, 
a longer cycle, and a higher amount of medication 
needed. There is no proof, however, that fever causes 
longer-term effects on female fertility [40]. 

COVID-19 impact on pregnancy
We know that full-term babies born from women 

with active COVID-19 infections have performed well 
while serious illness (COVID-19 or otherwise) can con-
tribute to premature labor. A very small case-analysis of 
COVID-19-affected women who delivered by C-section 
found that the virus had not been transmitted via 
amniotic fluid, cord blood or breastmilk, although it 
is still uncertain if transmission is feasible. However, in 
another review, preeclampsia was identified in 6 of 8 

women with serious COVID-19 pneumonia admitted to 
ICU, although no preeclampsia symptoms were found 
in 34 participants with more moderate coronavirus [41]. 

However these details are somewhat insufficient. 
Abortion and stillbirth, has been shown in cases of in-
fection with other associated coronaviruses (SARS-CoV 
and MERS-CoV) during pregnancy, and the CDC states 
that high fever during the first trimester of pregnancy 
may raise the risk of some birth defects. This describes 
the prudent attitude of ASRM to begin transfer cycles 
at this period, although there is no evidence yet on 
the effect of COVID-19 on the fetus during the first or 
second trimesters of pregnancy [42]. 

Conclusion 
To our knowledge the inter-relationship among 

those three elements of the triad, “Diabetes, COVID 
and Fertility”, was not addressed in literature. How-
ever, it was noticed obviously in many cases managed 
particularly in IVF clinics that there was a hidden rela-
tion among those three factors. Diabetic patients who 
attended our clinics for IVF trials during the COVID-19 
pandemic experienced unexpected procedure failures 
and outcomes. This hypothesis obliged us to start our 
question by a review of literature to find that this topic 
was not discussed before. We recommend further re-
searches in this new topic to find a causative and any 
associated risk factors.
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Is there a need for a treatment  
for COVID-19-induced diabetes?

Epidemiological data show that patients with dia-
betes who are COVID-19-positive may have a higher 
risk of serious complications [1]. In addition, during 
SARS-CoV-2 infection glycemic normalization is more 
difficult to achieve, with the risk of complicating the 
clinical scenario even more. This evidence shows that 
the patient with COVID-19-positive diabetes is a com-
plex patient. SARS-CoV-2 uses the angiotensin 2 con-
verting enzyme (ACE2) receptors expressed in different 
tissues including pancreatic beta cells to enter cells. We 
can hypothesize [2] this is the mechanism underlying 
the alterations of glycemic homeostasis with the risk 
of damage to the patient with persistent diabetes and 
of inducing diabetes in patients without persistent 
metabolic disease. 

Some data also suggest a higher incidence of gly-
cemic dysregulation in patients with SARS pneumonia 
compared to those with pneumonia from other viral 
causes [3]. However, recent evidence has shown that 
SARS-CoV-2 also binds to DPP4/CD26 when it enters 
respiratory tract cells. In addition, another recent 
study has clearly reported a correlation between DPP4 
and ACE2, suggesting that both membrane proteins 
are relevant in the pathogenesis of virus entry [4, 5]. 
One could hypothesize the use of antidiabetic drugs 
to manage cases where there is COVID-19-induced 
glycemic dysregulation. In particular, the gliptin class 
may be the most indicated among antidiabetic drugs, 
for several reasons [6]. 

The inhibition of DPP4/CD26 could antagonize 
the mechanism of cellular penetration of the virus. 
In addition, gliptins, which are associated with anti-
inflammatory effects and reduction of overproduction 
of cytokines, are drugs that can ensure glycemic nor-
malization and have low risk of causing hypoglycemia. 
Epidemiological studies are necessary to confirm these 
hypotheses [7, 8].
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Diabetes Score questionnaire for lifestyle 
change in patients with type 2 diabetes 

ABSTrACT

Background. Designed for use in clinical settings, the 
Diabetes Score is a 10-item, one-page questionnaire 
for discussing lifestyle change. We aimed to evaluate 
the Diabetes Score questionnaire for its validity and 
acceptability among individuals with type 2 diabetes.
Methods. An observational study was conducted us-
ing interviewer-administered questionnaires to adult 
patients with type 2 diabetes at three ambulatory 
clinics. We used the Diabetes Score questionnaire for 
measuring adherence to diet, exercise and other life-
style recommendations. The questionnaire yields an 
intuitive score ranging from 0 to 100, by addition of 
each of the 10 items which are rated as 0, 5 or 10 by 
the patient. A score of more than 60 was considered 
satisfactory.
results. A total of 311 patients, 56% females, with  
a median age of 55 years (range: 23 to 87) participated 
in the study. Diabetes Score correlated with glycemic 
control, HbA1c (r = –0.20) and blood glucose (r = –0.25;  
P < 0.001), indicating validity. reliability was dem-
onstrated by internal consistency (alpha .577) and 
discriminant factor analysis. Based on multivaria-

te modeling, an improvement of 30 points on the 
Diabetes Score corresponded to a drop in HbA1c by  
1.0%-unit (11 mmol/mol).
Conclusion. Diabetes Score is a valid and reliable tool 
for empowering lifestyle and behavior modification 
among patients with diabetes mellitus. This brief and 
free-to-use questionnaire has the potential to be used 
in diabetes clinics to discuss behavior change. It can 
serve as the first-line intervention in diabetes patients 
while reducing the cost of diabetes care. (Clin Diabetol 
2020; 9; 6: 379–386)

Key words: diabetes mellitus, behavior change, 
lifestyle modifications, chronic disease care,  
non-communicable diseases

Introduction
Increasing evidence supports the need to focus 

on modifiable lifestyle factors in addition to glyce-
mic control among individuals with diabetes [1, 2]. 
Self-management education on healthy diet and  
a physically active lifestyle, as well as regular support 
from healthcare professionals can enable individuals 
to achieve their glycemic targets with less intensive 
medications, improve wellness and reduce long-term 
complications [3]. However, implementation of these 
behavioral interventions has been challenging in clini-
cal settings [4, 5].

While questionnaires have been used to measure 
lifestyle factors among individuals with diabetes, most 
are lengthy, complicated and cumbersome to score. The 
length of these questionnaires can exceed 65 items, 
spanning over 14 pages [6]. Complex scoring algo-
rithms can be burdensome, sometimes necessitating 

Address for correspondence:  
M. Jawad Hashim, MD
Associate Professor, Department of Family Medicine
United Arab Emirates University
Tawam Hospital Campus
P O Box 17666, Al Ain
United Arab Emirates
Phone: +971 3 971 3655
Fax: +971 3 767 2022 
e-mail: jhashim@uaeu.ac.ae, physicianthinker@gmail.com 
Clinical Diabetology 2020, 9; 6: 379–386
DOI: 10.5603/DK.2020.0043
Received: 15.07.2020  Accepted: 12.09.2020

https://orcid.org/0000-0002-9280-9709


Clinical Diabetology 2020, Vol. 9, No 6

380

the use of computer software [7]. A few require prior 
written permission or payment for usage. Intentionally 
“designed especially to enable scientific studies” [8], 
many questionnaires serve as information gathering 
tools for research. Other questionnaires are focused on 
quality of life, and contain items pertaining to patient 
perceptions and expectations. There appears to be  
a lack of a brief and easy-to-use questionnaire designed 
for shared decision-making and improving lifestyle 
among individuals with type 2 diabetes.

We sought to evaluate the Diabetes Score question-
naire for its validity and acceptability among individuals 
with type 2 diabetes.

Methods
Questionnaire design

The Diabetes Score is a behaviorally-oriented ques-
tionnaire developed specifically for clinical use [9]. It is 
a theoretically-derived health rating scale that targets 
condition-specific behaviors for personally meaningful 
reasons as postulated in the self-management theory 
[10, 11]. By being brief and easy-to-understand, the 
instrument enables individuals with diabetes to see 
how well they are following evidence-based guidelines 
for healthy lifestyle targets [Supplementary Appendix]. 
The questionnaire consists of 10 behaviorally-oriented 
items carefully designed to motivate patients to adopt 
a healthier lifestyle. Each item is rated by the patient 
as either 0, 5 or 10-points based on a rubric of lifestyle 
targets. The item ratings are summed up to yield an 
intuitive total score ranging from zero to 100 points. 
This allows patients and physicians to measure pro-
gress and discuss areas for improvement and target 
behaviors. Any form of tobacco use such as cigarette 
smoking leads to a 20-point reduction. Simplicity is  
a virtue when advocating lifestyle change. For instance, 
it has been shown that a structured meal plan is suf-
ficient compared to a detailed, individualized eating 
plan among patients with type 2 diabetes [12]. Layout 
of the questionnaire is designed to be visually appealing 
and easy to understand. A color-coded table enables 
rapid interpretation of total scores. 

The content of Diabetes Score questionnaire is in-
formed by a rich evidence base on behavior change in 
diabetes research [13, 14]. These reviews recommend  
a healthful eating pattern, reduced calorie intake, 
regular physical activity, health education and social 
support as primary treatment strategies [13–15]. Conse-
quently, the Diabetes Score questionnaire is structured 
to include items on nutrition, physical activity and 
self-care. The items are judiciously constructed to be 
behaviorally oriented and actionable, thus potentially 
empowering to patients. Non-actionable items such 

as current hemoglobin A1C level, body mass index and 
blood pressure were excluded. Such items have been 
shown to be ineffective in motivating patients for be-
havior change [16].

Study design and setting
An observational study was carried out at three 

ambulatory clinics in three cities: Islamabad, Rawal-
pindi and Peshawar, Pakistan, from July 2017 to March 
2018. The clinics serve a wide range of patients: one 
of the clinics is a community diabetes clinic, another is 
a teaching clinic affiliated with a medical college, and 
the third is an ambulatory center in a general hospital. 

Participants and data collection
Researcher-administered, printed questionnaire 

forms were used to conduct interviews with partici-
pants after obtaining verbal informed consent. Eligi-
bility criteria included adult patients (age more than 
18 years) with an established diagnosis of diabetes 
mellitus. Patients were excluded if they had apparent 
visual, hearing or mental impairment that would limit 
comprehension of the interview. The primary outcome 
measure was the correlation of Diabetes Score with 
glycemic control. The body mass index (BMI) was calcu-
lated as the weight in kilograms divided by the height 
in meters squared. Participants were asked additional 
questions including age, years of formal education 
completed, current occupation as well as four ques-
tions on perceived satisfaction with the Diabetes Score 
questionnaire.

Statistical analysis
A minimum sample size of at least 127 patients was 

calculated based on the assumption that the correlation 
between HbA1c and Diabetes Score will be 0.1, with  
a power (beta) of 80% and type I error rate (alpha) of 
0.05 (UCSF Sample Size Calculators, www.sample-size.
net/correlation-sample-size/).

The prespecified analyses included bivariate corre-
lation between Diabetes Score and HbA1c, and multiple 
linear regression with HbA1c as the outcome variable. 
Psychometric validation of the questionnaire was con-
ducted using reliability analysis based on the alpha 
(Cronbach) model for internal consistency, followed 
by factor analysis for dimensionality of items [17].  
All statistical analyses were conducted with the cur-
rent version of SPSS (IBM SPSS Inc.). An alpha level of  
P < 0.05 was considered statistically significant.

Results
A total of 311 patients with type 2 diabetes mel-

litus participated in the study (Table 1). The median age 
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was 55 years (minimum 23, maximum 87 years) with 
a mean of 53.8 years (standard deviation [SD], 10.7). 
The participants’ occupations ranged from white-collar 
professions such as teaching to labor-intensive work 
such as farming. Among female participants, 84% 
stated that they were homemakers. Many patients 
were fairly recently diagnosed with diabetes, with 65% 
having been identified less than 10 years ago. The body 
mass index (BMI) ranged from 26 to 71 kg/m2, with  
a mean of 43 kg/m2 (SD, 7.2). The mean waist circum-
ference for women, 102 cm (40.2 inches), exceeded 
that for men, 96 cm (37.8 inches) (P = .24). Missing 

values were generally low except for recent HbA1c and 
waist circumference while blood glucose levels were 
available for 99% of patients.

The mean Diabetes Score was 58.0 points (SD, 
17.1), with a median of 60, on a scale ranging from zero 
to 100 points. Participants reported better adherence to 
dietary recommendations than for physical activity and 
exercise (Fig. 1). About half (46.9%) reported avoiding 
sweets rich in simple sugars (high glycemic index foods) 
and 84.6% were eating at least one serving of fruits or 
raw vegetables. On the other hand, 104 (33.4%) admit-
ted that they were not engaging in vigorous aerobic 
exercise at all, while 82 (26.4%) were not doing any 
home exercises. While most patients were accessing 
health education, only 27.7% reported performing 
regular foot examinations. The highest rated item 
was self-reported continuity of physician visits and 
compliance with medications (Fig. 1). In this cohort, 
12 (3.9%) of patients smoked cigarettes. Comparison 
of individuals grouped into high (more than 50 points) 
and low total Diabetes Score revealed that the latter 
were less educated, more overweight, and had higher 
blood glucose levels (Table 2).

Diabetes Score correlated with HbA1c (r = .20) and 
random blood glucose (r = .25). Diabetes Score was 
associated with years of schooling (r = .22) indicating 
an effect of education on healthy lifestyle. However, 
there was a lack of correlation –with age (r = –.096), 
or duration of diabetes (r = –.036). From multivariate 
analysis, we found that glycemic control (HbA1c) was 
weakly predicted by the patients’ Diabetes Score (re-
gression coefficient, –0.030), BMI (0.28), and duration 
of diabetes (–0.15). However, none of the predictors 
reached statistical significance (adjusted R2 = 0.017).

Psychometric validation
The questionnaire items showed fair internal con-

sistency (Cronbach’s alpha, 0.577; n = 311). Between 
items comparison showed significant differences across 
the questions (ANOVA, p < 0.001). As expected, inter-
item correlations showed moderate associations among 
items on physical activity as well as between those on 
nutrition (r = .2 to .4), indicating construct validity of 
these subscales. On the other hand, there was a lack 
of correlation between diet items and those related 
to exercise (r = –.015 to .033). This was confirmed on 
factor analysis which yielded separate components 
related to exercise and diet with fairly high eigenvalues 
explaining variance of the total Score, 21% and 14% 
respectively. Sensitivity analysis indicated that removal 
of certain items (for example, foot examination) would 
improve the reliability nominally (Cronbach’s alpha 
increased from 0.577 to 0.582).

Table 1. Participants’ sociodemographic and clinical  
characteristics (n = 311)

Characteristic n (%)

Sex

Males 132 (42.4)

Females 176 (56.6)

Age (years)

20–29 4 (1.3)

30–39 18 (5.8)

40–49 70 (22.5)

50–59 114 (36.7)

60–69 62 (19.9)

70–79 22 (7.1)

80 or more 4 (1.3)

Education (years of schooling)

None 91 (29.3)

Primary (up to 10 years) 62 (19.9)

Secondary (up to 12 years) 52 (16.7)

College (13 years or more) 62 (19.9)

Years since diagnosis of diabetes

Less than 5 (newly diagnosed) 76 (24.4)

5 to 9 89 (28.6)

10 to 14 45 (14.5)

More than 15 67 (21.5)

Body mass index [kg/m2]

25.0–29.9 overweight 8 (2.6)

30.0–34.9 obese 34 (10.9)

35.0–39.9 62 (19.9)

40.0–44.9 morbidly obese 74 (23.8)

45.0–49.9 62 (19.9)

50.0+ 55 (17.7)

HbA1c (%)

< 6.50 2 (0.6)

6.50–6.99 5 (1.6)

7.00–7.99 11 (3.5)

8.00–11.99 19 (6.1)

12.0 or greater 10 (3.2)

On insulin 128 (41.2)
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Participant satisfaction with Diabetes Score
Additional questions on satisfaction with the 

Diabetes Score questionnaire were asked to assess 
participant’s perceptions. More than 40% of partici-
pants liked the Diabetes Score questionnaire while only 
5.8% did not (the rest were unsure or did not respond). 
Similarly, 41% of the participating patients indicated 
that they would use the questionnaire in future while 
only 1.3% would not. Suggestions to improve the form 
included adding detailed instructions, dietary advice 
and exercise guidelines.

Discussion
In this study, Diabetes Score correlated with glyce-

mic control among adults with type 2 diabetes, with  
a 30-point improvement in the Score correspond-
ing to a drop of 1.0%-unit (11 mmol/mol) in HbA1c. 
Psychometric properties revealed internal consistency, 
construct validity and moderate satisfaction ratings, 
indicating that the instrument demonstrates validity.

It is pertinent to note that other diabetes ques-
tionnaires have been validated using the same study 
design with similar sample sizes of about 300 patients. 

0 5 10

1. Vigorous exercise 4.9

6.8

5.0

6.5

6.2

5.6

6.1

5.5

4.2

7.9

Physical activity Diabetes Score

Diet

Self-care

Mean score for each item (error bars indicate standard error)

2. Activity level

3. Daily home exercise

4. Simple sugars

5. Whole grain

6. Portion control

7. Fruits and vegetables

8. Health education

9. Foot inspection

10. Doctor & medicines

Figure 1. Mean self-ratings for each item in the Diabetes Score questionnaire (n = 311)

Table 2. Clinical characteristics of participants divided into high and low Diabetes Score groups

Characteristic High score (> 50)

Desirable

(n = 197)

Mean (SD)

low score (≤ 50)

Sub-optimal

(n = 114)

Mean (SD)

P value

one-way 

ANOVA

Age (years) 53 (11) 55 (11) .078

Education (years of schooling) 8.8 (5.9) 6.2 (5.9) .001

Recent HbA1c (%) 9.5 (3.1) 9.5 (2.5) .988

Random blood glucose [mg/dL] 246 (83) 318 (112) <.001

Fasting blood glucose [mg/dL] 190 (80) 228 (85) .017

BMI [kg/m2] 42.3 44.5 .009

Weight [kg] 71 (12) 74 (12) .034

Duration of diabetes (years) 9.3 (6.1) 9.1 (6.1) .764

BMI — body mass index
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Furthermore, the correlation with HbA1c has also been 
about –.20 as their primary validation outcome. It 
is useful to illustrate this with a few examples. The  
28-item, Type 2 Diabetes and Health Promotion Scale 
(T2DHPS) questionnaire was studied in 323 subjects, 
and had a correlation of –0.25 with HbA1c [18]. This 
questionnaire asks the respondent to make judgements 
which are not easily translated into behavioral actions; 
for example, “I have a balanced diet every day”. Some 
items are fairly subjective: “I am content with myself 
generally speaking.” Another questionnaire, the 16-
item Diabetes Self-Management Questionnaire (DSMQ), 
reported as “reliable and valid”, was studied in 261 
hospitalized patients yielding a correlation of –0.23 
with HbA1c [8]. The authors noted that “study partici-
pants cannot be rated as representative of the general 
diabetic population, which limits the generalizability 
of results” [8]. Some items, for example, “Check blood 
sugar levels frequently,” appear to be not in line with 
current evidence for patients not on insulin [19]. An  
18-item questionnaire, designed specifically as  
a “research tool,” was tested among 252 individuals 
resulting in a correlation of –0.27 with HbA1c [20]. 
Generalizability is limited by certain items, such as 
“Maintain healthy diet during financial difficulties.” 
Other items appear non-specific such as “Prevent low 
blood sugar” and “Prevent high blood sugar”. The 
Personal Diabetes Questionnaire (PDQ) is comprehen-
sive (spanning 14 pages) but also quite complex and 
time intensive, requiring 20 to 30 minutes to complete 
[6]”page”:”321–332”,”volume”:”91”,”issue”:”3”,”sou
rce”:”ScienceDirect”,”abstract”:”Aim\nTo develop and 
evaluate the validity and reliability of The Personal Dia-
betes Questionnaire (PDQ. The questions are verbose 
and require patients to comprehend some fairly com-
plicated choices. Many of the items serve as informa-
tion gathering; yet there are no items for tobacco use. 
This lengthy questionnaire achieved a mild correlation 
of .21 with HbA1c. Its generalizability is limited due to 
sampling of predominantly well-educated patients, 
as well as the use of regional colloquial words. The 
Summary of Diabetes Self-Care Activities (SDSCA) has 
multiple versions and complex scoring instructions with 
subscales that require separate interpretation. It ap-
pears to encourage multiple daily blood glucose testing 
by giving higher scores regardless of clinical indication. 
Items are somewhat convoluted (“On average, over 
the past month, how many days per week have you 
followed your eating plan?”) and arbitrary (“On how 
many of the last seven days did you inspect the inside 
of your shoes?”). Additional items are information 
gathering type and some require complex judgement 
calls on part of the patient. 

In contrast, a representative sample was obtained 
in our study with a broad range of age, gender, occu-
pations, duration of diagnosis and glycemic control. 
The high readability (Flesch Readability score, 90) of 
the Diabetes Score makes it among the easiest-to-read 
diabetes scales. With just 10-items on a single page, the 
questionnaire is simple to score and relatively straight-
forward to interpret. These distinguishing features 
support its use as a clinical, shared decision-making 
intervention and not just as a research tool.

The Diabetes Score questionnaire items showed 
moderate internal consistency and reliability in our 
study. The correlation with HbA1c and random blood 
glucose (similar to other validated questionnaires) 
supports concurrent validity and its use in clinical set-
tings. It is pertinent to point out that validation of any 
questionnaire is limited to the version studied in the 
research context [10]. Many diabetes questionnaires 
were modified later on, with updated versions substan-
tially different from the originally validated ones [21]. 
In our extensive literature search, none of the studies 
reported long-term patient-oriented outcomes.

Diabetes Score showed evidence of construct valid-
ity through factor analysis indicating well separated diet 
and exercise subscales. Study participants with higher 
Diabetes Scores tended to be generally healthier with 
better glycemic control. Limited correlation with blood 
glucose levels indicated that while higher Diabetes 
Scores are associated with better glycemic control, 
the questionnaire gathers additional information not 
captured by HbA1c.

Limitations of our study include lack of longitudi-
nal follow-up, and the absence of children or patients 
with type 1 diabetes. The Diabetes Score questionnaire 
does not measure healthcare professionals’ counsel-
ling skills. Furthermore, the questionnaire does not 
individualize dietary or exercise recommendations. The 
item on avoidance of sweet foods oversimplifies the 
concept of carbohydrate counting but is supported 
by recommendations to consume low-glycemic index 
foods [22]. To some extent, these factors are balanced 
by the simplicity and clinical utility of the questionnaire.

Conclusions
The 10-item Diabetes Score questionnaire is  

a reliable and valid questionnaire to assess adherence 
to lifestyle recommendations in adult patients with 
type 2 diabetes. Individuals with type 2 diabetes may 
potentially benefit from using the Diabetes Score 
questionnaire for behavior modification. By allow-
ing patients to reflect upon their dietary intake and 
physical activity, the Diabetes Score allows a more 
mindful approach to setting lifestyle targets. Its initial 
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psychometric properties measured in this study reveal 
a mild correlation with glycemic control, fair reliability, 
reasonable evidence of construct validity and modera-
te patient acceptance. The simplicity of the Diabetes 
Score makes it attractive as a patient discussion tool for 
improving self-management. It may help in refocusing 
on patients’ lifestyles and reducing excessive emphasis 
on tight glycemic control [23].
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Diabetes Score 
What’s your score? 

 10 points 5 points 0 points 

1. Vigorous exercise At least 30 minutes daily  
3 or more days a week 

Less than 30 minutes daily 
Less than 3 days a week 

Rarely or none 

2. Activity level Active  
(stairs, walks) 

Mildly active Sedentary  
(TV, computer, use lifts) 

3. Daily home exercise Doing daily Irregular Rarely or none 

4. Simple sugars Rarely eat sweets Occasionally eat sweets Frequent sweets 

5. Whole grain 3-4 servings of whole grain Rarely eat whole grain Usually eat white bread or 
white rice 

6. Portion control Limit portion size and 
avoid second servings 

Occasionally limit Rarely or none 

7. Fruits and vegetables 4-5 servings or pieces of 
fruits and raw vegetables 

1-3 servings or pieces per 
day 

Rarely or none 

8. Health education Regularly  
(dietician, support groups, 
books, websites, apps) 

Occasionally Rarely or none 

9. Foot inspection Daily Weekly Rarely or none 

10. Doctor & medicines 3 or more visits a year to 
the same doctor 
Regular with medicines 

1-2 visits a year  
Forgetting medicines 
frequently 

Rarely or none  
Not taking 1 or more 
recommended medicines 

Total score 
( subtract 20 points if smoking cigarettes 

or using tobacco or drinking alcohol) 

   

 

Write your scores here 

Score Meaning Date → 
Score↓ 

       

80 – 100 Excellent         

60 – 80 Good         

60 – 40 Fair         

20 – 40 Not good         

0 – 20  Unhealthy         

  

supplementary Appendix
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My active lifestyle 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 
 

Saturday 

Sunday 

Walk daily. Add an additional 1 minute of aerobic (fast 
brisk walk) exercise to your daily walk each week. 

Do home exercises such as arm stretches and lunges.  
Try: gardening, home cleaning, playing sports with 
children and friends. 

Use stairs instead of escalators. Limit TV, computers, 
electronic devices. Avoid sitting for long periods. Be 
active!  

Be positive – your attitude makes the difference. 
Smile. Think positive thoughts about yourself and the 
world – say positive words. Make friends with positive 
people 

 

My meal plan Suggestions 

Breakfast Fresh cut fruit, oatmeal, boiled egg, one slice of bread 
with vegetable oil spread (no jam or juice). Tea/coffee. 
Drink plenty of water. 

Lunch Salad, half-cup of rice with beans, vegetables, and 
seasonings. Eat four small meals through the day.  

Snack Green tea with a biscuit.  
Reduce portion size – eat in small amounts. Avoid 
second servings. Eat slowly and mindfully.  

Dinner Baked fish with steamed vegetables. A small piece of 
dessert. Almonds. Enjoy the taste of food. Pause 
between each bite. 

 

My medicines 

Morning 

Afternoon 

Evening 

 

Green: 
All you can 
eat! 

Water! 
Fresh vegetables, 
salads 

Yellow: 
Eat in 
moderation 

Cooked vegetables, 
beans, lentil, fish,  
fruits, brown bread 
 
 

Red: 
Avoid or eat 
in small 
amounts 

Rice, white bread, 
potatoes, meat,  
fried foods, pastry, 
nuts, desserts, jam, 
sweets, juice, soda 
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Validation of diabetes knowledge  
questionnaire in Croatian with assessment 
of diabetes knowledge and quality of life  
in patients with type 2 diabetes mellitus

ABSTrACT 

Background. Diabetes mellitus (DM) is one of the big-
gest challenges in global healthcare and society in 
general. Assessment of the patient’s level of knowledge 
regarding diabetes is an important step in adapting 
group education programs to achieve better treatment 
outcomes. 
The aim of this study was to validate Diabetes Knowl-
edge Questionnaire (DKQ) in Croatian language, to 
evaluate knowledge about diabetes and examine the 
relationship between knowledge and quality of life 
among type 2 DM patient’s in Croatia. 
Methods. The study was conducted as a cross-sectional 
study on 500 subjects. Validation of DKQ questionnaire 
in Croatian language was done using forward-back-
ward method and internal consistency was examined 
using Cronbach’s Alpha. Quality of life was assessed 
using WHOQOl-BrEF Questionnaire. 
results. good reliability and internal consistency of 
DKQ was confirmed (a = 0,740). Overall knowledge 
about diabetes was satisfactory (average DKQ score 
was 12,13). longer duration of disease and previous 
education about diabetes were observed as predictive 
factors of better knowledge. No association was found 
between diabetes knowledge and quality of life.

Conclusions. Our study confirms that DKQ is a good 
tool for assessing diabetes knowledge in Croatian lan-
guage. Patients with DM demonstrated good diabetes 
knowledge but education in areas of self-care and 
nutrition needs to be improved which may increase 
quality of life. (Clin Diabetol 2020; 9; 6: 387–393)

Key words: diabetes mellitus, quality of life, 
knowledge, DKQ, WHOQOl-BrEF

Introduction
Diabetes mellitus (DM) is one of the biggest chal-

lenges in global healthcare and society in general. As 
reported by the International Diabetes Federation over 
463 million people worldwide are living with diabetes. 
It is the world’s leading cause of blindness, kidney 
failure, heart attack, stroke and lower extremity ampu-
tation [1]. Additional concern is the rapid increase of 
the prevalence in both middle and low gross national 
income countries, where most of the world’s popula-
tion lives, including Croatia [2]. DM is a large-scale 
health, social and economic burden with huge effect 
on personal satisfaction and life expectancy [3, 4]. Pa-
tients with type 2 diabetes often die from heart attacks, 
sudden cardiac death and strokes [5–8]. Therefore, the 
goal of diabetes therapy is to minimize and delay the 
occurrence of diabetic complications and to improve 
the quality of life (QOL) of those affected.

Diabetes care is based on an individualized ap-
proach, which takes into consideration the needs 
and circumstances of the adults with type 2 diabetes. 
Diabetes management plan includes structured educa-
tion, dietary advice, advice on other aspects of lifestyle 
modification (such as increasing physical activity and 
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losing weight) and drug treatment for blood glucose 
control.

Assessment of the patient’s level of knowledge 
regarding diabetes is an important step in adapting 
group education programs to achieve better treatment 
outcomes. Knowledge is possible to evaluate by using 
different instruments like the Diabetes Knowledge 
Questionnaire (DKQ) [9] which was chosen for this 
study due to the proven correlation between diabetes 
knowledge and glycemic parameters [10, 11]. In the 
Republic of Croatia there is no questionnaire to assess 
a patient’s level of knowledge about diabetes.

Quality of life is individual’s subjective percep-
tion on the impact of the disease on physical health, 
psychological state, social relationship, environment 
and general well-being [12]. The studies show that 
QOL, for people living with chronic disease such as 
DM, which requires complex management and coping 
with diabetic complications, is decreased, compared to 
healthy individuals [13]. Based on clinical experience, 
we assumed that satisfactory knowledge about DM is 
a good way toward achieving good glycemic control 
and reducing diabetes-related complications which can 
have a positive impact on patients’ QOL.

Therefore, the study has three objectives: (1) to 
validate DKQ [9] (Appendix 1) in Croatian language;  
(2) to identify knowledge about diabetes and (3) to 
study the relationship between knowledge and qual-
ity of life among type 2 diabetes mellitus patients in 
Croatia.

Methods 
The study was conducted as a cross-sectional study 

on subjects with type 2 diabetes which were over 18 
of age, had met criteria for the diagnosis of type 2 
diabetes mellitus according to WHO guidelines (fasting 
plasma glucose concentration ≥ 7 mmol/L or plasma 
glucose concentration 2 hours after glucose loading 
[≥ 11.1 mmol/L]), their antidiabetic therapy was not 
modified at least 3 months before joining the research 
and they declared themselves willing to participate in 
the research. 

Subjects with serious mental disorders (psychotic 
and bipolar affective disorder) and/or Alzheimer’s dis-
ease were excluded from this research.

A total number of 500 patients were included in 
this study. The research was conducted in accordance 
with the principles of the Declaration of Helsinki with 
approval of relevant Ethics Committees.

Written informed consent was obtained from all 
the participants prior to the start of the study.

DKQ is an instrument originally developed for na-
tive English speakers in a form of 60-item questionnaire. 

Standard reduced version, used in our study, contains 
24 questions with three response options “yes”, “no” 
and “I don`t know”. Prior to the usage of question-
naires in other languages and cultures, it is necessary to 
carry out an intercultural adaptation process. “Exclusive 
translation, without regard to cultural differences, 
results in systematic bias” [14, 15].

In the first part of the research, intercultural adap-
tation and linguistic adaptation was conducted using 
forward-backward technique. 

Three diabetology specialists, who are excellent 
speakers of English language, have independently 
translated the original form from English to Croatian. A 
consensus was found between the versions that would 
best suit the Croatian language, all with final approval 
of a university professor who is also a specialist in en-
docrinology and diabetology. A diabetology physician 
who is a native speaker of English and Croatian did 
a backward translation of the Croatian version into 
English, which showed that translation did not differ 
from the original English version. Lastly, the final version 
(Appendix 2) was reviewed and approved by an expert 
panel consisting of diabetology specialists.

Qualified physicians first introduced DKQ to par-
ticipants, who completed the questionnaire indepen-
dently. For all questions and uncertainties qualified 
medical staff (including diabetologist, family physician 
or qualified nurses) was at disposal.

One point was given for each correct answer. For 
incorrect answers no points were taken away, nor nega-
tive points were assigned. A total of 24 points could be 
achieved and > 12 accurately recognized statements 
defined satisfactory knowledge. Individual scores for 
each participant were calculated.

Quality of life was measured using WHO Quality of 
Life-BREF (WHOQOL-BREF) questionnaire that comprises 
26 items which measure following 4 domains: physical 
health, psychological health, social relationships and 
environment (domains 1–4, respectively) [12]. The re-
sponses followed a Likert scale [16] from 1 to 5 where 
higher score indicates better quality.

Participant’s background characteristics and labo-
ratory test results were obtained from medical records, 
while demographic information such as gender, age, 
level of education, marital and employment status was 
filled in by patients themselves.

Statistical evaluation of the data was carried out us-
ing SPSS statistical package, version 26.0 for Windows. 
The variables were reported using descriptive statistics, 
with decimal numbers and percentages. Internal con-
sistency of DKQ was assessed with Cronbach’s Alpha. 
A multiple regression analysis and Pearson’s correlation 
coefficient were run to determine variables associated 
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with good knowledge of diabetes where P < 0.05 was 
considered as significant. 

Results 
A total of 500 subjects was included in this study, 

where 50.9% were men, 76.6% were married, 44.7% 
had high school graduation, and 39.3% were employed 
(Table 1). 70.11% were being treated by family physi-
cians only, and 29.9% by diabetologist. Almost half of 
the participants were enrolled in one of the educational 
programs on symptoms, self-care and treatment of 
diabetes, out of which 55% was in the individual pro-
grams, and the rest in the group program. When asked 
about willingness for future participation in education, 
58.1% of subjects responded positively and 30.1% 
would prefer group programs. Data regarding diabetes 
complication were obtained from participant’s medical 
records as follows: 39% of subjects had neuropathy, 
18% retinopathy and 29% nephropathy. 18% had previ-
ously suffered from heart attack, 7% had experienced at 
least 1 stroke and 17% were diagnosed with peripheral 
artery disease.

DKQ was successfully translated into Croatian 
language using forward-backward technique. The 
participants presented a good understanding of all 
items, thus no questions were modified. Good internal 
consistency of the questionnaire was demonstrated 
(Cronbach’s Alpha [a = 0.740]).

Overall mean score of DKQ was 12.13 (± 4.75) 
indicating good knowledge. Specifically, 79.8% of 
examinees did not know that blood sugar level of 210 
in a fasting glucose test is very high, and 78.5% that 
if untreated, the amount of blood sugar usually rises. 
75.5% did not know that a usual cause of diabetes is 
lack of effective insulin in the body. Furthermore, 79.4% 
did not know diabetics should take extra care when 
cutting toenails, 68.7% that cuts and abrasions on dia-
betics heal more slowly, and the same percentage did 
not know that diabetes can damage kidneys. Moreover, 
53% knew that a person with diabetes should clean 
a wound with an iodine solution and alcohol, 51.9% 
knew that diabetic diet does not consist of special foods 
and 44.7% knew that eating too much sugar and sweet 
foods do not cause diabetes. 

A multiple regression was run to predict DKQ score 
from different variables of study participants. The 
model statistically significantly predicted DKQ score F 
(7, 491) = 25.279, P < 0.0000, R2 = 0.265. Variables 
such as diabetes disease duration (P = 0.004), partici-
pant’s previous enrollment in education about diabetes 
(P = 0.012) and treatment of disease by diabetologist 
versus family physician (P = 0.000) added statistically 
significantly to the prediction of DKQ score. The high-

est contributing predictor is the patient’s participation 
in education about diabetes (.933). Higher DKQ score 
was detected in patients who were involved in the 
group programs in comparison to individual programs, 
however the difference was not statistically significant. 
Age, gender, BMI, HbA1c or educational background 
was not recognized as factors associated with good 
knowledge about diabetes.

Average WHOQOL-BREF score was 24.43, 22.18, 
11.1 and 31.84 for domains 1–4, respectively. 33,5% 
subjects declared they were extremely satisfied with 
their life (8/10) (Likert scale where 1 signifies completely 
dissatisfied and 10 completely satisfied).

Discussion
One of the objectives of this study is to validate 

DKQ questionnaire in Croatian language. Good reli-
ability and internal consistency was confirmed using 
Cronbach’s Alpha (a = 0.740). Compared to other 
studies with DKQ questionnaire, a is lower than in the 
study done in Portugal [17] and Mexico [18], but higher 

Table 1. Population charateristics 

Subjects characteristics n (%)

Sex

    Male 254 (50.9)

    Female 245 (49.1)

Educational level

   Unfinished primary school 24 (5)

   Primary school 71 (14.8)

   High school 223 (46.4)

   BA/BSc or MS/MSc degree 163 (33.9)

Working status

   Employee 196 (40.2)

   Self employed 16 (3.3)

   Retired 196 (40.2)

   Unemployed 78 (16)

   Miscellaneous 1 (0.2)

Marital status

   Married 382 (78.6)

   In a partnership 16 (3.3)

   Widow/er 40 (8.2)

   Divorced 30 (6.2) 

   Never married 18 (3.7)

Mean (min–max) SD

Age 62.13 (35–90) ± 10.15

Duration of diabetes (years) 9.64 (0.1–40) ± 7.92

BMI 27.00 (13.67–36.2) ± 2.24

HbA1c 7.57 (5.2–14.4) ± 1.01

Overall satisfaction with life 7.69 (1–10) ± 1.77

DKQ correct answers 12.13 (1–23) ± 4.75
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than Nepal [19] and India [20]. The overall mean of cor-
rect answer was 12.13 which indicates good diabetes 
knowledge among our participants. 

Despite good overall knowledge, questions with 
the low score raised several concerns. The lowest level 
of knowledge was related to identifying the fasting 
blood sugar level of 210 is too high. As self-measure-
ment of blood glucose is recognized as one of the 
main factors in decreasing diabetes-related morbidity 
and mortality [21], blood glucose monitor is assigned 
to every patient diagnosed with type 2 diabetes in 
Croatia. Physicians are able to choose and recommend 
one, among more than 25 different glucose monitors 
currently available on the Croatian market [22], each of 
with slightly different settings. One of the explanations 
can be that using more sophisticated glucose moni-
tors reduce the need of memorizing numbers itself, 
because of their possibility to perform software-based 
analysis and alarm when the glucose levels are too high. 
However, giving the age and education background 
of the participants, the main concern is whether the 
self-measurement of glucose level is conducted at all. 
In addition, we found that the majority of participants 
do not recognize signs of hyperglycemia (61.4%) and 
hypoglycemia (69%). These findings only highlight the 
need for constant education and raising the conscious-
ness about potential signs, which could be a risk for  
a patient’s life. Our result was expected from the similar 
previous studies [18, 20, 23].

Around 50% of patients thought that diabetic 
diet consists mainly of special foods, two thirds did 
not know regular exercise can have influence on need 
for insulin or other diabetic medication, one third of 
patients knew that kidneys do not produce insulin and 
around the same percentage knew about 2 main types 
of diabetes [11]. 

Study conducted in Mexico shows that their 
patients have very high awareness of cutting their 
toenails with care and about damage diabetes could 
cause to their kidneys [18], which is in high contrast to 
our study. A possible explanation might be that Croa-
tian citizens respond poorly to programs for preven-
tion or early detection of disease and are more likely 
to spend money on alcoholic beverages and tobacco 
rather than health service. In addition, health literacy 
and self-care awareness are lower than in the rest of 
European Union [24].

The most important predictors of the total knowl-
edge scores are previous education about diabetes  
(P = 0.012) followed by duration of disease (P = 0.004). 
Similar findings were confirmed in other studies [25– 
–27], suggesting that patients are able more effectively 
adapt to diabetes treatment when having appropriate 

education. Moreover, the duration of disease increases 
the knowledge due to expanded experience and the 
awareness of self-care. No significant correlation was 
detected between knowledge and age, which was con-
firmed by similar study [27] suggesting that patients of 
all ages are eligible for educational program.

In the study about the determinants of diabetes 
knowledge [23], lower education was observed as 
risk factor. Similarly, participants in our study without 
any education had lower DKQ results in comparison 
to those with higher education although statistical 
significance was not achieved. 

In contrast to our assumption but in line with simi-
lar studies [18, 25, 26], HbA1c was not recognized as  
a factor influenced by total knowledge score (P = 0.387).

To the best of our knowledge, this is the first time 
to assess the level of diabetes knowledge for people 
in southeastern Europe, and first time to explore cor-
relation between knowledge and quality of life using 
DKQ and WHOQOL-BREF, respectively. 

As in other studies [28], our participants expressed 
high satisfaction with their quality of life in areas of 
physical, psychological and environmental health. On 
the other side, average score in the domain of social 
health, which concerns personal relationships, social 
support and sexual activity, is lower. This was expected 
because of lower number of questions in comparison 
with other domains but also the conservative upbring-
ing and values which are still of great influence in 
Croatia. 

Our study demonstrates that diabetic knowledge 
does not correlate with quality of life, which is in ac-
cordance with similar study [29]. It can be partially 
explained by the complex nature of the disease itself 
and other independent factors such as education, level 
of income, but also social and cultural circumstances, 
which highly influence people’s quality of life. 

Limitations of our study concerns participant’s 
residence, which is mostly concentrated on the area of 
the capital city Zagreb and closer surroundings while 
the inclusion of more people from other parts of the 
country may result in different findings and accurately 
reflect the general population. Furthermore, involve-
ment in the study was voluntary and it is more likely 
for patients with higher levels of disease awareness to 
be willing to participate.

Our findings reveal that DKQ is a good tool for 
assessing diabetic knowledge in Croatian language 
but also underline the need for more comprehensive 
initiatives targeting diabetics knowledge, especially 
recognizing symptoms of hypo/hyperglycemia and 
emphasizing exercise which can highly determine 
adherence to medications and improve target goals. 
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Conclusions
The study demonstrated good internal consistency 

of DKQ and as such is a reliable instrument for measur-
ing diabetes knowledge, applicable for further studies 
in Croatian language. Even though Croatian diabetics 
have good overall knowledge about disease, improve-
ment is especially necessary in the areas such as self-
care and nutrition. We did not find a positive correlation 
between diabetes knowledge and quality of life. Still, 
we believe it would be interesting to conduct studies 
in other countries with different health care systems 
and cultures to more precisely explore this correlation. 
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APPENDIX 1 

DKQ Croatian version

1. Konzumacija velikih količina šećera i druge slatke hrane uzrokuje šećernu bolest. DA NE NEZNAM

2. Uobičajeni uzrok šećerne bolesti je smanjeni učinak inzulina u organizmu. DA NE NEZNAM

3. Uzrok šećerne bolesti je nemogućnost bubrega da spriječe izlučivanje šećera u urinu. DA NE NEZNAM

4. Bubrezi proizvode inzulin. DA NE NEZNAM

5. Ako se šećerna bolest ne liječi, količina šećera u krvi raste. DA NE NEZNAM

6. Ako sam dijabetičar, moja djeca imaju veći rizik da budu dijabetičari. DA NE NEZNAM

7. Šećerna bolest se može izliječiti. DA NE NEZNAM

8. Razina šećera u krvi natašte iznad 11 mmol/L je previsoka. DA NE NEZNAM

9. Najbolji način za provođenje samokontrole je analiza urina. DA NE NEZNAM

10. Redovita tjelovježba će povećati potrebu tijela za inzulinom ili lijekovima za šećernu bolest. DA NE NEZNAM

11. Postoje dva glavna tipa šećerne bolesti: tip 1 (inzulin - ovisan) i tip 2 (inzulin - neovisan). DA NE NEZNAM

12. Prejedanje dovodi do inzulinske reakcije (pada šećera u krvi). DA NE NEZNAM

13. Lijekovi su puno važniji za dobru kontrolu šećerne bolesti od pravilne prehrane i redovite  tjelovježbe. DA NE NEZNAM

14. Šećerna bolest često dovodi do loše cirkulacije. DA NE NEZNAM

15. Porezotine i ogrebotine sporije cijele kod osoba s šećernom bolesti. DA NE NEZNAM

16. Osobe sa šećernom bolesti trebaju biti oprezne prilikom podrezivanja noktiju na stopalima. DA NE NEZNAM

17. Osoba sa šećernom bolesti trebala bi očistiti porezotinu jodom i alkoholom. DA NE NEZNAM

18. Način pripreme hrane jednako je važan kao i odabir namirnica. DA NE NEZNAM

19. Šećerna bolest može oštetiti moje bubrege. DA NE NEZNAM

20. Šećerna bolest može dovesti do gubitka osjeta u mojim prstima, šakama i stopalima. DA NE NEZNAM

21. Znojenje i tresavica su znakovi visoke razine šećera u krvi. DA NE NEZNAM

22. Učestalo mokrenje i žeđ su znakovi niske razine šećera u krvi. DA NE NEZNAM

23. Uski elastični zavoji ili čarape nisu štetni za dijabetičare. DA NE NEZNAM

24. Dijabetička dijeta se uglavnom sastoji od posebnih namirnica. DA NE NEZNAM
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APPENDIX 2

DKQ English version

1. Eating too much sugar and other sweet foods is a cause of diabetes. YES NO I DON’T KNOW

2. The usual cause of diabetes is lack of effective insulin in the body. YES NO I DON’T KNOW

3. Diabetes is caused by failure of the kidneys to keep sugar out of the urine. YES NO I DON’T KNOW

4. Kidneys produce insulin. YES NO I DON’T KNOW

5. In untreated diabetes, the amount of sugar in the blood usually increases. YES NO I DON’T KNOW

6. If I am diabetic, my children have a higher chance of being diabetic. YES NO I DON’T KNOW

7. Diabetes can be cured. YES NO I DON’T KNOW

8. A fasting blood sugar level of 210 is too high. YES NO I DON’T KNOW

9. The best way to check my diabetes is by testing my urine. YES NO I DON’T KNOW

10. Regular exercise will increase the need for insulin or other diabetic medication. YES NO I DON’T KNOW

11. There are two main types of diabetes: Type 1 (insulin-dependent) and Type 2  

(non-insulin-dependent). 

YES NO I DON’T KNOW

12. An insulin reaction is caused by too much food. YES NO I DON’T KNOW

13. Medication is more important than diet and exercise to control my diabetes. YES NO I DON’T KNOW

14. Diabetes often causes poor circulation. YES NO I DON’T KNOW

15. Cuts and abrasions on diabetics heal more slowly. YES NO I DON’T KNOW

16. Diabetics should take extra care when cutting their toenails. YES NO I DON’T KNOW

17. A person with diabetes should cleanse a cut with iodine and alcohol. YES NO I DON’T KNOW

18. The way I prepare my food is as important as the foods I eat. YES NO I DON’T KNOW

19. Diabetes can damage my kidneys. YES NO I DON’T KNOW

20. Diabetes can cause loss of feeling in my hands, fingers, and feet. YES NO I DON’T KNOW

21. Shaking and sweating are signs of high blood sugar. YES NO I DON’T KNOW

22. Frequent urination and thirst are signs of low blood sugar. YES NO I DON’T KNOW

23. Tight elastic hose or socks are not bad for diabetics. YES NO I DON’T KNOW

24. A diabetic diet consists mostly of special foods. YES NO I DON’T KNOW
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ABSTrACT
Background. Self-efficacy in diabetes management 
can empower patients and result in their more active 
participation in the treatment process. In addition, a 
patient’s behavior is influenced by their knowledge of 
and attitude toward their illness. Therefore, the goal 
of the present study was to examine the association of 
knowledge of diabetes, attitude toward diabetes, and 
health literacy with diabetes management self-efficacy 
in patients with type 2 diabetes.
Methods. This descriptive-correlational study was con-
ducted in 2019. The sample included 115 patients with 
diabetes (59 women and 56 men) attending diabetes 
centers of Sanandaj, Kurdistan, Iran, who were selected 
using a convenience sampling method. The Brief Diabe-
tes Knowledge Test (DKT), the Diabetes Attitude Scale 
(DAS), the Health literacy for Iranian Adults (HElIA) 
scale, and the Diabetes Management Self-Efficacy 
Scale (DMSES) were used to gather data. The data was 

analyzed using descriptive statistics, Pearson correla-
tion coefficient, and stepwise regression analysis. All 
the analyses were perfumed using SPSS, version 16. 
The significance level was set at 0.05 for all the tests.
results. The mean age of participants was 46.61 ± 
13.73 years. Health literacy (r = 0.585) and attitude  
(r = 0.396) were significantly correlated with self-effi-
cacy (P = 0.001). According to the results of stepwise 
regression analysis, 34.3% and 36.6% of the variance 
of self-efficacy was explained by health literacy alone 
and health literacy together with attitude, respectively. 
One standard deviation change in health literacy and 
attitude was associated with 0.51 and 0.71 standard 
deviation change in self-efficacy, respectively.
Conclusion. Health literacy and attitude toward diabe-
tes are positively associated with self-efficacy in diabe-
tes management, and improving these variables can 
improve self-efficacy in patients with type 2 diabetes. 
(Clin Diabetol 2020; 9; 6: 394–399)

Key word: diabetes, self-efficacy, knowledge, 
attitude, health literacy

Introduction
Diabetes is the most common chronic metabolic 

disease that has become a silent epidemic in today’s 
world [1]. In 2014, about 387 million people around 
the world had diabetes, and it has been projected 
that by 2035,529 million people will have this disease 
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[2]. According to statistics, diabetes control is not at 
the desired level globally, and a significant increase is 
projected to occur in the global prevalence of diabetes. 
This is especially concerning for Middle-East countries; 
it has been projected that in near future, Iran will have 
the highest prevalence of diabetes in Middle-East after 
Pakistan [3]. The prevalence of diabetes in Iran is 9.3% 
[4]; however, given the fact that a lot of diabetic pa-
tients are not aware of their condition, the prevalence 
of diabetes seems to be higher than the reported 
prevalence rates [5]. Currently, more than 3 million 
people in Iran have diabetes, and if effective measures 
are not taken to address this problem, this number will 
be doubled by 2030 [6].

Diabetes management is complex and requires 
measures beyond blood sugar control, and a broad 
range of interventions are needed to improve the out-
comes for this group of patients [7]. Improvement of 
self-care skills in diabetes like any other chronic disorder 
requires behavioral changes in patients [2]. Self-efficacy 
is an important factor in diabetes management, and 
can lead to increased quality of life, reduced risk of hos-
pitalization, and less risky behaviors in diabetic patients 
[8]. Self-efficacy includes self-motivated behaviors 
allowing a patient to understand factors influencing 
their condition, make effective decisions, and engage 
in effective behaviors to improve their own health [6]. 
Patients with higher levels of self-efficacy tend to ac-
tively participate in self-care programs, and are more 
successful in managing their symptoms [8]. Self-efficacy 
empowers patients and increases their sense of con-
trol; therefore, diabetic patients with higher levels of 
self-efficacy feel more control on their problem, and 
try harder to adhere to treatment [9]. Huang et al. [10] 
found that self-efficacy was the strongest predictor of 
adherence to treatment in diabetic patients. Diabetic 
patients have the most important role in managing 
their illness; therefore, their level of knowledge of 
diabetes is an important factor in the effective manage-
ment of their symptoms [11].

Knowledge is the best protective factor against 
diabetes, so that Moodley [12] considers it to be the 
most effective weapon against diabetes. Patients 
with adequate knowledge of diabetes are more likely 
to take responsibility for their own health [13], and 
have a greater sense of empowerment [14]. Attitude 
motivates behavior, and any change in the attitude of 
patients results in changes in their behaviors [15]. In 
addition to knowledge and attitude, health literacy may 
also be related to diabetes management self-efficacy. 
Health literacy is defined in terms of cognitive or social 
skills determining one’s motivation or ability to obtain, 
understand, or use information in order to maintain or 

improve their own health [16]. Herath maintains that 
health literacy is an integral part of diabetes manage-
ment [13]. Higher levels of health literacy allow diabetic 
patients to better understand information related to 
proper diets, insulin injection, blood sugar control, and 
acceptance of the disease, and increase the participa-
tion of patients in making decisions about treatment 
methods [17]. Schilinger [18] found that patients with 
adequate health literacy had more control over their 
blood sugar levels and experienced fewer diabetes 
complications compared to those with inadequate 
levels of health literacy.

Knowledge, attitude, and health literacy are in-
fluenced by culture; therefore, the present study is 
aimed at examining the relationship of knowledge of 
diabetes, attitude toward diabetes, and health literacy 
with diabetes management self-efficacy in patients with 
type 2 diabetes attending diabetes centers of Sanandaj, 
Kurdistan, Iran in 2019.

Methods
This was a descriptive-correlational study. The 

statistical population included all patients with type 2  
diabetes attending diabetes centers of Sanandaj in 
2019, and the sample included 115 patients who were 
selected for this population, using a convenience sam-
pling method. Sample size was calculated based on the 
following formula: 

according to a = 0.05 and a correlation coefficient 
of r = 0.3.

The inclusion criteria were willingness to participate 
in the study, medical record in the diabetes center, aged 
16–65 years, and ability to read and write. Incomplete 
questionnaires were discarded. The data was collected 
using the demographic questionnaire, the Brief Diabe-
tes Knowledge Test (DKT), the Diabetes Attitude Scale 
(DAS), the Health Literacy for Iranian Adults (HELIA) 
scale, and the Diabetes Management Self-Efficacy 
Scale (DMSES).

The Brief Diabetes Knowledge Test (DKT): This 
test was developed by Fitzgerald et al. [19] at Michigan 
Diabetes Research Center. It has 23 items with four 
response options, one of which is the correct answer 
(scored 1) and the rest are incorrect answers (scored 
0). Total score ranges from 0 to 23, with higher scores 
indicating higher diabetes knowledge [19, 20]. Because 
a Persian version of the test was not available, after  
obtaining permission from the original developers 
of the test, it was translated into Persian using the 
forward-backward method, and 10 experts in nursing 
confirmed its qualitative content validity. Then, the dif-

N = (
Z1–a/2 + Z1–b)2

0.5In 1+r
1–r

+3,
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ficulty and discrimination coefficients were examined. 
10 items with difficulty coefficients below 0.2 were 
discarded, and the reliability of the final scale with 
16 items was found to be 0.661, using the Kuder-
Richardson coefficient.

The Diabetes Attitude Scale (DAS): This scale was 
translated into Persian and validated in Iran by Mahjouri 
et al. [21]. It has 33 items that are rated on a 5-point 
Likert-type scale ranging from 1 (totally disagree) to 
5 (totally agree), and higher scores indicate better at-
titude toward diabetes.

The Health literacy for Iranian Adults (HElIA) 
scale: This scale was developed by Montazeri et al. 
[22], and has 33 items that are rated on a 5-point 
Likert-type scale.

The Diabetes Management Self-Efficacy Scale 
(DMSES): This scale was translated into Persian and 
validated in Iran by Haghayegh et al. [23]. It has 19 
items rated on a 10-point Likert-type scale ranging 
from 1 (I cannot at all) to 10 (I surely can). Higher 
scores on this scale indicate greater self-efficacy in 
diabetes management. The reliability of DAS, HELIA, 
and DMSES questionnaires was 0.752, 0.896, and 
0.853, respectively.

After explaining the objectives of the study to the 
participants and obtaining their consents for participa-
tion, the questionnaires were administered. It should 
be noted that the participants were not required to 
write their real names on the questionnaires. The pre-
sent study was approved by the ethics committee at 
Kurdistan University of Medical Sciences (no. IR.MUK.
REC.1398.212)

Statistical analysis
The data was described using percentage, mean, 

and standard deviation. Independent t-test and one-
way analysis of variance were used to compare quan-
titative data between two groups and more than two 
groups, respectively. Chi-squared test and Pearson 
correlation coefficient were used to examine the rela-
tionship between qualitative data and the relationship 
between quantitative data, respectively. Stepwise mul-
tiple regression was used to determine the important 
factors in predicting diabetes management self-efficacy. 
Significance level was set at 0.05 for all the tests. All 
the analyses were performed using SPSS, version 16.

Results
The study sample included 115 patients with type 2  

diabetes (59 women and 56 men) with a mean age 
of 46.61 ± 13.73 years. The mean disease duration 
was 9.24 ± 5.67 years. Further details are provided 
in Table 1.

According to the results of Pearson correlation 
coefficient, self-efficacy in diabetes management was 
significantly associated with attitude (r = 0.396) and 
health literacy (r = 0.585). In other words, better at-
titude toward diabetes and higher health literacy were 
related to higher self-efficacy in diabetes management 
(P < 0.001) (Table 2).

 Stepwise regression analysis was employed to 
determine the predictive power of knowledge of dia-
betes, attitude toward diabetes, and health literacy 
in diabetes management self-efficacy. According to 
Pearson correlation results, health literacy and attitude 
were significantly related to self-efficacy; therefore, the 
two variables were included in the regression model 
to predict self-efficacy. Health literacy was included 
in the first step, and health literacy and attitude were 
included in the second step. In the first step, health 
literacy significantly predicted self-efficacy (F = 58.883, 
P = 0.001), and explained 34.3% of the variance of 
this variable. In the second step, health literacy and 
attitude together explained 36.6% of the variance 
of self-efficacy (F = 32.366, P = 0.001). In this step, 
attitude alone explained 2.3% of the variance of self-
efficacy (Table 3).

As shown in the table above, regression coefficients 
indicate that one standard deviation change in health 
literacy and attitude is associated with 0.510 and 0.172 
standard deviation change in self-efficacy, respectively. 
Regression coefficients also show that health literacy 
(P = 0.001) and attitude (P = 0.001) have a significant 
positive effect on self-efficacy. In other words, higher 

Table 1. Demographic properties of the participants

Variable N %

gender

Male 56 48.7

Female 59 51.3

Marital situation

Single 18 15.7

Married 97 84.3

literacy

Primary 70 60.9

High school 29 25.2

University 16 13.9

Employment status

Employed 67 58.3

Un employed 48 41.7

Drug

Insulin 47 40.9

Pills 56 48.7

Insulin + pills 12 10.4
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health literacy and a better attitude toward diabetes 
are associated with higher diabetes management self-
efficacy (Table 4).

Discussion 
The goal of the present study was to examine the 

association of knowledge of diabetes, attitude toward 
diabetes, and health literacy with diabetes management 
self-efficacy. According to the study results, diabetes 
management self-efficacy was significantly associated 
with attitude and health literacy. In addition, health 
literacy and attitude explained 34.3% and 2.3% (to-
gether 36.6%) of the variance of diabetes management 
self-efficacy, respectively. Osborn et al. [24] also found 
a significant positive association between self-efficacy 
and health literacy in diabetic patients. Masoompour et 
al. [25] also showed a significant positive relationship 
between health literacy and self-efficacy in patients 
with diabetes. Sedighi Pashaki et al. [26] maintain 
that proper management of diabetes requires multi-

disciplinary cooperation among healthcare providers 
from different fields and also cooperation between 
healthcare providers and patients, and that the concept 
of health literacy is highlighted with a greater focus 
on patient-centered care and patient empowerment. 
Diabetic patients with enough health literacy are less 
likely to have problems in reading medication labels 
and health-related educational brochures, interpret-
ing medical test results, and providing informed 
consent for medical procedures [27]. They are also 
more able to manage their illness effectively. On the 
other hand, the relationship between health literacy 
and self-efficacy is not limited to diabetes, and is also 
observed in other chronic disorders. For example,  
a study among patients with colorectal cancer showed 
a significant relationship between health literacy and 
patient self-efficacy [28]. Bohanny et al. [29] found 
that receiving diabetes education, job status, and 
health literacy explained 11.8% of the variance of 
self-efficacy in patients.

Table 2. Correlation coefficients between diabetes management self-efficacy with knowledge of diabetes, attitude toward 
diabetes, and health literacy in patients with type 2 diabetes

Variables M SD Knowledge Attitude Health literacy Self-efficacy

Knowledge 7.41 2.82 –

Attitude 121.07 9.28 0.18 –

Health literacy 134.69 12.70 0.05 0.44* –

Self-efficacy 152.56 24.93 0.02 0.396* 0.585* –

*P < 0.001

Table 3. The results of stepwise multiple regression

Model Source of changes SS df MS F r r2 Adj r
2 P

Health literacy Regression 24277.783 1 24288.783 58.88 0.585 0.343 0.337 0.001

Residual 46590.478 113 412.305

Sum 70868.261 114

Health literacy  

& Attitude

Regression 25957.064 2 12978.532 32.36 0.605 0.366 0.355 0.001

Residual 44911.197 112 400.993

Sum 70868.261 114

Table 4. Stepwise regression analysis for variables predicting diabetes management self-efficacy

Model Variable Unstandardized coefficients Standardized coefficients t P

B Standard error Beta

1 (constant) –2.095 20.244 –0.104 0.918

Health literacy 1.148 0.150 0.585 7.674 0.001

2 (constant) –37.882 26.540 –1.427 0.156

Health literacy 1 0.164 0.510 6.079 0.001

Attitude 0.461 0.255 0.172 2.046 0.001
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We found no significant association between 
knowledge and self-efficacy. In contrast with this 
finding, Abedini [11] maintains that patients’ lack of 
knowledge of their own conditions can increase the 
prevalence of diabetes complications. Santos also 
considers knowledge to be one of the most important 
factors in diabetes management, because the patient 
needs to have enough knowledge about diabetes treat-
ments, role of carbohydrates, and proper diets [30]. 
Patients with enough knowledge about their illness are 
more likely to take responsibility for their own health 
[13]. In the present study, the diabetic patients obtained 
less than half of the total knowledge score that seems 
inadequate. Murata believes that lack of knowledge of 
diabetes undermines the ability of diabetic patients to 
manage their illness [14]. Therefore, we cannot expect 
from patients with insufficient knowledge of their ill-
ness to show self-efficacy in diabetes management; 
this indicates the importance of providing patients 
with proper training. Given the fact that patients’ 
knowledge of their conditions is influenced by cultural 
factors, learning readiness, cognitive performance, fam-
ily support, and barriers to care [23], proper training 
programs should be provided for diabetic patients, so 
that they can be empowered to effectively manage their 
illness. Economic problems in Iran can affect patients’ 
attitudes toward diabetes. Even if patients have good 
knowledge about the disease, when they cannot afford 
adequate treatment of the disease, this knowledge can-
not help them. It seems that knowledge can be effec-
tive when the patient has sufficient financial support. 
On the other hand, seeing other diabetics with lower 
limb amputation, blindness, kidney failure, and dialysis 
dependence makes these patients who do not yet have 
the complications of diabetes pay more attention to 
self-care behaviors to better manage their disease.

In the present study, attitude toward diabetes 
was a moderate predictor of self-efficacy in diabetes 
management. Consistent with this finding, previous 
studies have shown a significant relationship between 
attitude and diabetes management self-efficacy [31, 
32]. Given that attitude can be influenced by knowl-
edge, this finding can be attributed to the participants’ 
low knowledge of diabetes. Patients with inadequate 
knowledge of factors related to their illness, including 
its causes and types, proper diets, and proper exercise, 
cannot have the right attitude toward their conditions 
[33]. Attitude motivates behavior, and having a proper 
attitude can change patients’ behaviors and improve 
their self-efficacy [15]. It seems that the emotional 
nature of the Kurds was clearer in this study because 
attitude (not knowledge) had an effect on the self-
efficacy of their disease management.

One important limitation of the present study was 
that the data was gathered using self-report question-
ers. Therefore, participants’ answers to the question-
naires may have been influenced by their mental and 
emotional state. Iran is a country of different cultures 
and ethnicities, and this study was conducted on 
Kurds living in western Iran. The results of this study 
can be generalized to all Kurdish populations in Iran, 
but since these concepts are influenced by the culture 
and context of different societies, it is recommended 
to study in Arab, Turkish, Lor, Balouch, Lak and Fars 
cultures to be able to comment on this with more 
confidence.

Conclusion 
Overall, the study results indicated the positive 

association of diabetes management self-efficacy with 
health literacy and attitude toward diabetes in patients 
with type 2 diabetes. Therefore, self-efficacy of diabetic 
patients in managing their own illness can be improved 
through designing strategies to improve their health 
literacy and attitude toward diabetes.
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Pains and needs of patients with type 2  
diabetes as targets for novel technologies

ABSTrACT
Background. As diabetes affects multiple spheres of life 
the aim of this study was to explore the pain points 
of diabetes management as perceived by persons with 
type 2 diabetes and to identify their expectations to-
wards new technologies. 
Methods. Patients with type 2 diabetes treated with 
oral hypoglycemic agents and/or insulin were sur-
veyed. respondents were asked to rate (i) the impact 
of diabetes on their daily life and (ii) their needs for 
improvements in different aspects of diabetes manage-
ment on a five level Likert-type scale. 
Results. One hundred and fifty-four persons with type 2  
diabetes were included. Most frequently reported 
challenges were: fear of diabetes complications de-
velopment or progression (98.7% of patients), pres-
ence of diabetes complications (65.6%), frequent 
hyperglycemia (53.2%), and diabetes limiting one’s 
daily activities (50%). Most frequently expressed needs 
were: to evaluate glucose concentrations without fin-
ger pricking (98.1%), contact with a physician using 
mobile solutions and/or telemedicine (98.1%), and 
automation of insulin dosing (91.6%) and of calories/ 

/carbohydrates’ evaluation in meals (84.4%). Needs 
for telemedicine development, automation of insulin 
dosing and that the others help patients with diabetes 
management were more frequently reported by per-
sons with: higher HbA1c, positive severe hypoglycemia 
history, concomitant chronic complications or diseases, 
and by those who were on insulin therapy.
Conclusions. Although many diabetes technologies 
which meet the needs of patients with type 2 diabe-
tes are already available, the study uncovers a high 
requirement for integrating them into disease man-
agement. The challenge pertains to implementation 
of the right technological solutions fulfilling needs of 
particular groups of patients and to helping them to 
embrace novelties into their daily lives. (Clin Diabetol 
2020; 9; 6: 400–410)

Key words: digital health, eHealth, patients, 
telemedicine, type 2 diabetes, artificial pancreas

Introduction
Diabetes affects more than 400 million people 

worldwide and significantly affects their and their 
families’ quality of life, especially when accompa-
nied by chronic complications [1, 2]. It is not clear 
whether and which diabetes-related inconveniences 
are perceived by patients as mostly affecting their 
daily life. Discrepancies have been identified be-
tween the fields that persons with diabetes and 
their relatives would prioritize and the scientific 
activities in diabetology [3, 4]. The importance of  
a participative approach involving patients in the design 
and implementation of health innovation is increasingly 
recognized [5].
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Over the last years multiple digital i.e. electronic 
health (eHealth) technologies aimed at improvement of 
diabetes patients’ quality of live and glycemic control 
have been developed [6]. Such solutions include: (i) mo-
bile health (mHealth), e.g. text messaging, smartphone 
applications (e.g. “apps” helping to count calories/
carbohydrates content in meals or replacing diabetes 
management log-books), and wearable technologies 
enabling glucose levels assessment without finger 
pricking, i.e. real-time continuous glucose monitor-
ing (rtCGM) systems and intermittently scanned CGM 
(iCGM)), (ii) telemedicine technologies (e.g. enabling 
remote contact with care providers for a discussion 
of electronically submitted CGM profiles), (iii) new 
specialized devices — from insulin pens memorizing 
insulin doses to automated insulin delivery (artificial 
pancreas) systems closing the loop between CGM 
assessments and a continuous subcutaneous insulin 
infusion (CSII) [7–11].

Although most new technological solutions are 
initially used by persons with type 1 diabetes, they 
may add value also to a more personalized and cost-
effective management of persons with type 2 diabetes 
[10]. For instance, HbA1c levels decreased significantly 
in patients with type 2 diabetes who used rtCGM and 
were on insulin pump therapy, and feasibility and safety 
of using insulin pump therapy and a fully automated 
insulin delivery system was shown for persons with 
type 2 diabetes [12–14].

As patient’s perception might add valuable input to 
the enhancement of existing and the development of 
new diabetes technologies, the objective of this study 
was to identify the pain points in diabetes management 
that are still experienced by persons with type 2 diabe-
tes in the era of digital health implementation and to 
identify their expectations towards new technologies.

Methods
This was a cross-sectional, questionnaire-based 

study. The study was carried out in one hospital dia-
betes department and in one local diabetes outpatient 
clinic; data were collected between June 2017 and 
March 2018. Inclusion criteria were: age from 18 up to 
90 years, type 2 diabetes duration 6 months or more, 
treatment with oral hypoglycemic agents and/or insulin 
injections. Patients with type 2 diabetes treated only 
with diet and lifestyle modification were excluded. Gly-
cated hemoglobin (HbA1c) levels, body mass and height 
were collected from patients’ medical documentation. 
The included patients had previously received basic 
education (lasting up to 45–90 minutes) in diabetes 
management (i.e. about nutrition, self-monitoring of 
blood glucose, and for patients treated with insulin —

about insulin action and injection technique) provided 
by their physicians and/or nurses trained in diabetes 
care. None of patients used CGM or insulin pump.

The questionnaire developed for the purpose of 
this survey included questions grouped into following 
categories: A — demographic and medical care related 
data, B — impact of diabetes on daily life, and C — 
new technologies and “my diabetes”, i.e. how new 
technological solutions could help participants in their 
diabetes management and in their everyday live. In part 
B respondents were asked to rate the importance of 
problems concerning diabetes on a five level Likert-type 
scale (1 — definitely not a problem, 2 — rather not  
a problem, 3 — moderate problem, 4 — big problem, 
5 — huge problem). Answers were further grouped as 
indicating a nonsignificant (scores 1 and 2) or signifi-
cant (scores 3, 4, 5) problem. In part C patients rated 
their need for improvements in diabetes management 
(including introduction of existing and emerging new 
technological solutions) on five level Likert-type scale 
(1 — no need, 2 — little need, 3 — moderate need,  
4 — big need, 5 — huge need), and again answers were 
further grouped as indicating nonsignificant (scores 1 
and 2) or significant (scores 3, 4, 5) need for improve-
ment. The questionnaire is freely available online at 
the following link: https://dochub.com/anetagruchala
/7J4mQvgRvJYmlQ0Rj2pO5n/questionnaire-assessing-
pains-and-needs-of-persons-with-type-2-diabetes-
online-pd?dt=yVfo6wPasAgDDHfLq95b. Participants 
answered the questions in the presence of one of the 
investigators (AG), as some of them needed assistance 
with reading or writing due to their disabilities.

The study protocol was approved by the ethics 
committee of the Medical University of Lodz, Poland 
(RNN/197/17/KE). Written informed consent was ob-
tained from each participant, and filled questionnaires 
were fully anonymous.

Statistical analysis was performed with Statistica 
version 13.1 software. Chi-square and Fisher exact tests 
were used for the analysis of frequency of answers 
(ranging particular issues as a significant problem/ 
/need vs. a nonsignificant problem/need) stratified ac-
cording to patients’ clinical characteristics. In all cases, 
the results were considered statistically significant at  
P < 0.05. In the analyses of the impact of diabetes dura-
tion on patients’ answers Pearson Chi-square test was 
used to compare the frequency of answers between 
patients with diabetes duration below or equal to the 
median diabetes duration for the total group (≤ 12 
years) versus patients with diabetes duration above the 
median (> 12 years). Moreover, associations between 
diabetes duration and patients’ answers to particular 
questions considered as continuous variables (answers 
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from 1 to 5) were analyzed; associations with Spear-
man’s rank correlation coefficient r ≥ 0.4 at P < 0.05 
were regarded clinically significant.

Results
One hundred and eighty-nine patients (18–90 

years, type 2 diabetes) were offered the possibility to 
participate in the study. Nineteen patients refused to 
participate. Sixteen patients who primarily agreed were 
excluded due to non-conformity with the protocol (too 
short diabetes duration, not treated with insulin or oral 
hypoglycemic medications at the time of survey). One 
hundred and fifty-four patients with type 2 diabetes  
(85 women and 69 men; aged from 46 to 80 years, with 
diabetes duration from 1 to 39 years; 112 surveyed in 
a hospital, 42 surveyed in an outpatient clinic) were 
included into the final analysis. Characteristics of the 
study group are presented in Table 1.

Diabetes-related problems
Problems most frequently rated by participants 

as significant were: fear of development or progres-
sion of chronic diabetes complications (graded as 
significant by 98.7% of patients), presence of chronic 
diabetes complications (65.6%), frequent hyperglyce-
mia (53.2%), diabetes as a factor limiting one’s daily 
activities (50%) (Table 2).

In order to assess whether the clinical characteris-
tics of patients determine types of problems reported 
by them, subgroups of participants were compared 
depending on HbA1c (below and above the median, 
i.e. 8.7%), history of severe hypoglycemia (no such 
episode vs. at least one severe hypoglycemia with loss 
of consciousness, seizure or coma), presence of chronic 
diabetes complications (no vs. yes), presence of one or 

more chronic concomitant diseases (no vs. yes), and 
treatment with insulin (no vs. yes) (Table 3). Limitation 
of daily activity related to diabetes was significantly 
higher in patients: with HbA1c above median (65.8% 
vs. 34.6%, P < 0.001), with a history of severe hypo-
glycemia (88.2% vs. 39.2%, P < 0.001), with chronic 
diabetes complications (65.7% vs. 19.2%, P < 0.001) 
and on insulin therapy (57.4% vs. 12.0%, P < 0.001). 
Fear of hypoglycemia and hypoglycemia occurrence 
were more frequently reported as a problem by persons 
with a history of severe hypoglycemia, by persons with 
chronic complications and by those treated with insulin. 
Patients with diabetes duration longer than median for 
the total group (over 12 years) claimed significantly 
more frequently (P < 0.05) compared to patients with 
shorter diabetes duration that the following issues 
posed a significant problem for them: diabetes limiting 
daily activities 74% vs. 34%, necessity to prick fingers 
78% vs. 42%, frequent hypoglycemia episodes 78% 
vs. 46%, low blood glucose levels at night 79% vs. 
47%, fear of hyperglycemia 77% vs. 42%, presence of 
chronic diabetes complications 73% vs. 17%, depend-
ence on family members’ help 76% vs. 34%, costs of 
diabetes complications therapy being a burden 74% 
vs. 15%. Moreover, there was a positive correlation  
(P < 0.05) between longer diabetes duration and fear 
of chronic diabetes complications (r = 0.57), diabetes 
limiting patient’s daily activities (r = 0.43), depend-
ence on family members’ help (r = 0.46), and costs 
for diabetes complications therapy being perceived as 
a burden (r = 0.43). 

Diabetes-related needs
Almost a half of the participants (46.8%) indicated 

that they were dependent on help of a family member 

Table 1. Characteristics of the study group (n = 154, 69 men and 85 women)

Characteristics Mean ± standard deviation or number (percentage)

Age (years) 65.6 ± 8.3

Diabetes duration (years) 14.4 ± 9.5

BMI [kg/m2] 30.4 ± 3.7

HbA1c (%) 9.0 ± 1.7

HbA1c [mmol/mol] 75 ± 10.7

Diabetes medication 129 (83.8%) — insulin therapy with or without oral hypoglycemic agents 

25 (16.2%) — oral hypoglycaemic agents (without insulin)

Professional activity 50 (32.5%) — professionally active

35 (22.7%) — disabled

69 (44.8%) — retired

Presence of chronic diabetes complications 102 (66.2%)

Positive history of severe hypoglycemia 34 (22.1%)

Presence of at least one concomitant chronic disease 128 (83.1%)
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Table 2. Percentage of participants who rated potential problems related to their diabetes and its management as non-
-significant and significant. Respondents rated the importance of problems on a five level Likert-type scale: 1 — definitely 
not a problem, 2 — rather not a problem, 3 — moderate problem, 4 — big problem, 5 — huge problem, and answers 
were further grouped as indicating a nonsignificant (scores 1 and 2) or significant (scores 3, 4, 5) problem. Problems 
rated as significant by the highest percentage of participants are listed first 

Problem related to diabetes  

and its management

Participants who rated  

a problem as significant (%)

Participants who rated a problem 

as non-significant (%)

Total number  

of answers

Fear of chronic complications of diabetes — 

problems with eyes, kidney, heart, atherosclerosis, 

diabetic foot, amputation etc.

98.7 1.3 154

Presence of chronic diabetes complications — 

problems with eyes, kidney, heart, atherosclerosis, 

diabetic foot, amputation etc.

65.6 34.4 154

High blood glucose levels (often occurring) 53.2 46.8 154

Limitation of daily activity caused by diabetes 50.0 50.0 154

Necessity to check blood glucose level with 

blood glucose meter — pricking fingers

39.0 61.0 154

Fear of hypoglycemia 34.4 65.6 154

Lack of freedom concerning meals 31.2 68.8 154

Low blood glucose levels (often occurring) 26.0 74.0 154

Estimation of calories or carbohydrates in meals 23.4 76.6 154

Insufficient knowledge about diabetes 23.4 76.6 154

Low blood glucose levels at night 22.1 77.9 154

Feeling uncomfortable or ashamed while per-

forming activities related to diabetes manage-

ment (checking blood glucose levels, injecting 

insulin) in presence of other people

20.1 79.9 154

Lack of freedom in physical activities 16.9 83.1 154

Necessity to check blood glucose level with 

blood glucose meter — remembering to do it

14.3 85.7 154

Necessity to inject insulin — counting insulin 

doses

5.4 94.6 129

Necessity to inject insulin — technique of the 

injection (pushing the plunger etc.)

3.1 96.9 129

Necessity to check blood glucose level with 

blood glucose meter — recording results  

in a log-book

2.6 97.4 154

Necessity to inject insulin — setting the insulin 

dose on the pen injector

2.3 97.7 129

Necessity to take oral diabetes medication 1.8 98.2 113

Necessity to inject insulin — pain during injection 0.8 99.2 129

Necessity to check blood glucose level with 

blood glucose meter — operating blood  

glucose meter

0.7 99.3 154

in their diabetes management. More than one quarter 
(28.6%) would like to have a nurse/non-family caregiver 
support in diabetes management at home.

Detailed results of patients’ perception of needs 
for improvement in diabetes management expressed 
as percentages of answers indicating significant need 

and non-significant need are presented in Table 4. The 
most frequently reported significant needs were: to 
evaluate glucose concentrations without finger pricking 
(98% of patients) and to have contact with a physician 
using mobile solutions and/or telemedicine to share 
data including doses of insulin, blood glucose levels, 
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Table 4. Percentage of participants who rated needs for improvement related to diabetes and its management as non-
-significant and significant. Respondents rated the importance of their needs on a five level Likert-type scale: 1 — no 
need, 2 — little need, 3 — moderate need, 4 — big need, 5 — huge need, and answers were further grouped as indicating 
nonsignificant (scores 1 and 2) or significant (scores 3, 4, 5) need for improvement. Needs rated as significant by the 
highest percentage of participants are listed first

Needs for improvement related to diabetes  
and its management

Participants who  
rated a need  

as significant (%)

Participants who  
rated a need  

as non-significant (%)

Total number  
of answers

Glucose levels assessment without finger pricking 98.0 2.0 154

Telemedicine development to share data including doses  

of insulin, blood glucose levels, meals etc. with a physician 

(possibility to communicate via mobile phone, computer, 

internet etc.)

98.0 2.0 154

Creating/improving a device, which automatically adjusts  

insulin doses based on glucose levels (an “artificial pancreas”)

91.6 8.4 154

Counting calories/carbohydrates in a meal 84.4 15.6 154

Shortening time of blood glucose measurement with  

a blood glucose meter

83.8 16.2 154

Memory of insulin doses in an insulin pen 83.0 17.0 129

Reminding about necessity of injecting insulin 81.4 18.6 129

Reducing pain related to pricking fingers for measurement 

of blood glucose level

80.5 19.5 154

Mobile phone apps automatically sending glucose level data 

to family members

63.0 37.0 154

Telemedicine development to share data including doses  

of insulin, blood glucose levels, meals etc.  

with family members (possibility to communicate via mobile 

phone, computer, internet etc.)

62.3 37.7 154

Relatives’ help in diabetes management 46.8 53.3 154

Nurse/non-family caregiver support in diabetes management 

at home

28.6 71.4 154

etc. (98%). Patients would like to have a possibility to 
contact a diabetologist between medical appointments 
via: phone calls (97.8% of patients), text messages 
(52.6%), emails (35%), or other means of electronic 
communication (35.8%). Need for development of an 
“artificial pancreas” (“a device, which automatically 
provides adjusted doses of insulin based on glucose 
levels”) was reported by 91.6%, and need for counting 
the calories/carbohydrates amount in meals in an easy 
way by 84.4% of participants. Other needs claimed 
as significant by more than 50% of participants were: 
shorter time of blood glucose measurement with blood 
glucose meter, memory of insulin doses in insulin pens, 
reminding about necessity of injecting insulin, reduc-
ing pain related to pricking fingers for measurement 
of blood glucose levels, mobile phone apps automati-
cally sending glucose level data to family members, 
telemedicine development to share data related to 

diabetes management with family members (possibility 
to communicate via mobile phone, computer, internet). 

Needs for telemedicine development (to improve 
communication with family members to share diabe-
tes therapy-related information with them), “artificial 
pancreas” development, relatives’ help in diabetes 
management and for a nurse/non-family caregiver 
support in diabetes management at home (partici-
pants generally did not have such support at the time 
of the study) were more frequently reported by pa-
tients with HbA1c above median (compared to these 
with HbA1c below median), positive history of severe 
hypoglycemia (compared to these without severe hy-
poglycemia history), chronic diabetes complications, 
or concomitant chronic diseases (compared to these 
without comorbidities), and by those who were on 
insulin therapy (compared to participants treated only 
with oral hypoglycemic agents) (Table 5). There was  
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a positive correlation between longer diabetes duration 
and perceiving technological development in diabetes 
management as more significant (r = 0.50). However, 
the correlations with diabetes duration were negative 
for patients’ need for enabling them a contact with 
the diabetologist between medical appointments  
(r = –0.55 for e-mail contact, r = –0.47 for text mes-
sages and r = –0.56 for contact via other electronic 
media). Moreover patients with diabetes duration 
longer than median for the total group (over 12 years) 
reported significantly more frequently (P < 0.05) 
compared to patients with shorter diabetes duration  
a significant need for development in telemedicine 
(67% vs. 33%), mobile apps use (66% vs. 33%) and 
development of an “artificial pancreas” (61% vs. 22%), 
while similarly wishing more frequently for a nurse 
support at home (77% vs. 45%).

In the total group advancements in diabetes tech-
nologies which help patients with type 2 diabetes and 
their families in daily management of the disease were 
perceived by 0.6% of participants as huge, by 5.8% as 
big, by 47.4% as moderate, by 29.9% as small, and 
16.3% of responders did not notice any development 
in this field.

Discussion
This study was focused on diabetes and diabetes 

management-related issues which were challenging for 
persons with type 2 diabetes and could be targeted by 
existing and emerging technological solutions. Stud-
ies describing these aspects are sparse, some included 
small groups of patients, and in others study groups 
were heterogeneous, without well-defined diabetes 
therapy used by participants. Our study included a 
relatively large and homogeneous group of patients 
with type 2 diabetes who used either oral hypoglycemic 
medication and/or insulin. 

We found that 50% of participants reported 
diabetes-related limitations in daily activity (Table 2). 
Results of Rekeneire’s et al. cross-sectional analysis of 
3075 well-functioning older individuals from the USA, 
aged 70–79, comparing limitations in everyday activ-
ity between participants with and without diabetes 
were consistent with our study, since they observed 
such limitations in 53% of patients with diabetes [15]. 
Moreover, they have shown that suboptimal glycemic 
control (higher HbA1c) and longer diabetes duration 
played an important role in the disablement process. 
This is also in agreement with our results as we have 
found that frequency of limitations was higher in pa-
tients with higher HbA1c (65.8% in a subgroup with 
HbA1c ≥ 8.7% vs. 34.6% in a subgroup with HbA1c  
< 8.7%, i.e. below median, P < 0.001). The presented 

study group was age-diverse, while de Rekeneire et 
al. [15] included only elderly population. Moreover, 
in our study most patients had chronic complications 
(66.2%) or other comorbidities (83%) and all were 
treated with oral hypoglycemic agents and/or insulin, 
while in their group only 64.4% of participants used 
any hypoglycemic medication. The percentage of daily 
limitation occurrence was similar even though our study 
population was younger (65.6 ± 8.3 years vs. 73.6 ± 
2.9 years). Such results suggest that the need for a more 
intensive diabetes therapy goes along with comorbidi-
ties and with a higher risk of daily activity limitation. 
In the Medical Outcomes Study Short Form 36 — Item 
Health Survey (SF36) that included 694 patients with 
type 2 diabetes from two clinics in Iran, limitation of 
daily activity was observed in 67.5% of participants 
but, unlike in our survey, the authors did not establish 
whether disability was related to diabetes and the 
type of its therapy [16]. Adding to previous reports 
our data demonstrated that for multiple aspects there 
exists a dependency between diabetes duration and the 
perception of problems experienced by the patients. 
Overall, patients with longer diabetes duration state 
that they deal with more problems, the most evident 
being fear of chronic diabetes complications, diabetes 
limiting patient’s daily activities and dependence on 
family members’ help.

Papaspurou et al. [17] described fears and needs 
of persons with type 2 diabetes in a qualitative study, 
using interpretative phenomenological approach. 
Fears for chronic diabetes complications claimed by 
participants of their study overlapped fears declared 
by vast majority of our study group (98.7%). Moreover, 
they indicated fears for familial predisposition to the 
disease, deprivation and stigmatization which were 
not considered in our research. Needs of patients with 
diabetes reported in that study were partly similar to 
our results, in particular need for easier communica-
tion with medical teams. Grammes et al. [18] studied 
64 adults with type 2 diabetes on insulin therapy with  
a questionnaire identifying potential reasons of patient 
fear and they found that 46.9% of participants dealt 
with fear of hypoglycemia, and this percentage was 
even higher than in our group (34.4%).

Patients’ needs concerning new technologies 
identified in the present survey focused primarily on 
improvement of glucose concentration measurements 
(without finger pricking), easier or more frequent com-
munication with a physician (in Poland it is usually  
a doctor who coordinates diabetes care however this 
need represents the willingness to contact either the 
doctor or other specialist from the diabetes care team, 
e.g. a nurse), support in insulin therapy (automation 
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of insulin dosing, reminding about insulin injections, 
memorizing insulin doses) and food counting. Studies 
assessing needs or expectations of patients with type 2  
diabetes towards new technologies as well as rand-
omized clinical trials evaluating mHealth interventions 
have focused mostly on telemedicine solutions that 
used short-text-messages, telephone calls and mobile 
apps supporting self-monitoring of blood glucose or 
on software supporting CGM (e.g. FGM) systems use 
[19–21]. Watterson et al. [19] proved that many type 2  
diabetes patients admitted that a specialized text-
messaging program supported them in their daily live 
with diabetes: 78% of respondents answered that they 
learned useful information from text messages, and 
text messages helped 89% of them to better manage 
diabetes [19]. These results are in accordance with 
ours, as 52.6% of our respondents wanted to have  
a possibility to contact a diabetologist between medical 
appointments via text messages.

In our analysis the study group was well defined 
(age, sex, BMI, diabetes duration, type of diabetes 
therapy, presence of chronic complications of diabetes, 
history of severe hypoglycemia, presence of concomi-
tant chronic diseases). The majority of participants had 
chronic diabetes complications or concomitant chronic 
diseases, almost one in four had a history of severe hy-
poglycemia. The reported needs for development and 
introduction of new technologies targeting different 
aspects of diabetes management was high since 95% 
of the total study group indicated the need to check 
glucose levels without pricking fingers and for sharing 
diabetes therapy-related data with the therapeutic 
team (Table 4). Possibly the considerable health burden, 
which implies limitations in daily activity, contributed 
to a strong demand for improvement as patients with 
HbA1c above median, positive severe hypoglycemia 
history, presence of chronic diabetes complications, 
presence of a concomitant chronic disease and patients 
on insulin therapy, reported needs for telemedicine 
development (improvement of diabetes management 
related communication with family members) and for 
“artificial pancreas” development more frequently than 
patients without these health problems (Table 5). Our 
observation is however discordant with the results of 
a study that included patients from T1DM Exchange 
registry, as patients with type 1 diabetes with the most 
positive attitudes toward diabetes technology (frequent 
pump and CGM use) had the lowest HbA1c compared 
to persons with very low new device uptake [22]. This 
may imply that disease trajectories of patients with type 
2 diabetes who are willing to use new technologies are 
different from those of patients with type 1 diabetes 
who embrace new diabetes devices. Our data demon-

strate that for multiple aspects there exists a depend-
ency between diabetes duration and the perception of 
problems experienced by the patients. Overall patients 
with longer diabets duration state that they deal with 
more problems. Moreover, in our study patients with 
longer diabetes duration seemed to be less interested in 
telemedicine contact with the diabetes team, albeit, at 
the same time they more frequently claimed to perceive 
technological developments. Furthermore, it is worth 
emphasizing that with longer disease duration there is 
a higher need for family members or nurse help, while 
costs become a more significant burden.

Homogeneity of our sample may be viewed as  
a limitation of the study, as criterion of including only 
patients who required hypoglycemic medication (insu-
lin or oral hypoglycemic agents) skew the study group 
characteristics to higher morbidity, not representative 
for the general population of persons with type 2 dia-
betes. Another limitation is that the questionnaire was 
piloted only in a few patients. However this allowed 
the decision to be made that in case of the surveyed 
group an investigator filled in the questionnaire during 
an interview with participants, and thanks to this the 
survey was easier to carry out among patients and it 
was more reliable. Additionally, to minimize the pollster 
bias, the same investigator interviewed all patients.

A favorable lesson learned from our survey is that 
certain needs expressed by persons with type 2 diabe-
tes can be addressed, as many technological solutions 
claimed by them already exist (e.g. CGM systems, in-
sulin pens memorizing insulin doses, artificial pancreas 
systems and tele-diabetological care tools) [23]. Surpris-
ingly almost half (46%) of participants perceived the re-
cent advancement in diabetes technology as only small 
or none. Such observation reveals the need to unfold 
the high potential of digital technologies by adapting 
them to expectations of persons with type 2 diabetes 
in the context of value-based diabetes management 
regimens. This requires elaboration of reasonable reim-
bursement strategies which can be facilitated by open 
collaboration within the framework of public-private 
partnerships such as the European Institute of Innova-
tion and Technology (EIT) Health (www.eithealth.eu), 
the JDRF, and the KOMIT (https://komit-nrw.de/) or other 
national institutions which secure an early involvement 
of all relevant stakeholder groups, including patients, 
healthcare system and payers.

Conclusions
Diabetes technologies that meet many of the needs 

of patients with type 2 diabetes already exist and many 
others will be probably available in the foreseeable fu-
ture. This study demonstrated that needs of subgroups 
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of patients with comorbidities or other concomitant 
health burdens are in several aspects different than 
needs of patients with less health burdens and this 
heterogeneity must be taken into consideration in 
ongoing research on new diabetes technologies. Such 
strategy should enhance acceptance of existing and 
new solutions in daily diabetes management by people 
with comorbidities. Overall, implementation of several 
existing solutions that diabetes patients claim for, might 
be challenging owing to economic or organizational 
factors (e.g. use of CGM systems by patients who don’t 
have reimbursement for them), but others, relatively 
low-cost approaches can be easily promoted. For in-
stance, the majority of population, also elderly, own 
smartphones or even computers, however, many are 
probably either not aware of the existence of medical 
applications supporting diabetes management (e.g. 
facilitating calories counting, meal planning, sharing 
glucose data with health personnel) or they do not 
know how to take advantage of them. Taking into ac-
count needs and expectations of people with type 2  
diabetes identified in this study we conclude that en-
couraging healthcare professionals to promote innova-
tions should be coupled with easing patients’ access 
to modern devices through wider reimbursement or 
insurers co-payment for them (e.g. for CGM systems). 
Based on the gathered information, we conclude that 
the challenge pertains to both, the implementation 
of the right technological solutions fulfilling needs of 
particular groups of patients, and to helping them to 
embrace novelties into their daily lives.
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gestational diabetes diagnosed in third  
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ABSTrACT
Background. gestational diabetes mellitus (gDM) 
remains a significant concern within the medical com-
munity due to its high risk, as well as its serious side 
effects on both the mothers and the fetuses. This study 
aims to assess the prevalence and the risk factors of 
gestational diabetes mellitus in pregnant women at 
Da Nang Hospital for Women and Children.
Methods. A cross-sectional study was conducted on 
706 pregnant women at 2428 weeks of gestation 
at Da Nang hospital to determine the prevalence of 
gestational diabetes. Multivariate regression analysis 
was used to clarify the independent risk factors associ-
ated with gestational diabetes. All participants were 
interviewed and tested for the oral glucose tolerance 
test (OgTT) to identify the number of gestational dia-
betes, which was diagnosed according to the American 
Diabetes Association (ADA) diagnostic criteria in 2014. 
results. gestational diabetes prevalence was 10.2%; 
categorized by the number of matched diagnostic cri-
teria: 1 criterion: 7.1%; 2 criteria: 2.1%; 3 criteria: 1.0%. 
There are four independent risk factors for gestational 
diabetes determined through multivariate regres-
sion analysis: maternal age > 30 years (Or = 2.376),  

a history of gestational diabetes (Or = 12.211), pre-
pregnancy BMI ≥ 23 kg/m2 (Or = 10.775), a history of 
fetal macrosomia > 3800 g (Or = 4.655). The risk of ges-
tational diabetes in the group with risk factors was 6.21 
times higher than that in the group with no risk factors.
Conclusion. More attention should be paid to the risk 
factors for gestational diabetes, such as maternal age 
> 30 years, a history of gestational diabetes, pre-preg-
nancy BMI ≥ 23 kg/m2, a history of fetal macrosomia 
> 3800 g in all pregnant women. (Clin Diabetol 2020; 
9; 6: 411–415)

Key words: gestational diabetes mellitus, risk 
factors, prevalence

Introduction
Gestational diabetes or gestational diabetes 

mellitus (GDM) is a condition in which diabetes is 
diagnosed during pregnancy that is not clearly overt 
diabetes. Gestational diabetes mainly occurs during the 
24th–28th week of pregnancy, when a fetus produces  
a great number of hormones that prevent insulin 
receptors from functioning properly and disturbs the 
blood sugar levels.

Generally, gestational diabetes manifests few 
symptoms, and it is most commonly diagnosed by 
screening during pregnancy. Diagnostic tests detect 
inappropriately high levels of glucose in blood samples. 
Gestational diabetes accounts for 9.6 to 13 percent of 
all pregnancies [1].

The risk of perinatal mortality does not increase 
while the risk of fetal macrosomia does. Other perinatal 
risks include shoulder dystocia, birth injuries such as 
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bone fractures and nerve palsies, and hypoglycemia. 
Long-term adverse health outcomes which are reported 
among infants born by mothers with gestational dia-
betes include sustained impairment of glucose toler-
ance, subsequent obesity (although not when adjusted 
for size), and impaired intellectual achievement. For 
women, gestational diabetes is a strong risk factor for 
diabetes. GDM carries risks for both the mother and 
her neonates. The risks associated with gestational 
diabetes are well recognized, and there is a certain 
treatment to lower maternal glucose levels in order to 
reduce these risks [2].

Along with the growth of diabetes, comes the 
continuing spread rate of gestational diabetes mellitus 
(GDM). At the moment, GDM remains a significant con-
cern within the medical community due to its high risk, 
as well as its side effects on both the mothers and the 
fetuses. It is also the reason why the American Diabetes 
Association (ADA) in 2014 has issued the diagnostic 
criteria to manage and prevent GDM’s complications 
[3]. We designed this study to assess the prevalence and 
risk factors of gestational diabetes mellitus in pregnant 
women at Da Nang Hospital for Women and Children.

Methods
Study population

From January 2018 to March 2019, consecutive 
women who had either a singleton or twin pregnancy 
with gestation between 24 and 28 weeks (third tri-
mester) at Da Nang Hospital for Women and Children 
were enrolled in this study. They visited the Obstetric 
Department for a regular examination. Women with 
previously treated gestational diabetes or active 
chronic systemic disease (except essential hyperten-
sion) were excluded.

The present study was approved by the ethics 
committee of Hue University of Medicine and Phar-
macy, Vietnam. All participants were provided written 
informed consent. Subjects were provided with written 
information about the study and were briefed orally 
again before their oral glucose tolerance test. People 
whose glucose levels exceeded cut-off values for eligi-
bility were diagnosed with gestational diabetes.

Oral glucose tolerance test
A 75-g oral glucose tolerance test (OGTT) was 

performed in women at 24–28 weeks of gestation who 
were not previously diagnosed with overt diabetes. 
Plasma glucose was measured when the patient is 
fasting and at 1 and 2 hours after the test. The OGTT 
was performed in the morning after an overnight fast 
of at least eight hours. The diagnosis of GDM is made 
when one or more following plasma glucose value are 

met or exceeded, according ADA 2014 guidelines: 1) 
Fasting: ≥ 92 mg/dL (5.1 mmol/L); 2) first hour: ≥ 180 
mg/dL (10.0 mmol/L); 3) second hour: ≥ 153 mg/dL 
(8.5 mmol/L) [3].

All participants were advised to follow a 48 hours 
normal diet before the oral glucose tolerance test and 
to fast for 8 hours the night before the test. Blood 
samples were obtained after the overnight fast and 
one and two hours after the receipt of the 75-g oral 
glucose load. 

Outcome variables
Clinical outcomes among the women included: 

maternal age, gestational age at birth, birth weight, 
and body mass index (BMI). 

We explored some of the risk factors such as GDM 
medical history; maternal age; a family medical history 
of type 1 diabetes; pre-pregnancy BMI; a history of fetal 
macrosomia and pathological obstetrics (e.g. stillbirth, 
miscarriage); polycystic ovary syndrome.

Statistical analysis
Statistical analyses were based on the SPSS soft-

ware, version 16.0. Continuous variables were analyzed 
by means if they were normally distributed and by 
medians of nonparametric tests if their distribution was 
abnormal. A P value of 0.05 was considered to indicate 
statistical significance.

Results
From January 2018 to March 2019, oral glucose 

tolerance test (OGTT) was performed in 706 pregnant 
women at Da Nang Hospital for Children and Women. 
According to ADA 2014 diagnostic criteria, in this study, 
GDM accounted for 72 (10.2%). Among pregnancies 
affected by GDM, according to ADA 2017, the group 
with ≥ 1 criterion accounted for 7.1% (the highest 
percentage).

In bivariate analysis, factors correlated with GDM 
were maternal age ≥ 30 years (OR 1.8, 95%CI 1.1–2.9, P 
= 0.02); BMI ≥ 23 kg/m2 (OR 10.8, 95% CI 6.3–18.4, P < 
0.001) and a history of fetal macrosomia > 3800 g (OR 
5.2, 95% CI 2.7–10.2, P < 0.001) (Table 1). With mul-
tivariable regression, there were independent risk fac-
tors (IRFs) of GDM indicated in this research, including 
GDM history, pre-pregnancy BMI ≥ 23 kg/m2; a history 
of fetal macrosomia > 3800 g (as shown in Table 2).  
The percentage of previous birth weight > 3800 g 
and maternal age > 30 years were highest (37.8% and 
37.1%) (Fig. 1). The group with risk factors was more 
likely to suffer from GDM than the group without those, 
statistical significance differentiation (14.6 vs. 2.7, P < 
0.001) (Table 3).
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Discussion
Prevalence of gDM

In this study, the incidence of GDM was 10.2%,  
a figure similar to the 10.6% found in the Vietnamese 
population in Australia [4]. Our findings on prevalence 
of GDM are fairly similar to a recent study that reported 
the prevalence of GDM in 8 Eastern and Southeast Asian 
countries — 10.1% (95% CI 6.5–15.7) [1]. However, the 
prevalence of GDM in our study was higher than that in 

Table 1. Bivariate analysis of the relationship between risk factors and gDM

Variable gestational diabetes mellitus n (%) No gestational diabetes mellitus n (%) Or (95% CI) P value

Age ≥ 30 years

Yes 36 (13.7%) 226 (86.3%) 1.8 (1.1–2.9) 0.02

No 36 (8.1%) 408 (91.9%)

BMI ≥ 23 kg/m2

Yes 47 (33.3%) 94 (66.7%) 10.8 (6.3–18.4) < 0.001

No 25 (4.4%) 540 (95.6%)

History of macrosomia > 3800 g

Yes 35 (18.8%) 151 (81.2%) 5.2 (2.7–10.2) < 0.001

No 13 (4.2%) 293 (95.8%)

Table 2. Multivariable regression of risk factors associated with gestational diabetes mellitus

risk factors Regression coefficient P Or The interval where Or = 95%

GDM history 2.502 < 0.001 12.211 3.29–45.28

Maternal age > 30 0.865 0.016 2.376 1.17–4.81

Pre-pregnancy BMI

≥ 23 kg/m2 2.377 < 0.001 10.775 5.27–22.00

History of macrosomia > 3800 g 1.538 < 0.001 4.655 2.24–9.68

*Does not include cases with first-time pregnancies; **does not include cases with twin or more pregnancies

Table 3. The percentage of affected gDM between the 
group with and without independent risk factors

risk  

factors

Number gestational  

diabetes mellitus

No gestational  

diabetes mellitus

n % n %

Yes 445 65 14.6 380 85.4

No 261 7 2.7 254 97.3

P; OR P < 0.001; OR = 6.21

Figure 1. The percentage with respect to independent risk factors 
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some studies in Vietnam. Thao et al carried out a study 
in 415 pregnancies (pregnant women) at Bach Mai 
Hospital showed that the proportion of GDM was 7.9% 
based on ADA 2003 diagnostic criteria [5]. A research 
undertaken by Nga in 2009 in 1327 pregnant women 
at Bach Mai Hospital and Central Maternity Hospital 
demonstrated the percentage of GDM was 7.8% [6]. 

The prevalence of GDM in our study was found to 
be lower when compared with Chinese women who live 
in China (13.7%) [7] or in Australia (13.9%) [8]. A meta-
analysis included 84 studies from 20 Asian countries. They 
demonstrated the prevalence of GDM was 11.5% (95% 
CI 10.9–12.1) [9]. We have no clear reason for this differ-
ence, but we speculate that it may due to maternal age 
and BMI disparities, as well as ethnic background [10].

The epidemiological studies aim to determine the 
prevalence of GDM in a community, which is important 
to design effective screening strategies, improve the risk 
factors and manage effectively on pregnant women 
with hyperglycemia. These benefits reflected the in-
creased use of induction of labor for the mothers and 
the increased rate of admission to the neonatal nursery 
for the infants, both of which may be depend on the 
experience of the physicians. The earlier gestational 
age at birth, as a result of the induction of labor, may 
have contributed to the reduction in serious perinatal 
outcomes. Others have reported an increased rate of 
cesarean delivery associated with the diagnosis and 
treatment of gestational diabetes. 

risk factors of gDM
The risk factors of GDM were analyzed in this cur-

rent review. Multiparity ≥ 2, a previous history of GDM, 
congenital anomalies, stillbirth, abortion, preterm deliv-
ery, macrosomia, having concurrent pregnancy-induced 
hypertension, polycystic ovary syndrome, age ≥ 25, BMI 
≥ 25, and a family history of diabetes are the significant 
risk factors predictive of GDM in current pregnancy 
(OR values ranged from 1.90 to 8.42). Most of the 
guidelines, including those of ADA in 2016, recommend 
universal screening for GDM in second trimester [11]. 
According to the American Maternity Association, ma-
ternal age ≥ 25 years were considered the average risk 
factors for GDM. Meanwhile, the Australasian Diabetes 
in Pregnancy Society (ADIPS) originally recommended 
that pregnant women aged over 40 years were at high-
risk of GDM [12].

Our study showed that those with a history of 
previous GDM, pre-pregnancy BMI ≥ 23 kg/m2 and  
a history of fetal macrosomia > 3800 g are more likely 

to develop GDM compared those without a history of 
these conditions, respectively. This finding is consistent 
with previous studies. Idris et al. conducted the study in 
366 Malaysian women showing that the rate of GDM 
in the age groups < 24, 25–35, ≥ 35 years was: 3%; 
14,6%; 38.6% respectively [13]. Studying risk factors 
in pregnant women in Asia, Wagaarachchi found that 
the prevalence of GDM among women aged ≥ 35 years 
was 7.8%, 2.5 times higher than in the age group < 
35 years, at 3.1% [2]. According to the study carried 
out by Rajput in 2011 in 607 pregnant women diag-
nosed with GDM, the percentage of GDM in patients 
aged 25 years and older is 3.8 times than that in the 
group below 25 years old [14]. Yang’s research (2009) 
in 16286 pregnant women has proven the statistically 
significant difference between the groups of age ≥ 35 
and < 35 (OR: 1.97, P < 0.001) [15]. In our research, 
the percentage of GDM in the group over 30 years old 
was higher than that in the group 30 and below (13.7% 
vs. 8.1%, P < 0.05). The odds ratio of GDM between 
the group > 30 years old and group ≤ 30 was 1.8. All 
the above results come to a general conclusion that the 
rate of GDM tends to increase with age.

Weight loss at birth was both a consequence of 
GDM and a risk factor for postpartum pregnancy. Eu-
ropeans consider a baby with a birth weight ≥ 4000 
g to be large for gestational age (LGA); in Vietnam, a 
baby with a birth weight ≥ 3600 g can be considered 
to be LGA. Therefore, a history of fetal macrosomia 
was one of the risk factors for GDM, because increased 
blood glucose levels go through the placenta caus-
ing increased glucose concentration in the fetus and 
large fetal weight. Insulin had an anabolic effect that 
stimulates growth either directly or indirectly through 
growth factors.

All of these warned that the incidence of high-risk 
pregnancies in the future would increase, and doctors 
should be aware of the high-risk factors for pregnant 
women during antenatal care and screening for early 
detection of GDM.

Conclusion
The prevalence of GDM is rather high (10.2%). 

The risk factors associated with GDM were identified: 
maternal age (≥ 30 years) and a history of macrosomia. 
Overall, the ratio of GDM between groups with and 
without independent risk factors was 6.21.
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Uncontrolled type 2 diabetes mellitus  
in Kandahar, Afghanistan: a cross-sectional 
analytical study

ABSTrACT
Background. Type 2 diabetes mellitus (T2DM) is one of 
the leading causes of mortality and morbidity world-
wide. Main objective of this study was to determine 
the factors affecting uncontrolled T2DM.
Methods. This was a cross-sectional analytical study 
conducted in Kandahar, Afghanistan during July–De-
cember, 2018. Data was collected from 748 T2DM 
patients aged > 20 years. Data was analyzed with SPSS 
software using descriptive statistics, Chi square test, 
and binary logistic regression.
results. Among 748 T2DM patients, 390/748 (52.1%) 
were females with 246/258 (95.3%) having low or mid-
dle socio-economic status. Family history of DM was 
present in 402/746 (53.9%) patients with 370/740 (50%) 
patients having uncontrolled DM. Vanaspati or animal 
fat was used by 728/748 (97.3%) of the patients, with 
194/746 (26%) patients doing regular exercise. Oral 
hypoglycemic drugs were used by 666/720 (92.5%) of 
the patients. Comorbidities were present in 612/748 
(81.8%) of the patients, with 348/748 (46.5%) having 
hypertension while 566/746 (75.9%) of the patients 
were either overweight or obese. Binary logistic 
regression revealed female gender (Adjusted Odds 
ratio [AOr] 2.1, 95% CI 1.3–3.5), job without vigorous 

activity (AOr 2.2, 95% CI 1.3–3.6), and late diagnosis 
of DM (AOr 9.2, 95% CI 1.2–73.4) as the risk factors 
for uncontrolled T2DM.
Conclusion. Uncontrolled DM is prevalent in Kandahar. 
Proper control of the risk factors for uncontrolled DM 
will help in decreasing the severity and complications 
of DM. Diabetic services improvement, especially public 
awareness programs on media, is highly recommended 
to improve diabetic care in Kandahar. (Clin Diabetol 
2020; 9; 6: 416–425)

Key words: diabetes mellitus, DM, Kandahar, 
Afghanistan, risk factors, determinants

Introduction
Type 2 diabetes mellitus (T2DM) is one of the 

leading cause of mortality and increases the risks of 
cardiovascular disease, blindness, kidney failure, and 
lower limb amputation [1]. In 2014, according to 
World Health Organization (WHO), approximately 422 
million people worldwide had diabetes mellitus (DM) 
as compared to 108 million in 1980, particularly in 
low- and middle-income countries [1]. Approximately 
90% of diabetes patients have T2DM, which is mostly 
related to lifestyle [2]. DM can cause many long-term 
complications in different parts of the body and can 
increase the overall risk of premature death [3]. Due 
to the increasing prevalence of obesity, especially 
among younger adults, T2DM is now more frequently 
diagnosed in young adults and adolescents, especially 
in high-income countries [4, 5]. In 2010, prevalence 
of DM in Afghanistan among the age group of 20–79 
years was estimated to be 8.6%, whereas by 2030 it 
is estimated to reach 9.9% [6]. Moreover, studies re-
ported that the prevalence of DM was 9.9% in Herat [7] 
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11.8% in Jalalabad [8], 13.2% in Kabul [9], and 22.4% 
in Kandahar [10]. Main objective of this study was to 
determine the factors affecting uncontrolled T2DM, 
as well as the sociodemographic, behavior, physical 
activity, and nutrition status of patients with T2DM in 
Kandahar, Afghanistan. 

Methods
This was a cross-sectional analytical study. Data was 

collected during 6-month-period (July–December, 2018) 
using researcher-made questionnaire with questions 
regarding general characteristics, socio-economic status, 
physical activity, and nutrition of the diabetic patients.

The study population was composed of patients 
with T2DM with age > 20 years who visited public and 
private health facilities in Kandahar, Afghanistan. All 
the patients were living in urban area (Kandahar city).

Research question: What are the factors affecting 
uncontrolled T2DM in Kandahar city, Afghanistan?

Primary objective was to determine the factors 
affecting uncontrolled T2DM in Kandahar city, Af-
ghanistan.

Secondary objective was to determine the sociode-
mographic, behavior, physical activity, and nutrition 
status of patients with T2DM in Kandahar city.

Inclusion criteria:
 — patient with laboratory confirmed T2DM; 
 — both male and female patients with age > 20 

years;
 — permanent residents of Kandahar city.

Exclusion criteria:
 — type 1 DM;
 — patients who refused to consent for interview.

Sample size was calculated using the following 
formula:

Where n is the sample size, p is the prevalence of 
outcome expressed as a proportion, E is the margin of 
error which is 0.05 in this case, 1.96 is the standard 
normal z-value corresponding to the 95% confidence 
interval.

The sample size and power calculations have been 
performed in Stata 15 (College Station, Texas, USA). 
Our sample size was 748 patients.

Written informed consents were taken from all 
the participants prior to the study. Information of the 
participants will not be disclosed. Ethical approval was 
taken from Kandahar University Ethics Committee with 
code number of KDRU-EC-2019.329.

Data was analyzed with SPSS version 22 (Chicago, 
IL, USA). Descriptive statistics, such as percentages and 
proportions, were used to describe the sociodemo-
graphic and other variables of the study participants. 
Chi square test (using crude odd ratio [COR]) was used 

to study the association of different factors in uncon-
trolled diabetic patients. All variables that showed 
statistically significant association were put in binary 
logistic regression (using adjusted odd ratio [AOR]) to 
determine the factors affecting uncontrolled T2DM.  
P value of < 0.05 was considered statistically significant.

Definitions
Diabetes: A patient with fasting blood glucose of 

≥ 126 mg/dL. 
Fasting: Not having anything to eat or drink (except 

water) for at least 8 hours before the test.
Late diagnosis of T2DM: A diabetes patient with at 

least one diabetes related comorbidities or complica-
tions within 6 months before diagnosis.

Uncontrolled diabetes: Fasting blood glucose level 
of ≥ 126 mg/dL and random blood glucose of ≥ 200 
mg/dL on previous three continuous occasions of the 
patient’s visit to hospital.

Results
This was a cross-sectional study with data collected 

from 748 T2DM patients who visited the public and 
private health facilities of Kandahar city during a period 
of 6 months. Mean (SD) age of all patients, males, and 
females were 57.3 (12.6) years, 58.0 (13.3) years, and 
56.6 (11.8) years, respectively (Table 1). Approximately 
half (360/736 [48.9%]) of the patients were in the 
age group of 40–59 years. Females (390/748 [52.1%]) 
were more than males (358/748 [47.9%]), with almost 
all (386/390 [99.0%]) of the female patients being 
housewives. Socio-economic status of most (246/258 
[95.3%]) of the patients was low or middle income. 
More than half (402/746 [53.9%]) of the patients had 
a family history of DM (Table 2).

Uncontrolled DM was observed in 370/740 (50%) 
of the patients. Overall, 94/746 (12.6%) of the patients 
were smoking, with 74/358 (20.7%) males and 20/388 
(5.2%) females. Mouth sniff (locally called Naswar)  
was being used by 266/746 (35.7%) of the patients, 
with 184/356 (51.7%) in males. Fruits and vegetables 
were used daily by 62/620 (10%) and 96/674 (14.2%) 
of the patients. Nearly all (728/748 [97.3%]) of the 
patients were using Vanaspati or animal fat, with 
194/746 (26%) of the patients doing regular exercise. 
For treatment, 666/720 (92.5%) of the patients were 
treated with oral hypoglycemic drugs, 34/720 (4.7%) 
with insulin, while 20 (2.8%) of the patients did not 
use any drugs for treatment. Comorbidities were pre-
sent in 612/748 (81.8%) of the patients. Hypertension 
was present in 348/748 (46.5%) of the patient, while 
566/746 (75.9%) of the patients were either overweight 
or obese (Table 3).
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Table 2. Socio-demographic characteristics

Variable Total, n (%) Males, n (%) Females, n (%)

Age (years)

20–39 58 (7.9) 32 (8.9) 26 (6.9)

40–59 360 (48.9) 178 (49.7) 182 (48.1)

60–79 284 (38.6) 122 (34.1) 162 (42.9)

>80 34 (4.6) 26 (7.3) 8 (2.1)

Total 736 (100) 358 (100) 378 (100)

Gender

Male 358 (47.9) 358 (100) 0 (0)

Female 390 (52.1) 0 (0) 390 (100)

Total 748 (100) 358 (100) 390 (100)

Literacy 

Literate 362 (48.4) 280 (78.2) 82 (21.0)

Illiterate 386 (51.6) 78 (21.8) 308 (78.0)

Total 748 (100) 358 (100) 390 (100)

Marital status

Currently married 486 (65.0) 278 (77.6) 208 (53.3)

Widowed 242 (32.4) 70 (19.6) 172 (44.1)

Never married 16 (2.1) 10 (2.8) 6 (1.6)

Divorced 4 (0.5) 0 (0) 4 (1.0)

Total 748 (100) 358 (100) 390 (100)

Occupation

Government employee 16 (2.1) 16 (4.5) 0 (0.0)

Non-government employee 62 (8.3) 60 (16.8) 2 (0.5)

Self-employed 160 (21.4) 158 (44.1) 2 (0.5)

Unemployed/Housewife 510 (68.2) 124 (34.6) 386 (99.0)

Total 748 (100) 358 (100) 390 (100)

Number of family members

< 5 28 (3.8) 12 (3.3) 16 (4.2)

5–9 110 (14.9) 48 (13.4) 62 (16.4)

10–19 408 (55.4) 176 (49.2) 232 (61.4)

20–30 160 (21.7) 102 (28.5) 58 (15.3)

> 30 30 (4.1) 20 (5.6) 10 (2.7)

Total 637 (100) 358 (100) 378 (100)

Socio-economic status

Low income 148 (57.4) 144 (62.1) 4 (15.4)

Middle income 98 (37.9) 76 (32.7) 22 (84.6)

High income 12 (4.7) 12 (5.2) 0 (0.0)

Total 258 (100) 232 (100) 26 (100)

Family history of DM

Yes 402 (53.9) 172 (48.3) 230 (59.0)

No 344 (46.1) 184 (51.7) 160 (41.0)

Total 746 (100) 356 (100) 390 (100)

Relative with history of DM

Brother 124 (30.8) 62 (35.6) 62 (27.2)

Mother 108 (26.9) 34 (19.5) 74 (32.5)

Father 80 (19.9) 54 (31.0) 26 (11.4)

Sister 60 (14.9) 12 (6.9) 48 (21.0)

Son 14 (3.5) 8 (4.6) 6 (2.6)

Others* 16 (4.0) 4 (2.4) 12 (5.3)

Total 402 (100) 174 (100) 228 (100)

*Other relatives: uncle, cousin, daughter, grandfather
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Table 3. Behavioral characteristics, DM-related characteristics, and physical measurements

Variable Total, n (%) Males, n (%) Females, n (%)

Current smoker

Yes 94 (12.6) 74 (20.7) 20 (5.2)

No 652 (87.4) 284 (79.3) 368 (94.8)

Total 746 (100) 358 (100) 388 (100)

Has the doctor advised to stop smoking during last 12 months?

Yes 84 (91.3) 70 (97.2) 14 (70)

No 8 (8.7) 2 (2.8) 6 (30)

Total 92 (100) 72 (100) 20 (100)

Currently using mouth sniff

Yes 266 (35.7) 184 (51.7) 82 (21.0)

No 480 (64.3) 172 (48.3) 308 (78.0)

Total 746 (100) 356 (100) 390 (100)

Ex-smoker

Yes 192 (25.7) 126 (35.4) 66 (16.9)

No 554 (74.3) 230 (64.6) 324 (83.1)

Total 746 (100) 356 (100) 390 (100)

Eating fruit

Every day in a week 62 (10.0) 26 (8.5) 36 (11.5)

3–6 days in a week 436 (70.3) 234 (76.5) 202 (64.3)

< 3 days in a week 122 (19.7) 46 (15.0) 76 (24.2)

Total 620 (100) 306 (100) 314 (100)

Eating vegetables

Every day 96 (14.2) 32 (9.7) 64 (18.6)

3–6 days in a week 508 (75.4) 280 (84.8) 228 (66.3)

< 3 days in a week 70 (10.4) 18 (5.5) 52 (15.1)

Total 674 (100) 330 (100) 344 (100)

Type of oil used for cooking

Vanaspati/animal fat 728 (97.3) 342 (95.5) 386 (99.0)

Vegetable oil 20 (2.7) 16 (4.5) 4 (1.0)

Total 748 (100) 358 (100) 390 (100)

Job with vigorous activity

Yes 270 (36.1) 192 (53.6) 78 (20.0)

No 478 (63.9) 166 (46.4) 312 (80.0)

Total 748 (100) 358 (100) 390 (100)

Exercise regularly

Yes 194 (26.0) 156 (43.8) 38 (9.7)

No 552 (74.0) 200 (56.2) 352 (90.3)

Total 746 (100) 356 (100) 390 (100)

Type of exercise

Walking 178 (23.9) 138 (38.8) 38 (9.7)

Running 10 (1.3) 12 (3.4) 0 (0.0)

Body building 6 (0.8) 6 (1.7) 0 (0.0)

No exercise 552 (74.0) 200 (56.2) 352 (90.3)

Total 746 (100) 356 (100) 390 (100)

Late diagnosis of DM

Yes 732 (98.1) 346 (97.2) 386 (99.0)

No 14 (1.9) 10 (2.8) 4 (1.0)

Total 746 (100) 356 (100) 390 (100)

Taking antidiabetic medicine

Yes 700 (95.6) 332 (99.0) 368 (95.3)

No 32 (4.4) 14 (4.0) 18 (4.7)

Total 732 (100) 346 (100) 386 (100)

Æ
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Table 3 (cont.). Behavioral characteristics, DM-related characteristics, and physical measurements

Variable Total, n (%) Males, n (%) Females, n (%)

Yes 700 (95.6) 332 (99.0) 368 (95.3)

No 32 (4.4) 14 (4.0) 18 (4.7)

Total 732 (100) 346 (100) 386 (100)

Type of DM medication

Oral hypoglycemic 666 (92.5) 314 (92.4) 352 (92.6)

Insulin 34 (4.7) 18 (5.3) 16 (4.2)

Non 20 (2.8) 8 (2.3) 12 (3.2)

Total 720 (100) 340 (100) 380 (100)

DM now under control

Yes 370 (50) 208 (59.1) 162 (41.8)

No 370 (50) 144 (40.9) 226 (58.2)

Total 740 (100) 352 (100) 388 (100)

Co-morbidities present

Yes 612 (81.8) 272 (76.0) 340 (87.2)

No 136 (18.2) 86 (24.0) 50 (12.8)

Total 748 (100) 358 (100) 390 (100)

Co-morbid diseases

HTN 329 (53.8) 109 (40.0) 220 (64.7)

MI 68 (11.1) 10 (3.6) 58 (17.1)

COPD 60 (9.8) 49 (18.2) 11 (3.2)

Anxiety 47 (7.7) 35 (12.9) 12 (3.5)

IHD 47 (7.7) 30 (11.0) 17 (5.0)

Others* 61 (9.9) 39 (14.3) 22 (6.5)

Total 612 (100) 272 (100) 340 (100)

Blood pressure

Normal 400 (53.5) 198 (55.3) 202 (51.8)

Stage 1 (mild) hypertension 154 (20.6) 70 (19.6) 84 (21.5)

Stage 2 (moderate) hypertension 144 (19.2) 58 (16.2) 86 (22.1)

Stage 3 (severe) hypertension 50 (6.7) 32 (8.9) 18 (4.6)

Total 748 (100) 358 (100) 390 (100)

BMI

Normal 180 (24.1) 94 (26.2) 86 (22.2)

Overweight 160 (21.4) 74 (20.7) 86 (22.2)

Obese 406 (54.5) 190 (53.1) 216 (55.6)

Total 746 (100) 358 (100) 388 (100)

DM — diabetes mellitus; COPD — chronic obstructive pulmonary disease; HTN — hypertension; IHD — ischemic heart disease; MI — myocardial infarction
*Other comorbid diseases: stroke, chronic kidney injury, dyslipidemia

Chi-square test of the variables was done to 
determine the factors associated with uncontrolled 
T2DM. Statistically significant factors associated with 
uncontrolled T2DM were age ≥ 60 years (COR 1.6, 95% 
CI 1.2–2.1; P = 0.002), female gender (COR 2.0, 95% 
CI 1.5–2.7; P < 0.001), unemployed/housewife (COR 
2.0, 95% CI 1.4–2.7; P < 0.001), eating fruit < 3 days 
in a week (COR 1.7, 95% CI 1.2–2.6; P = 0.006), job 
without vigorous activity (COR 2.7, 95% CI 2.0–3.7;  
P < 0.001), not doing regular exercise (COR 1.7, 95% 
CI 1.2–2.4; P = 0.001), late diagnosis of DM (COR 9.2, 

95% CI 1.2–73.4; P = 0.011), not taking antidiabetic 
drugs (COR 2.3, 95% CI 1.1–5.0; P = 0.025), taking 
insulin (COR 2.0, 95% CI 1.0–4.1; P = 0.049), and DM 
that has affected routine of the patient (COR 1.6, 95% 
CI 1.1–2.3; P = 0.016) (Table 4).

Binary logistic regression of the above-mentioned 
statistically significant variables revealed female gender 
(AOR 2.1, 95% CI 1.3–3.5; P = 0.004), job without vigor-
ous activity (AOR 2.2, 95% CI 1.3–3.6; P = 0.003), and late 
diagnosis of DM (AOR 9.2, 95% CI 1.2–73.4; P = 0.035)  
as the risk factors for uncontrolled T2DM (Table 5).
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Table 4. Chi-square test of the factors affecting uncontrolled T2DM

Variable Total, n (%) Controlled  

T2DM, n (%)

Uncontrolled 

T2DM, n (%)

COr 95% CI P value

Age (years)

< 60 418 (55.9) 224 (62.2) 188 (51.1)

≥ 60 318 (42.5) 136 (37.8) 180 (48.9) 1.6 1.2–2.1 0.002

Total 736 (100) 360 (100) 368 (100)

Gender

Male 358 (47.9) 208 (56.2) 144 (38.9)

Female 390 (52.1) 162 (43.8) 226 (61.1) 2.0 1.5–2.7 < 0.001

Total 748 (100) 370 (100) 370 (100)

Literacy

Literate 362 (48.4) 170 (45.9) 212 (57.3)

Illiterate 386 (51.6) 200 (54.1) 158 (42.7) 0.6 0.5–0.8 0.002

Total 748 (100) 370 (100) 370 (100)

Marital status

Single 262 (35.0) 112 (30.3) 150 (40.5)

Married 486 (65.0) 258 (69.7) 220 (59.5) 0.6 0.5–0.9 0.003

Total 748 (100) 370 (100) 370 (100)

Occupation

Employed 238 (31.8) 144 (38.9) 90 (24.3)

Unemployed/Housewife 510 (68.2) 226 (61.1) 280 (75.7) 2.0 1.4–2.7 < 0.001

Total 748 (100) 370 (100) 370 (100)

Number of family members

< 5 28 (3.8) 8 (2.2) 20 (5.6)

≥ 5 708 (96.2) 360 (97.8) 340 (94.4) 0.4 0.2–0.9 0.018

Total 637 (100) 368 (100) 360 (100)

Socio-economic status

Low/Middle income 246 (95.3) 154 (96.3) 90 (93.8)

High income 12 (4.7) 6 (3.7) 6 (6.2) 1.7 0.5–5.5 0.360

Total 258 (100) 160 (100) 96 (100)

Family history of DM

Yes 402 (53.9) 178 (48.1) 222 (60.0)

No 344 (46.1) 192 (51.9) 148 (40.0) 0.6 0.5–0.8 0.001

Total 746 (100) 370 (100) 370 (100)

Current smoker

Yes 94 (12.6) 44 (12.0) 48 (13.0)

No 652 (87.4) 324 (88.0) 322 (87.0) 0.9 0.6–1.4 0.676

Total 746 (100) 368 (100) 370 (100)

Has the doctor advised to stop smoking during last 
12 months?

Yes 84 (91.3) 40 (90.9) 44 (91.7)

No 8 (8.7) 4 (9.1) 4 (8.3) 0.9 0.2–3.9 0.898

Total 92 (100) 44 (100) 48 (100)

Currently using mouth sniff

Yes 266 (35.7) 128 (34.8) 138 (37.3)

No 480 (64.3) 240 (65.2) 232 (62.7) 0.9 0.7–1.2 0.477

Total 746 (100) 368 (100) 370 (100)

Eating fruit

3–7 days in a week 498 (80.3) 270 (84.4) 222 (75.5)

< 3 days in a week 122 (19.7) 50 (15.6) 72 (24.5) 1.7 1.2–2.6 0.006

Total 620 (100) 320 (100) 294 (100)

Eating vegetables

3–7 days in a week 604 (89.6) 314 (89.7) 284 (89.9)

< 3 days in a week 70 (10.4) 36 (10.3) 32 (10.1) 1.0 0.6–1.6 0.946

Total 674 (100) 350 (100) 316 (100)
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Discussion
In this cross-sectional study, we studied 748 T2DM 

patients to determine the factors in uncontrolled T2DM 
in Kandahar, Afghanistan. Although DM is prevalent 
in Afghanistan, until now very few studies have been 
conducted on this devastating disease [7–9]. To our 
knowledge, there has never been any study in Afghani-
stan to find out the factors affecting uncontrolled DM.

In our study, DM was uncontrolled in half (50%) 
of the patients. This higher prevalence of uncon-

Table 4 (cont.). Chi-square test of the factors affecting uncontrolled T2DM

Variable Total, n (%) Controlled  

T2DM, n (%)

Uncontrolled 

T2DM, n (%)

COr 95% CI P value

Type of oil used for cooking

Vanaspati/animal fat 728 (97.3) 364 (98.4) 356 (96.2)

Vegetable oil 20 (2.7) 6 (1.6) 14 (3.8) 2.4 0.9–6.3 0.070

Total 748 (100) 370 (100) 370 (100)

Job with vigorous activity

Yes 270 (36.1) 174 (47.0) 92 (24.9)

No 478 (63.9) 196 (53.0) 278 (75.1) 2.7 2.0–3.7 < 0.001

Total 748 (100) 370 (100) 370 (100)

Exercise regularly

Yes 194 (26.0) 114 (31.0) 76 (20.5)

No 552 (74.0) 254 (69.0) 294 (79.5) 1.7 1.2–2.4 0.001

Total 746 (100) 368 (100) 370 (100)

Late diagnosis of DM

Yes 732 (98.1) 369 (99.7) 361 (97.6)

No 14 (1.9) 1 (0.3) 9 (2.4) 9.2 1.2–73.4 0.011

Total 746 (100) 370 (100) 370 (100)

Taking antidiabetic medicine

Yes 700 (95.6) 360 (97.3) 338(93.9)

No 32 (4.4) 10 (2.7) 22 (6.1) 2.3 1.1–5.0 0.025

Total 732 (100) 370 (100) 360 (100)

Type of antidiabetic medicine

Oral antidiabetic 666 (95.1) 348 (96.7) 316 (93.5)

Insulin 34 (4.9) 12 (3.3) 22 (6.5) 2.0 1.0–4.1 0.051

Total 700 (100) 360 (100) 338 (100)

Co-morbidities present

Yes 612 (81.8) 304 (82.2) 300 (81.1)

No 136 (18.2) 66 (17.8) 70 (18.9) 1.1 0.7–1.6 0.704

Total 748 (100) 370 (100) 370 (100)

Blood pressure

Normal 400 (53.5) 198 (53.5) 196 (53.0)

Hypertension 348 (46.5) 172 (46.5) 174 (47.0) 1.0 0.8–1.4 0.883

Total 748 (100) 370 (100) 370 (100)

BMI

Normal 180 (24.1) 80 (21.6) 98 (26.6)

Overweight/Obese 566 (75.9) 290 (78.4) 270 (73.4) 0.8 0.5–1.1 0.112

 Total 746 (100) 370 (100) 368 (100)

BMI — body mass index; DM — diabetes mellitus; T2DM — type 2 diabetes mellitus

trolled DM is of great concern, and is also broadly 
in line with studies from Ethiopia (50%) [11] and 
Pakistan (38.9%) [12]. Contrary, even higher preva-
lence of uncontrolled DM have been reported from 
Ghana (86.4%) [3] and Saudi Arabia (74%) [13]. This 
differences in prevalence of DM may be due to the 
differences in care, attitude, and practices among 
DM patients; different methods of health education, 
treatment, and counselling or variances in geographi-
cal regions [3].



Clinical Diabetology 2020, Vol. 9, No 6

424

In our study, uncontrolled DM was more prevalent 
(61.1%) among females. Similar results have been re-
ported from Jordan (51.9%) [14], Ghana (76.8%) [3]  
and Pakistan (77.3%) [12].

Sedentary lifestyle and lack of regular exercise 
increases the risk of T2DM. In our study only 26% of 
the patients were doing regular exercise. Similarly, 
studies Saudi Arabia [15], Jordan [14], and USA [16] 
have also revealed that physical inactivity is the predic-
tor of poor glycemic control. Physical exercise not only 
improves glycemic control, but also boosts patient’s 
insulin sensitivity and repairs some of the damage due 
by DM associated complications, for instance impaired 
cardiovascular health [17]. 

Comorbidities were present in majority (81.8%) of 
our patients. Similarly, most of the patients had comor-
bidities in Ghana (86,4%) [3], Jordan (65.1%) [14], and 
Saudi Arabia (65.0%) [18]. In our study, main factors as-
sociated with uncontrolled T2DM were female gender, 
job without vigorous activity, and late diagnosis of DM. 
A study in Jordan revealed that statistically significant 
factors associated with uncontrolled DM were increased 
duration of DM, not following dietitians-recommended 
eating plan, negative attitude towards DM, and in-
creased barriers to adherence scale scores [14]. A study 
conducted in Pakistan showed that patients aged < 50 
years, being diagnosed in a hospital rather than a clinic, 
diabetes information from a doctor or nurse only rather 
than multiple sources, higher monthly treatment cost, 
and higher consumption of tea as the main factors for 
uncontrolled DM. On the other hand, a study in Saudi 
Arabia concluded that a family history of DM, having 
longer diabetic durations, not doing sufficient physical 
exercise, and being overweight were the statistically 
significant risk factors [18]. These findings emphasize 
on the importance of patients at risk of developing 

Table 5. Binary logistic regression for estimating the factors 
affecting uncontrolled T2DM

Variable AOr 95%CI P value

Job with vigorous activity 2.2 1.3–3.6 0.003

Gender 2.1 1.3–3.5 0.004

Late diagnosis of DM 9.2 1.2–73.4 0.035

Taking antidiabetic medicine 0.1 0.0–1.1 0.055

Type of antidiabetic medicine 2.2 0.9–5.0 0.067

Age 1.4 0.9–2.2 0.106

Eating fruit 1.4 0.9–2.2 0.173

Occupation 0.7 0.3–1.4 0.279

Exercise regularly 0.9 0.5–1.5 0.683

DM — diabetes mellitus; T2DM — type 2 diabetes mellitus

complication due to DM and implementation of more 
effective preventive measure [19, 20]. 

Main limitations of our study were cross-sectional 
nature of the study (all risk factors of uncontrolled 
T2DM could not be studied, especially HbA1c), patients 
were mostly from urban area (we cannot generalize the 
results to the entire population), and inability to follow 
up the patients longitudinally.

Conclusion
Diabetes mellitus is prevalent in Kandahar, af-

fecting females more than males. Half of the T2DM 
patients had uncontrolled DM. Main risk factors for 
uncontrolled DM were female gender, job without 
vigorous activity, and late diagnosis of DM. Proper 
control of these risk factors will help in decreasing the 
severity and complications of DM. Diabetic services 
improvement, especially public awareness programs 
on media, is highly recommended to improve diabetic 
care in Kandahar. Future studies (especially prospec-
tive studies) are needed in Kandahar to find out the 
different aspects of DM prevalence, clinical features, 
complications, diagnosis, management, and prognosis. 
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Factors associated with control of type 2 
diabetes mellitus in North Iran

ABSTrACT
Backround. Diabetes is an important public health 
problem, one of four priority noncommunicable dis-
eases targeted for action by world leaders. The aim 
of this study was to investigate the factors affecting 
diabetes control in patients with type 2 diabetes in the 
rural areas of northern Iran.
Methods. This study was conducted following  
a descriptive-analytical cross-sectional study design 
based on the data of 308 patients with type 2 diabetes 
in the rural areas of golestan province. The samples 
were selected through two-stage stratified random 
sampling. Data were collected using a questionnaire 
(completed by the interviewer) and by measuring the 
blood glucose, blood pressure, and lipid profile of 
patients and also using data from patients’ records. 
Data were analyzed using descriptive and analytical 
statistics and SPSS version 19.
results. The mean age of patients was 57 ± 15 years 
and 220 patients (71%) were female. Fifty-five percent 
of patients had a family history of diabetes and 69% 
had comorbidity. The mean vegetable intake in patients 
was 3 days a week with 1.5 servings per day and only 
20% had exercise at least three times a week. The pro-
portion of patients with adequately controlled glycated 

hemoglobin (HBA1c), blood pressure (BP), triglyceride 
(Tg), low-density lipoprotein (lDl), and high-density 
lipoprotein (HDl) were 27, 91, 31, 41 and 55.5%, 
respectively. There was also a significant relationship 
between the controlled blood glucose with increasing 
age, absence of comorbidity, the number of nutrition 
counseling, and lowering blood triglycerides.
Conclusion. The results of this study showed poor 
blood glucose control in the studied geography. 
Therefore, considering these data, it seems necessary 
to review the national plan for the prevention and 
control of diabetes. (Clin Diabetol 2020; 9; 6: 426–432)

Key words: type 2 diabetes, diabetes control, 
glycated hemoglobin

Introduction 
Diabetes is a serious, chronic disease that occurs 

when there are raised levels of glucose in the blood 
because the body cannot produce any or enough of 
the hormone insulin or use insulin effectively. Raised 
blood glucose, a common effect of uncontrolled dia-
betes, may, over time, lead to serious damage to the 
heart, blood vessels, eyes, kidneys and nerves [1, 2]. 
The International Diabetes Federation (IDF) estimated 
the number of people with diabetes increases to 451 
million if the age is expanded to 18–99 years, and ac-
cording to prediction of the World Health Organization 
(WHO), diabetes is the seventh cause of mortality at 
2030 [2, 3].

The prevalence of diabetes worldwide increased 
from 4.7% in 1998 to 8.5% in 2014 (in people over 18 
years), indicating an increasing prevalence of diabetes 
worldwide. The International Diabetes Federation also 
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estimated that the prevalence of diabetes in Iran in 
2015 was 8.5% (in the population of 20–79 years) 
and based on the provincial reports, the prevalence of 
diabetes in the Golestan province was also estimated 
to be 10% (in the population over 18 years). While the 
prevalence of diabetes in the middle- and low-income 
countries is increasing at a faster rate, and if there is 
no proper action to tackle the disease, it is estimated 
that by 2040, there will be approximately 642 million 
people with diabetes [2, 4].

The causes of type 2 diabetes are not completely 
understood but there is a strong link with overweight and 
obesity and with increasing age as well as with ethnicity 
and family history [2]. Some risk factors for type 2 diabetes 
such as genetics, ethnicity and age — are not modifiable. 
Others, such as being overweight or obese, unhealthy 
diet, insufficient physical activity and smoking are modi-
fiable through behavioral and environmental changes 
[1]. Diabetes is a chronic, progressive disease but people 
who have diabetes can live long, high quality lives with 
good diabetes management [2]. According to the report 
by WHO, diabetes can be treated and its consequences 
avoided or delayed with diet, physical activity, medication 
and regular screening and treatment for complications 
[3]. But unfortunately many studies that investigated 
the control and care of diabetes in different countries, 
especially in Iran, mostly indicate that the status of care 
and control of diabetes is not desirable [5–15].

In an effort to address this growing health chal-
lenge, since early this decade world leaders have 
committed to reducing the burden of diabetes as one 
of four priority noncommunicable diseases (NCDs). In 
our country, the National Program for Prevention and 
Control of Type 2 Diabetes, with the main purpose of 
prevention and control of diabetes and its complica-
tions, has been integrated into the family physician 
program of rural areas in our country at 2004 and is 
running. Therefor the aim of this study was to investi-
gate the factors affecting diabetes control in patients 
with type 2 diabetes in the rural areas of northern Iran.

Methods
This study was a descriptive-analytical cross-sec-

tional study conducted between April 2018 and April 
2019 based on the data of 340 patients with type 2 
diabetes who were selected through two-stage strati-
fied random sampling (stratified proportional allot-
ment). The study population consisted of patients with 
diabetes with medical records in the rural healthcare 
centers of Golestan province in north Iran. Inclusion 
criteria included type 2 diabetes, being older than 20 
years, at least one year since the initiation of treatment, 
and willingness to cooperate.

The study consisted of two consecutive stages. In 
the first stage, after obtaining the consent of the par-
ticipants, data on the factors affecting diabetes control 
were collected from the information recorded in the 
paper and electronic records of the patients as well as 
using a questionnaire (completed by the interviewer). 
In the second stage, all participants were evaluated 
for glycated hemoglobin (HBA1c), blood pressure (BP), 
and lipid profile in order to determine the status of 
diabetes control. In the process of patient evaluation 
performed by trained experts, blood pressure was 
measured using a mercury sphygmomanometer in the 
sitting position. The BT1500 autoanalyzer was also used 
for the measurement of glycated hemoglobin and lipid 
profile of patients. The data were finally entered into 
SPSS software and analyzed using descriptive (such as 
mean, standard deviation, etc.) and analytical (Pearson 
correlation coefficient, chi-square, and independent 
t-test) statistics.

Results
In this study, out of 340 cases studied, 308 patients 

were included in the final analysis, with a response 
rate of 91%. Of the participants, 88 (28%) were 
male and 220 (71%) were female. The mean age was  
57 ± 15 years and the youngest and oldest age was 24 
and 86 years, respectively. The mean household size in 
the participants was 4 persons. In terms of education 
level, the majority of participants (62%) were illiterate. 
Most of the participants were housewives (72%). The 
majority of the participants were married (82%). The 
mean duration of diabetes at the time of diagnosis 
was 7.8 years. Table 1 shows the frequency distribu-
tion of some of the variables studied in patients with 
type 2 diabetes.

The mean glycated hemoglobin (HBA1c) was 
8.1 ± 1.7 and the mean body mass index (BMI) 
was 29 ± 6 kg/m2. The proportion of patients with 
well controlled HBA1c (≤ 7), blood pressure (BP)  
(≤ 140/90), triglyceride (TG) (≤ 150), low-density li-
poprotein (LDL) (≤ 100), and high-density lipoprotein 
(HDL) (≥ 50) were 27, 91, 31, 41, and 55.5%, respectively. 

According to the results of the independent t-test, 
the mean age and number of nutrition counseling per 
month were significantly higher in those who had 
controlled glycated hemoglobin and the mean blood 
triglyceride levels were significantly higher in those 
who had uncontrolled glycated hemoglobin (P < 0.05). 
Table 2 shows the comparison of mean age, blood 
triglyceride, and the number of nutrition counseling 
with glycated hemoglobin control status in the subjects.

Chi-square test results also showed that there was 
a significant relationship between the glycated hemo-
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Table 1. Frequency distribution of some of the variables studied in patients with type 2 diabetes

Variable Number Percentage Descriptions

Education

Illiterate 192 62.3

Less than a high school diploma 106 4.4

Diploma 8 2.6

Academic 2 0.6

Marital status

Married 255 82.7

Single 3 1

Divorced 6 1.9

Widowed 44 14.3

Occupation

Housewife 222 72.1

Worker 15 4.9

Farmer 28 9.1

Employee 3 1

Self-employed 15 4.9

Retired 11 3.6

Unemployed 14 4.5

Income

Less than 1 million Tomans 217 70.4

Between 1 and 2 million Tomans 86 27.8

More than 2 million Tomans 5 1.6

Family history

Yes 169 55

No 139 45

Insurance coverage

Yes 303 98.4 68% had rural insurance

No 5 1.6

Type of treatment

Medication-free treatment (diet, etc.) 4 1

Tablet 253 82

Insulin 51 17

Comorbidity

Yes 211 68.5 30% had hypertension

No 97 31.5

Complications of diabetes

Yes 108 35

No 200 65

Attending physician

General practitioner (GP) 139 45

Specialist 169 55 They were referred to a specialist 

physician at least once a year to  

control diabetes

Cigarette smoking, 

hookah smoking,

and drug use

Patients with cigarette smoking 3 0.9 With an average consumption  

of 16.7 ± 2.9

Patients with hookah smoking 1 0.3 With an average consumption  

of 2 times a day

Patients with drug use 25 8

Exercise Exercising at least three times a week 

(for 150 minutes)

61 20 With a mean of 4.5 ± 2 days a week 

and 37 ± 16 minutes a day

Not exercising at least three times  

a week (for 150 minutes)

247 80

Æ
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globin status and the presence of comorbidity (P = 0.044).  
The comparison of the frequency distribution of gly-
cated hemoglobin status according to the presence of 
comorbidity in the subjects is shown in Table 3.

Discussion
In the present study, 71% of patients were female. 

In domestic studies, this percentage ranged from 62 
to 81% [6, 16, 17]. In the Middle East, women are 
more likely to have diabetes than men [2]. It can be 
said that a sedentary lifestyle in women is one of the 
causes. Also according to our findings, there was no 
significant relationship between gender and blood 

glucose control status, which is in line with the findings 
of a study conducted in Malaysia [14] and with other 
findings from domestic studies and Asian and African 
studies [6, 18, 19].

In the present study, the control rates of glycated 
hemoglobin (HBA1c), blood pressure (BP), low-density 
lipoprotein (LDL), and triglyceride (TG) in patients cov-
ered by the National Diabetes Control Program were 27, 
91, 41 and 31%, respectively. Control rate of glycated 
hemoglobin level as one of the most important thera-
peutic targets of diabetes ranged from 21 to 27% in 
the similar domestic studies [6, 7, 20] and 29.3 to 46% 
in the Arabic countries on the periphery of the Persian 

Table 1 (cont.). Frequency distribution of some of the variables studied in patients with type 2 diabetes

Variable Number Percentage Descriptions

Fruit and vegetable 

intake

Vegetable intake – – The mean vegetable intake was  

3 ± 1.9 days per week with  

1.5 ± 0.8 servings per day

Fruit intake – – The mean fruit intake was 4.5 ± 2 

days per week and 1.8 ± 1 servings 

per day

Care taken Patients who were visited at least sea-

sonally by a physician form healthcare 

centers

109 35

Patients who were visited monthly by  

a health worker form healthcare centers

62 20 According to medical records data, 

92% of patients were seasonally 

cared for by health workers

Glycated 

hemoglobin test

Patients who had undergone at least 2 

tests per year

95 31

Table 3. The comparison of the frequency distribution of glycated hemoglobin status according to the presence of co-
morbidity in the subjects 

glycated hemoglobin status Uncontrolled n (%) Controlled n (%) Chi-square test results

Comorbidity No 64 (66) 33 (34)
P = 0.044

X2 = 8.1

df = 3

Hypertension 52 (56.5) 40 (43.5)

Dyslipidemia (blood lipid disorder) 44 (78.6) 12 (21.4)

Hypertension and dyslipidemia 42 (70) 18 (30)

Table 2. The comparison of mean age, blood triglyceride, and the number of nutrition counseling with glycated hemo-
globin control status in the subjects

Variable Age 

(Mean ± SD)

Number of nutrition  

counseling (Mean ±  SD)

Triglyceride [ml/dl] 

(Mean ± SD)

Controlled HBA1c ( n = 104) 59.81 ± 10.3 0.85 ± 1.7 175.40 ± 86.1

Uncontrolled HBA1c (n = 204) 55.60 ± 9.6 0.43 ± 1.4 223.52 ± 141.7

P value P = 0.001  P = 0.048 P = 0.001
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Gulf (Saudi Arabia, United Arab Emirates, and Oman) 
[21]. This index was reported to be 50, 40, and 88% in 
the studies conducted in China, the United States, and 
Sweden, respectively [12, 22, 23]. It can be said that 
the level and quality of blood glucose control in the 
rural areas of Golestan province, like in other studies 
in the rural areas of our country, is not favorable and 
is far from the American Diabetes Association’s (ADA’s) 
standards of medical care and our national standards.

The International Diabetes Federation (IDF) has also 
cited ethnicity, genetics, and age as non-modifiable 
risk factors for type 2 diabetes [5]. Although many of 
the diabetes-predisposing genes have not yet been 
identified, it is known that the disease is polygenic and 
multifactorial. Various genetic loci have been implicated 
in susceptibility to the disease. Environmental factors 
(such as nutrition and physical activity) also influence 
its phenotypic expression [16]. In this study, 55.2% of 
patients had a history of diabetes in their first-degree 
relatives. The data of the present study, like other do-
mestic studies and international resources, indicated 
the important role of genetic factors in the develop-
ment of type 2 diabetes [4, 5, 17, 18].

The mean age of the patients was 57.1 (57 years 
for men and 56 years for women). Also, 75% of the 
patients were over 50 years old, which is consistent 
with the results of the country studies [6, 17, 24]. It is 
natural that the prevalence of diabetes increases with 
age. This is because as the person ages, he or she may 
lose physical activity and gain weight, and this increase 
in fat deposits around the abdomen and upper body, 
especially in women after menopause. Low activity and 
weight gain decrease insulin activity and develop insulin 
resistance [6]. Also, there was a significant relationship 
between an increase in the mean age of patients and 
a more favorable blood glucose control status in our 
study (P = 0.001). Some studies have also cited age as a 
positive predictor (but not a strong factor) in controlling 
blood glucose. These data are in line with the findings 
of studies conducted in Asia and Africa [14, 18, 25, 26].

Various studies have shown that obesity plays a 
role in the pathogenesis of type 2 diabetes. It is gen-
erally accepted that obesity is responsible for disease 
emergence in those who are genetically susceptible. 
The World Health Organization (WHO) stated in 1980 
that obesity is one of the most important risk factors 
for type 2 diabetes [1], and the International Diabe-
tes Federation (IDF) also lists obesity as a risk factor 
for diabetes [2]. Our findings showed that the mean 
patients’ BMI was 29 kg/m2 and about 78.6% of pa-
tients were in the overweight or obesity range. This is 
in line with the results of domestic studies, indicating 
an undesirable prevalence of overweight and obesity 

among type 2 diabetic patients in the country [6, 16]. 
Also, our findings showed a significant relationship be-
tween the mean high triglyceride levels and poor blood 
glucose control in patients (P = 0.001). This finding 
is consistent with the studies conducted in Malaysia, 
Japan, and Australia that found a significant association 
between dyslipidemia and poor blood glucose control 
[14, 26, 27].

For many people with diabetes, the challenging 
part of the treatment plan is to determine how to eat 
and following a diet. Every person with diabetes must 
actively participate in training, self-management, and 
treatment planning with their health care team, includ-
ing in the development of their individual diet plan [28]. 
In the present study, the mean vegetable intake was 
3 days a week with 1.5 servings a day, and the mean 
fruit intake was 4.5 days a week with the mean intake 
of 1.8 servings a day. Our study data are consistent 
with the mean fruit and vegetable intake reported in 
the domestic studies. However, it is far from the rec-
ommendations of the food pyramid which are based 
on a daily intake of 2–4 fruit units and 5–3 vegetable 
units [7] and the recommendations of the International 
Diabetes Federation (IDF) which are based on the daily 
use of at least three units of fruit and vegetables in in-
dividuals [2]. Also, in our study, there was a significant 
relationship between the mean number of nutrition 
counseling services provided and blood glucose control 
(P = 0.048), such that patients who had experienced 
more nutrition counseling had more favorable blood 
glucose control status.

Proper and regular physical activity reduces insu-
lin resistance in people with diabetes. Therefore, the 
American Diabetes Association (ADA) has recommend-
ed that adults with both type 1 and type 2 diabetes 
should exercise for at least 150 minutes of moderate-
to-vigorous-intensity aerobic activity per week (at least 
3 days per week, without interruption, more than 2 
consecutive days) [28]. In our study, 247 (80.2%) of 
the participants did not exercise normally during the 
week, but 61 (19.8%) reported a mean exercise of 4.56 
± 1.8 days per week and 0.37 ± 0.16 minutes per day, 
which indicates an undesirable level of proper physical 
activity in the rural areas of the province under study.

Comorbidity is common in diabetic patients. These 
conditions have a significant impact on the treat-
ment and management of type 2 diabetes, such that 
hypertension has also been reported in a significant 
proportion of adults with diabetes, and patients with 
hypertension alone have often shown evidence of insu-
lin resistance [29, 30]. Our study showed that there was 
a significant relationship between having comorbidity 
(hypertension, dyslipidemia) and glycated hemoglobin 
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levels, such that those with controlled diabetes had less 
comorbidity than those with uncontrolled one (based 
on the chi-square test, P = 0.044). These findings are 
in line with studies conducted in Asia and Australia 
[14, 18, 26, 27].

In our study, no significant relationship was found 
between other variables including income level, occu-
pation, education level, marital status, etc. and blood 
glucose control status. These findings are consistent 
with some of the findings from domestic and Arabic 
studies, respectively indicating that there was no sig-
nificant relationship between (cigarette) smoking and 
occupation with blood glucose control levels [6, 25], 
but are inconsistent with other studies in Japan and 
Ethiopia, which respectively indicated a significant re-
lationship between (cigarette) smoking and occupation 
with blood glucose control levels [19, 26]. The reason 
for this lack of correlation between some variables 
and glucose control levels can be attributed to the 
homogeneity of some variables in the rural statistical 
population followed by the homogeneity of variables 
among the patients under study, such that, in our study, 
83% of participants were married, 97% had education 
level less than a high school diploma, 98% had an 
income of less than 2 million Tomans, 72% of women 
were housewives, and 2% were cigarette and hookah 
smoker. Such homogeneity among participants may 
affect the above-mentioned variables.

limitations of the study
This study faced some difficulties and limitations that 

attempted to be adjusted by the following strategies. 
The first limitation was the lack of proper cooperation of 
patients during the study stages due to the parallelization 
of the project implementation time with the agricultural 
season in the rural areas of the province. It was attempted 
to attract cooperation by providing patients with proper 
justification for the importance of the plan and properly 
encouraging them to participate in the plan as well as by 
using flexible scheduling to invite patients. The second 
limitation was the illegibility of some medical records. 
The solution adopted for this limitation was to obtain 
consultative and technical advice from the medical staff 
of the study center and to randomly replace the illegible 
medical records with the new ones.

Conclusion
The findings of our study showed the frequency 

and relevance of some of the factors affecting blood 
glucose control as well as poor blood glucose control 
status in patients with type 2 diabetes in rural areas 
(patients were treated under the supervision of govern-
ment healthcare centers).
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Optimization of type 2 diabetes mellitus 
control in Egyptian patients

ABSTrACT
Background. Optimum management for a patient with 
type 2 diabetes mellitus (T2DM) requires periodic evalu-
ation and monitoring of the patient’s risk factors to 
measure its impact on different classes of treatment. 
Also the diabetes complications must be evaluated and 
initial review of drug history. This study aims to analyze 
clinical characteristics, risk factors, and contributions 
of each variable on predictive performances of each 
protocol used in the treatment of T2DM patients. 
Methods. A comparative description, a study of 2000 
Egyptian patients. Patients were categorized into eight 
groups according to the treatment protocol used. Mul-
tivariate logistic regression was applied to assess the 
probability of each protocol to reach target glycated 
hemoglobin A1c (HbA1c) in comparison to the standard 
protocol metformin + SU (protocol A) 
results. The proportion of patients in our study reach-
ing HbA1c ≤ 7% ranged between 48.9% in dipeptidyl 
peptidase-4 inhibitors (DPP-4 inhibitors) group (pro-
tocol H), and 59.2% in metformin + DPP-4 inhibitors 
group (protocol B). In subgroup analysis according 
to disease duration (≤ 8 years duration), mean HbA1c 
spanned from 7.4 ± 0.49% in SU monotherapy (proto-
col D) to 8.6 ± 0.5% in metformin + SU; the likelihood 
of reaching HbA1c > 7 was lower in the protocol A and 
protocol B.
Conclusion. Patients not controlled on metformin alone 
with lifestyle modification should be switched to either 

protocol A or protocol B based on the preferential clini-
cal outcome if there is no contraindication, as these 
two protocols are associated with the best result and 
a high percentage of patients reaching target HbA1c.
(Clin Diabetol 2020; 9; 6: 433–441)

Key words: type 2 diabetes, HbA1c, metformin, 
likelihood, clinical characteristics, multivariate 
analysis

Introduction
Type 2 diabetes mellitus (T2DM) is considered one 

of the major worldwide public health problems. It is 
mainly a consequence of the currently observed bad 
lifestyle behavior such as sedentary life, fast food and 
obesity, which is considered an essential contributor 
to T2DM worldwide [1]. By 2030, it is expected that 
around half of the adult population in the world will 
be overweight (BMI 25–29.9 kg/m2) or obese (BMI  
> 30 kg/m2) [2]. Thus, diabetes prevalence is predicted 
to rise to 693 million worldwide by 2045 [3]. T2DM is 
associated with a large number of complications and 
increased mortality [4, 5], as it is the main cause of renal 
failure [6–8], blindness, and leg amputations [9]. Also, 
diabetes mellitus has of cardiovascular complications, 
the major cause of death in patients with diabetes [10]. 
So, patient quality of life reduces significantly with this 
disease, especially if uncontrolled, and life expectancy 
is decreased by, on average, eight years compared with 
healthy people [3].

The American Diabetes Association’s Standards 
of Medical Care in Diabetes [11] focuses on diet and 
other non-pharmacological measures for the manage-
ment of T2DM, but the concept of these measures is 
not applicable in many of primary health care systems 
[12, 13]. Optimum management for a patient with 
diabetes requires an initial evaluation of the patient’s 
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risk factors for careful selection of different classes of 
treatment. Additionally, diabetes complications, as well 
as medical history should be evaluated [14]. So far met-
formin is the first-line treatment for T2DM unless there are 
contraindications, either metformin alone or with lifestyle 
modifications or in combination with other agents [15]. In 
comparison with sulfonylureas (SUs), metformin as first-
line therapy has a good impact on target HbA1c, weight, 
and cardiovascular mortality [16]. However, choosing  
a second-line therapy is challenging, because it differs 
according to patient characteristics and risk factors.

A lot of studies suggests that each new class of 
treatment if added to metformin generally lowers 
HbA1c by approximately 0.7–1.0% [17]. If the HbA1c 
target is not achieved after approximately 3 months, 
a combination of metformin and any one of the pre-
ferred six treatment options should be considered: 
SU, thiazolidinedione, dipeptidyl peptidase 4 (DPP-4) 
inhibitor, sodium glucose cotransporter 2 (SGLT2) in-
hibitor, glucagon like peptide (GLP-1) receptor agonist, 
or basal insulin; the choice of agent to add is based 
mainly on the drug effects, side effects and patient 
factors. Nowadays, the choice of a second agent to 
add to metformin is controversial. Rather, drug choice 
is based on avoidance of side effects, particularly risk 
of hypoglycemia and weight gain, cost, and patient 
preference [18].

A study including 2677 adult American patients 
with self-reported T2DM called National Health and 
Nutrition Examination Survey showed that mean HbA1c 
was reduced with treatment with different classes, but 
still didn’t reach the recommended treatment target 
[19]. Additionally, the actual effectiveness in clinical 
practice is mostly unknown.

Aim of the study
Our study was designed to identify clinical charac-

teristics, risk factors affecting target goal control and 
likelihood of each protocol to achieve target HbA1c in 
unselected T2DM patients. 

Methods
A comparative descriptive, observational study. 

Representative sample of adult T2DM patients who 
received treatment at several diabetes outpatient clin-
ics were assessed to evaluate different treatments’ 
effects on HbA1c, the relationship between different 
treatments and patient characteristics, risk factors and 
proportion of diabetes complication in outpatient clin-
ics of the following hospitals (Ahmed Maher Hospital, 
National Diabetes Center, Alasr Elainy Hospital, Elde-
merdash Hospital and Elsalam Hospital) in the period 
from January 2017 to February 2019.

Patients received metformin (Glucophage, 500 and 
850 mg tablets, Bristol Myers Squibb, NY) as monotherapy 
(protocol C). During the 4-week run-in period, patients 
were treated with 500 to 2550 mg/day of metformin 
divided into one to three doses. The dose was adjusted 
during the first 3 weeks of the run-in to (1) achieve and 
maintain target fasting blood glucose (FBG) levels of 
90–126 mg/dL, or (2) the maximally tolerated dose, or (3)  
a maximum daily dose of 2550 mg. The patient’s met-
formin dose was not changed after the fourth week of the 
run-in period, unless a dose reduction was necessary for 
clinical reasons. At the end of the run-in period, patients 
who were not able to achieve the FBG target of 90–126 
mg/dL on metformin only were randomized to one of four 
treatment regimens: (1) metformin and biphasic insulin 
aspart (protocol E) (70% protaminated insulin aspart, 30% 
soluble insulin aspart, NovoLog Mix 70/30) administered 
within 10 min before the start of dinner; (2) metformin 
and Glibenclamide 10 mg twice daily (protocol A) or 
(3) metformin and sitagliptin (protocol B) 100 mg daily 
dose or (4) metformin + SU + insulin NPH (protocol F). 
The dose adjustments were based on twice-weekly self-
monitored blood glucose (SMBG) assessments. SU mono-
therapy (Glibenclamide) 10 mg twice daily (protocol D).  
DPP-4 inhibitors monotherapy (sitagliptin) 100 mg daily 
dose (protocol H). SU (Glibenclamide 10 mg twice daily) 
+ insulin NPH (protocol G). The starting insulin dose 
was 0.16 U/kg. During the first 4 weeks of treatment, 
the insulin dosage was adjusted by 2–6 U to achieve FBG 
levels of 90–126 mg/dL.

For all subjects in groups, patient education pro-
grams, and counseling with oral and printed material 
about types of food suitable for type 2 diabetes, lifestyle 
modifications, any potential dietary factors that may be 
harmful to patients, and the importance of adherence 
to medication and home self-measurement.

A total of 2000 Egyptian patients, who were cat-
egorized into eight groups according to the protocol 
used, were recruited. 

Patient data collection included standardized 
medical examinations, patient interviews, blood sam-
ple collection and medical history review. We analyzed 
age, sex, diabetes duration (DD), HbA1c, low-density 
lipoprotein (LDL), lipid-lowering medication (LW), 
systolic and diastolic blood pressure (BP), antihyper-
tensive medication, estimated glomerular filtration rate 
(eGFR), cumulative microalbuminuria, body mass index 
(BMI), smoking, physical activity (PA), and a history of 
cardiovascular disease (CVD) for each protocol group.  

We used cut-off ≤ 7% instead of < 7% as HbA1c 
goal in Egyptian outpatient clinics standard, since 
to most clinicians, 7% is the treatment goal (accord-
ing to hospitals protocols). A smoker was defined as 
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smoking one or more cigarettes per day, or who had 
stopped smoking within the past 3 months. Estimated 
GFR was calculated using the Modification of Diet in 
Renal Disease (MDRD) equation: 175 × serum creati-
nine/88.4 1.154 × age−0.203 for men, and: 175 × 
serum creatinine/88.4−1.154 × age−0.203 × 0.742 
for women [20]. Cumulative microalbuminuria was 
defined as urine albumin excretion > 20 mcg/min in 
two of three consecutive tests. History of CVD and CHD 
was defined as history of at least one CVD or CHD. 
Physical activity was defined according to the Center 
for Disease Control and Prevention (CDC): moderate 
physical activity — walking at a moderate or brisk pace 
of 3 to 4.5 mph on a level surface inside or outside; 
mild — walking at a pace of less than 3 to 4.5 mph; 
severe — race-walking and aerobic walking at a pace 
of 5 mph or faster [21]. The definition of T2DM used in 
this study was a patient treated with oral hypoglycemic 
agents (OHAs) only, or onset age of diabetes at the 
age of ≥ 40 years and treated with insulin combined 
with oral hypoglycemic agent. To ensure at least six 
months of continuous medication, enrolled were only 
patients treated in Egypt outpatient clinics who had 
filled at least six-monthly prescriptions.. One prescrip-
tion generally corresponds to one-month continuous 
treatment. Thus, six filled prescriptions correspond to 
at least six months of medication.

Statistical analysis
Continuous variables are expressed as mean ± 

standard deviation (SD) and ranges, and as medians 
when the data were nonparametric. Comparisons be-
tween two parallel groups with continuous data were 
performed using an independent t test, while similar 
non-parametric categorical data were compared using 
the chi-square test and non-parametric continuous data 
were compared using the Mann Whitney test. Univari-
ate and multivariate analyses were used to predict influ-
ence of clinical characteristics and protocol type on the 
likelihood of reaching HbA1c > 7.0% using metformin 
and SU as a reference. The confidence interval was set 
at 95%. Thus, the P value was considered significant at 
P < 0.05. Statistical analyses were conducted using the 
Statistical Package for the Social Sciences (IBM SPSS® 
25), and R program software version 9.2. 

Results
Treatment regimens

Of the 2000 patients treated with the most com-
mon prescribed treatment, 9.8% were treated with met-
formin monotherapy (protocol C), 9.2% SU monother-
apy (protocol D), 25.7% metformin + SU (protocol A),  
14.2% metformin + DPP-4 inhibitors (protocol B), 

10.6% metformin + insulin NPH (protocol E), 10.5% 
metformin + SU + insulin NPH (protocol F), 11.3% 
SU + insulin NPH (protocol G), 8.7% DPP-4 inhibitors 
monotherapy (protocol H).

Clinical characteristics
Age varied between 53.1 ± 7.1 and 57.2 ± 6.3 

years in the treatment groups; diabetes duration 7.2 
± 2.1–10.3 ± 2.1 years; BMI 26.9 ± 3.9–30.3 ± 5.8 
kg/m2; eGFR 52.1 ± 7.01–55.1 ± 9.3 ml/min/1.73 m2; 
proportion with cumulative microalbuminuria 23–33%; 
history of CVD 24.3–28.8% (Table 1). Patients on met-
formin + SU had the highest duration of diabetes, 
baseline HbA1c and proportion of smokers; patients 
on metformin monotherapy had a shorter duration of 
diabetes, a lower proportion of patients with micro-
albuminuria, and a lower proportion of patients with 
CVD than the other protocols. Patients on metformin 
+ SU + insulin NPH were older, had higher eGFR, and 
more frequent antihypertensive treatment; there were 
a higher proportion of women on all treatments. 

Treatment results
Comparing glycated hemoglobin A1c (HbA1c) be-

tween the groups, there were significant differences, as 
it ranged from 7.6 ± 0.49 in metformin + SU + insulin 
NPH (lowest) to 8.6 ± 5.3% in metformin + SU (high-
est), P < 0.0001. The proportion of patients reaching 
HbA1c ≤ 7% ranged between 48.9% in DPP-4 inhibi-
tors monotherapy, and 59.2% in metformin + DPP-4 
inhibitors. In a subgroup of newly diagnosed patients 
(≤ 8 years duration), mean HbA1c spanned from 7.4 ± 
0.49% in SU monotherapy, to 8.6 ± 0.5 in metformin + 
SU. Patient with diabetes duration > 8 years has HbA1c 
range from 7.57 ± 0.51 SU monotherapy to 8.65 ± 
0.53 in metformin + SU (Table 2). 

The percent of patients reaching targets for blood 
pressure and LDL ranged between 41.2% to 49.3% and 
23.5% to 36.1%, respectively (Table 2). Comparisons 
between men and women (Table 3) showed significant 
differences in the odds of obtaining HbA1c ≤ 7 in only 
two treatment groups (protocol A and B). There were 
slightly higher proportions of men among those who 
reached HbA1c ≤ 7% in all treatment groups. Differential 
impact of different variables on the likelihood of having 
HbA1c such as age, sex, use of lipid-lowering agents 
(lowest impact), physical activity, disease duration, 
body mass index, and estimated glomerular filtration 
rate (highest impact) is presented in Figures 1 and 2.

Data in Table 4 and Figure 3 give the likelihood of 
having HbA1c >7% in each group and the impact of 
each variable compared to patients on metformin + 
SU (reference). Patients on all other pharmacological 
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Table 1. Clinical characteristics of T2DM patients on most commonly prescribed treatment, 2017

H 

n = 174

g 

n = 226

F 

n = 211

E 

n = 211

D 

n = 184

C 

n = 196

B 

n = 284

A 

n = 514

Protocol

57.2 ± 6.353.1 ± 7.156.1 ± 7.553.5 ± 7.255.3 ± 7.155.7 ± 6.554.51 ± 6.854.53 ± 6.9Mean ± SDAge (years)

36.2/63.843.4/56.631.8/68.240.8/59.242.4/57.634.2/65.839.1/60.940.7/59.3%Gender

Male/female

7.5 ± 2.07.5 ± 2.47.3 ± 1.87.5 ± 2.77.6 ± 1.97.2 ± 2.18.7 ± 2.010.3 ± 2.1Mean ± SDDiabetes duration 

22.51616.820.417.92321.824.7%Smokers

29.1 ± 5.128.2 ± 4.728.8 ± 5.430.3 ± 5.826.9 ± 3.8928.8 ± 4.428.3 ± 4.927.9 ± 5.1Mean ± SDBMI [kg/m2]

8.1 ± 0.178.2 ± 0.187.8 ± 0.197.6 ± 0.27.9 ± 0.537.8 ± .158.6 ± .179.27 ± 0.18Mean ± SDHbA1c [mmol/mol]

42.5404246443537.743%BP [mm Hg]

56.546.960.26258.261.263.757.8%Use of lipid-lower-

ing agents

54.2 ± 6.8852.1 ± 7.0153.4 ± 8.755.1 ± 9.3352.8 ± 7.9153.5 ± 7.353.3 ± 8.152.6 ± 7.7Mean ± SDeGFR

273329.92832262330%Microalbuminuria 

26.424.328.4282525.526.128.8%History of CVD

47.15049.327.543.5534949.6%Physical activity 

(low)

29.930.532.727.532.62729.929.6%Physical activity 

(moderate)

2319.51827.523.9192120.8%Physical activity 

(high)

3.4/3.44/43.3/3.35.7/5.36.5/62.6/2.64.2/3.24.5/4.5%Vaccinated with 

influenza/pnemo-

coccal

Means ± standard deviation (Mean ± SD) and proportions (%); BMI — body mass index; HbA1c — hemoglobin A1c; BP — blood pressure; eGFR — estimated 
glomerular filtration rate; CVD — cardiovascular disease; T2DM — type 2 diabetes mellitus

Table 2. risk factor control

H 

n = 174

g 

n = 226

F 

n = 211

E 

n = 211

D 

n = 184

C 

n = 196

B 

n = 284

A 

n = 514

7.7 ± 0.557.7 ± 0.517.6 ± 0.497.7 ± 0.617.6 ± 0.527.5 ± 0.68.2 ± 0.518.6 ± 0.53Mean ± SDHbA1c

48.951.857.353.65051.559.256.6%HbA1c ≤ 7

7.8 ±0.467.6 ± .527.7 ± 0.537.64 ± 0.517.57 ± .517.61 ± 0.58.31 ± 0.548.65 ± 

0..53

Mean ± SDHbA1c for diabetes 

duration (> 8 years)

7.6 ± 0.557.7 ± 0.57.5 ± 0.547.6 ± 0.53 

7.4 ± 0.4

7.6 ± .538.2 ± .528.6 ± 0.5Mean ± SDHbA1c for diabetes 

duration (≤ 8 years)

81 ± 8.782 ± 9.680.1 ± 9.181.5 ± 9.582 ± 9.281.5 ± 9.381.1 ± 8.982.3 ± 8.8Mean ± SDDiastolic

132.7± 

13.8

131 ± 15.5132 ± 14.8131 ± 15132 ± 14.7131.1± 15130.6± 

14.5

132.5± 

14.2

Mean ± SDSystolic

4541.249.347.944.644.945.444%BP < 130/80

119.5± 26118.7 ± 

25.3

120.6 ± 24119 ± 23.6121 ± 25.6120 ± 25117 ± 24118.5± 25Mean ± SDLDL

2728.336.123.727.723.527.826.8%LDL < 100

35 ± 5.335.5 ± 5.336 ± 635 ± 5.436.1 ± 5.734 ± 6.134.8 ± 5.235 ± 5.6Mean ± SDHDL

HbA1c — hemoglobin A1c; LDL — low-density lipoprotein; HDL — high-density lipoprotein
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treatment regimens had a significantly higher likelihood 
of having HbA1c > 7%, ranging from) OR 2.89; 95% CI 
1.41–5.92( in metformin + SU + insulin NPH group to 
(OR 5.22; 95% CI 2.58–10.56( in DPP-4 inhibitors group, 
except for patients on metformin + DPP-4 inhibitors 
(OR 1.71; 95% CI 0.94–3.12) where the difference ver-
sus metformin + SU regimen was insignificant. Patients 
on metformin + DPP-4 inhibitors, in general, had the 
lowest likelihood of having HbA1c > 7%. Patients on 
SU monotherapy and DPP-4 inhibitors monotherapy 
had the lowest likelihood of reaching the target HbA1c 
≤ 7. The agreement between predicted data with real 
observation data is demonstrated in figure 3, indicating 
the internal validity of the developed regression model. 
Moreover, area under ROC curve was significantly 
higher (P < 0.0001), confirming the internal validity. 

Table 5 shows that our model had good predict-
ability and there is high concordance (0.96) between 
observed and predicted data. 

Discussion
The results of the present study proved that outpa-

tient clinics in Egypt apply world treatment guidelines 

in routine clinical care, as high percent of patients with 
T2DM (70.8%) were treated with metformin alone or 
in combination with other agents [22].

Fewer studies describing different treatment pro-
tocols according to different patient characteristics in 
real practice in Egypt are available, but there are many 
studies evaluating treatment effects of different T2DM 
medications. This study is a nation-wide cross‐sectional 
study analyzing clinical characteristics and impact or 
risk factors among T2DM patients with standard proto-
col (metformin and SU), as well as the most commonly 
used treatment regimens.

Most patients (> 25%) were prescribed sulfo-
nylureas add on to first-line metformin. This result 
matched to a population-based study that assessed 
which class of drugs was most commonly prescribed 
as second-line treatment added to metformin in the 
period between 2011 and 2015 where the results 
showed that these drugs are sulfonylureas [23]. Simi-
larly, the study of Zekarias et al. [24] found that more 
than 50% of patients were prescribed sulfonylureas. 

When comparing male and female sexes between 
each protocol, we found that almost all protocols 

Table 3. glycemic control in men and women

A 

n = 514

B 

n = 284

C 

n = 196

D 

n = 184

E 

n = 211

F 

n = 211

g 

n = 226

H 

n = 174

HbA1c mean M n 209 111 67 78 86 67 98 63

Mean ± SD 8.66 ± 0.53 8.2 ± 0.6 7.7 ± 0.51 7.6 ± 0.52 7.6 ± 0.54 7.7 ± 0.53 7.7 ± 0.52 7.6 ± 0.51

n 305 173 129 106 125 144 128 111

HbA1c mean W Mean ± SD 8.63 ± 0.5 8.4 ± 0.52 7.6 ± 0.53 7.7 ± 0.53 7.6 ± 0.53 7.5 ± 0.53 7.85 ± 0.6 7.7 ± 0.5

P value* 0.539 0.033 0.143 0.662 0.834 0.664 0.727 0.707

HbA1c ≤ 7 M % 63 67 53 56 60 58 52 57

HbA1c ≤ 7 W % 52 54 50 45 49 57 51.5 44

P value* 0.008 0.026 0.385 0.090 0.063 0.492 0.525 0.068

*P value of categorical data were performed using the chi-square test; M — men; W — women

lw 10.0  0.0016

20.4  0.0000

38.5  0.0000

49.3  0.0000

61.9  0.0000

193.0  0.0000

291.4  0.0000

352.5  0.0000

Sex

Protocol

PA

DD

Age

BMI

Egfr

0 50 100 150 200
2c  – df

2
c   P

250 350300

Figure 1. Contribution of each individual variable on predictive performance of the final multivariate model. Lw — lipid-lowering 
medication; PA — physical activity; DD — disease duration; BMI — body mass index; eGFR — estimated glomerular filtration rate
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showed marginally higher proportions of men reach-
ing HbA1c ≤ 7%, unlike a study of Ekström et al. [25] 
that found a proportion of women marginally higher 
with non-pharmacological treatment and metformin 
monotherapy. And there was a higher proportion of 

men reaching treatment goal on metformin + pre-
mixed analogues containing rapid-acting insulin and 
metformin + SU only. However, these differences were 
no statistically significant, except in only two protocols 
(metformin and SU) and (metformin and DPP-4 inhibi-

Protocol

eGFR

sex

lw

BMI

0

lo
g

 o
d

d
s

0

45 50 55 60 65 70

–5

–5

a

40

b female

Not using

20 25 30

c

50

d e

60

f g

70

male

Using

35 40

h

80

5

5

10

10

PA

0

–5

Average LowHigh

5

10

DD

4 6 1412108

Age

Figure 2. Change in log (odds ratio) by changing each independent variable. Lw — lipid-lowering medication; PA — physical 
activity; DD — disease duration; BMI — body mass index; eGFR — estimated glomerular filtration rate

Table 4. Multivariate regression for significant variables and each protocol to estimate likelihood [(OR) with 95% CI] of 
having HbA1c > 7%

Clinical variable Univariate analysis Multivariate analysis

Regression coefficient SE P value Adjusted Or 95%CI P value

Age (years) 0.133 0.008 < 0.001 1.35 1.29–1.41 < 0.0001 (S)

BMI [kg/m2] 0.178 0.012 < 0.001 1.71 1.61–1.82 < 0.0001 (S)

eGFR [mL/min] 0.173 0.009 < 0.001 1.58 1.5–1.65 < 0.0001 (S)

Protocol

B –0.104 0.15 0.49 1.71 0.94–3.12 0.081 (NS)

C 0.205 0.17 0.22 3.92 1.96–7.81 0.0001 (S)

D 0.266 0.17 0.12 5.18 2.52–10.66 < 0.0001 (S)

E 0.124 0.16 0.45 4.41 2.17–8.96 < 0.0001 (S)

F -0.03 0.17 0.86 2.89 1.41–5.92 0.0038 (S)

G 0.195 0.16 0.22 5.8 2.91–11.54 < 0.0001 (S)

H 0.312 0.176 0.08 5.22 2.58–10.56 < 0.0001 (S)

Sex 0.34 0.093 < 0.0001 2.23 1.58–3.17 < 0.0001 (S)

PA level

High (PA) –0.32 0.13 0.013 0.37 0.23–0.6 < 0.0001 (S)

Low (PA) 0.23 0.1 0.028 1.93 1.32–2.83 0.0007 (S)

Disease duration (years) 0.24 0.021 < 0.0001 1.6 1.42–1.8 < 0.0001 (S)

Lipid-lowering agent use 0.0021 0.092 0.98 0.58 0.41–0.81 0.0016 (S)

OR — odd ratio; CI — confidence interval; HbA1c — hemoglobin A1c; eGFR — estimated glomerular filtration rate; BMI — body mass index; PA — physical 
activity
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tors). Thus, the clinical significance of these minor dif-
ferences is controversial.

In GRADE study [26] on 5000 patients categorized 
on the following medications: sulfonylureas, dipeptidyl 
peptidase 4 inhibitors, glucagon-like peptide 1 receptor 
agonists, and insulin as the second-line added to met-
formin found 64% of all participants reporting statin 
use but in our study, 58% of all participants reported 
statin use although new guidelines recommend statin 
for all patients with diabetes who are > 40 years of 
age, although without other cardiovascular risk. Unfor-
tunately, this percent indicates poor compliance with 
the guidelines [27].

According to ADA and the European Association 
for the Study of Diabetes, guidelines recommend 
starting basal insulin when HbA1c is > 9% [22]. Our 
findings from real practice does not support this rec-
ommendation, as there is high percent of patients with 
baseline HbA1c > 9 treated effectively with metformin 
and sulfonylurea protocol and metformin and DPP-4 
inhibitors protocols; this finding is similar to that of 
Wilding et al. [28]. This result may not be consistent 
with guidelines because a high proportion of patient 
have HbA1c > 9 not because of treatment resistance 
but due to poor adherence to treatment regimen. On 
other hand, mean reduction in HbA1c from baseline for 
those on metformin and sulfonylurea was significantly 
larger than all other protocols, so we conclude that 
treatment options for those with HbA1c  > 9% might 
not need to be limited only to insulin.

In comparison to study of Ekström et al. [25], 
insulin-based protocol achieved a higher proportion 

of patient HbA1c ≤7% , as clinician in Egypt use insulin 
as add on to metformin early in management. So, 
patient respond better than those who start insulin 
late. Also percent of patients achieving target LDL 
was significantly lower in our study, but our result 
matched with Ekström et al. [29], ADA, IDF and AACE 
guidelines that patient with metformin protocol had 
less history of CVD, microalbuminuria and percent of 
people achieving blood pressure goals as all groups 
ranged from 41.2–49.3%.

Yurgin et al. [30] found on German patients that 
around 50% of patients did not achieve target HbA1c 
< 6.5. However, this ratio is not applicable in our 
study as we reached in some protocols more than 
55% (metformin + SU, metformin + DPP-4 inhibitors 
and metformin + SU + insulin NPH. Although German 
study included higher number of participant, our study 
addressed risk factors and patient characteristics not 
studied in German study, such as diabetes duration, 
blood pressure, eGFR, LDL and body mass index. 

According to ADA and EASD, Swedish and inter-
national guidelines based on trials [31, 32], metformin 
is the first-line treatment when lifestyle and non-
pharmacological interventions are insufficient, and also  
a higher proportion of patient is treated with metform-
in monotherapy or in combination, so our real practice 
is consistent with this guidelines. But there are fewer 
studies which compare between different protocols 
and determine which protocol has the likelihood that 
patient achieve or not achieve the target; therefore, 
we in Table 4 found that only one protocol (metformin 
and DPP-4 inhibitors) was nonsignificant with standard 
protocol (metformin and SU) in likelihood of patient 
reaching HbA1c > 7 and all other protocols are signifi-
cant and odd ratio of patient reaching HbA1c > 7 ranges 
from 2.89–5.8. So, we strongly recommend metformin 
+ SU and metformin + DPP-4 inhibitors protocols, but 
we did not address cost, consequences, CVD exacerba-
tion, and incidence of hypoglycemia of these protocols 
to make a complete judgment. 

This study discusses the determinants of adequate 
glycemic control in T2DM population, explaining their 
underlying relative weights, and how they may affect 
the clinical decision regarding the choice of the an-
tihyperglycemic protocol on an individual basis. The 
main strength point in the current study is comparative 
analysis of eight different and commonly used proto-
cols in patients with diabetes as we study the effect 
of significant variables and how each variable, such as 
age, BMI, sex, physical activity, disease duration, lipid-
lowering agents and eGFR, can predict the outcome 
(Figs 1, 2). Thus, we conclude that good outcome does 
not dependent only on which protocol patient will be 

Figure 3. ROC curve of the final multivariate model
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treated but also these variables must be evaluated first 
and monitored.

The major strengths of this observational study are 
that patients were treated at hospital outpatient clinics 
nation-wide, representing the real-life situation in clini-
cal practice; also HbA1c analyses were quality assured.

Conclusion
The likelihood of reaching HbA1c > 7 is lower in the 

protocol A and protocol B, and other protocols are asso-
ciated with a significantly higher likelihood of reaching 
target HbA1c in comparison to protocol A. Significant 
variables, age, BMI, sex, physical activity, disease dura-
tion, lipid-lowering agents and eGFR if controlled, can 
improve treatment outcome significantly. 

Study limitations
There are also some limitations. Data from partici-

pating outpatient clinics may vary slightly in accuracy, 
although increased use of electronic dataset for data 
transfer can mitigate this problem. Also, around 20% 
of patients were excluded because of missing data. 
Controlling diet in this number of participants in each 
group is difficult and may cause slight changes in the 
response of each group to their medication. Blood lipid 
values were not measured at baseline. Instead, we used 
lipid-lowering medication (mostly statins) as a marker 
of the presence of dyslipidemia. Information regarding 
doses of drugs in protocols was not available, but the 
aim was to analyze the effect of clinical characteristics 
and risk factors on treatment outcome of each protocol 
with simulating in real practice.

Recommendations
Large, multicenter, observational studies in similar 

patient populations are needed to validate our conclusion. 

Compliance with ethical standards
Informed consent was obtained from each patient 

included in the study, and the study protocol was 
conducted in compliance with the 1975 Declaration of 
Helsinki and approved by Faculty of Pharmacy, Helwan 
University Ethical Committee.
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glycaemic and weight-loss outcomes  
of graded doses of canagliflozin in type 2 
diabetes — a real-world study

ABSTrACT
Background. Costs are the most important cause 
of therapeutic non-compliance. Half canagliflozin 
(CANA)–300 tablet has lowest cost/mg among all CANA 
preparations; data are unavailable on efficacy of half 
CANA-300. This study evaluated weight loss and gly-
caemic outcomes of 100 mg versus 150 mg versus  
300 mg of canagliflozin as part of standard therapy. 
Methods. Data, retrospectively captured from medical 
records of two centres in Delhi for patients > 35 years 
with type-2 diabetes (T2DM), and on canagliflozin, 
having > 6 months follow-up, were analysed. Patients 
were in 3-groups depending on canagliflozin dosage: 
Group 1 on canagliflozin 100 mg/day (1 tablet CANA- 
-100), Group-2 on canagliflozin 150 mg/day (half tablet 
CANA-300), and Group 3 on canagliflozin 300 mg/day 
(1 tablet CANA-300). Primary endpoints were glycaemic 
efficacy and weight-loss. 
results. From 3,569 records evaluated, 1,232 people 
with T2DM on canagliflozin were screened; data 
from 528 individuals analysed (257, 138 and 133 in 
groups: 1, 2 and 3 respectively). People in all three 
groups were comparable with regards to sex, T2DM 

duration, glycated haemoglobin (HbA1c), haemoglo-
bin, creatinine, lipids, albuminuria and medications. 
group-2 patients were youngest and had highest 
BMI. Following 6-months, both absolute and percent 
weight-loss was significantly higher in Group-2 (–3.5 kg  
[–6.60–0.00]; –3.62%), followed by group-3 (–3.0 kg 
[–5.3 to –0.8]; –3.33%), and lowest in group-1 (–1.05 kg  
[–2.85 to –0.17]; –1.31%) (P = 0.002 and 0.014, res-
pectively). Glycaemic efficacy was comparable among 
groups. 
Conclusion. Half CANA-300 tablet has comparable 
glycaemic efficacy and weight-loss compared to single 
CANA-300 tablet, but superior weight-loss compared 
to CANA-100. (Clin Diabetol 2020; 9; 6: 442–453)

Key words: obesity canagliflozin, weight loss, 
diabetes reversal, euglycaemia, type 2 diabetes,  
cost analysis

Introduction
Diabetes and obesity, or diabesity, has become 

a global pandemic. Recent studies have suggested 
an alarming burden of diabetes and obesity in the 
Indian population. India currently has an overall 9% 
and 14–18% prevalence of diabetes and prediabetes, 
respectively [1, 2]. Indians are metabolically challenged, 
as is evidenced by nearly two decades earlier onset 
of diabetes coupled with one of the highest global 
annual rates of prediabetes progression to diabetes 
(14.0–18.0%, 11.0%, 6.0% and 2.5% per annum in 
India, China, Finland and USA, respectively) [3]. The 
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problem is especially acute in urban areas. The CARRS 
study, a population screening of 5,365 individuals 
from New Delhi, revealed a very high prevalence of 
prediabetes/diabetes of 72.7% [4]. Two studies from 
New Delhi reported very high rates of obesity in the 
general population (71.50% and 69.29% in a cohort of 
1,473 and 5,336 patients, respectively) [5, 6]. Hence, it 
is the high prevalence of obesity which is driving this 
diabetes epidemic, especially in the urban areas.

Recent studies have demonstrated the importance 
of weight loss in not only ensuring better glycaemic 
control in type 2 diabetes mellitus (T2DM), but also in 
diabetes remission [7]. Sodium-glucose co-transport-
er-2 (SGLT2) inhibitors have become popular agents for 
managing diabetes especially in the setting of diabesity. 
This is due to their good glycaemic efficacy, glycaemic 
durability, beneficial impact on cardiovascular out-
comes, low risk of hypoglycaemia, along with their 
mild weight-loss properties [8]. 

There are currently four SGLT2 inhibitors available 
for clinical practice in India: canagliflozin, dapagliflozin, 
empagliflozin and remogliflozin. In terms of selectivity 
for the inhibition of SGLT2, SGLT1 transporter, empa-
gliflozin, is the most selective, whereas canagliflozin is 
the least selective [8]. Hence canagliflozin is believed 
to have some additional therapeutic potential in view 
of its inhibiting SGLT1 transporters present in the 
intestines [9]. No significant impact of canagliflozin 
on SGLT1 transporter in heart and kidneys has been 
documented [10]. The intestinal SGLT1 transporter 
inhibition by canagliflozin is believed to result in an 
additional post–prandial glucose reduction, which is 
not seen with other SGLT2 inhibitors [10]. 

One of the major limitations with long-term use of 
SGLT2 inhibitors in clinical practice, is the significantly 
increased monthly costs of treatment. Since most of 
the healthcare expenditure is out of pocket in India, 
increased monthly treatment costs have been linked 
to poor medication compliance, resulting in impaired 
glycaemic control [11, 12]. Canagliflozin is currently 
available in 100 mg and 300 mg tablets for clinical use 
in India, costing INR 54.5 (INR 0.55/mg; INR 1,635 per 
month) and INR 120 (INR 0.4/mg; INR 3,600 per month) 
per tablet, respectively [13, 14]. Treatments costs for 
sulfonylurea glipizide 5 mg, metformin sustained 
release preparation 1 g, and pioglitazone 15 mg are: 
INR 0.53 per tablet (monthly cost INR 63.6 for 20 mg 
therapy per day), INR 3 per tablet (monthly cost INR 180 
for 2 g therapy per day) and INR 2 per tablet (monthly 
cost INR 120 for 30 mg therapy per day), respectively, 
highlighting nearly 10–60–times increased cost burden 
with SGLT2 inhibitor use in India [15]. The cost per unit 
of human regular insulin, human neutral protamine 

Hagedorn (NPH) insulin, lispro insulin, aspart insulin 
and glargine insulin is INR 0.96, 0.96, 2.26 and 2.19, 
respectively, when used in the form of cartridges for 
pen fill [16–19]. The monthly cost of therapy of above 
4 insulins when taken at doses of 20U/d would be 
INR 580, 580, 1,356 and 1,314 respectively [16–19]. 
Hence monthly costs of human insulin analogous 
(both short- and long-acting) is almost similar to that 
of SGLT2 inhibitors.

From costing point of view, half tablet of canagli-
flozin 300 mg (CANA-300) would provide 150 mg of 
canagliflozin at INR 60, which would be much more 
cost effective than taking 1.5 tablets of canagliflozin 
100 mg (CANA-100) tablet at INR 81.75. However, no 
data are available on the glycaemic and weight-loss 
properties of half tablet of CANA-300 taken once  
a day as compared to 1 tablet of CANA-100 per day 
and 1 tablet of CANA-300 per day in clinical practice. 
Half CANA-300 tablet has the lowest cost per mg as 
well as the lowest monthly cost of therapy among all 
the different doses of canagliflozin available for clinical 
use. Hence, this study aimed to evaluate the glycaemic 
efficacy and weight loss properties of graded doses 
of canagliflozin (100 mg, 150 mg, 300 mg), as a part 
of multi–drug therapy for managing type-2 diabetes 
in India.

Methods
Data were retrospectively captured from the elec-

tronic medical record (EMR) database of two different 
centres in New Delhi. Patients with T2DM, aged > 35 
years and on canagliflozin were considered for the 
study. T2DM onset in Indians is nearly 2 decades earlier 
than the western world, and the peak age of T2DM 
onset in Indians is in 30s and 40s [1, 20]. People > 35 
years–age were considered for this study to rule out 
those who were likely to have latent onset autoimmune 
diabetes of adults and late onset T1DM [1, 20]. 

Patients with associated severe chronic co-morbid 
states like chronic liver disease (Child’s B or C), renal 
disease (glomerular filtration rate < 60 mL/min as cal-
culated by CKD–EPI formula), cardiac disease (including 
coronary artery disease and heart failure), malignancies, 
active infection (tuberculosis, HIV, viral hepatitis), post 
organ transplant, patients on psychiatry medications, 
and those with chronic autoimmune disorders (lupus, 
scleroderma), were excluded. Also, patients with his-
tory of hospital admission in the last 6 months were 
excluded [6]. Patients with prior use of SGLT2 inhibitors 
were excluded. Incomplete records were excluded from 
the analysis. Details of other medications being used 
as per standard care were noted [6]. Patients on any 
other medications which can cause weight loss apart 
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from the medications considered in this study (cana-
gliflozin, metformin, glucagon like peptide 1 receptor 
agonists and orlistat) were excluded. Patients with at 
least 6 months follow-up data available were included 
in the study. The duration of this study was from Janu-
ary 2018 to February 2019. The entire flow of patient 
recruitment has been elaborated in Figure 1.

Patients were put into one of three groups de-
pending on their canagliflozin dose: Group 1 were 
on canagliflozin 100 mg/day (1 tablet of CANA-100), 

Group 2 were on canagliflozin 150 mg/day (half tab-
let of CANA-300), and Group 3 were on canagliflozin  
300 mg/day (1 tablet of CANA-300).

Patients in Group-2 (canagliflozin 150 mg/d) were 
given a demonstration how to split the CANA-300 
tablet. CANA-300 tablet is relatively a big tablet mak-
ing splitting easier. Using preferably a pill-cutter, the 
patients were shown how to cut the CANA-300 tablet 
(Fig. 2A) into 2 halves (Fig. 2B). In case a pill-cutter 
was not available, the patients were explained that  

Figure 2. A — appearance of an intact canagliflozin 300 mg tablet; B — appearance of split canagliflozin 300 mg tablet;  
C — storage of one-half of the split canagliflozin 300 mg tablet of use on the subsequent day

Figure 1. Flowchart of study protocol and flow of patients. GFR — glomerular filtration rate

STUDY POPULATION: 3569 electronic medical records (EMR) between January 2018 and February 2019 were screened

INCLUSION CRITERIA: Age > 35 years 

1232 patients with type 2 diabetes (T2DM) on canagliozin were considered

EXCLUSION CRITERIA: coronary artery disease (n = 116); 
chronic kidney disease (GFR < 60 mL/min) (n = 38); 
chronic lung disease (n = 69); hospital admission in the 
last 6 months (n = 110); autoimmune disorders (34); 
psychiatric problems on antipsychotic medications (38); 
chronic infections (n = 11); organ transplant (n = 4); 
follow–up duration less than 6 months (n = 153) 

Patients fullling all inclusion and exclusion criteria (n = 659)

Incomplete records/missing data (n = 131) 

Data from 528 patients for whom the complete 6 months follow up 
records were available were analysed for glycaemic and weight loss outcomes

A

B

C
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a small kitchen knife can also be used to cut the tablet 
into 2 equal halves. The patients were asked to keep 
one of the halves in the tablet package carefully to be 
used the next day (Fig. 2C). They were reassured that 
sometimes the halves may not be exactly from the mid-
dle, but since the patient himself/herself will only be 
taking the other half of the tablet the subsequent day, 
it would average out and result in an overall intake of 
15 CANA-300 tablets over a period of 30 days.

Data for the following variables were collected 
at baseline and after 6 months follow-up (height, 
weight, fasting glucose, 2-hour post prandial glucose 
and HbA1c). Additionally, data were collected on 
haemoglobin, renal function status (creatinine), lipid-
parameters (low-density lipoprotein cholesterol (LDL-C) 
and triglycerides) and spot urine albumin creatinine 
ratio (ACR) as a measure of microvascular complication. 
Information was noted with regards to occurrence of 
different adverse drug reactions, specifically, hypogly-
caemia, genital infections, complicated upper urinary 
tract infections, fractures, euglycaemic ketosis and any 
other event reported by the patients.

Statistical analysis
Data analysis was done using the Statistical Pack-

age for Social Sciences (SPSS) version 20.0 (IBM, USA). 
Kolmogrov-Smirnov test was used to check the normal-
ity of the variable distribution. Normally distributed 
variables were expressed as mean ± standard deviation. 
Skewed variables were expressed as median (25th–75th 
percentile). ANOVA was used for comparing three or 
more study groups. Chi-square test was used for cat-
egorical variables. An a priori alpha of P < 0.05 was 
considered statistically significant.

Results
A total of 3,569 medical records were screened 

between January 2018 and February 2019, of which 
1,232 patients with T2DM were on canagliflozin. Data 
from 528 patients, who fulfilled all inclusion criteria 
and for whom at least 6-month follow-up data were 
available, were analysed. Out of the 528 patients, 257 
patients were on canagliflozin 100 mg/day (Group 1; 1 
tablet of CANA-100), 138 were on canagliflozin 150 mg/ 
/day (Group 2; half tablet of CANA-300) and 133 were 
on canagliflozin 300 mg/day (Group 3: 1 tablet of CANA-
-300). Demographic details, anthropometric, glycaemic, 
metabolic and medication profiles of the patients in the 
three groups have been elaborated in Table 1.

The patients in all three groups were comparable 
with regards to sex distribution, duration of T2DM, 
baseline HbA1c, haemoglobin, renal function (creati-
nine), lipid parameters and microvasculature damage 

(ACR), as per a direct ANOVA of the 3 groups (Table 1)  
as well as by a post-hoc pair wise analysis between 
each of the groups (Tables 2–4). The groups were also 
comparable with regards to use of all the other different 
anti-diabetes medications (metformin, sulfonylureas, 
dipeptidyl-peptidase-4 inhibitors, alpha glucosidase 
inhibitors, pioglitazone, glucagon like peptide-1 re-
ceptor agonists and insulins; as per a direct ANOVA 
of the 3 groups (Table 1) as well as by a post-hoc pair 
wise analysis between each of the groups (Tables 2–4). 
However, the patients in Group 2 were significantly 
younger as compared to patients in Groups 1 and 3 
(Tables 1–4). Additionally, BMI was significantly higher 
in patients in Group 2 as compared to Groups 1 and 3  
(Tables 1–4). Patients in Group-3 had significantly 
higher systolic and diastolic blood pressure (Table 3). 
Patients in Group-2 had a significantly higher diastolic 
blood pressure, but comparable systolic blood pressure 
as compared to Group-1 (Table 4).

Following 6 months of treatment, the absolute 
weight loss was highest in patients receiving canagli-
flozin 150 mg/day (Group 2; –3.5 kg [–6.60 to 0.00]) 
as compared to those receiving 100 mg/day (Group 1;  
–1.05 kg [–2.85 to –0.17]) and 300 mg/day (Group 3;  
–3.0 kg [–5.3 to –0.8]), which was statistically sig-
nificant (P = 0.002) (Table 1). The percent weight loss 
after 6 months of therapy (which is not effected by the 
higher baseline BMI) was also significantly higher in 
Group 2 (–3.62%) as compared to –3.33% and –1.31% 
in Groups 3 and Group 1 respectively, which was 
statistically significant (P = 0.014) (Table 1). Post-hoc 
analysis between each of the 3 groups re-confirmed 
this observation. A significantly higher absolute and 
percent weight loss among patients in Group-3 vs 
Group-1 (Table 3), Group-2 vs Group-1 (Table 4) with 
comparable absolute and percent weight loss among 
patients in Group-3 vs Group-2 (Table 2) highlights 
the superiority of canagliflozin 150 mg/day and 300 
mg/day over canagliflozin 100 mg/day with regards 
to weight loss.

In terms of glycaemic efficacy, the fall in HbA1c 
after 6 months of therapy, and the final HbA1c were 
not statistically different among the three groups  
(P = 0.083) (Table 1). Post-hoc analysis between each of 
the 3 groups re-confirmed this observation (Tables 2–4). 
The baseline HbA1c, the fall in HbA1c after 6 months 
of therapy and the final HbA1c were comparable when 
Group-3 was compared to Group-1 (Table 3), Group-2 
was compared to Group-1 (Table 4), and when Group-3 
was compared to Group-2 (Table 2) Groups 2 and 3 
were significantly different only with regards to age 
and in their baseline BMI (Table 2), hence a separate, 
post-hoc analysis of the study outcomes was done 
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for patients receiving canagliflozin 100 mg/day versus 
those receiving canagliflozin 150 mg/day or 300 mg/ 
/day (Table 5). 

Patients in the post-hoc analysis group (receiving 
canagliflozin 150 mg/day or 300 mg/day) were signifi-

cantly younger, had significantly higher baseline BMI, 
and had more severe hypertension, but were com-
parable with regards to use of all the other different 
anti-diabetes medications (metformin, sulfonylureas, 
dipeptidyl-peptidase-4 inhibitors, alpha glucosidase 

Table 1. Baseline demographics, treatment parameters and outcomes after 6 months of follow-up in patients receiving 
different graded doses of canagliflozin

Parameter  Canagliflozin study groups P value

group 1 

Canagliflozin  

100 mg/day 

n = 257

group 2 

Canagliflozin  

150 mg/day 

n = 138

group 3 

Canagliflozin 

300 mg/day 

n = 133

Age, years 54.26 ± 10.58 45.31 ± 13.86 54.62 ± 10.08 < 0.001

Sex, male:female 139:118 78:61 71:62 0.891

Duration of diagnosis, years (range)* 4.5 (2.0–8.0) 4.0 (2.0–5.0) 4.0 (2.07–7.0) 0.275

BMI at baseline, kg/m2 27.96 ± 5.29 34.95 ± 5.76 32.92 ± 5.78 < 0.001

SBP, mm Hg 131.12 ± 19.70 134.92 ± 21.31 135.89 ± 19.42 0.057

DBP, mm Hg 79.19 ± 10.32 84.05 ± 10.61 82.25 ± 10.41 < 0.001

Weight, kg (range) † 72.95 (65.08–82.38) 93.9 (80.03–105.98) 84.6 (76.6–95.51) < 0.001

Absolute weight loss at 6 months, kg (range)† –1.05 (–2.85 to –0.17) –3.5 (–6.60 to 0.00) –3.0 (–5.3 to –0.81) 0.002

Percent weight loss at 6 months, % (range)† –1.31 (–3.28 to –0.22) –3.62 (–6.64 to 0.00) –3.33 (–6.00 to –0.99) 0.014

HbA1c, % (range) 8.1 (7.0–9.6) 8.1 (6.8–9.2) 8.8 (7.5–9.6) 0.153

HbA1c, mmol/mol (range)† 65 (53–81) 65 (51–77) 73 (58–81)

HbA1c at 6 months, % (range) 7.70 (6.4–8.6) 7.0 (6.1–8.0) 7.2 (6.1–8.4) 0.303

HbA1c at 6 months, mmol/mol (range)† 61 (46–70) 53 (43–64) 55 (43–68)

D HbA1c, % (range)† –0.75 (–2.25 to 0.15) –0.90 (–1.83 to –0.05) –0.95 (–1.92 to –0.38) 0.833

HbA1c < 5.7% at 6 months, n (%) 6 (2.33%) 14 (10.14%) 6 (4.51%) 0.119

Creatinine, µmol/L 78.68 ± 20.33 69.84 ± 0.22.10 78.68 ± 30.94 0.159

Haemoglobin, gm/dL 12.08 ± 1.91 3.23 ± 1.99 12.51 ± 2.22

LDL-C, mmol/L† (range) 2.56 (1.74–3.42) 2.85 (2.01–3.94) 2.46 (2.06–3.45) 0.070

Triglycerides, mmol/L† (range) 1.93 (1.30–2.94) 1.81 (1.46–2.59) 2.31 (1.38–3.27) 0.339

Hypothyroidism, n (%) 26 (10.12%) 30 (21.74%) 11 (8.27%) 0.347

Metformin, n (%) 229 (89.11%) 128 (92.75%) 127 (95.49%) 0.097

GLP1a, n (%) 28 (10.89%) 25 (18.12%) 14 (10.53%) 0.089

DPP4i, n (%) 195 (75.88%) 98 (71.01%) 102 (76.69%) 0.415

Orlistat, n (%) 45 (17.51%) 30 (21.74%) 27 (20.30%) 0.587

Pioglitazone, n (%) 112 (43.58%) 49 (35.51%) 50 (37.59%) 0.223

Alpha-glucosidase inhibitors, n (%) 29 (11.28%) 21 (15.22%) 24 (18.05%) 0.179

Sulfonylureas, n (%) 219 (85.21%) 108 (78.26%) 111 (83.46%) 0.163

Basal insulin, n (%) 50 (19.46%) 28 (20.29%) 37 (27.82%) 0.148

Short acting insulin, n (%) 28 (10.89%) 20 (14.49%) 22 (16.54%) 0.273

ACR, mg/gm (range) 64.12 (32.42–187.14) 63.11 (32.24–212.13) 72.11 (16.14–331.43) 0.195

Severe hypoglycaemia, n 2 1 2 0.743

Non-severe hypoglycaemia, n 15 11 12 0.476

Genital infections, n 10 5 7 0.725

Normality of the variable distribution calculated using Kolmogorov-Smirov test; all normally distributed variables expressed as mean ± standard devia-
tion; discreet variables have been expressed as absolute numbers and percentages; P < 0.05 considered statistically significant. ANOVA was used for 
analysis. *As reported by the patient. †all non-normally distributed variables expressed as median (25th–75th percentile). D HbA1c — difference in glycated 
haemoglobin; ACR — spot urine albumin creatinine ratio; BMI — body mass index; DBP — diastolic blood pressure; DPP4i — dipeptidyl peptidase 4 inhibi-
tor; GLP1a — glucagon like peptide receptor-1 antagonists; HbA1c — glycated haemoglobin; LDL-C — low density lipoprotein cholesterol; SBP — systolic 
blood pressure
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inhibitors, pioglitazone, glucagon like peptide-1 recep-
tor agonists and insulins) (Table 5). Both absolute and 
percent weight loss was significantly higher among 
patients in the post-hoc analysis group (canagliflozin 
150 or 300 mg/day) as compared to those receiving 
100 mg/day (Table 5). Both basal and final HbA1c after 
6 months of therapy were comparable among the 
groups (Table 5). A greater percent of patients in the 

post-hoc analysis group (canagliflozin 150 or 300 mg/ 
/day) achieved HbA1c < 5.7% as compared to those on 
canagliflozin 100 mg/day but not statistically significant 
(20 vs 6; P = 0.428) (Table 5). 

There were five reports (0.009%) of severe hypogly-
caemia, necessitating a visit to the hospital emergency 
department, 38 (7.20%) reports of mild self-limiting 
hypoglycaemia, 22 reports (4.17%) of mild lower 

Table 2. Baseline clinical and treatment parameters and outcomes after 6 months of follow-up in patients receiving 
canagliflozin 150 mg per day as compared to those receiving 300 mg per day

Parameter  Canagliflozin study groups P value

group 2 

Canagliflozin  

150 mg/d 

n = 138

group 3 

Canagliflozin  

300 mg/d 

n = 133

Age (years) 45.31 ± 13.86 54.62 ± 10.08 0.001

Sex (Male:Female) 78:61 71: 62 0.651

Duration of diagnosis (years)* 4.0 [2.0–5.0] 4.0 [2.07–7.0] 0.163

BMI [kg/m2] 34.95 ± 5.76 32.92 ± 5.78 0.005

SBP [mm Hg] 134.92 ± 21.3 135.89 ± 19.4 0.707

DBP [mm Hg] 84.05 ± 10.61 82.25 ± 10.4 0.181

Weight [kg]† 93.9 [80.03 – 105.98] 84.6 [76.6–95.5] 0.001

Weight loss [kg]† –3.5 [–6.60–0.00] –3.0 [–5.3 to –0.8] 0.813

Percent weight loss at 6 months (%)† –3.62 [–6.64–0.00] –3.33 [–6.00 to –0.99] 0.734

HbA1c (%) 8.1 [6.8–9.2] 8.8 [7.5–9.6] 0.117

[mmol/mol]† 65 [51–77] 73 [58–81] 0.335

HbA1c at 6 months (%) 7.0 [6.1–8.0] 7.2 [6.1–8.4]

[mmol/mol]† 53 [43– 64] 55 [43–68]

D HbA1c (%)† –0.90 [–1.8 to –0.05] –0.95 [–1.92 to –0.38] 0.589

HbA1c < 5.7% at 6 months 14 (10.14%) 6 (4.5%) 0.066

Creatinine [µmol/L] 69.84 ± 0.22.10 78.68 ± 30.94 0.113

Haemoglobin [gm/dL] 13.23 ± 1.99 12.51 ± 2.22 0.166

LDL-C [mmol/L]† 2.85 [2.01–3.94] 2.46 [2.06–3.45] 0.315

Triglycerides [mmol/L]† 1.81 [1.46–2.59] 2.31 [1.38–3.27] 0.054

Hypothyroidism 30 (21.73%) 11 (8.27%) 0.246

Metformin 128 (92.75%) 127 (95.48%) 0.247

GLP1a 25 (18.11%) 14 (10.52%) 0.079

DPP4i 98 (71.01%) 102 (76.69%) 0.248

Orlistat 35 (25.36%) 27 (20.30%) 0.338

Pioglitazone 49 (35.50%) 50 (37.59%) 0.688

Alpha-glucosidase inhibitors 21 (15.21%) 24 (8.04%) 0.532

Sulfonylureas 108 (78.26%) 111(83.45%) 0.231

Basal insulin 28 (20.28%) 37 (27.81%) 0.138

Short acting insulin 20 (14.49%) 22 (16.5%) 0.623

ACR [mg/gm] 63 [32.2–212] 72 [16–331] 0.483

Normality of the variable distribution calculated using Kolmogorov Smirov test; All normally distributed variables expressed as mean ± standard deviation; 
†all non-normally distributed variables expressed as median [25th–75th percentile]; discreet variables have been expressed as absolute numbers and percents; 
P < 0.05 considered statistically significant; D HbA1c: HbA1c at 6 months — HbA1c at baseline; GLP1a: glucagon like peptide receptor-1 antagonists; BMI: 
body mass index; DPP4i: dipeptidyl peptidase 4 inhibitor; SBP: systolic blood pressure; DBP: diastolic blood pressure; ACR: spot urine albumin creatinine 
ratio; LDL-C — low density lipoprotein cholesterol; HbA1c — glycated haemoglobin; *duration of diagnosis (in years) as told by the patient
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genital infection and one report of upper urinary tract 
infection involving the kidneys. There were no reports 
of fractures, amputations, euglycaemic ketosis or any 
hypersensitivity reactions. The occurrence of adverse 
drug reactions was comparable across the three dif-
ferent dose groups of canagliflozin (Table 1). Monthly 
cost of canagliflozin 100 mg/d, 150 mg/d and 300 mg/d 
was INR 1,635, INR 1,800 and INR 3,600, respectively.

Discussion
Literature is available to suggest that the function 

and efficacy of canagliflozin changes with increases in 
its doses. Polidori et al. [21] reported that the transient 
intestinal inhibition of SGLT1 was observed with cana-
gliflozin primarily at doses > 200 mg/day. Studies have 
also suggested that higher doses of canagliflozin have 
a more sustained 24-hour inhibition of renal glucose 

Table 3. Baseline clinical and treatment parameters and outcomes after 6 months of follow-up in patients receiving 
canagliflozin 100 mg per day as compared to those receiving 300 mg per day

Parameter  Canagliflozin study groups P value

group 1 

Canagliflozin  

100 mg/d 

n = 257

group 3 

Canagliflozin  

300 mg/d 

n = 133

Age (years) 54.26 ± 10.58 54.62 ± 10.08 0.771

Sex (Male: Female) 139: 118 71: 62 0.895

Duration of diagnosis (years)* 4.5 [2.0–8.0] 4.0 [2.07–7.0] 0.923

BMI [kg/m2] 27.96 ± 5.29 32.92 ± 5.78 < 0.001

SBP [mm Hg] 131.12 ± 19.7 135.89 ± 19.4 0.027

DBP [mm Hg] 79.19 ± 10.32 82.25 ± 10.4 0.007

Weight [kg]† 72.95 [65.08–82.38] 84.6 [76.6–95.5] < 0.001

Weight loss [kg]† –1.05 [–2.85 to –0.17] –3.0 [–5.3 to –0.8] < 0.001

Percent weight loss at 6 months (%)† –1.31 [–3.28 to –0.22] –3.33 [–6.00 to –0.99] 0.002

HbA1c (%) 8.1 [ 7.0–9.6] 8.8 [7.5–9.6] 0.983

[mmol/mol]† 65 [53–81] 73 [58–81]

HbA1c at 6 months (%) 7.70 [6.4–8.6] 7.2 [6.1–8.4] 0.576

[mmol/mol]† 61 [46–70] 55 [43–68]

D HbA1c (%)† –0.75 [–2.25–0.15] –0.95 [–1.92 to –0.38] 0.627

HbA1c < 5.7% at 6 months 6 (2.33%) 6 (4.5%) 0.785

Creatinine [µmol/L] 78.68 ± 20.33 78.68 ± 30.94 0.953

Haemoglobin [gm/dL] 12.08 ± 1.91 12.51 ± 2.22 0.614

LDL-C [mmol/L]† 2.56 [1.74–3.42] 2.46 [2.06–3.45] 0.304

Triglycerides [mmol/L]† 1.93 [1.30–2.94] 2.31 [1.38–3.27] 0.629

Hypothyroidism 26 (10.11%) 11 (8.27%) 0.987

Metformin 229 (89.10%) 127 (95.48%) 0.054

GLP1a 28 (10.89%) 14 (10.52%) 0.911

DPP4i 195 (75.87%) 102 (76.69%) 0.858

Orlistat 45 (17.50%) 27 (20.30%) 0.501

Pioglitazone 112 (43.57%) 50 (37.59%) 0.255

Alpha-glucosidase inhibitors 29 (11.28%) 24 (8.04%) 0.067

Sulfonylureas 219 (85.21%) 111(83.45%) 0.649

Basal insulin 50 (19.45%) 37 (27.81%) 0.063

Short acting insulin 28 (10.89%) 22 (16.5%) .1170

ACR [mg/gm] 64 [32–187] 72 [16–331] 0.606

Normality of the variable distribution calculated using Kolmogorov Smirov test; All normally distributed variables expressed as mean ± standard deviation; 
†all non-normally distributed variables expressed as median [25th–75th percentile]; discreet variables have been expressed as absolute numbers and percents; 
P < 0.05 considered statistically significant; D HbA1c — HbA1c at 6 months–HbA1c at baseline; GLP1a — glucagon like peptide receptor-1 antagonists;  
BMI — body mass index; DPP4i — dipeptidyl peptidase 4 inhibitor; SBP — systolic blood pressure; DBP — diastolic blood pressure; ACR — spot urine albu-
min creatinine ratio; LDL-C — low density lipoprotein cholesterol; HbA1c — glycated haemoglobin; *duration of diagnosis (in years) as told by the patient
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resorption [22]. A head-to-head pharmacokinetic- 
-pharmacodynamic study of canagliflozin 300 mg versus 
dapagliflozin 10 mg demonstrated an additional about 
25% lowering of 2-hour prandial glucose with cana-
gliflozin [22, 23]. Phase III studies of CANA-300 have 
demonstrated an additional 5–20% patients achieving 
HbA1c < 7% over CANA-100 [23]. Also, CANA-300 was 
shown to have greater blood-pressure and body-weight 

lowering trends over CANA-100 in some of the study 
groups [23]. In a Bayesian network meta-analysis of 
13 trials, Shyangdan et al. [24] reported a statistically 
significant lowering of HbA1c with CANA-300 in mono-
therapy (D –0.2%; 95% confidence interval [CI] –0.05 
to –0.36) and dual therapy as add on to metformin  
(D –0.15%; 95% CI, –0.04 to –0.26), compared to 
CANA-100. In another larger network meta-analysis 

Table 4. Baseline clinical and treatment parameters and outcomes after 6 months of follow-up in patients receiving 
canagliflozin 100 mg per day as compared to those receiving 150 mg per day

Parameter  Canagliflozin study groups P value

group 1 

Canagliflozin  

100 mg/d 

n = 257

group 2 

Canagliflozin  

150 mg/d 

n = 138

Age (years) 54.26 ± 10.58 45.31 ± 13.86 < 0.001

Sex (Male: Female) 139: 118 78:61 0.699

Duration of diagnosis (years)* 4.5 [2.0–8.0] 4.0 [2.0–5.0] 0.133

BMI [kg/m2] 27.96 ± 5.29 34.95 ± 5.76 < 0.001

SBP [mm Hg] 131.12 ± 19.7 134.92 ± 21.3 0.096

DBP [mm Hg] 79.19 ± 10.32 84.05 ± 10.61 < 0.001

Weight [kg]† 72.95 [65.08–82.38] 93.9 [80.03–105.98] < 0.001

Weight loss [kg]† –1.05 [–2.85 to –0.17] –3.5 [–6.60–0.00] 0.002

Percent weight loss at 6 months (%)† –1.31 [–3.28 to –0.22] –3.62 [–6.64–0.00] 0.021

HbA1c (%) 8.1 [ 7.0–9.6] 8.1 [6.8–9.2] 0.118

[mmol/mol]† 65 [53–81] 65 [51–77] 0.071

HbA1c at 6 months (%) 7.70 [6.4–8.6] 7.0 [6.1–8.0]

[mmol/mol]† 61 [46–70] 53 [43–64]

D HbA1c (%)† –0.75 [–2.25–0.15] –0.90 [–1.8 to –0.05] 0.990

HbA1c < 5.7% at 6 months 6 (2.33%) 14 (10.14%) 0.135

Creatinine [µmol/L] 78.68 ± 20.33 69.84 ± 0.22.10 0.060

Haemoglobin [gm/dL] 12.08 ± 1.91 13.23 ± 1.99 0.011

LDL-C [mmol/L]† 2.56 [1.74–3.42] 2.85 [2.01–3.94] 0.026

Triglycerides [mmol/L]† 1.93 [1.30–2.94] 1.81 [1.46–2.59] 0.310

Hypothyroidism 26 (10.11%) 30 (21.73%) 0.170

Metformin 229 (89.10%) 128 (92.75%) 0.342

GLP1a 28 (10.89%) 25 (18.11%) 0.063

DPP4i 195 (75.87%) 98 (71.01%) 0.245

Orlistat 45 (17.50%) 35 (25.36%) 0.323

Pioglitazone 112 (43.57%) 49 (35.50%) 0.107

Alpha-glucosidase inhibitors 29 (11.28%) 21 (15.21%) 0.269

Sulfonylureas 219 (85.21%) 108 (78.26%) 0.060

Basal insulin 50 (19.45%) 28 (20.28%) 0.884

Short acting insulin 28 (10.89%) 20 (14.49%) 0.316

ACR [mg/gm] 64 [32–187] 63 [32.2–212] 0.132

Normality of the variable distribution calculated using Kolmogorov Smirov test; All normally distributed variables expressed as mean ± standard deviation; 
†all non-normally distributed variables expressed as median [25th–75th percentile]; discreet variables have been expressed as absolute numbers and percents; 
P < 0.05 considered statistically significant; D HbA1c — HbA1c at 6 months–HbA1c at baseline; GLP1a — glucagon like peptide receptor-1 antagonists;  
BMI — body mass index; DPP4i — dipeptidyl peptidase 4 inhibitor; SBP — systolic blood pressure; DBP — diastolic blood pressure; ACR — spot urine albu-
min creatinine ratio; LDL-C — low density lipoprotein cholesterol; HbA1c — glycated haemoglobin; *duration of diagnosis (in years) as told by the patient



Clinical Diabetology 2020, Vol. 9, No 6

450

Table 5. Baseline clinical and treatment parameters and outcomes after 6 months of follow-up in patients receiving 
canagliflozin 100 mg per day as compared to those receiving 150 mg or 300 mg per day

Parameter  Canagliflozin study groups P value

group 1 

Canagliflozin  

100 mg/d 

n = 257

group 2+3 

Canagliflozin  

150 mg/d or 300 mg/d 

n = 271

Age (years) 54.26 ± 10.58 49.89 ± 13.00 < 0.001

Sex (Male:Female) 139: 118 149:123 0.873

Duration of diagnosis (years)* 4.5 [2.0–8.0] 4.0 [2.0–6.0] 0.381

BMI [kg/m2] 27.96 ± 5.29 33.91 ± 5.84 < 0.001

SBP [mm Hg] 131.12 ± 19.7 135.4 ± 20.3 0.018

DBP [mm Hg] 79.19 ± 10.32 83.11 ± 10.52 < 0.001

Weight [kg]† 72.95 [65.08–82.38] 89.95 [79.5–100.07] < 0.001

Weight loss [kg]† –1.05 [–2.85 to –0.17] –3.0 [–5.60 to –0.60] < 0.001

Percent weight loss at 6 months (%)† –1.31 [–3.28 to –0.22] –3.39 [–6.34 to –0.71] 0.004

HbA1c (%) 8.1 [ 7.0–9.6] 8.4 [6.7–9.4] 0.242

[mmol/mol]† 65 [53–81] 68 [50–79]

HbA1c at 6 months (%) 7.70 [6.4–8.6] 7.1 [6.1–8.0] 0.230

[mmol/mol]† 61 [46–70] 54 [43–64]

D HbA1c (%)† –0.75 [–2.25–0.15] –0.9 [–1.9 to –0.3] 0.769

HbA1c < 5.7% at 6 months 6 (2.33%) 20 (7.38%) 0.429

Creatinine [µmol/L] 78.68 ± 20.33 74.26 ± 26.52 0.258

Haemoglobin [gm/dL] 12.08 ± 1.91 12.86 ± 2.3 0.069

LDL-C [mmol/L]† 2.56 [1.74–3.42] 2.67 [2.05–3.73] 0.101

Triglycerides [mmol/L]† 1.93 [1.30–2.94] 178 [129–249.5] 0.756

Hypothyroidism 26 (10.11%) 41 (15.12%) 0.313

Metformin 229 (89.10%) 255 (94.09%) 0.079

GLP1a 28 (10.89%) 39 (14.39%) 0.234

DPP4i 195 (75.87%) 200 (73.8%) 0.535

Orlistat 45 (17.50%) 57 (21.031%) 0.186

Pioglitazone 112 (43.57%) 99 (36.53%) 0.098

Alpha-glucosidase inhibitors 29 (11.28%) 45 (16.61%) 0.081

Sulfonylureas 219 (85.21%) 219 (80.81%) 0.152

Basal insulin 50 (19.45%) 65 (23.98%) 0.224

Short acting insulin 28 (10.89%) 42 (15.49%) 0.127

ACR [mg/gm] 64 [32–187] 64 [32–415] 0.204

Normality of the variable distribution calculated using Kolmogorov Smirov test; All normally distributed variables expressed as mean ± standard deviation; 
†all non–normally distributed variables expressed as median [25th–75th percentile]; discreet variables have been expressed as absolute numbers and per-
cents; P < 0.05 considered statistically significant; D HbA1c — HbA1c at 6 months–HbA1c at baseline; GLP1a — glucagon like peptide receptor-1 antagonists; 
BMI — body mass index; DPP4i — dipeptidyl peptidase 4 inhibitor; SBP — systolic blood pressure; DBP — diastolic blood pressure; ACR — spot urine albu-
min creatinine ratio; LDL-C — low density lipoprotein cholesterol; HbA1c — glycated haemoglobin; *duration of diagnosis (in years) as told by the patient

of 38 trials involving 23,997 patients, a statistically 
significant reduction of HbA1c (D –0.1%; 95% CI, 0.00 
to –0.20), fasting glucose (D –0.33 mmol/L; 95% CI, 
–0.07 to –0.90), body weight (D –0.61 kg; 95% CI, 
–0.23 to –0.99) and SBP (D –0.98 mm Hg; 95% CI, 0.00 
to –1.96) was noted with CANA-300 as compared to 
CANA-100 [25].

Although there are no head-to-head comparison 
studies on the efficacy of different SGLT2 inhibitors, 
Singh et al. [23], through indirect comparison of re-
sults of different clinical trials, noted that canagliflozin  
300 mg gave the highest reduction in HbA1c (either 
monotherapy or as a part of multidrug therapy), not-
ing an additional HbA1c lowering of 0.11–0.33%, in 
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the background of similar baseline HbA1c and duration 
of the studies. With regards to weight loss, weight 
reduction appeared larger with CANA-300 in clinical 
trials, except when CANA-300 was a part of triple-
drug therapy with sulfonylureas and metformin [23]. 
However, baseline body weights were also different 
to start with in these patients [23]. In the Bayesian 
network meta-analysis from 13 trials by Shyangdan 
et al. (vide supra) CANA-300 was shown to have  
a greater glycaemic efficacy than other SGLT2 inhibi-
tors as monotherapy (additional HbA1c reduction of 
D –0.37%; 95% CI –0.16 to –0.58 w.r.t empagliflozin 
25 mg/day and D –0.64%; 95% CI –0.45 to –0.83 with 
regards to dapagliflozin 10 mg/day) [24]. With regards 
to weight reduction CANA-300 was associated with  
a statistically significant reduction of weight as com-
pared to empagliflozin 10 mg/day [24]. These results 
were replicated in a network meta-analysis by Zaccardi 
et al. (vide supra) [25]. CANA-300 was associated with 
an additional 0.21% and 0.20% lowering of HbA1c w.r.t 
dapagliflozin 10 mg/day and empagliflozin 25 mg/day, 
respectively, without any statistically significant differ-
ence in body weight reduction. The differences were 
blunted when SGLT2 inhibitors were used as a part of 
dual- or multi-drug therapy [23–25]. Hence, preclinical 
data as well as data from clinical trials suggest that 
not only canagliflozin may be the most potent SGLT2 
inhibitor, because of its additional SGLT1 inhibiting 
properties, but also that higher doses of canagliflozin 
may have increased therapeutic benefits.

Our study demonstrated, for the first time in  
a real-world setting, that higher doses of canagliflozin, 
150 mg/day and 300 mg/day, were superior in terms 
of causing both absolute and percent weight loss as 
compared to canagliflozin 100 mg/day when used as 
a part of standard of care for managing diabesity. The 
highlight of this study is the comparable use of all the 
different anti-diabetes medications across all the three 
study groups, especially medications which are linked 
with mild weight gain like sulfonylureas, pioglitazone 
and insulin, thus negating any potential impact of these 
medications on the study outcomes (glycaemic efficacy 
and weight loss). 

It is important to highlight here that the differences 
in the baseline BMI may have impacted the absolute 
weight loss, but has no impact on percent weight loss. 
Following 6 months of treatment, the absolute weight 
loss was significantly higher in patients receiving cana-
gliflozin 150 mg/day as compared to those receiving 
100 mg/day and 300 mg/day (P = 0.002) (Table 1). The 
highest baseline BMI in canagliflozin 150 mg/d group 
may have contributed to the greater absolute weight 
loss in that group. However, it must be realised that the 

percent weight loss after 6 months of therapy (which 
is not effected by the higher baseline BMI) was also 
significantly higher in canagliflozin 150 mg/d group 
as compared to canagliflozin 300 mg/d and canagli-
flozin 100 mg/d group (P = 0.014). Post-hoc analysis 
confirmed that in terms of both absolute and percent 
weight loss, canagliflozin 150 mg/day and 300 mg/day 
performed similarly. 

The glycaemic efficacy was comparable across 
the three different doses of canagliflozin used in this 
study. Since canagliflozin was used as a part of multi 
drug therapy in this real-world study, this may explain 
the lack of difference in HbA1c reduction across the 
different doses of canagliflozin. This study provided 
reassuring data, for the first time, that the glycaemic 
and the weight-loss benefits of CANA-300 tablet is 
retained, even when it is broken into half and taken 
over 2 different days. “Tablet splitting” not something 
new, and has been in practice for a long time in India, 
USA and many other countries across the globe. Free-
man et al in a review of PubMed (1966–June 2011) 
and International Pharmaceutical Abstract (1975–June 
2011) found 17 studies dealing with different clinical 
outcomes, patient acceptance or economic benefits of 
“tablet splitting” [26]. Patients with chronic disorders, 
which often needed life-long therapy were most com-
monly doing “tablet-splitting” viz those on statins, 
anti-hypertensive medications and anti-psychotics. 
Their main conclusion was “tablet splitting” did not 
seem to effect clinical outcomes related to hyperten-
sion, cholesterol, or psychiatric disorders [26]. The 
authors’ personal observation are that tablet splitting 
is commonly practiced in India with regards to diabe-
tes medications, as especially with relatively costlier 
medications like SGLT2 inhibitors. 

Canagliflozin 150 mg/day (half tablet of CANA-
-300) is significantly cheaper, having a monthly cost 
of therapy INR 1,800, as compared to INR 3,600 for 
CANA-300 [13, 14]. The monthly cost of canagliflozin 
150 mg/day is only marginally higher than canagliflozin 
100 mg/day (INR 1,800 versus INR 1,635, respectively) 
[13, 14], but the therapeutic benefits of canagliflozin 
150 mg/day is superior to 100 mg/day. 

The limitations of this study include the lack of 
matching of study groups at baseline, especially with 
regards to age and body weight. These are limitations 
intrinsic to real-world studies, where matching and 
randomisation is not possible. Hence, we have focussed 
on percent weight loss and not absolute weight loss, 
which would not be affected by the baseline weight/ 
/BMI. Other limitations include the short study period 
of 6 months, making it difficult to assess long-term 
weight loss, and the lack of robust data on adherence. 
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However, as a department policy we always encourage 
our patients to carry medicines with them whenever 
they come for visits to the outpatient department (for 
checking and verification), and collect back empty packs 
of medicines from patients during these follow-up visits 
to ensure a good compliance of medication intake. This 
study highlights the significant cost benefits of using 
half tablet of CANA-300 in clinical practice, without 
any compromise in the glycaemic efficacy and weight 
loss properties of this molecule.

To summarise, this is the first study, to date, that 
documents the glycaemic efficacy, durability and 
weight-loss potential of half tablet of CANA-300 taken 
once a day over a period of 6 months. Half tablet of 
CANA-300 (150 mg/day) is associated with a signifi-
cantly greater weight loss and comparable glycaemic 
efficacy as compared to 1 tablet of CANA-100 with 
similar costing. Half tablet of CANA-300 (150 mg/day) 
has glycaemic and weight-loss efficacy equivalent to 
that of 1 tablet of CANA-300 when used as a part of 
multi-drug therapy for managing diabesity in India. 
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Plasma microrNA-192 expression as  
a potential biomarker of diabetic kidney 
disease in patients with type 2  
diabetes mellitus

ABSTrACT
Background. Albuminuria is an early clinical indicator of 
diabetic kidney disease (DKD). However, it has several 
limitations. The aim of this study was to evaluate the 
plasma microrNA-192 (mirNA-192) expression and 
its diagnostic performance in patients with type 2 
diabetes mellitus (T2DM) and DKD.
Methods. In this case-control study, 75 subjects were 
included into 3 groups: group (1): 20 patients with 
T2DM and UACr (urinary albumin creatinine ratio)  
< 30 mg/gm, group (2): 30 patients with T2DM and 
ACr ≥ 30 mg/gm, and group (3): 25 healthy controls. 
Patients were recruited from the outpatient clinic of 
the Diabetes unit at our institution. real-Time Quan-
titative reverse Transcription PCr was used to assess 
plasma mirNA-192 expression. 
Results. Plasma miRNA-192 was significantly higher in 
T2DM patients with DKD compared to those with nor-
mal UAE. Additionally, in patients with T2DM, plasma 
mirNA-192 was positively correlated with UACr. The 
rOC curve analysis for mirNA-192 plasma expression 
in patients with T2DM, revealed that mirNA-192 had  
a good diagnostic performance (AUC = 0.778) to define 
T2DM patients with DKD.

Conclusion. Plasma expression of mirNA-192 was able 
to discriminate increased UAE among patients with 
T2DM; suggesting a promising role for mirNA-192 as 
a potential biomarker for DKD. (Clin Diabetol 2020; 9; 
6: 454–460)

Key words: type 2 diabetes, diabetic kidney disease, 
albuminuria, microrNA, microrNA-192

Introduction
Diabetes mellitus (DM) is an expanding universal 

health problem; according to the International Diabetes 
Federation (IDF), the prevalence of DM worldwide is 
8.3% expected to reach 9.8% by 2045 [1]. This continu-
ously growing prevalence, is mainly attributed to the 
increase in type 2 diabetes mellitus (T2DM), the most 
common type of DM representing 90% of cases [2]. In 
Egypt, the prevalence of T2DM is around 15.6% among 
adults; thus Egypt is ranked the ninth country world-
wide regarding the number of patients with T2DM [1]. 

Diabetic kidney disease (DKD) is not only the most 
frequent microvascular complication of DM, but also, it 
is the leading cause of end-stage renal disease (ESRD), 
accounting for 50% of cases [2]. 

Despite being an early clinical indicator of DKD, 
albuminuria, detected by urinary albumin creatinine 
ratio (UACR), has some limitations [3]. Diabetic patients 
may present with impaired renal function without 
significant increases in albuminuria [4]. Moreover, 
albuminuria is not a perfect prognostic indicator for 
DKD progression, as the degree of albuminuria does 
not closely correlate with the decrease in glomerular 

Address for correspondence:  
Shimaa M. El-Rahmany 
Gleem, Alexandria, Egypt, 
Phone: 00201005783355, 
e-mail: shimaaelrahmany@gmail.com
Clinical Diabetology 2020, 9; 6: 454–460
DOI: 10.5603/DK.2020.0045
Received: 17.07.2020  Accepted: 12.09.2020

https://orcid.org/0000-0003-2322-8705
https://orcid.org/0000-0003-0417-2160
https://orcid.org/0000-0002-8599-1338


Talaat A. Abdelaty et al., Plasma microRNA-192 expression in diabetic kidney disease

455

filtration rate (GFR) [5]. In addition, some structural 
alterations associated with DKD may precede albumi-
nuria [6, 7]. Furthermore, 30% only of patients with 
moderately increased albuminuria (30–300 mg/gm) 
progress to overt nephropathy [8]. Accordingly, there 
is a call for identifying a biomarker which efficiently 
allows early diagnosis for more effective therapeutic 
interventions, and acts as a reasonable prognostic 
indicator for disease progression.

MicroRNAs (miRNAs) are highly conserved non-
coding RNAs, consisting of 18–24 nucleotides and 
exerting their role in controlling human gene expres-
sion through post-transcriptional gene regulation or 
silencing [9]. Circulating miRNAs are characterized by 
high stability [10], reproducibility [11] and available de-
tection by sensitive and specific quantitative real-time 
polymerase chain reaction (qRT-PCR) [12], therefore 
they are appealing biomarkers for a variety of diseases.

MicroRNA-192 is one of the most commonly ex-
pressed miRNAs in the renal cortex [13]. Several studies 
have reported an important role for miRNA-192 in the 
fibrogenesis process in DKD induced by transforming 
growth factor-b1 (TGF-b1). However, the results of these 
studies are conflicting. Owing to these contradicting 
reports about the role of miRNA-192 in identifying 
DKD, together with the need for an efficient diagnostic 
marker; we were directed to carry out the present study.

subjects
In this case-control study 75 subjects were included 

and divided into 3 groups: group (1): 20 patients with 
T2DM without DKD, group (2): 30 patients with T2DM 
and DKD, and group (3): 25 healthy subjects of matched 
age and sex as a control group. T2DM and DKD were 
defined according to the diagnostic criteria of American 
Diabetes Association (ADA) [14, 15]. 

Patients were recruited from the outpatient clinic of 
the Diabetes and metabolism unit at Alexandria Main 
University hospital, in the period between December 
2018 and August 2019. Patients with acute illness at 
time of the study, hepatic disease, cardiovascular dis-
ease, hematological disorders, malignancy, systemic 
chronic inflammation, history of hemodialysis or renal 
transplantation and patients using nephrotoxic drugs 
or corticosteroids were excluded.

An informed consent was obtained from each 
patient after explaining the nature and the aim of the 
study. The current study was done according to the 
Ethical Principles for Medical Research Involving Human 
Subjects defined in the Helsinki Declaration in 1975 
(revised in 2008). The approval of the ethics commit-
tee of Faculty of Medicine, Alexandria University was 
obtained in 2018. 

Methods
laboratory investigations

Fasting plasma glucose (FPG), fasting insulin, gly-
cated haemoglobin (HbA1c) and UACR were determined 
by commercial enzymatic methods. Insulin resistance 
was calculated on the basis of the homeostasis model 
assessment of insulin resistance (HOMA-IR), using the 
following formula: [HOMA-IR = (fasting insulin in uIU/L 
× fasting glucose in mg/dL)/405] [16]. 

Molecular analysis: Relative quantification of 
mirNA-192 expression using real-Time qrT-PCr [17] 
was done through 3 steps:
I. Total RNA extraction: Purification of cell-free to-

tal RNA from plasma, which includes small RNAs 
as miRNAs, was done using the miRNeasy Se-
rum/Plasma Kit (Qiagen, Germany). Exogenous 
oligonucleotide (cel-miR-39) was added in order 
to monitor miRNA analysis (RNA extraction and 
reverse-transcription real time PCR).

II. Real-time qRT-PCR, in 2 steps:
1. Reverse transcription (RT): complementary 

DNA was synthesized from purified RNA 
samples using the miScript II RT Kit (Qiagen, 
Germany) according to the manufacturer’s 
protocol. 

2. Real-time PCR quantification of mature mi-
RNA-192: using target-specific miScript 
Primer Assays (forward primers) (Qiagen, 
Germany) and the miScript SYBR Green PCR 
Kit (Qiagen, Germany), which contains the 
miScript Universal Primer (reverse primer) and 
QuantiTect SYBR Green PCR Master Mix.

III. Calculation relative quantification of miRNA-192 
was determined using comparative CT method 
(2–DDCT) normalized to RNU6B as an endogenous 
control.

Statistical analysis of the data 
Data were fed to the computer and analyzed us-

ing IBM SPSS software package version 20.0. (Armonk, 
NY: IBM Corp). Qualitative data were described using 
number and percent. Quantitative data were described 
using range (minimum and maximum), mean, standard 
deviation and median. Chi-square test for categorical 
variables, to compare between different groups. Mann-
-Whitney test for abnormally distributed quantitative 
variables, to compare between two studied groups. 
F-test (ANOVA) for normally distributed quantitative 
variables, to compare between more than two groups, 
and post hoc test (Tukey) for pairwise comparisons. 
Kruskal Wallis test for abnormally distributed quanti-
tative variables, to compare between more than two 
studied groups, and post hoc (Dunn’s multiple com-
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parisons test) for pairwise comparisons. Spearman coef-
ficient to correlate between two distributed abnormally 
quantitative variables. Receiver operating characteristic 
curve (ROC) It is generated by plotting sensitivity (TP) 
on Y axis versus 1-specificity (FP) on X axis at different 
cut off values. The area under the ROC curve (AUC) 
denotes the diagnostic performance of the test. Area 
more than 50% gives acceptable performance and area 
about 100% is the best performance for the test. The 
ROC curve allows also a comparison of performance 
between two tests. Significance of the obtained results 
was judged at the 5% level.

Results
The 3 study groups were age- and sex-matched and 

there was no statistically significant difference between 
the 2 groups of diabetic patients regarding diabetes 
duration (Table 1).

The FPG and HOMA-IR were significantly lower 
in T2DM patients with normal UAE compared to 
those with increased UAE (P = 0.039 and P = 0.008 
respectively). On the contrary, there was no significant 
difference between both groups regarding HbA1c  
(P = 0.452). 

Regarding the plasma expression of miRNA-192 
was significantly higher in diabetic patients with 
normal and increased UAE compared to the controls  
(P < 0.001). Moreover, plasma miRNA-192 expression 
was significantly higher in T2DM patients with DKD 
(UACR ≥ 30) compared to T2DM patients with normal 
UAE (P = 0.025). (Table 2, Fig. 1).

Additionally, in patients with T2DM, the plasma 
expression of miRNA-192 was positively correlated 
with FPG (r = 0.598, P < 0.001), HOMA-IR (r = 0.565,  
P < 0.001), diabetes duration (r = 0.450, P < 0.001) 
and UACR (r = 0.506, P < 0.001) (Table 3).

Table 2. Comparison between the study groups according to the studied parameters 

uACr [mg/gm]

< 30 (n = 20) ≥ 30 (n = 30) Control (n = 25) Test of sig. P

FPG [mg/dL] 156 (72–263) 210.50 (105–325) 87 (75–99) H = 46.43* < 0.001*

P1 = 0.039*, P2 < 0.001*,P3 < 0.001*

F insulin [uIU/mL] 14.7 (2.3–23.4) 17.8 (7.27–42) 7.90 (1.20–41.50) H = 11.025* 0.004*

P1 = 0.122, P2 = 0.132, P3 = 0.001*

HOMA-IR 4.14 (1.39–12.96) 9.91 (3.46–22.6) 1.70 (0.20–9.80) H = 34.14* < 0.001*

P1 = 0.008*, P2 = 0.007*, P3 < 0.001*

HbA1c (%) 9.98 ± 2.30 9.56 ± 2.41 5.29 ± 0.14 F = 44.004* < 0.001*

P1 = 0.452, P2 < 0.001*,P3 < 0.001*

MicroRNA 192 2.08 (1.0–2.99) 3.12 (1.36–4.80) 0.82 (0.23–1.05) H = 53.74* < 0.001*

P1 = 0.025*, P2 < 0.001*, P3 < 0.001*

F — F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey); H — H for Kruskal Wallis test, Pairwise comparison 
bet. each 2 groups was done using Post Hoc Test (Dunn’s for multiple comparisons test); P — P value for comparing between the studied groups; P1 —  
P value for comparing between < 30 and ≥ 30; P2 — P value for comparing between < 30 and control; P3 — P value for comparing between ≥ 30 and  
control; *Statistically significant at P ≤ 0.05 
Normally Quantitative data was expressed using Mean ± SD
Abnormally Quantitative data was expressed using Median (Min–Max)

Table 1. Comparison between the studied groups according to demographic data

uACr [mg/gm] Control (n = 25) Test of sig. P

< 30 (n = 20) ≥ 30 (n = 30)

Sex

Male 11 (55%) 16 (53.3%) 12 (48%)
c2 = 0.254

0.881

Female 9 (45%) 14 (46.7%) 13 (52%)

Age (years) 48.75 ± 2.94 47.43 ± 3.24 46.48 ± 3.93 F = 2.458 0.093

Diabetes duration (years) 5.50 (1–12) 7.0 (1–16) – U = 237.0 0.211

c2 — Chi square test; F — F for ANOVA; test U — Mann Whitney test; P — P value for comparing between the studied groups
Qualitative data were described using number and percentage
Normally Quantitative data was expressed using Mean ± SD
Abnormally Quantitative data was expressed using Median (Min–Max)
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Furthermore, the ROC curve analysis for miRNA-192 
plasma expression in patients with T2DM, revealed that 
miRNA-192 had a good diagnostic performance (AUC 
0.778, 95% C.I 0.652–0.904) to discriminate T2DM 
patients with DKD from those with normal UAE. Also, 
according to the ROC curve, at a cutoff value > 2.7549, 
plasma miRNA-192 expression had 63.33% sensitivity 
and specificity was 90% (Fig. 2).

Discussion
DKD is the most frequent diabetic microvascular 

complication and the most common cause of chronic 
kidney disease worldwide [18]. Despite being the most 
widely used test for early detection of DKD, albuminu-
ria has multiple drawbacks [5]. This triggers exploring 
new biomarkers for the identifying early diagnosis and 
prognosis of DKD.

MicroRNA- 192 is among miRNAs which are highly 
expressed in the human kidneys, and it has an impor-
tant role in normal kidney function [19]. An important 
role for miRNA-192 in the fibrogenesis process in DKD 

has been suggested in several studies. However, the 
results of these studies are inconsistent.

Kato et al. [20], in 2007, provided the first land-
mark report about the role of miRNA in DKD, as they 
found that miRNA-192 levels significantly increased 
in glomeruli of diabetic mice parallel to the increased 
TGF-b1 and collagen 1a2 levels.

In 2010, Kato and colleagues [21] found that in 
mouse mesangial cells, TGF-b1 was upregulated by 
miRNA-192. In addition, inhibition of miRNA-192 de-
creased the expression of miR-200b/c, collagen 1a2, 
collagen 4a1 and TGF-b1 in mouse mesangial cells, and 
in mouse kidney cortex.

In line with these results, Putta et al. [22] reported 
that in in cultured glomerular mesangial cells and in 
glomeruli from diabetic mice, TGF-b1 upregulated 
miRNA-192. Furthermore, they found that miRNA-192 

Figure 2. ROC curve for microRNA-192 to predict T2DM pa-
tients with uACR ≥ 30 mg/gm

Figure 1. Comparison between the studied groups according 
to microRNA-192
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Table 3. Correlation between mirNA 192 and different studied parameters

mirNA 192

ACr < 30 mg/gm 

(n = 20)

ACr ≥ 30 mg/gm 

(n = 30)

Total cases with T2DM 

(n = 50)

rs P rs P rs P

FPG [mg/dL] 0.598* 0.005* 0.535* 0.002* 0.598* < 0.001*

HbA1c (%) –0.154 0.518 –0.328 0.077 –0.244 0.087

DM duration (years) 0.542* 0.013* 0.339 0.067 0.450* 0.001*

uACR [mg/gm] 0.189 0.426 0.247 0.189 0.506* < 0.001*

HOMA-IR 0.293 0.210 0.608* < 0.001* 0.565* < 0.001*

rs — Spearman coefficient; *Statistically significant at P ≤ 0.05
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increased collagen expression through targeting the 
E-box repressors Zeb1/2. Additionally, locked nucleic 
acid, an inhibitor of miRNA-192, significantly increased 
Zeb1/2 and decreased expression of collagen, TGF-b1 
and fibronectin in the kidneys of diabetic mice. Moreo-
ver, inhibition of miRNA-192 decreased proteinuria in 
these mice.

Contrariwise, Krupa and colleagues [23] reported 
that decreased miRNA-192 expression was associated 
with tubulointerstitial fibrosis and low GFR in tissues 
of renal biopsies from patients with DKD. Moreover, 
reduced miRNA-192 expression in proximal tubular cells 
was observed after treatment with TGF-b1. 

The observed contradictory between the results of 
the aforementioned studies may be attributed to the 
different models, cell lines and time points that were 
used. It also can be suggested that these discrepancies 
may indicate a cell-type-specific regulation; such that 
upregulated glomerular miRNA-192 enhances matrix 
deposition, whereas miRNA-192 downregulation in 
renal tubules, facilitates epithelial to mesenchymal 
transition [24]. 

Conflicting results regarding the role miRNA-192 
in DKD were not only reported in studies of cultured 
tissues and mice, but also studies involving patients 
with DKD revealed similar contradiction. 

In the current work, the results showed that 
plasma miRNA-192 was significantly higher in T2DM 
patients with DKD compared to those with normal UAE. 
Moreover, in patients with T2DM, plasma miRNA-192 
was positively correlated with UACR. The ROC curve 
analysis for miRNA-192 plasma expression in patients 
with T2DM, revealed that miRNA-192 had a good diag-
nostic performance to define T2DM patients with DKD.

In line with our results, Saadi et al. [25], demon-
strated that serum miRNA-192 was significantly higher 
in diabetic patients with lower GFR and higher UACR.

Chien et al. [26] reported that there was no 
significant difference in serum miRNA-192 between 
T2DM subjects with and without DKD. However, serum 
miRNA-192 was significantly higher in patients with 
markedly increased UAE than in patients with moder-
ately increased UAE.

Conversely, in a study of patients with T2DM with 
different levels of UAE, Jia et al. [27] reported that 
miRNA-192 levels were significantly higher in urine 
extracellular vesicles of patients with moderately in-
creased UAE compared to normoalbuminuric and con-
trol subjects. Moreover, miRNA was positively correlated 
with albuminuria and TGF-b1 in patients with normal 
and moderately increased UAE. Additionally, the ROC 
curve analysis showed AUC of 0.802 for miRNA-192 
in discriminating T2DM patients with normal UAE 

from those with moderately increased UAE. However, 
miRNA-192 levels in urine extracellular vesicles was 
decreased in patients with markedly increased UAE.

On the other hand, in disagreement with the 
results of the current study, Ma et al. [13] found that 
miRNA-192 in patients with markedly increased UAE 
was significantly lower than those with moderately 
increased UAE. Additionally, miRNA-192 was in patients 
with moderately increased UAE compared to those with 
normal UAE. Furthermore, the expression of miR-192 
was negatively correlated with TGF-b1.

Comparably, in study by Al-Kafaji and colleagues, 
miRNA-192 expression was 2.4-fold lower in the mi-
croalbuminuric patients compared to the normoalbu-
minuric group. Moreover, it was significantly lower by 
19-folds in patients with macroalbuminuria compared 
to the normoalbuminuric patients. Additionally, the 
AUC of the ROC curve for miRNA was 0.70 regarding 
detection of increased UAE [28]. 

Similarly, A. El-Monem et al. [29] found that 
miRNA-192 expression was significantly lower in 
T2DM patients with microalbuminuria than those with 
normoalbuminuria. Microalbuminuria in patients with 
T2DM was accompanied by significantly higher serum 
level of IL-18 and TGF-b. Moreover, the ROC curve of 
miRNA-192 in patients with microalbuminuria showed 
very good performance with AUC of 0.946. 

Despite their conflicting results, the current work 
together with the aforementioned studies suggest a 
significant importance for miRNA-192 in identifying 
DKD. Nevertheless, further research should be carried 
out on larger number of patients with different eth-
nicities and different stages of DKD in order to define 
clearly the role of miRNA-192 in pathogenesis of DKD 
and its ability to diagnose and predict the clinical 
course of DKD.

The current work proved a high specificity for 
miRNA-192. Different methods have been endorsed by 
international guidelines to screen for DKD. Spot urine 
sample UACR is a simple easy method for screening, 
but many limitations are there. In addition to the in-
traday variability and the need for repeated measures 
for conformation, false-positive rates were found to 
increase with age approaching 30%, so it is considered 
a poor predictor of quantitative AER, and so, should 
not be used as a diagnostic test [30]. 

Again, Although GFR is commonly accepted as 
the best overall index of kidney function, it is gener-
ally reduced after widespread structural damage, so its 
sensitivity to early detect renal damage is questionable. 
it has been reported to underestimate the renal func-
tion in some populations, especially in patients with 
near-normal renal function [31]. 
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Conclusion
In this case-control study, the plasma expression of 

miRNA-192 was significantly higher in T2DM patients 
with DKD compared to those with normal UAE. Addi-
tionally, in patients with T2DM, the plasma expression 
of miRNA-192 was positively correlated with albumi-
nuria and displayed good diagnostic performance in 
discriminating patients with DKD in T2DM. Thus, the 
plasma expression of miRNA-192 was able to discrimi-
nate increased UAE among patients with T2DM; sug-
gesting a promising role for miRNA-192 as a potential 
biomarker for DKD.
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Prevalence and factors associated with  
cutaneous manifestations of type 2  
diabetes mellitus 

ABSTrACT
Background. Type 2 diabetes mellitus (T2DM) is known 
to cause multiple systemic manifestations. However, 
there are limited studies describing cutaneous manifes-
tation among T2DM in Malaysia. The objective of this 
study was to determine the prevalence of cutaneous 
manifestation among T2DM patients, types of lesions 
and its associated factors. 
Methods. A cross-sectional study was conducted 
among 271 T2DM patients at a primary care clinic in 
Kuala lumpur. 
results. More than one third (63.5%) of patients were 
found to have cutaneous manifestations of T2DM. The 
most common manifestation was infections (34.7%) 
followed by Skin Diseases with Weak to Strong Associa-
tion with Diabetes (SDWSAD) (31.7%), Skin Manifesta-
tion of Diabetic Complication (SMDC) (2.2%) and oth-
ers cutaneous lesions (22.1%). Among the infections, 
onychomycosis was the commonest type of infection 
(27.7%) while diabetic dermopathy was the common-
est lesion of SDWSAD (29.7%). Males had almost two 
times the odds of developing cutaneous manifesta-
tions of T2DM, compared to females (adjusted odds 
ratio [AOr]: 1.871, 95% CI: 1.108–3.160; P = 0.019). 
There was no association between glycemic control 
and cutaneous manifestations. However, males and 
those with T2DM duration of five years and more had 

2.6 times the odds of developing SDWSAD (AOr: 2.646, 
95% CI: 1.506–4.648 P = 0.001) and (AOr: 2.635, 95% 
CI: 1.107–6.268, P = 0.028) respectively. Those with 
diabetic neuropathy and peripheral vascular disease 
(PVD) had very high odds of developing SMDC such 
as diabetic foot and trophic ulcers (AOr: 23.259, 95% 
CI: 1.191–454.2, P = 0.038) and (AOr: 102.36, 95% CI: 
4.013–2610, P = 0.005), respectively. 
Conclusion. The knowledge of these cutaneous 
manifestations increases physician’s awareness and 
prompts early screening to reduce morbidity improve 
quality of life. (Clin Diabetol 2020; 9; 6: 461–468)

Key word: diabetes mellitus, skin manifestations, 
glycated hemoglobin A, prevalence 

Introduction 
South-East Asia accounts for more than 60% of the 

world’s diabetes population [1]. The rapid rise in type 2  
diabetes mellitus (T2DM) prevalence in Malaysia is 
alarming with 70 to 80% of patients having poor gly-
cemic control [2]. Cutaneous manifestations of diabetes 
mellitus appear at disease onset, after the disease is 
established or precede diabetes by many years. A cu-
taneous condition is defined as any medical condition 
that affects the system enclosing the body, including 
the skin, hair, nails, and related muscle and glands [3]. 
Cutaneous disorders due to T2DM are attributed to 
hyperglycemia which affects skin homeostasis resulting 
in altered keratinocytes metabolism and collagen pro-
perties [4, 5]. Relative insulin deficiency in T2DM causes 
poor growth and differentiation of keratinocyte [4, 5]. 
Certain conditions such as skin tags and acanthosis nig-
ricans are linked to hyperinsulinemia in the prediabetic 
state while bullous diabeticorum, diabetic dermopathy 
and scleroderma are more often see in long stand-
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ing T2DM [6]. Microvascular complications, impaired 
wound healing and other undetermined mechanisms 
further contribute to cutaneous disease [7].

Prevalence of dermatological disorders due to 
T2DM ranges from 36% to as high as 88.3% [8, 9]. 
Factors associated with cutaneous manifestations 
are poor glycemic control (HbA1c > 7%) [10, 11] and 
duration of diabetes [8]. Longer disease duration have 
higher incidence of diabetic dermopathy [8]. Profiling 
characteristics of T2DM and cutaneous manifesta-
tions may help in early diagnosis of diabetes, used 
as a surrogate marker for poor glycemic control and 
microvascular complications in other organs. Hence 
the aim of this study is to determine the prevalence of 
cutaneous manifestation among patients with T2DM 
and to determine its associated factors. 

Methods
A cross-sectional study was performed between 

June and September 2019 at the primary care clinic of 
a university in Kuala Lumpur. Sample size of 246 was 
calculated using Kish formula, 80% was taken as the 
highest prevalence cutaneous manifestation of T2DM 
[8] with 95% confidence interval and 5% absolute 
precision. The final sample size was 271 as 10% was 
added to overcome possible incomplete data. Partici-
pants were selected using systematic random sampling 
(sampling interval of 2) from the list of T2DM patients 
who registered for consultation. Type 1 diabetes mel-
litus (T1DM), pregnancy and patients with dermatoses 
due to physical factors such as burns, and trauma were 
excluded. Written consent was obtained. A thorough 
physical examination from head to toe including 
genitalia was performed to evaluate the cutaneous 
manifestations.

A data collection form was designed to record the 
intended data, based on a literature search and expert 
opinion. Section A consists of socio-demographic in-
formation such as age, gender, ethnicity and clinical 
profile such as duration of diabetes, diabetic compli-
cation (neuropathy, nephropathy, retinopathy, and 
peripheral vascular disease), body mass index (BMI) and 
HbA1c level. Information on HbA1c, diabetic retinopa-
thy, nephropathy and lipid levels was extracted from 
participant’s electronic database. For the purpose of 
this study, HbA1c level of > 6.5% was considered as 
poor glycemic control while ≤ 6.5% was considered as 
a good glycemic control [12]. Peripheral neuropathy 
was screened using 10-g monofilament, vibration 
sense using a 128-Hz tuning fork and ankle reflex [12].  
Peripheral vascular disease (PVD) was objectively 
screened based on examination of distal pulses, capil-
lary return time and skin color. 

Section B recorded cutaneous manifestation of 
T2DM that was diagnosed on the consultation day. A 
list of skin manifestations associated with T2DM was 
derived from literature search and expert panel input 
[13, 14]. Cutaneous manifestations of diabetes mellitus 
were classified into 4 types which are skin diseases with 
weak to strong associations with diabetes (SDWSAD), 
skin infections (SI), skin manifestations due to diabe-
tes complication (SMDC) and skin reaction to diabetic 
treatment [13, 14]. Skin reaction to diabetic treatment 
was excluded as the objective of this study was to 
determine the cutaneous manifestations purely due 
to T2DM and not due to effect of treatment or other 
secondary causes. Hence lesions which fulfilled these 
three categories were included: 

 — Skin Diseases with Weak to Strong Associations 
with Diabetes (SDWSAD): diabetic dermopathy, 
acanthosis nigricans, yellow skin, eruptive xan-
thoma, oral leukoplakia, lichen planus, necrobiosis 
lipoidica, granuloma annulare and diabetic bullae. 
Diabetic dermopathy is described as asymptomatic 
well circumscribed pinkish or brownish atrophic 
(depressed) lesion on shin, thigh, forearm, scalp or 
trunk. Lesion may arise in crops gradually resolve, 
reappear and sometimes ulcerate;

 — Skin infections (SI): impetigo, ecthyma, cellulitis, 
folliculitis, furunculosis, carbuncles, erysipelas, vi-
ral warts, tinea capitis, tinea pedis, tinea corporis, 
tinea cruris, tinea versicolor, tinea manuum, paro-
nychia, onychomycosis, candidiasis. Infections 
of both dermal and mucosa surfaces were taken 
into consideration encompassing all types of bac-
terial and viral infections. All four clinical types 
of onychomycosis i.e. total dystrophic, white su-
perficial, candida, proximal and distal subungual 
onychomycosis were all included under the broad 
term of onychomycosis;

 — Skin manifestation of diabetic complication 
(SMDC): microangiopathy, macroangiopathy, 
neuropathy e.g. diabetic foot and trophic ulcers.
Patients presenting with of any of the cutaneous 

disorders related to T2DM was labelled as having cu-
taneous manifestations of T2DM. Other cutaneous le-
sions were recorded if found to be present. The primary 
researcher received hands-on training from a qualified 
dermatologist and a family medicine specialist with 
qualification in family practice dermatology prior to 
the commencement of this study. Clinical diagnosis was 
made by the primary investigator. Inter-rater reliability 
for the clinical diagnosis between the 3 investigators 
was performed using images of the lesions and meas-
ured using Cohen’s Kappa to ensure the reliability of 
the diagnosis.



Nur Saadah Mohd Abd Rasid et al., Cutaneous manifestations among diabetics

463

The data collected was analyzed using SPSS (ver-
sion 25). Descriptive analysis was performed using 
frequencies and percentage. Simple and multiple lo-
gistic regression analyses were used to determine the 
association between type of cutaneous manifestation 
with sociodemographic characteristics and clinical 
profile. Cohen’s Kappa was used to determine the 
agreement between the researchers’ diagnoses of the 
skin condition. This research was approved by the Re-
search and Ethics Committee of University Kebangsaan 
Malaysia Medical Centre (FF-2018-088) and registered 
with the National Medical Research Registry (NMRR-
17-2555-38622).

Results
A total of 271 patients participated in this study. 

The median age was 66 (SD 13) years, ranging from 28 
to 91 years. Almost half of the participants belonged to 
the Malay ethnic group 131 (48.3%) and 128 (47.2%) 
were obese. Female to male ration was almost equal 
(1:1.08). A large majority of participants 223 (82.3%) 
had T2DM for more than 5 years. The median HbA1c 
was 7.7 (2.4) and most 211 (77.9%) had poor glucose 
control (HbA1c >6.5). About half of them 142 (52.4%) 
had diabetes complication with nephropathy being the 
commonest 24 (27.3%) (Table 1).

The interrater agreement between the three in-
vestigators on the clinical diagnosis of the cutaneous 
lesions was good with a Cohen’s Kappa value 0.91 (95% 
confidence interval). More than half of the participants 
(58.2%) presented with one type of lesion while the rest 
had two or more types of lesions. The prevalence of 
cutaneous disorders related to T2DM was 172 (63.5%) 
with infections being the commonest presentation 94 
(34.7%). Fungal infection was commonest (39.9%) 
(Fig. 1A–E) presenting as onychomycosis (27.7%) (Fig. 
1A–C). The most common SDWSADs were diabetic 
dermopathy (29.9%) (Fig. 1F) and necrobiosis lipoidica 
(2.6%). Only 0.4% had acanthosis nigricans (Table 2). 
Other cutaneous lesions observed were eczema 39 
(14.4%) (Fig. 1C, G), xerosis 12 (4.4%) (Fig. 1A, H) and 
callus 5 (1.8%) (Fig. 1I).

Multivariate analysis using independent variables 
with P values of less than 0.25 and variables considered 
clinically important showed significant association 
between cutaneous manifestation and gender. Males 
were almost two times more likely to have cutaneous 
manifestation (1.89 [95%CI; 1.12–3.20], P = 0.02) 
compared to females (Table 3). Males (2.55 [95%CI: 
1.46–4.43]) and those with duration of T2DM of more 
than 5 years (2.42 [95%CI: 1.03–5.70]) have 2 times 
the odds of having SDWSAD (Table 4).

Regression analysis demonstrated significant as-
sociations between skin manifestations with SMDC 
such as diabetic neuropathy (P = 0.038) and peripheral 
vascular disease (P = 0.005). The presence of diabetic 
neuropathy has 23 times the odds of having SMDC 
(95% CI: 1.191–454.20, P = 0.038), while peripheral 
vascular diseases (PVD) 102 times the odds of having 
SMDC (95% CI: 4.013–2610, P = 0.005) (Table 5). 
However, these findings need to be interpreted cau-
tiously in view of small number of cases with SMDC. 
There was no association between skin infection and 
other cutaneous lesions with the sociodemographic 
and clinical profile. 

Table 1. Sociodemographic and clinical characteristics of 
the study participants 

Variables n (%) Median (IQr)

Age (years) 66 (13.0)

gender

Male 141 (52)

Female 130 (48)

Ethnicity 

Malay 131 (48.3)

Chinese 116 (42.8)

Indian 24 (8.9)

Duration of DM in years 10 (10)

BMI [kg/m²] 27 (6)

HBA1c (%) 7.7 (2.4)

lDl level [mmol/l] 2.4 (1.1)

Duration of DM

< 5 years 48 (17.7)

≥ 5 years 223 (82.3)

Glycemic control

Good control (HbA1c ≤ 6.5%) 60 (22.1)

Poor control (HbA1c > 6.5%) 211 (77.9)

BMI

Underweight/normal  

(BMI < 22.9)

40 (14.8)

Overweight (BMI 23–27.4) 103 (38.0)

Obese (BMI ≥ 27.5) 128 (47.2)

Diabetic complications

Yes 142 (52.4)

No 129 (47.6)

Type of diabetic complications

Retinopathy 71 (26.2)

Neuropathy 47 (17.3)

Nephropathy 24 (27.3)

Peripheral vascular disease 6 (2.2)
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Figure 1. Cutaneous lesion in T2DM: A — amputated little toe with onychomycosis and xerosis; B — onychomycosis with chronic 
paronychia; C — onychomycosis of the big toe due to Aspergillus niger with eczema craquele over the dorsum of the foot;  
D — extensive tinea cruris over the gluteal regions extending to the upper thighs; E — maceration of the interdigital space due 
to fungal infection; F — diabetic dermopathy characterized by multiple discrete, hyperpigmented and atrophic macules and 
patches with thin scales; g — ichthyosis over the lower limb; H — xerosis with generalized thin scales over the lower limb; I — 
callosities over the first metatarsophalangeal and proximal interphalangeal joints

A B C

D E F

G H I

Discussion
Skin manifestations of T2DM vary in different parts 

of the world. An outline of common conditions and 
their etiology would help physicians manage T2DM pa-
tients in a holistic manner. We found a high prevalence 
of cutaneous manifestation of T2DM. The prevalence 
was similar to that in India, Pakistan and Hong Kong 
which is between 58 to 67% [10, 15, 16]. Skin infec-
tion was the most common cutaneous manifestation 
of T2DM in our patients, followed by SDWSAD with 
diabetic dermopathy. Infections and diabetic dermopa-

thy are common cutaneous disorders associated with 
diabetes [8, 15, 16]. Diabetic foot and trophic ulcer 
were the most common manifestations of SMDC. Skin 
infection is common among T2DM patients due to 
lower immunity and defect in carbohydrate metabo-
lism compared to the normal population [17]. Fungal 
infection presenting with onychomycosis was the most 
common pathogen among the infective conditions in 
our patients. The hot and humid local climate environ-
ment is favorable for fungal growth. Fungal infection 
alters skin barrier and predispose to complications such 
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as cellulitis. Fungal infections should be identified early 
and treated. 

We did not determine the onset of lesions in 
relation to diabetes duration. Skin manifestation like 
acanthosis nigricans precede diabetes, screening for 
diabetes at regular intervals for early diagnosis would 
be beneficial [6]. Although acanthosis nigricans is 
popularly described as a common association with 
T2DM, only 0.4 % of our study participants had this 
manifestation. Prevalence acanthosis nigricans ranged 
from 1.88% to 4% [8, 18]. 

We identified the male gender and duration of 
T2DM of ≥ 5 years as risk factors for SDWSA. Diabetic 
dermopathy was significantly more frequent in males 
and those with longer duration of DM [19, 20]. Skin 
lesions were also more common among diabetic men 
[16]. Skin diseases affect men and women differently 
and this is attributed differences in skin thickness, pH, 
effect of sex hormone and immune system [21]. Our 
study did not show an association between BMI and 
risk for cutaneous manifestations of T2DM or SDWSA. 
This may be attributed to the cross-sectional nature of 
this study where at the point of data collection, cuta-
neous signs were not elicited as it may have resolved 
after treatment or yet to manifest in the future, which 
may be identified in a longitudinal study. 

Although an association was expected between 
the presence of cutaneous manifestations of T2DM and 
poor glycemic control, this was not evident in our study. 
There are inconsistent observations on the association 
between cutaneous manifestations of T2DM with gly-
cemic control with some showing positive association 
while some did not show any association [22–24]. The 
cause for cutaneous manifestations of T2DM is mul-
tifactorial and not purely due to hyperglycemia. The 
lack of standardization in the cut off values for good 
and poor glycemic control based on HbA1c in earlier 
studies makes the comparison of outcome difficult. 
HbA1c of more than 6.5% is considered as poor control 
while some consider 7% as poor control. HbA1c test is 
performed 6 monthly for our local diabetic population. 
An average HbA1c level over a longer duration would 
give a better evaluation of control compared to a single 
reading to assess the association. 

As expected, patients with diabetic neuropathy 
and PVD have very high odds of having SMDC, such 
as diabetic foot and trophic ulcers in our study. These 
associations are well described [25, 26]. Peripheral 
vascular disease and diabetic neuropathy are indeed 
risks for developing diabetic foot and trophic ulcers 
due to poor sensation and blood circulation of the 
lower limbs. Diabetic foot ulcer is a strong predictor 
for major limb amputation [27]. Regular foot assess-

Table 2. Prevalence and types of cutaneous manifestations

Variables n (%)

Presence of cutaneous disorders related to T2DM

Yes 172 (63.5)

No 99 (36.5)

Types of cutaneous manifestation

Infections (fungal, bacterial or viral) 94 (34.7)

Skin diseases with weak to strong association 

with diabetes (SDWSAD)

86 (31.7)

Other cutaneous lesions 60 (22.1)

Skin Manifestation of Diabetic Complications 

(SMDC)

6 (2.2)

Types of skin diseases with weak to strong  

association with diabetes 

(SDWSAD)

Diabetic dermopathy 81 (29.9)

Necrobiosis lipoidica 7 (2.6)

Acanthosis nigricans 1 (0.4)

Organisms causing skin infection

Fungal 107 (39.6)

Bacterial 13 (4.7)

Viral 6 (2.2)

Types of infections

Onychomycosis 75 (27.7)

Paronychia 10 (3.7)

Tinea pedis 8 (3)

Viral wart 6 (2.2)

Candidiasis 5 (1.8)

Tinea corporis 5 (1.8)

Folliculitis 5 (1.8)

Tinea cruris 3 (1.1)

Furunculosis 3 (1.1)

Cellulitis 2 (0.7)

Ecthyma 2 (0.7)

Impetigo 1 (0.4)

Tinea manuum 1 (0.4)

Skin manifestation of diabetic complication

Diabetic foot 6 (2.2)

Trophic ulcers 1 (0.4)

Other cutaneous lesions

Eczema* 39 (14.4)

Xerosis 12 (4.4)

Callus 5 (1.8)

Skin Tag 5 (1.8)

Corn 3 (1.1)

Lipoma 2 (0.7)

Psoriasis 2 (0.7)

Xanthelasma 1 (0.4)

Tophi (0.4)

*The term eczema here is inclusive of both endogenous and exogenous 
types of eczema
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Table 3. risk factors for cutaneous manifestation of T2DM

Variables Crude Or (95% CI) P value Adjusted Or (95% CI) P value

Gender

Male 1.97 (1.19–3.27) 0.01* 1.89 (1.12–3.20) 0.02*

Female (1) (1)

Ethnicity 

Malay (1) (1)

Non-Malay 0.64 (0.39–1.06) 0.08 0.65 (0.39–1.10 0.10

BMI

Underweight/normal (1) (1)

Overweight 1.07 (0.51–2.25) 0.85 0.86 (0.40–1.87) 0.71

Obese 1.63 (0.78–3.37) 0.19 1.352 (0.63–2.90) 0.44

Duration of DM

< 5 years (1) (1)

≥ 5 years 1.05 (0.55–2.01) 0.88 0.93 (0.47–1.85) 0.84

glycemic control

Good (HbA1c ≤ 6.5%) (1) (1)

Poor (HbA1c > 6.5%) 1.21 (0.67–2.18) 0.53 1.09 (0.58–2.03) 0.79

Diabetic complication

Yes 1.53 (0.93–2.51) 0.10 1.40 (0.82–2.38) 0.22

No (1) (1)

*Indicate significant P < 0.05, (1) ‐ reference group, adjusted for gender, ethnicity, BMI group, duration of DM, glycemic control, nephropathy, retinopathy 

Table 4. risk factors for SDWSAD type of cutaneous manifestation of T2DM

Variables Crude Or (95% CI) P value Adjusted Or (95% CI) P value

gender

Male 2.60 (1.53–4.42) 0.00* 2.55 (1.46–4.43) 0.00*

Female (1) (1)

Ethnicity 

Malay (1) (1)

Non-Malay 0.85 (0.51–1.41) 0.53 0.86 (0.49–1.48) 0.52

BMI

Underweight/normal (1) (1)

Overweight 1.68(0.74–3.82) 0.22 1.51(0.64–3.60) 0.35

Obese 1.32 (0.59–2.95) 0.51 1.14 (0.49–2.69) 0.76

Duration of DM

< 5 years (1) (1)

≥ 5 years 2.69 (1.20–6.03) 0.02* 2.42 (1.03–5.70) 0.04*

glycemic control

Good (HbA1c ≤ 6.5%) (1) (1)

Poor (HbA1c > 6.5%) 2.16 (1.08–4.32) 0.03* 1.97 (0.95–4.10) 0.07

Diabetic Complications

Yes 1.39 (0.83–2.32) 0.21 0.94 (0.53–1.65) 0.83

No (1) (1)

*Indicate P < 0.05, (1) — reference group, adjusted for gender, ethnicity, BMI, diabetes duration, glycemic control, DM complications

ment, foot self-care advice and training to prevent the 
development of SMDC are important in patients with 
T2DM complicated by with peripheral neuropathy and 

peripheral vascular disease. There was no association 
between diabetic dermopathy and retinopathy among 
the participants of this study although diabetic der-
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mopathy is considered as a diabetic microangiopathy. 
Half of the patients with diabetic dermopathy were 
found to have retinopathy [28]. A prospective cohort 
study would yield more information on the association 
between diabetic dermopathy and retinopathy. Limita-
tion of this study is that peripheral vascular disease was 
evaluated clinically and not confirmed using arterial-
brachial pressure index (ABSI) or Doppler ultrasound 
which gives a more objective evaluation. 

Conclusions
The prevalence of cutaneous manifestation among 

T2DM in this study was high, affecting almost two 
thirds of the participants. The commonest cutaneous 
manifestation was infection and diabetic dermopathy. 
Fungus was the most common cause for infection 
presenting as onychomycosis. Risk factors for cutane-
ous manifestation of T2DM are males and duration of 
diabetes of 5 years and more. Diabetic neuropathy and 
peripheral vascular disease are risks for SMDC diabetic 

foot and trophic ulcers. Our study did not demonstrate 
an association between glycemic control and cutaneous 
manifestations of T2DM. A prospective study looking 
at glycemic control over a longer duration would be 
useful to elicit the association. T2DM patients should be 
screened early for skin manifestations especially males, 
T2DM ≥ 5 years, those with diabetic neuropathy and 
peripheral vascular disease so that management can 
be instituted early to prevent complications. 

Acknowledgements
The authors would like to thank Universiti Kebang-

saan Malaysia Medical Centre for providing the grant 
(FF-2018-088) and Klinik Primer Pusat Perubatan Univer-
siti Kebangsaan Malaysia for permission to conduct the 
study. We would also like to thank all the participants 
of this study. 

Conflict of interest
The authors have no competing interests to declare.

Table 5. risk factors for SMDC type of cutaneous manifestation of T2DM 

Variables Crude Or (95% CI) P value Adjusted Or (95% CI) P value

gender

Male 0.54 (0.10–2.97) 0.48 0.19 (0.02–2.26) 0.19

Female (1) (1)

BMI

Underweight/normal (1) (1)

Overweight/obesity 0.34 (0.06–1.89) 0.22 0.39 (0.04–3.74) 0.41

Duration of DM

< 5 years (1) (1)

≥ 5 years 1.08 (0.12–9.44) 0.10 0.13 (0.01–3.77) 0.24

glycemic control

Good (HbA1c ≤ 6.5%) (1) (1)

Poor (HbA1c > 6.5%) 1.43 (0.16–12.50) 0.95 1.58 (0.11–23.63) 0.74

Neuropathy

Yes 10.33 (1.83–58.15) 0.01* 23.26 (1.19–454.2) 0.04*

No (1) (1)

Nephropathy

Yes 2.73 (0.54–13.85) 0.23 1.89 (0.24–14.78) 0.55

No (1) (1)

retinopathy

Yes 5.91 (1.06–33) 0.04* 3.07 (0.34–27.72) 0.32

No (1) (1)

Peripheral vascular disease

Yes 32 (4.57–23) 0.00* 102.36 (4.01–261) 0.01*

No (1) (1)

*Indicate P < 0.05, (1) — reference group, adjusted for gender, DMI, duration of DM, glycemic control, diabetic neuropathy, nephropathy, retinopathy, and 
peripheral vascular disease
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ABSTrACT
Background. The cost of diabetes care increases world-
wide and is highest in the United States (US), while the 
quality of care remains unsatisfactory.
The aim of this study was to compare the quality and 
cost of type 2 diabetes mellitus (DM) care between 
Waukesha, Wisconsin, US and rzeszów, Poland. 
Methods. DM quality data for the Polish cohort 
were abstracted from the charts of 79 DM patients 
in rzeszow, Podkarpacie from 1 January 2013 to 31 
December 2014. Cost data were attained from the 
Polish National Health Fund. Seventy-nine DM patients, 
matched for age, body mass index, and sex, from 
Waukesha, Wisconsin were chosen as comparators. DM 
quality data was obtained from the medical record and 
cost data from health system decision support staff. 
results. Average HbA1c (%, mean ± SD) in the Polish 
and US cohorts were 7.4 ± 1.4 and 8.0 ± 2.1, respec-
tively (P = 0.03). Mean systolic/diastolic blood pressure 
(mm Hg) in the two cohorts was 150 ± 17/81 ± 12 and 
132 ± 17/74 ± 11 (P < 0.001), respectively. The rates 
of statin usage were 90% and 86% (P = 0.45), respec-

tively. Costs of direct medical care (hospitalizations, 
outpatient care, and medications) in the Polish and US 
cohorts were 1,263 US dollars (USD) and 10,121 USD, 
per annum, respectively. 
Conclusion. This study reports significant differences 
in cost with relatively small differences in quality and 
of DM care between Poland and the US. As the US 
continues to attempt healthcare reform in order to 
decrease cost and increase quality, this study suggests 
that gains in cost and quality may not be mutually 
exclusive. (Clin Diabetol 2020; 9; 6: 469–474)

Key words: diabetes, the cost of care, quality of care, 
Poland, United States

Introduction 
Healthcare costs in the United States (US) are the 

highest in the world and are rising [1, 2]. In contrast, 
healthcare spending is much lower in European coun-
tries; e.g., 9,892 US dollars (USD) per capita in the US 
versus 6,647 USD per capita in Norway in 2016 ‐ which 
has the fourth-highest healthcare spending per capita 
in the world [3]. Other countries in Europe, such as 
Poland, have even lower healthcare costs [3]. According 
to the Organization for Economic Cooperation and De-
velopment (OECD), Poland spent just 6.4% of its gross 
domestic product (GDP) on healthcare in 2013, while 
the US spent 16.9% of its GDP on healthcare that same 
year. Despite the higher cost of healthcare in the US, life 
expectancies at birth were similar: 77.7 years in Poland 
and 78.8 years in the US for a person born in the same 
year [4]. In the healthcare cost debate occurring in the 
US, there are perhaps lessons to be learned from the 
global community [5].
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Chronic diseases like type 2 diabetes mellitus (DM) 
account for a significant proportion of the total money 
spent on healthcare in the US [6]. Patients with DM ac-
count for 1 in 4 healthcare dollars spent in the US, with 
nearly half of that expenditure related directly to DM 
[6]. Previous studies estimated that the direct medical 
cost per patient with DM in the US was ~10,000 USD/
year in 2017 [6, 7]. In other middle- and high-income 
countries, costs are significantly lower [8–10]. One of 
the lingering questions in the healthcare cost debate is 
whether the amount of money spent correlates with the 
quality of care [2, 11, 12]. Life expectancy data noted 
above seem to indicate that cost and quality may not 
always correlate; however, there are no data directly 
comparing the quality and the cost of DM care between 
the US and a middle-income country such as Poland. 

Any analysis comparing the health systems of the 
two countries must control for potential variables that 
may confound the conclusion [13]. Significant poten-
tial confounders include patient-level demographics 
that would affect the cost or quality of care in a way 
that is unrelated to the health system. Other potential 
confounders include socioeconomic status and race.

The goal of this study is to compare the quality 
of care and approximate costs for DM care between 
two cities in the US and Poland ‐ Waukesha, US and 
Rzeszow, Poland while controlling for potential con-
founders. The study will seek to answer whether an 
increase in the cost of care leads to a commensurate 
increase in quality of care.

Methods
Subjects

Charts from seventy-nine patients with DM attend-
ing a Diabetic Outpatient Clinic of the second level of 
reference in Rzeszow, Poland (regional capital of Pod-
karpacie region of Poland) during the years 2013–2014 
were randomly selected and quality of care data were 
collected. An equal number of patients (with a mailing 
address in the city of Waukesha, WI, US) attending an 
Endocrinology Clinic in the Froedtert Health system 
(State of Wisconsin) were reviewed and quality of care 
data was similarly extracted. Charts in both cohorts 
were only included if patients were aged ≥ 18 years, 
had an established DM diagnosis, had documented 
glycated hemoglobin (HbA1c) values during the years 
of review, and an up-to-date medication list. Patients 
had to have received care (an office visit) at the above 
clinics at least once during the years 2013–2014. Both 
groups were cared for by board-certified Diabetologist 
or Endocrinologists. 

Subjects in the two cohorts were matched for 
gender, the decade of life, and the World Health Or-

ganization (WHO) body mass index (BMI) category. 
The Polish cohort was the basis for selecting matched 
patients in the Wisconsin cohort. The initial Wisconsin 
cohort was identified using a database extracted from 
the health system’s electronic medical record (EMR) 
database and resulted in an initial cohort of ~5000 
patients. Subsequently, the cohort was narrowed down 
to those who matched on WHO BMI category, gender, 
and the decade of life. Froedtert Health system consists 
of several large hospitals and over one million outpa-
tient visits each year [14]. Institutional Review Board 
approval was obtained from both Rzeszow University in 
Rzeszow, Poland and the Medical College of Wisconsin 
in Milwaukee, Wisconsin. 

regions of comparison
The cities in this study were selected as compara-

tors due to similarities in size, racial makeup, median 
income, and unemployment rate. Rzeszow is a city with 
a population of 188,606 in 2016, nearly 100% white,  
a median income of 28,847 USD in 2015, and an unem-
ployment rate of 7.3% in 2015 [15]. Waukesha, WI is  
a city with a population of 72,363 in 2016, 86% white, 
a median income of 31,874 USD in 2015, and an un-
employment rate of 6.3% in 2015 [16]. Waukesha, WI 
was the closest in socioeconomic indicators to Rzeszow, 
Podkarpacie among the surrounding cities served by 
Froedtert Health system and was therefore used as  
a comparison city. The income levels were normalized 
based on Purchasing Power Parity (PPP) 2015 Polish 
zloty (PLN) and 2015 US dollars (USD) of 1.76 PLN per 
USD [17]. PPP normalizes for both the exchange rate 
and local purchasing power of each currency [18]. 

Quality of DM care 
Quality metrics were selected from the American 

Diabetes Association (ADA) clinical guidelines [19]. The 
quality measures that were collected for both Rzeszow 
and Waukesha included HbA1c, blood pressure (BP), 
rates of statin usage, nephropathy, and retinopathy. 
Rate of statin usage is defined as a prescribed statin in 
the chart or a documented statin allergy. Nephropa-
thy is defined as a lab test positive for proteinuria or 
documentation of nephropathy in the provider note. 
Retinopathy is defined as documentation of such by 
an ophthalmologist on a dilated eye exam. These data 
were collected through chart reviews in Poland. Data 
for the WI cohort were collected through the EMR 
database (HbA1c and BP), and the remainder (statin 
usage, nephropathy and retinopathy) were obtained 
through chart review.

HbA1c and albuminuria measurements were 
performed using a DCA 2000®+ analyzer (Siemens, 
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Elkhart, IN, USA) using the monoclonal antibody meth-
od in Poland. In the US cohort, HbA1c measurements 
were performed using the same DCA 2000®+ analyzer 
while albuminuria assessments were performed using 
a Roche Cobas 8000 (Roche Diagnostics, Mannheim, 
Germany).

Cost of DM care 
The cost of care data for the Polish cohort was 

provided by the Polish National Health Fund (NFZ), 
which is a Polish government entity that pays for the 
vast majority of care in Poland [20]. The NFZ provided 
data in aggregate for the region of Podkarpacie. Cost 
data included the cost of visits granted by NFZ in out-
patient DM clinics, hospitalizations of patients with DM 
(including DM as comorbidity), and reimbursement of 
DM medications for patients with DM in the Podkarpa-
cie region during years 2013–2014. The NFZ reported 
the number of unique patients with DM included in 
the cost data. The cost data was converted into USD 
using PPP for the year in which the service was given. 
The total direct medical cost was calculated by adding 
together the costs of medications, outpatient visits, 
and inpatient care. The cost calculated in this study is 
an average for patients with DM living in Podkarpacie, 
Poland.

The cost of care for the Waukesha cohort was 
calculated directly from the hospital and professional 
billing records captured in the Froedtert Health system. 
Cost is reported as the direct medical cost during the 
years 2013–2014 at the estimated Medicare reimburse-
ment, regardless of patient’s insurance coverage, for  
a given service as calculated by Froedtert Health system 
decision support staff. Direct medical cost includes the 
costs of medications, outpatient visits, and inpatient 
care. The cost of medications only includes data from 
pharmacies operated by the health system. Additionally, 
the cost is reported as a percentage of gross national 
income (GNI) in 2013 as reported by the OECD for both 
Poland and the US.

Data analyses
All data were extracted into an Excel spreadsheet. 

Descriptive statistics (mean, standard deviation, sample 
proportions, etc.) were used to describe the distribu-
tion of quality variables and complications within the 
study sample. Continuous variables are presented 
as the mean (standard deviation). Two-tailed t-tests 
were used to test for differences across groups for 
continuous variables and a chi-square test was used 
for categorical variables. Significance level was set at  
P < 0.008 to account for multiple comparisons (0.05/6) 
using Bonferroni correction [21].

Results
Quality of care data was collected from 158 pa-

tients (43% women in both cohorts) with DM in Pod-
karpacie and Wisconsin. Mean ages of patients from 
Poland and the US cohorts were 63.6 (9.0) and 63.3 
(9.7) years (P = .83), respectively. Mean BMI was 31.9 
(4.7) and 32.4 (5.0) kg/m2 (P = .57) in the Polish and 
US cohorts, respectively.

Comparison of quality of care
HbA1c level and nephropathy rate were significantly 

lower in Polish cohort, while both systolic and diastolic 
BP values were lower in the US patients. Statin use and 
retinopathy prevalence were not significantly different 
(Table 1). In the Polish and US cohorts, 84% and 99%, 
respectively, were screened for nephropathy, while 
100% and 85%, respectively, were tested for diabetic 
retinopathy.

Comparison of costs
The mean direct cost of care (cost of hospitaliza-

tions, outpatient care, and medications) per patient 
expressed in USD and as % of the GNI per capita was 
considerably higher in the US compared to Poland 
(Fig. 1). 

Discussion 
In this study of two cohorts from comparable cities 

in Poland and the US, we found that glycemic control 
as measured by HbA1c was not statistically different 
between the two groups, but there was a significant 
difference in direct care costs. BP levels were statistically 
significantly lower in the US cohort compared to the 
Polish cohort. Nephropathy rates were higher in the 
US cohort although fewer patients were evaluated for 
nephropathy in the Polish cohort. Retinopathy rates and 
statin usage were not significantly different between 
the two groups. This is the first study, of which we are 
aware, to compare the quality of care in cohorts be-
tween two countries with different healthcare systems 
in matched cohorts. 

In this study, we chose objective measures to as-
sess the quality of DM care. American Diabetes Asso-
ciation guidelines recommend measurement of HbA1c 
every 3–6 months, assessment of BP at every visit with  
a goal systolic pressure less than 130 mm Hg, annual 
screening for microalbuminuria and retinopathy, and 
statin therapy for patients with clinical cardiovascular 
disease or age ≥ 40 years, regardless of baseline lipid 
levels [19]. Previously published quality metrics data 
from a US population (n = 3131 in Minnesota) showed 
similar HbA1c of 7.3% and mean systolic BP of 133 mm 
Hg, however, the rates of nephropathy and retinopathy 
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were significantly lower. Nephropathy and retinopathy 
rates in the cohort from Poland were significantly lower 
than in the US cohort [22]. The Wisconsin Collaborative 
for Healthcare Quality (WCHQ) reported 83% statin 
usage at a clinic in Waukesha, WI which is consistent 
with our report in the US cohort [23]. A Polish study in 
2013 described the quality of DM care for a 249-person 
cohort [24]. The mean HbA1c was 7.3% and the mean 
systolic BP was 131 mm Hg. The rate of statin usage 
was 81%. The rates of nephropathy and retinopathy 
were 31% and 42%, respectively. While HbA1c was 
comparable, BP level and statin usage were slightly 
higher in our Polish cohort compared to this previously 
published study. The rates of both nephropathy and 
retinopathy were both lower in our cohort. 

The costs of care we estimated in our study are 
similar to previous studies in both countries. Our esti-
mate of 1,263 USD for direct medical care in Poland is 
in line with previous estimates of approximately 1,000 
USD in 2009 [24, 25]. Our estimate of 10,121 USD per 
year for direct medical care for patients with diabetes in 
the US is similar to previous estimates of approximately 
10,000 USD per year in 2017 [6, 7]. Substitution of 
the estimated Medicare reimbursement for the actual 
reimbursement likely artificially lowered the US cost 
reported in this study. 

Previous studies have either addressed cost or qual-
ity of diabetes care in isolation of each other, which 
makes it difficult to infer relationships between the 
quality of care and cost due to a paucity of controlled 
variables [13]. This is the first study to estimate both 
measures in the same study in populations matched for 
age, gender, BMI and socioeconomic status. Previous 
studies have used statistical methods to control for 
demographic variables. No other studies have utilized 
a matched cohort. Additionally, the similar quality 
results of our study are also unique in that it examines 
a chronic disease, instead of a particular procedure 
or episode of care. Examining a chronic disease that 
touches many different components of the health 
system using a matched cohort suggests that differ-
ences in cost are due to foundational differences in the 
health system. The results of our study suggest that the 
US health system delivers a similar quality of DM care 
at a significantly higher cost. Both groups were cared 
for by a sub-specialist. In addition, we attempted to 
control socioeconomic factors by matching for the city 
in which they primarily live in. 

Burgeoning healthcare costs in the US threaten the 
fiscal sustainability of the country [26, 27]. The high 
cost of healthcare in the US has been attributed to 
multiple reasons including wasteful spending, prescrip-

Table 1. Quality of care measures in the Polish (rzeszów) and American (Waukesha) cohorts

Parameter rzeszów n = 79 Waukesha n = 79 P value

HbA1c (%) mean ± SD 7.41 ± 1.41 8.04 ± 2.14 0.033

Systolic blood pressure [mm Hg] 150.39 ± 16.66 131.99 ± 16.71 < 0.001

Diastolic blood pressure [mm Hg] 80.62 ± 11.51 73.56 ± 11.26 < 0.001

Statin usage (%) 90 86 0.450

Nephropathy rate (%) 17 37 0.006

Retinopathy rate (%) 10 21 0.069

Figure 1. Direct medical costs of diabetes care in Rzeszów (Poland) and Waukesha (US) expressed in US dollars (USD) and as 
percent of Gross National Income (GNI) per capita
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tion drug costs, and advances in medical technology 
(technology creep). In addition, an aging workforce, 
unhealthy lifestyles, high administrative costs, lack 
of patient ownership of their care, and consolidation 
of provider practices all create an environment for 
unfettered cost growth [26, 27]. Previous debates 
have focused on delineating whether the high cost of 
healthcare in the US is due to high prices or high utili-
zation [12, 28]. This debate has by no means reached  
a consensus because many of these analyses focus on  
a single procedure or episode of care [28, 29]. While our 
study did not valuate all of these factors, we did control 
for demographic features that can be considered as  
a higher risk for health care costs (i.e. older age, obesity, 
and care by a sub-specialist).

Our study is not free from several limitations. The 
first one is its retrospective nature and the exact study 
design was not able to be replicated in each region 
due to differences in health system infrastructure. In 
addition, the data cover the period 2013–2014, i.e. 
before the wider introduction to market newer drug 
classes: SGLT-2 (sodium-glucose cotransporter-2) 
inhibitors and GLP-1(glucagon-like peptide-1) recep-
tor agonists. Moreover, the tariffs for inpatient and 
outpatients services in Poland may not reflect the cost 
covered as in the US. In Poland, but also in the US, 
apart from the direct medical cost per patient covered 
by national payer or medical insurance services, sub-
stantial role can play patient’s co-payment, especially 
for not-reimbursed or partly reimbursed drugs which 
depends on legal regulations and not necessarily on 
clinical practice. Despite we matched patients for 
gender, the decade of life and BMI to minimize bias, 
there are still many variables that could differ in each 
cohort, e.g. diabetes duration, presence of comor-
bidities, including cardiovascular disease (CVD) and 
the treatment used. We are aware that the list of the 
quality measures could be longer, but we were focused 
on the measures strictly associated with diabetes care 
i.e. glycemic control, blood pressure control, statin 
use and presence of microvascular complications. 
Macrovascular complications can develop indepen-
dently of diabetes and frequently precede diabetes 
diagnosis, thus, we decided not to include this variable 
into quality measures. Additionally, another potential 
confounder is the severity of DM in each cohort. It is 
possible that primary care providers referred to less 
complex DM patients to an Endocrinologist in one of 
the cohorts. We were unable to evaluate other ADA 
recommendations such as annual dental care, and 
annual comprehensive foot exam. We also acknowl-
edge that the political climate, patient and societal 
expectations, and litigation environments are mark-

edly different between each country. Due to all these 
limitations, our findings cannot be generalized to the 
whole populations of both countries. Nevertheless, 
irrespective of these limitations, our study, conducted 
in comparable cohorts, indicate that similar diabetes 
control can be attained, in case of Poland, with sub-
stantially lower expenses.

Conclusion 
The US continues to attempt healthcare reform in 

order to decrease cost and increase quality. This study 
reports minimal differences in quality and significant 
differences in cost between a matched cohort in 
Poland and the US and thus fills a critical gap in the 
literature by suggesting that gains in cost and qual-
ity may not be mutually exclusive. Further research is 
needed to understand how to best apply these lessons 
as health policy.
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Maternally inherited diabetes and deafness 
(MIDD) syndrome with m.3243A>g  
mutation associated with renal failure  
— a case report

ABSTrACT
Maternally-inherited diabetes with deafness (MIDD) 
is a rare form of monogenic diabetes that results, in 
most cases, from an A-to-g transition at position 3243 
of mitochondrial DNA (m.3243A>g). The clinical pres-
entation of m.3243A>g mutation is variable, ranging 
from mild to severe phenotypes. Diabetes is often 
accompanied by sensorineural deafness, cardiomyo-
pathy, neuromuscular, psychiatric disorders, macular 
dystrophy and renal failure (kidney manifestations in 
adults presenting with this mutation remain poorly 
defined).
The study presents a case of a 40-years-old woman 
with a history of bilateral sensorineural deafness, 
renal failure and diabetes that was diagnosed due to 
increasing muscle weakness during exercise. MIDD 
was diagnosed based on the clinical picture and the 
results of laboratory studies including genetic testing.
As far as we know, glomerulopathy with incomplete 
distal renal tubular acidosis has never been described 

before as a cause of renal failure in MIDD patients. 
(Clin Diabetol 2020; 9; 6: 475–478)

Key words: mitochondrial diabetes, sensorineural 
deafness, m.3243A>g mutation, renal failure, 
incomplete distal renal tubular acidosis

Introduction
The relationship between the m.3243A>G muta-

tion and maternally inherited diabetes mellitus and 
deafness syndrome (MIDD) was first described in 1992 
by Ballinger et al. [1] Another disease associated with 
this mitochondrial mutation is MELAS syndrome (mito-
chondrial encephalopathy, lactic acidosis, and stroke-
like episodes) which has been described by Pavlakis et 
al. [2]. The prognosis for MIDD is better than in the case 
of MELAS syndrome and for other subtypes of diabetic 
mitochondrial disease. Such a number of presented 
phenotypes is attributed to the diverse distribution of 
defective mitochondria in tissues, which is associated 
with the level of heteroplasm. The age of the patient 
seems to be decisive in the development of symptoms. 
Diabetes is not a very common symptom in patients 
with the m.3243A>G (mtDNA) mitochondria muta-
tion, it occurs only in 15% of cases [3]. However, the 
m.3243A>G mutation is found in only 1% of patients 
with diabetes in Europe [4]. In the course of MIDD 
syndrome, there may be development of: maculopathy, 
neuromuscular disorders, mental disorders and renal 
failure. In a multicenter study carried out in France, as 
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many as 43% of MIDD patients with the m.3243A>G 
mutation had myopathy, 28% had kidney symptoms, 
18% had neuropsychiatric symptoms, and only 15% 
had cardiomyopathy [5, 6]. 

The abnormality of glucose metabolism in MIDD is 
associated with a gradual decrease in insulin excretion 
due to reduced ATP production in pancreatic b cells with 
abnormal mitochondria. In MIDD, diabetes develops 
and hearing loss usually occurs in mid-adulthood. Most 
often, the disease is diagnosed between the second and 
fifth decades of life. This rare cause of diabetes should 
be suspected in the case of maternal inheritance and 
concomitant deafness [7]. Additional tests show normal 
or reduced levels of C-peptide and normal autoimmune 
markers [6, 8]. Most often, hearing loss occurs before 
diabetes. Coexistence of deafness and mitochondrial 
diabetes in patients with the m.3243A>G mutation 
is found in 60% of cases [8]. It is also suggested that 
after exceeding a certain threshold of mutated mtDNA, 
there is a disturbance in mitochondrial protein synthesis 
and oxygen consumption, which results in a decrease 
in the level of ATP (adenosine triphosphate). This may 
cause disturbances in the balance of ion concentra-
tions, resulting in accelerated and disproportionate cell 
death in the cochlea [9]. Factors such as the percentage 
of mutated mitochondria in different tissues and the 
failure threshold of each organ are responsible for the 
development of organ-specific symptoms [10]. Kidney 
manifestations in adults with m.3243A>G mutation 
remains poorly defined. Here, we report a case of 
glomerulopathy with incomplete distal renal tubular 
acidosis as a cause of renal failure in MIDD patient.

Case presentation
A 40-year-old woman was admitted to the Depart-

ment of Neurology, in June 2012 due to 4-year history 
of progressive, generalized muscle weakness and pains 
(the symptoms increased during exercise), initially rais-
ing suspicion of peripheral polyneuropathy.

The patient had a bilateral progressive hearing 
loss since 1993, she also complained of tinnitus and 
sporadic vertigo. In 2009 and 2012 she underwent  
a cochlear implantation procedure for the left and right 
ear, respectively.

Renal failure was diagnosed in 2002, and diabetes 
in 2005. She received insulin, thiazide diuretic and an-
giotensin inhibitor for treating hypertension since 2005. 
There was no history of strokes, epilepsy and mental 
retardation. The family history revealed diabetes in her 
mother and hearing loss in her daughter.

On evaluation, the patient appeared alert. In the 
neurological examination, slight muscle weakness of 
the lower limbs was found, as well as the weakening of 

deep reflexes. No cranial nerve damage, exteroceptive 
and proprioceptive sensation disturbances or symptoms 
of the cerebellar syndrome were observed.

In the course of neurological examination, com-
puted tomography of the lumbar spine was performed 
and revealed no significant deviations. In addition, cer-
ebral spectroscopy magnetic resonance was performed, 
showing a relatively increased concentration of lactates 
in all brain tissue (indicating a mitochondrial disease). 
Elevated concentration of lactic acid was found in the 
blood serum (lactic acid = 2.3 mmol/L). The echocar-
diogram examination and chest X-ray did not show 
abnormalities. Based on ophthalmic examination the 
hypertensive and diabetic maculopathy was excluded. 

Due to the diagnosed renal failure accompanied 
by hypomagnesemia with unclear aetiology (previously 
undiagnosed), a decision was made to extend the 
nephrological evaluation.

In additional examinations (within 3 months),  
a doubled level of albumins excreted in the urine 
was also found, while the general urinalysis revealed 
inactive urine sediment. The patient did not agree for 
renal biopsy. Abdominal ultrasonography showed hy-
poechogenic renal pyramids with single parapyramidal 
calcifications. Due to the diagnosed hypomagnesemia 
in the blood serum and the suspected magnesium loss 
via the kidneys, the fractional excretion of magnesium 
in the urine was calculated based on the magnesium 
and creatinine concentration (measured in the serum 
and urine). FeMg% (fractional excretion of filtered mag-
nesium) amounted to 0.3%, which indicates a non-renal 
cause of hypomagnesemia (decreased delivery of food, 
malabsorption in the intestines). In addition, there 
were no other markers of proximal tube dysfunction 
(hypophosphatemia, hypouricemia or hypokalaemia 
in the blood serum). On the other hand, the increased 
concentration of low-molecular-weight alpha-2 mac-
roglobulin protein seems to result from the energy 
dysfunction of proximal tube cells (extremely rich in 
mitochondria).

Based on the increased excretion of albumin in the 
urine, decreased excretion of citrates in the urine and an 
abnormal urinary pH, the patient was diagnosed with 
the chronic kidney disease in the course of glomerulone-
phritis and the incomplete distal tubular acidosis (due to 
the suspicion of a mitochondrial disease, the ammonium 
chloride loading test was omitted) (Table 1). 

Mutation detection/genetic analyses
Due to suspected genetically transmitted disorder, 

genetic test was performed in the proband and her 
daughter. Total DNA was isolated from blood, hair fol-
licles, urine sediment, nails and buccal mucosa smear 
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according to standard protocols. Detection of the 
m.3243A>G was performed with a Real Time TaqMan 
assay on Demand (Applied Biosystems, Foster City, CA). 
Assessment of the heteroplasmy level was based on 
the PCR-RFLP method as previously described [15]. The 
analysis revealed pathogenic m.3243A>G mutation in 
the MT-TL1 gene (tRNAleu). The mutant mtDNA was dis-
tributed heteroplasmically in different tissues, with the 
highest proportion found in the urine sample (Table 2).  
On the basis of performed analysis the diagnosis of 

maternally inherited diabetes with deafness, i.e. MIDD 
syndrome with accompanying glomerulopathy and 
incomplete distal renal tubular acidosis was established. 

Discussion
Some reports suggest a relation between 

m.3243A>G mutation and renal failure which typically 
occurs in the mean age of 35 years [11]. Renal biopsy 
usually reveals focal and segmental glomerulosclerotic 
(FSGS) changes most often of steroid-resistant type and 
tubulointerstitial nephropathy. The renal biopsy was not 
performed in our patient due to the significant reduction 
of the kidney cortex. Therefore, the precise diagnosis of 
glomerulopathy could not be made. However, the lack 
of renal biopsy did not influence the tubular disorders 
diagnostic as well as the therapeutic procedure.

Changes in renal glomerulus are not specific for 
those found in diabetes type 2. Diabetes is usually rec-
ognized a few years after the diagnosis of renal failure 
is made. It took place also in our patient - the diagnosis 
of renal insufficiency was made 3 years prior to diag-
nosis of diabetes. It means that the increased glucose 
concentration could accelerate renal disease only after 
the diabetes was diagnosed. Additionally the decreased 
number of abnormal mitochondria in renal tubules and 
podocytes are observed [11]. Patients with dominant 
damage of renal glomerulus have clinically significant 
proteinuria. The m.3243A>G mutation is observed in 
some patients with FSGS of unknown cause in which 
other systems are not affected. According to Löwik et 
al. [12] the steroid-resistant nephrotic proteinuria is also 
common in these patients. On the other hand, Hott et 
al. [13] reported FSGS with m.3243A>G mutation that 
proceeded with non-nephrotic proteinuria. Based on 
the screening examination of m.3243A>G mutation 
in patients who had a history of maternally inherited 
diabetes, sensorineural hearing loss, Jansen et al. re-
ported a few patients who incurred from progressive 
non-diabetic kidney disease [4]. In another patients 
with possible Alport syndrome, the m.3243A>G muta-
tion was detected [2]. Both proximal and distal tubules 
were affected due to m.3243A>G mutation. Proximal 
tubular dysfunction with Fanconi syndrome is the most 

Table 1. Clinical characteristics in patient with mutation 
A3243g

BMI [kg/m2] 20.0

HbA1c [4.8–5.9%]  6.4

Magnesium [1.6–2.6 mg/dL] 1.4

Potassium [3.5–5.1 mmo/L] 4.6

Sodium [135–145 mmol/L] 136

PTH [17.3–72.9 pg/mL] 33.8

Phosphorus [2.6–4.5 mmol/L] 3.9

Calcium [8.6–10.2 mg/dL] 9.6

Lactic acid [0.3–1.7 mmol/L] 2.3

Uric acid [2.4–5.7 mg/dL] 4.0 

Serum creatinine kinase [0.7–1.2 mg/dL] 1.7

eGFR using MDRD [> 60 mL/min/m2] 40

Alfa–1 mikroglobulin [< 20 mg/dL] 12.4

Alfa–2 makroglobulin [< 2 mg/dL] 2.55

Albumin in DUC [< 30 mg/24 h] 117.0

Urine specific:

Gravity [1.016–1.022 g/L] 1.020

pH [4.8–6.4] 6.0

Leukocytes Negative

Glucose Negative

 Erythrocytes Negative

Electrolyte excretion in 24 h — urine collection:

Citrates in DUC [0.4–3.4 mmol/24 h] 0.16

Oxalate in DUC [0.04–0.32 mmol/24 h] 0.22

Sodium [40–220 mmol/24 h] 83.0

Potassium [25–125 mmol/24 h] 28.0

Magnesium [32–307 mg/24 h] 2.0

FeMg% 0.03

Uric acid [0.5–1.0 g/24 h] 0.1

Calcium [100–250 mg/24 h] 3.0

Phosphorus [0.8–2.0 g/24 h] 0.2

Venous blood gas:

pH [7.35–7.45] 7.29

HC03– [21–25 mmol/L] 23.9

BE [from –2 to 2] –2.5

BMI — body mass index; DUC — daily urine collection; HbA1c — hemo-
globin A1c; eGFR — estimated glomerular filtration rate; MDRD — modi-
fication of diet in renal disease; FeMg% — fractional excretion of filtered 
magnesium

Table 2. level of the heteroplasmy for m.3243A>g  
mutation

% of the ‘G’ allele

Muscle Blood 

cells

Hair  

follicles

Urine Nail Cheek 

mucosa

 NA 12.6 33.1 54.7 6.7 5.6

*NA indicates that the sample was not obtained
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frequent presentation due to mitochondriopathy, less 
often, nonspecific chronic tubulointerstitial disease [14].

Management of patients with MIDD is sympto-
matic. Pharmacological treatment based on oral anti-
diabetic agents or insulin therapy and coenzyme Q10 
(supplementation has been proposed). Non-pharma-
cology treatment consists of avoiding excessive physical 
activity and dehydration. Treatment of MIDD should be 
initiated at an early stage, since complications may lead 
to renal disease and electrolyte disturbances in the case 
of incomplete distal renal tubular acidosis.

Conclusion
It is the first case of a MIDD patient diagnosed with 

renal failure due to glomerulopathy and incomplete 
distal renal tubular acidosis. The described case is an 
example of a diagnostic challenge combined with a 
diagnosis of mitochondrial aetiology of diabetes. Mak-
ing an early diagnosis is important because of unique 
management issues and associated comorbidities. 

The genetic test performed in mother and daughter 
in 2012 confirmed the presence of the same maternal 
mutation in both patients and allowed the early diag-
nosis of disease in daughter. 

This is particularly important in terms of differen-
tiating the causes of renal failure and its prevention 
in MIDD patients with m.3243A>G mutation (here 
exemplified by the patient’s daughter).  

The diagnosis would not be possible without 
genetic test. It should be also underlined that the 
genetic engineering role and usefulness in medicine 
is increasing. 
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Changes in the Polish Diabetes Society  
nutritional recommendations in 2005–2020. 
Evolution or revolution?

ABSTrACT
The first Polish Diabetes Society (Diabetes Poland) 
guidelines on the management of diabetic patients 
were published in 2005. Since then, they have been 
updated annually to provide best care for diabetic 
patients based on the state-of-the-art knowledge. The 
present article summarizes changes in the nutritional 
recommendations for diabetic patients that have been 
introduced over the last 15 years. We analysed both 
general recommendations regarding the goals and 
strategies of nutritional treatment, and specific rec-
ommendations regarding the intake of major food 
components including carbohydrates, protein, and 
fat. We also analysed changes in the recommendations 
regarding additional dietary constituents such as salt, 
alcohol, and vitamin and mineral supplements. (Clin 
Diabetol 2020; 9; 6: 479–484)

Key words: diabetes, nutritional recommendations, 
carbohydrates, proteins, fats, dietary fibre

Introduction
The Polish Diabetes Society has been publishing 

detailed comprehensive guidelines on the management 
of diabetic patients (Diabetes Poland) since 2005. These 
guidelines are a cooperative effort of experts represent-

ing multiple clinical specialties, encompassing diagnosis 
and prevention of diabetes, organization of diabetes 
care, treatment of diabetes and its complication, and 
patient education (including behavioural therapy aimed 
at healthy nutrition and physical activity).

Nutritional recommendations for diabetic patients 
have been included in the Diabetes Poland guidelines 
since their inception. It has been well known that in 
addition to appropriate drug therapy, an appropriate 
diet is of key importance for metabolic control. Each 
year, the published guidelines have included general 
recommendations regarding the overall approach to 
nutrition and detailed recommendation regarding such 
dietary components as carbohydrates, protein, fat, 
vitamins and minerals, salt, as alcohol. The present ar-
ticle summarizes changes in the Polish Diabetes Society 
nutritional recommendations for diabetic patients that 
have been introduced over the last 15 years.

General recommendations
In 2005–2007, nutritional recommendations [1–3] 

focused only on specific dietary components, and did 
not include the overall principles, goals, and strategies 
of nutritional therapy.

In 2008, in addition to the basic recommendations 

[4] regarding individual dietary components, a number 
of additional recommendations were added, including 
those related to:

 — Both quantitative and qualitative effect of con-
sumed carbohydrates on blood glucose levels;

 — No indications for low-carbohydrate diets (> 130 
g/day) in diabetic patients, and the need for body 
weight reduction in patients with overweight and 
obesity, and patients with diabetes type 2 at risk 
of obesity. Body weight should be reduced by life-
style modifications including reduced caloric in-

https://orcid.org/0000-0001-7692-1138
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take and/or increased physical activity. The guide-
lines endorsed moderate reduction of caloric 
intake (in the range of 500–1000 kcal/d) and did 
not recommend low-energy diets (< 1000 kcal in 
women and < 1200 kcal in men).
In 2009, the general recommendations [5] included 

the following basic dietary recommendations:
 — Avoiding consumption of simple carbohydrates;
 — Consuming frequent meals of a defined caloric 

value;
 — Universal recommendation of high vegetable in-

take and low saturated fat intake, targeted for all 
healthy persons.
According to the 2009 recommendations, patients 

with diabetes type 1 should avoid simple carbohydrates 
and have their insulin therapy adjusted to their daily 
activity. In patients with diabetes type 2, appropriate 
diet should contribute to metabolic control and reduc-
tion of excessive body weight by a moderate reduction 
of caloric intake (daily calorie deficit of 500–1000 kcal).

In 2010, the general recommendations [6] included 
for the first time a goal of nutrition therapy, i.e., main-
taining normal glucose and lipid levels and optimal 
blood pressure values. The same goal reappeared in 
2011. Basic dietary recommendations in 2010–2011, 
similarly to those from 2009, mostly included avoiding 
simple carbohydrates, consuming frequent meals of 
a defined caloric value, and adhering to the universal 
recommendation of high vegetable intake and low 
saturated fat intake.

Similarly to the previous year, it was recommended 
that persons with diabetes type 1 avoided simple car-
bohydrates and had their insulin therapy adjusted to 
their daily activity, and patients with diabetes type 2 re-
duced excessive body weight by appropriate nutrition. 
In addition, the 2011 recommendations [7] included 
an algorithm for calculating daily calorie requirement 
depending on the level of daily activity and the desired 
body weight. 

In 2012–2012, the general recommendations 

[8, 9] were similar to those from previous years. The 
goals of nutritional treatment included maintenance of 
near-normal blood glucose levels, normal cholesterol 
and lipoprotein levels, and optimal blood pressure. 
The importance of appropriate nutritional education 
for metabolic control was also highlighted, with its 
provision by authorized healthcare personnel such 
as physicians, dietitians, diabetic nurses, or diabetes 
educators. According to these recommendations, in 
addition to adhering to general recommendations 
targeted at healthy people, diabetic patients should 
monitor carbohydrate intake both overall and dur-
ing individual meals, limit simple carbohydrates, and 

consume frequent meals. Patients with diabetes type 1 
were recommended to avoid fast-absorbing carbohy-
drates and to adhere to an appropriately balanced diet 
which should be adjusted to their individual lifestyle. 
Use of the carbohydrate exchanges, glycaemic index, 
and glycaemic load was recommended. Major recom-
mendations for diabetes type 2 included maintenance 
of normal metabolic control and reducing and main-
taining desirable body weight, which puts an emphasis 
on the overall caloric intake which should be adjusted 
to age, current body weight and physical activity. 
Similarly to previous years, it was recommended that 
body weight reduction should be achieved by moderate 
reduction of caloric intake (negative energy balance of 
500–1000 kcal/d).

In 2014–2016, the general recommendations 

[10–12] regarding the goals and basic nutritional 
recommendations were the same as in 2012–2013. 
In addition, the strategy of nutritional treatment was 
highlighted, including:

 — Evaluation of individual diet;
 — Nutritional diagnosis;
 — Nutritional intervention (individual and group);
 — Monitoring of nutrition and its effects.

In addition, the guidelines included recommen-
dations regarding the prevention and treatment in 
patients with diabetes type 2 at increased cardiovas-
cular risk by employing the Mediterranean diet or the 
Dietary Approaches to Stop Hypertension (DASH) diet 
in 2014–2015, and in 2016 also vegetarian or vegan 
diet, low-fat diet or low-carbohydrate diet. A low-
carbohydrate diet was considered a gold standard for 
body weight reduction in diabetic patients.

The general recommendations [13–14] from 
2017–2018 were similar to those from previous years. 
The goals of nutritional treatment were the same, as 
is the strategy of nutritional treatment which, in ad-
dition to the evaluation of individual diet, nutritional 
diagnosis, nutritional intervention, and monitoring, 
also includes corrective measures if therapeutic goals 
are not met. Similarly to the previous years, patients 
with diabetes type 1 and normal body weight should 
adhere to the general healthy nutrition recommenda-
tions and avoid simple carbohydrates. Insulin therapy 
should be adjusted to the patient lifestyle. A system 
of estimating fast-absorbing carbohydrate content 
in meals, e.g., by using the carbohydrate exchanges, 
was highlighted. Similarly to the previous years, paying 
attention to the glycaemic index and glycaemic load 
was also recommended. A need for patient education 
regarding the glycaemic effect of protein and fat intake, 
and detailed education of the elderly patients to provide 
adequate protein intake in this age group was noted. 
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The recommendations for patients with diabetes type 2  
were the same as in 2016. These included mostly 
the need for body weight reduction in overweight 
or obese patients by individually adjusted reduction 
of caloric intake. Depending on patient preferences, 
the DASH, portfolio, vegetarian, vegan, low-fat, 
or low-carbohydrate diet may be used, the latter 
remaining the gold standard. However, fasting-
based diets were not recommended. It was noted 
that reducing body weight by as little as 5% may 
already result in measurable benefits in terms of 
blood glucose control. According to the 2019 and 
2020 Polish Diabetes Society guidelines,15-16 body 
weight should be optimally reduced by at least 7%. 
Since 2019, recommendations regarding the use of 
specific calorie-reducing diets (such as the DASH 
diet, vegetarian diet etc.) were retracted, as was the 
recommendation regarding long-term use of low-
carbohydrate diets. In addition, all overweight and 
obese patients were advised to control portion size. 
In 2020, an attention was also paid to the form of 
messages regarding nutritional recommendations. 
According to the current guidelines, nutritional 
messages should be generally positive, showing mul-
tiple options of composing personal diet based on 
individual needs and preferences, while the negative 
messages should be limited.

Specific recommendations
Carbohydrates

In the first Polish Diabetes Society guidelines of 
2005 [1], the recommended dietary content of carbo-
hydrates along with monounsaturated fats was set at 
50–60% of the total caloric intake. The diet should be 
based on carbohydrates from unrefined grains, fruits, 
vegetables, and low-fat milk. It was recommended to 
reduce sucrose intake by replacing it with carbohy-
drates from other sources. Sweeteners were allowed 
to be consumed in the amounts recommended by the 
manufacturers. The minimum intake of dietary fibre 
was set at 15 g/day. The guidelines also highlighted 
the need to keep constant daily carbohydrate intake 
in patients treated with insulin.

In 2006, the recommendations [2] regarding car-
bohydrate sources, sweetener intake, and reducing 
sucrose intake were the same as in 2005. The major 
change in that year’s guidelines was a reduction in the 
recommended dietary carbohydrate content, set at 
45–50% of the total caloric intake. The recommended 
dietary fibre intake was also changed to 25–35 g/day.

In 2007–2008, the recommendations [3, 4] regard-
ing the intake and dietary sources of carbohydrate 
were not changes, as were the recommendations 

regarding the intake of dietary fibre. It was, however, 
recommended, that low glycaemic-index carbohydrate-
sources should be preferred.

In 2009–2010, the recommended total dietary 
carbohydrate content was also set at 45–50% of the 
total caloric intake [5, 6]. A major recommendation 
was to reduce the intake of simple carbohydrates to  
a minimum. The recommendations regarding sweeten-
ers and dietary fibre remained unchanged.

The recommendations from 2011–2015 [7–11] 
are very similar to those from the previous years. 
The only change was that the recommended dietary 
carbohydrate content was then set at 40–50% of the 
total caloric intake. In addition, the recommendations 
regarding dietary fibre were changed since 2012, when 
the intake of 25–40 g/day was recommended, with 
a preference for soluble fibre. Also since that year, 
fructose was no longer recommended as a substitute 
for sugar.

In 2016 [12], there was no longer any recom-
mendation regarding the total dietary carbohydrate 
content due to lacking scientific evidence that would 
allow determining their optimal intake. Unrefined grain 
products with a low glycaemic index should remain 
the main source of dietary carbohydrates. The other 
recommendations regarding simple carbohydrates, 
sweeteners, fructose and the recommended dietary 
fibre intake remained unchanged.

In 2017–2020, the position was upheld [13–16] 
that no adequate scientific evidence was available to 
inform a recommendation regarding the total dietary 
carbohydrate content but it was suggested to be at 
about 45% of the total caloric intake. However, the 
total dietary carbohydrate content may be up to 60% of 
the total caloric intake if low-glycaemic index products 
with a high fibre content are the major dietary source 
of carbohydrates, and in individuals with a high level 
of physical activity. If physical activity is low and cannot 
be increased, it is recommended to reduce the total 
dietary carbohydrate content to about 25–45% of the 
total caloric intake. The recommendations regarding 
preferred consumption of carbohydrates from low 
glycaemic index sources and the intake of sweeteners 
did not change, while these were changed for fructose, 
the recommended intake of which should not exceed 
50 g/day, although it is still not recommended as a sub-
stitute for sugar. Another change was made regarding 
the recommended intake of dietary fibre which should 
be consumed at 25–50 g/day or 15–25 g/1000 kcal. 
Similarly to the previous years, intake of soluble fibre 
should be preferred. Since 2018, it is recommended 
to supplement fibre, particularly its soluble fraction, in 
individuals who are not able to consume the recom-
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mended amounts of fibre, and to increase the intake 
of resistant starch (Tables 1, 2).

Fats
In the first Polish Diabetes Society guidelines pub-

lished in 2005 [1], the recommended dietary fat intake 
was set at 30% of the total caloric intake, of which 
saturated fatty acids should comprise not more than 
10%, and 7% in patients with low-density lipoprotein 
(LDL) cholesterol levels ≥ 100 mg/dL (≥ 2.6 mmol/L). 
In addition, these guidelines recommended that the 
intake of monounsaturated fatty acids (MUFA) should 
be at 10%, and of polyunsaturated fatty acids (PUFA) 
at 7–10% of the total caloric intake.

In 2006, minor changes were introduced2 regard-
ing the recommended dietary fat intake, defined as 
30–35% of the total caloric intake. The recommenda-
tions regarding saturated and unsaturated fat intake 
remained unchanged, in contrast to those regarding 
PUFA, with their recommended dietary intake defined 
as 6–10% of the total caloric intake, including 5–8% as 
omega-6 fatty acids and 1–2% as omega-3 fatty acids. 
The recommended dietary cholesterol intake was up to 
300 mg/day (7.8 mmol/day) in individuals with normal 
LDL cholesterol level and 200 mg/day (5.2 mmol/day) 
in those with LDL cholesterol level ≥ 100 mg/dL (2.6 
mmol/L). In addition, a recommendation was given to 

limit the intake of trans fatty acids. These recommenda-
tions [3–6] were upheld in 2007–2010.

Minor changes in the recommendations [7] were 
introduced in 2011, as the recommended dietary MUFA 
intake was increased to 10–15% of the total caloric 
intake. These modified recommendations [7–12] re-
garding fat intake were kept until 2017, when possible 
benefits of introducing plant stanols and sterols to the 
diet of individuals with elevated LDL cholesterol levels 
were noted [13]. 

In 2018, these recommendations [14] underwent 
some modifications. According to these recommenda-
tions, dietary fat intake should be similar to that recom-
mended in healthy individuals, at 25–40% of the total 
caloric intake. Particular attention was paid to specific 
types of fatty acids. Saturated fat intake, similarly to 
the previous years, should not exceed 10% of the total 
caloric intake. Intake of MUFA should be up to 20%, and 
intake of PUFA should be at 6–10% of the total caloric 
intake (no distinction was made between omega-3 and 
omega-6 fatty acids). The recommendations regarding 
cholesterol did not change, and its recommended intake 
was up to 300 mg/day (7.8 mmol/day) in individuals with 
normal LDL cholesterol level and 200 mg/day (5.2 mmol/
day) in those with LDL cholesterol level ≥ 100 mg/dL (2.6 
mmol/L). The recommendations regarding trans fatty 
acids also remained unchanged. Consumption of plant 
sterols or stanols at 2–3 g/day was considered indicated 
in patients with hypercholesterolemia.

In 2019–2020, the recommendations [15, 16] re-
garding fat intake did not change. It was only specified 

Table 1. recommendations regarding carbohydrate intake

Year Carbohydrates (as % of the total caloric intake)

2005 50–60%

2006 45–50%

2007 45–50%

2008 45–50%

2009 45–50%

2010 45–50%

2011 40–50%

2012 40–50%

2013 40–50%

2014 40–50%

2015 40–50%

2016 No recommendation

2017 45%, high physical activity up to 60%,  

low physical activity 25–45%

2018 45%, high physical activity 60%,  

low physical activity 25–45%

2019 45%, high physical activity 60%,  

low physical activity 25–45%

2020 45%, high physical activity 60%,  

low physical activity 25–45%

Table 2. Recommendations regarding dietary fibre intake.

Year Dietary fibre

2005 15 g/d

2006 25–35 g/d

2007 25–35 g/d

2008 25–35 g/d

2009 25–35 g/d

2010 25–35 g/d

2011 25–35 g/d

2012 25–40 g/d

2013 25–40 g/d

2014 25–40 g/d

2015 25–40 g/d

2016 25–40 g/d

2017 25–50 g/d or 15–25/100 kcal

2018 25–50 g/d or 15–25/100 kcal

2019 25–50 g/d or 15–25/100 kcal

2020 25–50 g/d or 15–25/100 kcal
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that the recommended type of fat are vegetable oils, 
except for palm oil and coconut oil (Table 3).

Proteins
In 2005–2008, the recommended [1–4] protein 

intake was 15–20% of the total caloric intake, with 
the ratio of animal to plant protein of at least 50:50. 
No glycaemic effect of protein intake in patients with 
controlled diabetes type 2 and a possibility of increased 
protein requirement in patients with uncontrolled 
diabetes (although protein intake should not exceed 
the generally recommended level) were noted. In the 
above recommendations, it was assumed that low-
carbohydrate protein with increased protein content 
may contribute to body weight reduction and better 
metabolic control of diabetes.

In 2009–2011, the recommendations [5–7] no 
longer included the statements about no glycaemic 
effect of protein intake in patients with controlled dia-
betes type 2 and possible increased protein requirement 
in patients with uncontrolled diabetes. The remaining 
recommendations remained unchanged.

In 2012–2016, the recommendations [8–12] only 
included the information about the recommended 
dietary protein intake, which remained unchanged 
since the first guidelines (15–20% of the total caloric 
intake), and the recommended animal to plant protein 
ratio (50:50).

In 2017–2020, the recommendations [13–20] 
underwent some modifications. The recommended 
protein intake in most patients is 15–20% of the total 

caloric intake, corresponding to about 1–1.5 g of pro-
tein per kg of body weight per day. In patients with 
diabetes type 2 and excessive body weight, a calorie-
reduction diet may be used with an increased protein 
intake up to 20–30% of the total caloric intake. In pa-
tients with chronic kidney disease, it is recommended 
to limit protein intake to 0.8–1 g of protein per kg of 
body weight per day. No limitation of animal protein 
intake is recommended, although possible benefits 
from substituting plant proteins, e.g. soy proteins, for 
animal proteins were noted. In addition, no evidence 
for adverse effects of high-protein diets in diabetic 
patients has been noted in the guidelines since 2018 
[14–16] (Table 4). 

Vitamins and microelements
In the 2005–2008 guidelines [1–4], vitamin and 

mineral supplementation in patients without known 
deficiencies was not recommended due to insufficient 
supporting evidence. The exceptions were folic acid 
supplementation which was recommended in women 
contemplating pregnancy and pregnant women, and 
calcium supplementation in the prevention of osteo-
porosis.

In 2009–2016, the recommendations regarding 
folic acid and calcium supplementation were removed 
from the guidelines [5–12]. The only mention left was 
that of no indications for vitamin and mineral supple-
mentation in individuals without known deficiencies.

In 2017–2018, the position [13–14] regarding no 
indications for vitamin and mineral supplementation in 

Table 3. recommendations regarding fat intake

Year Fat overall SFA MUFA PUFA Omega-6 Omega-3

2005 30.00% 10% (7% if elevated LDL cholesterol levels) 10.00% 7–10% – –

2006 30–35% 10% (7% if elevated LDL cholesterol levels) 10.00% 6–10% 5–8% 1–2%

2007 30–35% 10% (7% if elevated LDL cholesterol levels) 10.00% 6–10% 5–8% 1–2%

2008 30–35% 10% (7% if elevated LDL cholesterol levels) 10.00% 6–10% 5–8% 1–2%

2009 30–35% 10% (7% if elevated LDL cholesterol levels) 10.00% 6–10% 5–8% 1–2%

2010 30–35% 10% (7% if elevated LDL cholesterol levels) 10.00% 6–10% 5–8% 1–2%

2011 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2012 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2013 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2014 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2015 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2016 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2017 30–35% 10% (7% if elevated LDL cholesterol levels) 10–15% 6–10% 5–8% 1–2%

2018 25–40% 10.00% Up to 20% 6–10% — —

2019 25–40% 10.00% Up to 20% 6–10% — —

2020 25–40% 10.00% Up to 20% 6–10% — —

LDL — low-density lipoprotein; MUFA — monounsaturated fatty acid; PUFA — polyunsaturated fatty acids; SFA — saturated fatty acid
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patients without known deficiencies was upheld. How-
ever, two exceptions were vitamin D3 supplementation 
as recommended in the general population during the 
autumn and winter and supplementation of 400 µg/d 
of folic acid in pregnant women. 

In 2019, a recommendation was added [15] for vita-
min B12 supplementation in patients with confirmed vi-
tamin B12 deficiency during chronic metformin therapy.

In 2020, it was also mentioned [16] that multivita-
min supplementation may be necessary in the elderly, 
those on a vegetarian or vegan diet, and those on 
reduced-calorie diets.

Alcohol
In the first Polish Diabetes Society guidelines [1] 

of 2005, it was stated that low alcohol consumption 
may not necessarily lead to worse metabolic control of 
diabetes. It was recommended, however, that alcohol 
should be consumed with meals to avoid the risk of 
hypoglycaemia.

In 2006–2008, daily limits of alcohol consumption 
at the level of 20 g in women and 30 g in men were 
added to the above position [2–4]. The other recom-
mendations remained unchanged.

Since 2009, alcohol consumption by diabetic 
patients has been considered [5] unadvisable. The 
guidelines also note that patients should be informed 
about blood glucose-lowering effect of alcohol that 

might lead to hypoglycaemia. The accepted limits of 
daily alcohol intake are 20 g in women and 30 g in men. 
The 2009 recommendations were upheld in 2010 [6]. 

In 2011, an information was added [7] that alcohol 
should not be consumed by individuals with hyper-
triglyceridemia, neuropathy, and pancreatitis. These 
recommendations have been retained to the present 
time, including the most recent 2020 guidelines [8–16]. 

Salt
In 2005–2009, the Polish Diabetes Society guide-

lines [1–5] did not include any recommendations on 
salt consumption by diabetic patients.

In 2010, a recommendation on sodium intake was 
added [6]. The recommended sodium intake was 2400–
3000 mg/day. In patients with moderate hypertension, 
the recommended sodium intake was up to 2400 mg/
day, and in those with hypertension and nephropathy 
up to 2000 mg/day.

In 2011, a recommendation was given [7] regard-
ing salt consumption. It was recommended that daily 
salt consumption should not exceed 5000–6000 mg. In 
patients with moderate hypertension, salt consumption 
up to 4800 mg/day was recommended, and in those 
with hypertension and diabetic nephropathy up to 
4000 mg/day. These recommendations were upheld 
until 2015 [8–11]. 

In 2016, these recommendations [12] were slightly 
modified, and it was recommended that salt consump-
tion should not exceed 6 g/day. In addition, patients with 
hypertensions were advised to adhere to the DASH diet.

In 2017–2018, the maximum recommended [13. 
14] level of salt consumption was reduced from 6 g/
day to 5 g/day. The recommendation for dietary restric-
tions consistent with the DASH diet in patients with 
hypertension was not changed.

In 2019 and 2020, the recommendations regarding 
salt consumptions remained unchanged [15, 16]. It was 
noted, however, that the evidence for benefits from 
reducing sodium intake below 1500 mg/day is unclear.

Conclusions
Over the last 15 years, the nutritional recommen-

dations were adjusted based on careful analysis of the 
most recent research to allow best metabolic control 
in diabetic patients. As noted, there were no major 
changes in the recommendations. The recommended 
intakes of dietary components underwent minor modi-
fications. Often, the same recommendations regarding 
a given dietary component were kept for several years.

One of the most notable changes in the general 
recommendations is their individualization depending 
on such factors as physical activity or body weight.

Table 4. recommendations regarding protein intake

Year Protein

2005 15–20%

2006 15–20%

2007 15–20%

2008 15–20%

2009 15–20%

2010 15–20%

2011 15–20%

2012 15–20%

2013 15–20%

2014 15–20%

2015 15–20%

2016 15–20%

2017 15–20%, excessive body weight and diabetes type 2 

up to do 20–30%, chronic kidney disease 0.8–1 g/kg

2018 15–20%, excessive body weight and diabetes type 2 

up to do 20–30%, chronic kidney disease 0.8–1 g/kg

2019 15–20%, excessive body weight and diabetes type 2 

up to do 20–30%, chronic kidney disease 0.8–1 g/kg

2020 15–20%, excessive body weight and diabetes type 2 

up to do 20–30%, chronic kidney disease 0.8–1 g/kg
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The most dynamic changes occurred in the rec-
ommendations regarding carbohydrates and dietary 
fibre. In addition to the recommended dietary carbo-
hydrate intake which was modified several times over 
the years, attention was also paid to such factors as 
carbohydrate quality, best measured by the glycaemic 
index and load, and dietary sources of carbohydrates. 
The recommendations regarding dietary carbohydrate 
intake are particularly important in diabetic patients. 
Appropriate dietary carbohydrate intake in terms of 
their quantity and quality may significantly affect blood 
glucose control, and for this reason the recommended 
upper limit of dietary fibre intake was significantly in-
creased over time. The guidelines are lacking detailed 
information on how to calculate carbohydrate and 
protein-fat exchanges which are particularly important 
in the treatment of diabetes type 1.

Similarly, the recommendations regarding dietary 
fat were also modified several times. Over the years, 
the upper limit of recommended dietary intake was 
increased for both overall fat and MUFA, while the 
recommendations regarding the intake of omega-3 and 
omega-6 fatty acids were abandoned. Over time, atten-
tion was paid not only to the quantity but also to the 
quality of dietary fat, taking into account, among oth-
ers, the beneficial effects of plant stanols and sterols. 
This is of a particular importance due to an increased 
cardiovascular risk in diabetic patients.

The recommendations regarding protein intake did 
not undergo major changes. The upper limit of recom-
mended dietary intake remained the same in most 
patients. In the recent years, however, recommenda-
tions were added regarding increased protein intake in 
patients with excessive body weight and patients with 
diabetes, and reduction of protein intake in individu-
als with chronic kidney disease. It was also noted that 
there is insufficient evidence for unfavourable effects 
of high-protein diets in patients with diabetes.

The situation is similar regarding vitamins and 
minerals. The position of the Polish Diabetes Society 
remained generally unchanged, indicating no need 
for supplementation in individuals without known de-
ficiencies, except for some situations. These exceptions 
include vitamin D3 supplementation in the autumn and 
winter period, folic acid supplementation in pregnant 
women, vitamin B12 supplementation in patients 
with confirmed vitamin B12 deficiency during chronic 
metformin therapy, and possible need for multivitamin 
supplementation in the elderly, those on a vegetarian 
or vegan diet, and those on reduced-calorie diets.

The position regarding alcohol consumption by 
diabetic patients also did not change much. In most 
recommendations, the daily limits for alcohol consump-

tion were upheld. Over time, however, it was noted that 
alcohol consumption by diabetic individuals is inadvis-
able, particularly in patients with hypertriglyceridemia, 
neuropathy, and pancreatitis.

The recommendations regarding salt consumption 
were modified several times over the last 15 years. 
Initially, the Polish Diabetes Society guidelines did not 
include a recommendation regarding salt consumption 
by diabetic patients. The current upper limit of salt 
consumption was finally set in 2017 but the rationale 
for restrictive salt consumption in patients with hyper-
tension remains unclear.

In summary, the changes in the recommendations 
were rather evolutionary than revolutionary. Over the 
last 15 years, they were modified to allow optimal 
diabetes control in accordance with the state-of-the-
art knowledge.

The guidelines highlight some basic issues such as 
the strategy of nutritional treatment and the recom-
mended intake of major dietary components. However, 
they lack more detailed patient guidance, for example 
regarding recommended or contraindicated food 
products, and the ways to implement these recom-
mendations in the daily life.

None of the Polish Diabetes Society guidelines 
included recommendations on fluid intake. When vari-
ous dietary components are considered, it would be 
worthwhile to indicate both the amount and the type 
of the recommended fluids. Such recommendations 
were included in the nutritional treatment guidelines 
by the Polish Society of Dietetics [17] and the dietary 
allowances for the Polish population developed by the 
National Food and Nutrition Institute [18]. 

It would also be worthwhile to provide more 
detailed recommendations regarding low-calorie 
sweeteners and polyols as alternative for simple sugars, 
as limiting sugar intake has been consistently recom-
mended by the Polish Diabetes Society. Such recom-
mendations were included, among others, in the Polish 
Society of Dietetics guidelines [17] and the American 
Diabetes Association guidelines [19]. 

Both the evolving guidelines of the Polish Diabetes 
Society and the guidelines by other societies, such as 
the Polish Society of Dietetics [17] and the American 
Diabetes Association [19], have highlighted the need for 
an individualized approach to the nutritional treatment 
of diabetes in terms of the most important aspects of 
nutritional therapy, such as the general strategy of 
nutritional treatment and the appropriate intake of 
specific dietary components. 
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Fear of hypoglycaemia — from normality  
to pathology. Diagnostic criteria  
and therapeutic directions

ABSTrACT
The aim of the article is to summarize the current 
knowledge on the phenomenon of fear of hypogly-
caemia and its impact on the metabolic control and 
well-being of the population of diabetic patients. The 
article proposes a description of clinical criteria use-
ful for the diagnosis of the fear of hypoglycaemia in  
a non-normative and harmful form. Therapeutic direc-
tions are presented that have been proven effective 
in the recent years in reducing the level of maladap-
tive fear of hypoglycaemia, while also protecting 
the mental health of the patients. Despite extensive 
knowledge and numerous clinical trials undertaken in 
other countries, further research on diabetes-related 
anxiety disorders in Polish patients is needed. It is also 
advisable to create a database of culturally adapted 
management protocols for specialists that could in-
crease the quali ty and effectiveness of the assistance 
provided in the outpatient health care. (Clin Diabetol 
2020; 9; 6: 487–492)

Key words: diabetes, fear of hypoglycaemia, 
diagnostic criteria, psychotherapy

Introduction
Hypoglycaemia has always been an important issue 

in the scientific discussions regarding the management 
of diabetes [1]. Hypoglycaemia is often described as 

one of the greatest barriers on the patient’s path to 
normoglycaemia and a risk factor that might lead to the 
development of life-threatening complications [2, 3].  
The experience of hypoglycaemia may be incidental 
but very unpleasant, leading to lifelong memories of 
the event.

For reasons that are justified, the occurrence and 
perspective of experiencing hypoglycaemia may elicit 
strong emotions in patients. Fear of hypoglycaemia has 
its legitimate background and an adaptive meaning. 
Careful self-management and appropriate decisions 
when managing insulin therapy may successfully 
protect patients from hypoglycaemia and related con-
sequences. However, fear is associated with some risk. 
Although it is a universal, primary and natural experi-
ence not only for humans, in specific settings it may 
acquire pathological features, initiate maladaptive 
mechanisms, and severely disorganize human’s life. 
For good reason, fear has been termed the backbone 
of the most syndromes known in the contemporary 
psychiatric practice [4]. 

Multiple clinical studies have performed regarding 
the fear of hypoglycaemia and its effect on the thera-
peutic process, mental health, and subjective wellbe-
ing of the diabetic population. Unfortunately, fear of 
hypoglycaemia remains very difficult to identify in the 
inpatient and outpatient practice, as no clear criteria 
are available to diagnose it in its non-normative, harm-
ful form. However, the most troublesome is the lack of  
a culturally adapted management protocol that would 
be dedicated to that issue.

Hypoglycaemia — diagnosis  
and risk factors

Hypoglycaemia is a common phenomenon in 
diabetic patients treated with insulin and oral glucose-
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-lowering drugs such as sulphonylureas [5]. It has been 
estimated that hypoglycaemia, both symptomatic and 
asymptomatic, may occur thousands of times during 
the lifespan of an average patient [6]. 

According to the Polish Diabetes Association guide-
lines [7], hypoglycaemia should be categorized using 
three glycaemic/symptomatic thresholds. Alert blood 
glucose level (level 1) is defined as values below 70 mg/dL  
(3.9 mmol/L) regardless of the presence of absence of 
concomitant symptoms. Clinically significant hypogly-
caemia (level 2) is defined as blood glucose level below 
54 mg/dL (3.0 mmol/L). Severe hypoglycaemia (level 3) 
is diagnosed based on clinical symptoms associated 
with severe cognitive dysfunction, without any blood 
glucose level criterion. A third party intervention is 
required to terminate a severe hypoglycaemia episode.

At the physiological level, early response to hypo-
glycaemia involves activation of the autonomic nervous 
system. Early neurovegetative (adrenergic) symptoms 
include pallor, muscle tremor, profuse sweating, dizzi-
ness and/or headache, anxiety, and nervousness. Later, 
due to shortage of glucose in the central nervous sys-
tem cells, neuroglycopenia ensues which is associated 
with cognitive dysfunction (e.g., confusion, disorienta-
tion, attention and memory deficits) and neurological 
symptoms (slurred speech, irrational or uncontrolled 
behaviours, loss of consciousness, seizures, nystagmus, 
reduced responsiveness to stimuli) [8]. The experience 
and recognition of the above clinical symptoms of hy-
poglycaemia may show large interindividual variation 
in the diabetic patient population [9].

The likelihood of an adverse fall in blood glucose 
level depends on many variables. The major iatrogenic 
risk factor are inadequate, excessive or maladjusted 
doses of insulin (or a substance that stimulates insu-
lin release) in relation to the individual requirement, 
dietary intake (exogenous glucose) and/or planned 
physical activity [10].

The risk of hypoglycaemia is increased in the set-
tings of reduced endogenous glucose production (e.g., 
following excessive alcohol intake or in liver failure), 
increased carbohydrate utilization, or reduces hepatic 
glycogen stores (e.g., during intense exercise or diet-
ing). Additional risk settings include increased insulin 
sensitivity (e.g., during or immediately after exercise or 
during nocturnal rest) and reduced insulin clearance 
(e.g., in progressive renal failure) [11, 12]. Other risk 
factors are diabetes duration and type, patient age, 
reduced hypoglycaemia awareness, and past experience 
of severe hypoglycaemia [13–16].

Recurrent hypoglycaemia is associated with a risk 
of irreversible changes and may lead to further compli-
cations. Particular risks are associated with cardiovas-

cular changes and events induced by hypoglycaemia. 
Cardiovascular events may increase the likelihood of 
sudden cardiac death [13, 17, 18]. Severe hypogly-
caemia may affect the vascular system and activate 
prothrombotic, proinflammatory and proatherogenic 
mechanisms [19]. Recurrent hypoglycaemia attenuates 
symptomatic and hormonal responses to the episodes 
of low blood glucose level, leading to the development 
of hypoglycaemia unawareness syndrome. The latter is 
characterized by a reduced or absent ability to identify 
the onset of hypoglycaemia despite blood glucose level 
lowering to the values usually associated with warning 
symptoms [20]. This significantly increases the risk of 
severe hypoglycaemia [14].

Hypoglycaemia has a major effect on worsened 
wellbeing and reduced quality of life of diabetic pa-
tients [21, 22]. It may also result in reduced profes-
sional productivity, increased absence from work, and 
increased overall costs related to health status [23]. 
Severe and recurrent hypoglycaemia may increase the 
overall level of anxiety [24]. Unfortunately, an increas-
ing severity of anxiety is not always a desirable effect 
in these settings.

fear of hypoglycaemia — from the norm 
to pathology

In general, anxiety may be described as a condition 
of unpleasant discomfort, tension and/or unrest which 
is accompanied by an increased level of excitation or 
even specific somatic experiences such as palpitation, 
tremor, and dyspnoea. In contrast to fear which is felt in 
response to a defined, recognizable stimulus, anxiety is 
an anticipatory reaction to an impending stimulus (may 
arise without a clear cause). From the functional perspec-
tive, human ability to feel anxiety is of major importance 
when safety of an individual is at stake — the protective 
or defensive reaction is a priority to ensure survival and 
protection of what is the most valuable [25].

Anxiety is a very complex phenomenon which 
depends on genetic factors, environmental influences, 
and combination of both [26]. It is an adaptive signal-
ling-protective mechanism which is important from the 
perspective of the theory of evolution [27]. Already at 
the subconscious level, anxiety organizes perception 
systems, participates in processing information from 
the sensory channels, directs attention processes (e.g., 
selection) and memory, engages systems responsible for 
learning and leads to activation of body’s physiological 
reactions — involuntary but dependent on the form of 
perceived danger. Most importantly, anxiety contributes 
much to the overall decision process in the context of 
choosing the best available behaviour in the situation 
of a perceived danger [28]. 
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Clinically, non-normative anxiety is recurrent, 
persistent, and/or objectively inadequate for a given 
situation [27]. The criterion of inadequacy for a given 
situation may involve two forms — either excessive 
anxiety for a low level of danger (e.g., phobia), or 
inadequately low anxiety for a high level of danger 
(e.g., denial).

In the context of fear of hypoglycaemia, its adap-
tive nature depends on the criterion of adequacy 
of the felt anxiety in relation to the objective risk of 
hypoglycaemia [29]. Inadequately high level of anxi-
ety in relation to a low risk of hypoglycaemia will lead 
to escalation of protective and avoidance behaviours. 
In this situation, the actual danger for the patient 
is chronic hyperglycaemia induced by interventions 
aimed to protect from blood glucose level lowering. 
Conversely, inadequately low level of anxiety in relation 
to a high risk of hypoglycaemia may also create danger. 
In this case, hypoglycaemia itself will be a major risk for 
the patient, as the patient will not try to protect from 
it, and with time he or she will not even recognize its 
symptoms due to habituation. 

Psychopatologically, anxiety disorder is said to oc-
cur when the subjective severity of anxiety, its intensity 
and frequency lead to disorganization of the indivi-
dual’s life, resulting in suffering [30]. The diabetes self-
management process itself should protect the patient 
from suffering, and at the same time allow active social 
and professional functioning tailored to the patient’s 
needs, as well as pursuing pastime hobbies and other 
activities aimed at achieving individual wellbeing and 
adequate mental health status. Unfortunately, inade-
quate fear of hypoglycaemia and associated behaviours 
generate secondary effects in many areas important 
for the patient, affecting the subjective assessment of 
quality of life and the severity of depression in both 
adults and children [30].

Diagnosis of non-adaptive fear  
of hypoglycaemia

Inadequate fear of hypoglycaemia may be identi-
fied based on observation and history taking [32] and 
may be reflected by laboratory test results (haemo-
globin A1c [HbA1c] level) [33]. Studies on the relation 
between fear of hypoglycaemia and metabolic control 
of diabetes provided strong evidence that fear may 
motivate patients to actions directed at preventing hy-
poglycaemia, thus leading to chronic hyperglycaemia. 
Obviously, this association is much more complex and 
involves interactions with many variables, and thus 
not all studies may be expected to confirm the relation 
between metabolic control and the severity of fear of 
hypoglycaemia [29, 34]. For example, some patients 

may present with adequate metabolic control, while 
fear of hyperglycaemia may be reflected in excessive 
blood glucose level measurements, home isolation, and 
lifestyle restrictions that preclude professional activities.

The risk of developing non-normative fear of hypo-
glycaemia is associated with many patient personality 
features, such as the overall severity of the anxiety as 
a general feature and the level of neuroticism [29]. 
However, as shown in multiple studies, the strongest 
risk factor is patient’s previous experience of hypogly-
caemia. Fear of hypoglycaemia is associated with both 
the severity and frequency of previous hypoglycaemia 
episodes [34, 35]. This phenomenon affects not only 
diabetic patients but also their close persons (e.g., 
family members, caretakers of minors with diabetes, 
partners) [36, 37]. 

Based on the current studies, one of the best known 
self-descriptive tools to measure the severity of fear of 
hypoglycaemia is the Hypoglycaemia Fear Survey (HFS 
and HFS-II) developed by Cox, Irvine, Gonder-Frederick 
et al. [38]. This questionnaire includes 33 items measur-
ing the behavioural and affective-cognitive dimensions 
of the fear of hypoglycaemia. Other screening tools 
have also been developed during the last 20 years, in-
cluding the Quick Screening for Fear of Hypoglycaemia 
(QSFH) [39], an abbreviated and improved version of 
HFS known as the Fear of Hypoglycaemia Scale (FH-15) 
[40], and the paediatric version known as the Children’s 
Hypoglycaemia Index (CHI) [41]. Despite their promising 
psychometric properties, neither HFS-II, its abbreviated 
versions, nor QSFH and CHI have been adapted to or 
validated in the Polish population. As result, it is dif-
ficult to use them as screening tools in the outpatient 
diabetes care settings.

Further studies are recommended to identify the 
special at-risk group in which the problem of non-nor-
mative fear of hypoglycaemia might be revealed during 
the therapeutic process. As indicated by Böhme et al. 
[42], as healthcare professionals we still do not know 
enough about our patients, and our patients are too 
often reluctant to disclose their fear of hypoglycaemia.

Therapeutic directions in the  
management of fear of hypoglycaemia

Currently, the main therapeutic model in the mana-
gement and prevention of recurrent hypoglycaemia in 
the context of non-normative fear of hypoglycaemia 
is holistic education and increasing awareness of indi-
viduals at risk of hypoglycaemia in regard to the risk, 
diagnosis and management of future hypoglycaemia 
episodes. Studies confirmed a significant effect of 
education on self-monitoring of blood glucose and 
avoidance of hypoglycaemia [43, 44]. 
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The best known psychoeducation protocols target-
ed at hypoglycaemia include the Hypoglycaemia Antici-
pation, Awareness and Treatment Training (HAATT), Hy-
POS, and Blood Glucose Awareness Training II (BGAT-2)  
[45–47]. The common feature of these programs is 
combining home-based self-monitoring (e.g., keeping 
a hypoglycaemia diary) with group sessions over several 
weeks targeted at patient education covering the prin-
ciples of insulin therapy management, planning actions 
directed at maintaining normoglycaemia, and coping 
with extreme situations (e.g., hypoglycaemia and 
ketoacidosis). Studies on these protocols showed that 
they are satisfactorily effective in increasing patients’ 
hypoglycaemia awareness and reducing the number 
of hypoglycaemia episodes. In addition, the BGAT-2 
program was also shown to be effective in reducing 
fear of hypoglycaemia and depressive symptoms and 
improving the perceived quality of life in patients with 
diabetes type 1 subjected to this intervention [48].

Fear of hypoglycaemia may also be addressed with 
cognitive-behavioural therapy (CBT)-based psychothe-
rapy programs which were shown to be highly effective 
in the treatment of a wide spectrum of anxiety disorders 
[49]. The 8-week StyrKRAFT i Ditt Liv© (Power to Choose 
your Direction) program developed by Amsberg, Ander-
bro et al. [50], consisting of 2-hour CBT group sessions 
and support and monitoring interventions following 
the end of group sessions, was shown to be associated 
with significantly lower HbA1c levels in the intervention 
group at 8, 24 and 48 weeks after program conclusion. 
In addition, significant beneficial differences between 
the CBT and control group were also noted in the 
mean assessment of wellbeing, perceived distress, 
level of anxiety, and severity of depressive symptoms 
[51]. Similar effects of individual CBT psychotherapy 
were shown in a case study by O’Donnell et al. [52]. 
Graded exposition combined with CBT interventions 
employed in a patient with diagnosed fear of hypogly-
caemia resulted in a reduced fear of hypoglycaemia and 
lower frequency of protective behaviours targeted at 
maintaining high blood glucose levels during the day. 
As a result, the intervention improved self-monitoring 
of blood glucose parameters and contributed to bet-
ter mental functioning of the patients (reduction in 
generalized anxiety and depression).

An important component of the above psychoedu-
cation programs and CBT interventions is an access to 
modern blood glucose monitoring technologies. These 
solutions play an important role, providing biofeedback 
to the patients’ therapeutic efforts, which undoubtedly 
had an effect on the final therapy effect. For example, the 
HAATT protocol used Accucheck Easy BG, Medtronic’s  
CGMS Gold was used in group CBT, and continuous 

glucose monitoring was used in the CBT case study. 
However, caution is advised in the available literature 
regarding the use of continuous glucose monitoring 
systems (CGMS) in patients suspected of anxiety dis-
orders, as this may paradoxically increase their anxiety 
and lead to treatment discontinuation [52]. 

Unfortunately, despite many successes in the 
international arena, there are no Polish adaptations 
of programs such as HAATT, HyPOS, and BGAT-2 and 
thus, despite large demand, they are not available for 
the Polish population of diabetic patients. Developing 
such culturally adapted psychoeducation protocols is 
a desired future direction of work for the healthcare 
community involved in diabetes care and education. 
Promising results may be obtained with CBT-based 
psychotherapy. It is important, however, that these 
interventions be developed based on cooperation of 
certified psychotherapists and a wide community of 
specialists involved in diabetes care and education. 
Controlled access to modern technologies may be  
a helpful addition to the psychoeducation process and 
therapy, allowing the patients to monitor changes 
which highlight the effect of their decisions on the 
ultimate biopsychophysical outcomes.

Conclusions
Normative fear of hypoglycaemia is consistent with 

situations where a patient is able to self-identify the 
existing hypoglycaemia based on clinical symptoms 
and/or use of blood glucose level measurement tech-
nologies, which allows an adequate response to restore 
normoglycaemia. Adaptive fear of hypoglycaemia will 
also motivate the patient to plan future behaviours with 
the aim of maximizing the likelihood of maintaining 
normoglycaemia and minimizing the occurrences of 
both hypo- and hyperglycaemia. It will play a regulatory 
role in terms of daily functioning of the patient (his or 
her professional, personal, and social activities), his 
or her physical and mental health, and the subjective 
wellbeing and satisfaction from life.

Non-normative fear of hypoglycaemia may be 
diagnosed if it is inadequate to the individual risk of 
hypoglycaemia. It will induce a harmful effect on the 
patient’s health which may be identified by observa-
tion, history taking and/or results of self-monitoring 
of blood glucose. The pathological component of 
fear of hypoglycaemia is said to be present when the 
non-adaptive level of fear and its consequences pose 
a threat for the patients’ wellbeing and mental health, 
leading to a subjective suffering.

The diagnosis of harmful, non-normative fear of 
hypoglycaemia in the outpatient or inpatient setting 
should be preceded by detailed history taking regard-



Julia Krawczyk et al., Fear of hypoglycaemia — from normality to pathology, diagnostic criteria and therapeutic directions

491

ing the previous disease course and patient actions in 
the context of hypoglycaemia. Patients presenting with 
severe fear of hypoglycaemia should receive adequate 
medical and psychoterapeutic care. The issue of diag-
nosing and managing fear of hypoglycaemia should 
be an inherent component of the recommendations 
for healthcare personnel caring for diabetic patients. 
Prompt intervention and help offered to patients with 
non-normative fear of hypoglycaemia may contribute 
to better treatment outcomes and preservation of what 
is most important in the patient’s life. Further research 
is needed on the possible directions of help and support 
for Polish diabetic patients affected by non-normative 
fear of hypoglycaemia.
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Ophthalmologic disorders in adolescents 
with type 1 diabetes

ABSTrACT
Chronic complications of diabetes, including damage 
to the eye, are seen in patients with type 2 diabetes 
often soon after diagnosis. This type of diabetes is of-
ten diagnosed after a long period of unrecognized and 
untreated disease. Type 1 diabetes is one of the most 
common metabolic diseases diagnosed in children, 
and is associated with the risk of developing multiple 
chronic complications. Diabetic eye disease can be as-
sociated with abnormalities in various eye structures. 
It should be remembered that early changes in the 
organ of vision may not give clear clinical symptoms. 
Their detection requires the use of modern diagnostic 
methods, which also allow early detection of changes 
that threaten damage to the eye. The degree of meta-
bolic control, the presence of dyslipidemia, as well as 
micro- and macroangiopathy affect the development 
of chronic complications, including changes in the 
eye. Damage to small blood vessels leads to changes 
in retinal perfusion and to macular edema. As a result 
of these changes, diabetic retinopathy develops. Early 
diagnosis of the above complications allows prevention 
of their development. (Clin Diabetol 2020; 9; 6: 493–496)

Key words: diabetic cataract, diabetic retinopathy, 
intraocular pressure, metabolic control, type 1 
diabetes, visual impairment

Introduction
In diabetes mellitus, first described by John Rollo in 

1798, vision complications often occur. The history of 
diabetes goes back to ancient times. The first reports 
date back to 3500 B.C.E. and come from ancient Egypt. 
The term ‘diabetes’, which in Greek meant ‘siphon’ 
and ‘water flowing through the body’, was first used 
by Areteus of Cappadocia (30–90 CE). He was also the 
first to provide a full clinical description of diabetes. In 
1889, Minkowski and von Mering proved that there is  
a correlation between diabetes and the islets of Langer-
hans. Insulin discovery in 1922 by Banting, Macleod, 
Best, and Collip was of breakthrough significance [1–3]. 
Chronic complications in patients with type 2 diabetes, 
including damage to the eye, are often seen soon after 
diagnosis. This type of diabetes is often diagnosed after 
a long period of unrecognized and untreated disease 
[4, 5]. In type 1 diabetes, anatomical changes in the 
eye usually appear after a longer duration of diabetes. 
Descriptions of eye complications in adolescent dia-
betic patients have a long history [6–9]. In the past, 
these complications were common due to difficulties 
in balancing glucose metabolism. Long-term studies 
on the relationship between the level of glucose con-
trol reflected by the examination of HbA1c levels and 
diabetic retinopathy in juvenile patients with type 1  
diabetes have been recently presented by Swedish 
authors [10]. Other authors have also presented the 
results of similar studies [11–13]. A comprehensive 
discussion of recommendations for the diagnosis and 
treatment of ophthalmologic complications in diabetes 
is presented in the recommendations of the Diabetes 
Poland [14]. According to these recommendations, 
the first ophthalmological examination should be per-
formed at diagnosis in patients with type 2 diabetes, 
and for type 1 diabetes patients, such examination is 
usually performed after 5 years of the disease. During 
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puberty, adolescents usually have their first examina-
tion earlier. The main reason for the development 
of complications is chronic hyperglycemia with high 
concentration of glycated hemoglobin. In addition, 
it should be remembered that apart from anatomical 
complications associated with lens opacities and vas-
cular changes in diabetes, there may also be certain 
functional complications resulting from acute disor-
ders of glycemic homeostasis. These symptoms often 
occur at the onset of the disease in patients with type 
1 diabetes and are the result of glucose homeostasis 
disorders. Visual disturbances can be a consequence of 
both hyperglycemia and hypoglycemia. Hyperglycemia 
causes an increase in osmotic pressure and refractive 
disorders, whereas in hypoglycemia, glucose delivery 
to photoreceptors is reduced. Visual disturbances as-
sociated with lens refractive disorders often occur when 
type 1 diabetes is diagnosed. They are a consequence 
of frequently elevated glucose levels in blood and aque-
ous humor at that time. Blood glucose control usually 
resolves the symptoms.

Cataract
The cataract is manifested by the clouding of the 

lens of the eye, and is one of the pre-existing chronic 
complications of diabetes. Its prevalence in type 1 
diabetes is estimated to be around 10%, and in type 2 
diabetes the percentage is higher. Bilateral cataracts, 
which appear as the first symptom of diabetes and lead 
to its diagnosis, are unusual and only a few such cases 
have been described in the literature [15]. There are 
juvenile cataracts and cataracts in adults. In type 1 dia-
betes, there is often a snowflake cataract characterized 
by fine haze that may be present in the cortex or around 
the anterior and posterior lens capsule [16]. The only ef-
fective way to improve vision in people affected by this 
disease is to remove the cloudy cornea and implant an 
artificial lens in its place. Changes in the fundus mani-
festing as diabetic macular edema (DME) may be yet 
another vision disorder in diabetes. Diabetic maculopa-
thy may be associated with cataract surgery because the 
latter often accelerates or intensifies diabetic macular 
edema (DME) [17]. Chronic hyperglycemia, leading to 
the production of inflammatory cytokines and leuko-
cyte adhesion, is important in the development of this 
condition. What is more, capillaries in the central part 
of the retina become narrower and ischemia leads to 
the disappearance of pericytes and damage to the 
endothelium of small blood vessels. The vessel wall is 
damaged and micro-aneurysms are formed. Damage to 
the vascular wall and increased blood viscosity lead to 
retinal hypoxia and retinal exudate. As a result of the 
weakened vessel wall being ruptured, blood strokes ap-

pear inside the eye. Datta et al. observed four important 
clinical features in five children with newly diagnosed 
diabetes who developed early cataracts. These features 
include the prolonged duration of symptoms before 
diagnosis, high HbA1 levels at diagnosis, a clear pre-
dominance of girls and the age of puberty [18]. The 
possibility of using modern diagnostic methods allows 
early detection of changes that threaten eye damage 
[19, 20]. Through optical coherent tomography (OCT) 
we can assess the condition of the macula and optic 
disc. Fluorescein angiography is a method which ac-
curately locates the sites of leakage of diseased vessels 
and ischemia zones, and OCT angiography allows us to 
accurately visualize vascular changes without the need 
for contrast agents. In addition, there are a number of 
other methods that allow accurate diagnosis of lesions 
within the eye at an early stage of their development 
[21–23]. Recently, Chinese authors have presented 
results of their research on the thickness of choroid, 
optic disc, and macular thickness in children with type 1  
diabetes [24]. Other authors have also drawn atten-
tion to the need to use modern diagnostic methods 
for early detection of changes in the organ of vision in 
adolescent diabetic patients [25]. 

Diabetic retinopathy
Diabetic retinopathy is estimated to be the most 

common complication of diabetes and can lead to com-
plete blindness. In a study by Wang et al. [26], 20.1% of 
2,240 subjects with type 1 diabetes and 7.2% of 1,768 
subjects with type 2 diabetes developed retinopathy 
over a median follow-up period of 3.2 and 3.1 years, 
respectively. Moreover, Kernell et al. [27] found that 
in children and adolescents with insulin-dependent 
diabetes, retinopathy was diagnosed in 6% and 18% 
of patients in pubertal stages one and five, respectively. 
The cause of diabetic retinopathy is microangiopathy, 
which is damage to small blood vessels, which leads 
to damage to the retina itself. Recently, an analysis of 
retrospective studies has been presented, which sug-
gested that genetic conditions may have an impact on 
the development of diabetic retinopathy [28]. However, 
according to the authors of this study, this requires 
further research, and a greater number of patients, 
especially children with type 1 diabetes without known 
visual impairment and diabetic retinopathy. Results of 
studies on the relationship between the occurrence of 
atherosclerotic changes in the carotid arteries and the 
occurrence of diabetic retinopathy have been presented 
[29]. In the group of patients with type 1 diabetes free 
from cardiovascular diseases, an ultrasound of carotid 
arteries was performed, the results of which were 
compared with the incidence and severity of diabetic 
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retinopathy. Advanced stages of diabetic retinopathy 
have been shown to indicate an increased risk of ca-
rotid atherosclerosis. German authors have pointed out 
the coexistence of chronic macro- and microvascular 
complications, including retinopathy, in young children 
with type 1 diabetes [30]. In addition, they have high-
lighted the need for prevention in early type 1 diabetes 
to reduce the significant risk of complications and 
comorbidities at an early age. The appearance of other 
chronic complications may be the first sign of changes 
in the eye. Malerbi et al. have pointed out that very ac-
curate diagnostic methods allow us to detect changes 
in retinal perfusion in patients with normal fundus [31]. 
Fluorescein angiography is indicated in patients with 
impaired renal glomerular filtration. There are three 
stages of diabetic retinopathy – non-proliferative retin-
opathy, pre-proliferative retinopathy, and proliferative 
retinopathy. This classification does not include macu-
lopathy, which can occur at any stage of retinopathy. 
Recently, there have been a number of reports on the 
assessment of the degree of morphological changes in 
the retina in adolescent patients with type 1 diabetes 
[32–34]. Important risk factors for the development 
of retinopathy are lipid disorders, obesity, hyperten-
sion, frequent infections, blood clotting disorders, and 
anemia. People who develop other late complications 
in diabetes, such as diabetic nephropathy, are at risk. 
An extensive report has been published regarding 
the occurrence of changes in the organ of vision in 
patients with type 1 and type 2 diabetes, based on 
the analysis of the frequency of changes in patients in 
north-eastern Poland. Of the respondents, 26% were 
patients with type 1 diabetes and 74% were patients 
with type 2 diabetes. Diabetic retinopathy was found 
in 25.48% of subjects. In patients with type 1 diabetes, 
32.58% of cases were diagnosed with non-proliferative 
diabetic retinopathy, while in 24.44% of cases, patients 
developed proliferative retinopathy [35]. The authors 
believe that the results obtained may reflect the degree 
of diabetes care. Future research should focus on pre-
venting diabetic complications in young patients and 
explaining the above connections.

Conclusions
Recently, there has been a report in Polish literature 

discussing the results of eye examinations in adolescent 
patients with type 1 diabetes. These results confirm that 
it is necessary to use modern diagnostic methods for 
the early detection of ocular complications in adoles-
cent patients [25, 31]. It should be remembered that 
early changes in the organ of vision may not give clear 
clinical symptoms, and their detection requires the use 
of modern diagnostic methods. It is very important to 

make diabetologists dealing with adolescent patients 
aware of the need to intensify these tests in adolescent 
patients, and refer these patient for ophthalmologist 
consultations.
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Vitamin B12 in diabetes — a new treatment 
paradigm?

ABSTrACT
Vitamin B12 supplementation in specific clinical condi-
tions in diabetic patients has been recommended in the 
guidelines. These recommendations reflect reports con-
firming the importance of vitamin B12 supplementation 
in the treatment of diabetic complications, as well as 
to correct its deficiency during metformin treatment. 
In the present article, we reviewed the issue of vita-
min B12 deficiency, the relevant diagnostic approach, 
and the rationale for vitamin B12 supplementation in 
diabetic patients. (Clin Diabetol 2020; 9; 6: 489–496)

Key words: vitamin B12, diabetes, metformin, 
diabetic neuropathy

Do we know how important is vitamin 
B12 in humans?

Vitamin B12 is absorbed in the terminal part of the 
ileum. A prerequisite for this process is the presence 
of a glycoprotein known as the intrinsic factor which 
is produced by the parietal cells of the stomach. When 
bound to the intrinsic factor, cobalamin forms a hemat-
opoietic factor which plays a role in cell formation in 
the hematopoietic system. In addition, it is a necessary 
factor for erythropoiesis in bone marrow and DNA 
and RNA synthesis in erythroblasts. Vitamin B12 is also 
involved in purine and pyrimidine metabolism [1, 2]. 

The effects of vitamin B12 or cobalamin on the hu-
man body are complex. It is directly involved in the conver-
sion of methylmalonyl-coenzyme A to succinyl-coenzyme 
A (Fig. 1). This reaction creates a substrate for the Krebs 
cycle, thus providing energy for multiple processes in the 
human body. Body systems that particularly actively use 
this process include the nervous, gastrointestinal, immu-
nologic, and hematopoietic systems [3, 4].

Methionine synthesis is another biochemical pro-
cess vitamin B12 is a cofactor of (Fig. 2). An adequate 
rate of this process is necessary for myelinization 
(formation of nerve sheaths) which is necessary for 
maintaining appropriate nerve conduction. In addition, 
there is an association between methionine synthesis 
and synthesis of some neurotransmitters (dopamine, 

noradrenaline, and serotonin) [4, 5]. 

Figure 1. Conversion of methylmalonyl-coenzyme A to 
succinyl-coenzyme A
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Due to vitamin B12 involvement in the above men-
tioned processes, its deficiency may have various clinical 
manifestations (Table 1) [1, 2].

What are the primary sources  
of vitamin B12?

The process of cobalamin absorption from the food 
and its utilization in the body is complex and thus may 
be adversely affected by multiple clinical conditions.

One of the most important determinants of vitamin 
B12 level is its dietary intake. The average vitamin B12 
dietary content is 3–30 µg, and the daily requirement 
is only 0.6–1.2 µg. Patients on a diet poor in cobalamin 
sources (meat, milk, eggs, cheese, fish) are at particular 
risk of cobalamin deficiency. Body cobalamin stores 
are large enough to make a deficiency exclusively due 
to poor dietary intake unlikely, unless an individual is 
on a restrictive vegetarian or vegan diet. As the latter 
dietary choices are increasingly popular, this risk should 
be recognized and patients should be reminded of a 
potential need for cobalamin supplementation [6].

Vitamin B12 deficiency may be due to gastrointes-
tinal disease. Cobalamin absorption in the gastrointes-
tinal tract depends on the presence of several factors 
that protect the cobalamin moiety and transport it to 
the target tissues. These include haptocorrin (produced 
by the salivary glands), intrinsic factor (produced by the 
gastric parietal cells) and transcobalamin II (present in 
the ileum where cobalamin is ultimately absorbed to 
bloodstream). Gastrointestinal pathologies may result 
in reduced levels of these protective factors, leading 
to impaired cobalamin absorption and reduction of 
its serum level [7, 8].

Diseases commonly perceived as inducing vitamin 
B12 deficiency include inflammatory bowel disease 

(ulcerative colitis and Crohn’s disease) and pernicious 
(Addison-Biermer) anaemia. However, diseases less 
frequently associated with vitamin B12 deficiency, such 
as celiac disease, chronic pancreatitis and liver disease, 
may also become major reasons for the need for vitamin 
B12 supplementation [9–11]. Several mechanisms lead-
ing to vitamin B12 deficiency may operate in chronic 
alcohol abuse, including chronic gastric and duodenal 
mucosal inflammation, chronic pancreatitis, and cirrho-
sis. Finally, small intestine bacterial overgrowth (SIBO) 
may predispose to impaired absorption of micro- and 
macronutrients, and another potential cause is the 
presence of gastrointestinal parasites [3, 4, 12]. 

Impaired absorption may also have iatrogenic 
causes, in particular in patients after resection proce-
dures involving those gastrointestinal tract segments 
which are responsible for vitamin B12 absorption, in 
particular the stomach and the ileum. In the present 
era of growing popularity of bariatric surgery, it is par-
ticularly important to monitor vitamin B12 deficiencies 
and provide adequate supplementation in this patient 
group [13]. 

Medications may be a common cause for impaired 
vitamin B12 absorption. These include metformin, pro-
ton pump inhibitors, H2 receptor blockers, antibiotics, 
anticonvulsants, calcium antagonists, and 5-amino-
salicylates [14–16]. Paradoxically, the latter stabilize 
inflammation in inflammatory bowel diseases but may 
themselves predispose to cobalamin deficiency [17].

What are the causes of vitamin B12  
deficiency in diabetes?

Diabetic patients are particularly prone to vita-
min B12 deficiency. The causes of the latter may be 
somewhat different in patients with type 1 and type 2  
diabetes.

In type 1 diabetes, this is mostly associated with 
an increased risk of concomitant autoimmune disease, 
such as autoimmune thyroiditis. Individuals with hy-
pothyroidism were shown to have macrocytosis, and 
often also resultant macrocytic anaemia [18]. It may be 
a sign of thyroid disease or result from a concomitant 
autoimmune disease limiting cobalamine absorption. 
Celiac disease and Addison-Biermer anaemia are also 
more common in patients with type 1 diabetes [19, 
20]. A typical feature of long-standing poorly controlled 
type 1 diabetes are microangiopathic complications 
which may result in autonomic neuropathy involving 
the gastrointestinal system, manifesting with gastro-
paresis and enteropathy [21].

Patients with type 2 diabetes more often present 
with macroangiopathic complications resulting in 
potentially more diffuse perfusion abnormalities [22]. 

Table 1. Effects of vitamin B12 deficiency

Nervous system Peripheral neuropathy

Myelopathy

Optic nerve atrophy

Spastic paralysis

Cognitive dysfunction

Mood disturbances

Chronic fatigue syndrome

Hematopoietic system Macrocytosis

Megaloblastic anaemia

Leukopenia

Thrombocytopenia

Gastrointestinal system Gastrointestinal mucosal atrophy

Stomatitis

Change in bowel movement pattern
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One such manifestation may be atherosclerotic mesen-
teric artery disease, potentially leading to significantly 
impaired intestinal absorption due to ischemia, or 
even intestinal necrosis with more severe ischemic 
events such as mesenteric artery embolism. Patients 
with type 2 diabetes are also at a higher risk of inflam-
matory conditions, resulting in more frequent use of 
antibiotics [23]. In addition, bariatric procedures are 
often performed in these patients due to concomitant 
obesity, depriving them of a large intestinal surface to 
absorb vitamin B12 [13]. Diabetic patients are often 
subjected to various dietary interventions. If these are 
misunderstood or overly restrictive, they may lead to an 
unbalanced diet with potential deficiencies of multiple 
micro- and macronutrients.

The effect of medications on cobalamin absorption 
seems more important in diabetic patients compared 
to those without diabetes. In addition to metformin, 
which has been frequently highlighted in this regard 
in the recent literature, these patients are more com-
monly treated with calcium antagonists, proton pump 
inhibitors, and acetylsalicylic acid [14, 15, 24].

Apart from these typical predispositions, it should 
be always borne in mind during the diagnostic process 
that vitamin B12 deficiency in a diabetic patient may re-
sult from clinical conditions independent from diabetes. 

What may be the consequences  
of long-standing vitamin B12 deficiency  
in a diabetic patient?

Vitamin B12 deficiency in a diabetic patient may 
potentially affect both micro- and macroangiopathic 
changes.

Neuropathy is of major importance among the 
microangiopathic complications, and it may result from 
vitamin B12 deficiency even without concomitant dia-
betes. Among various types of neuropathy, thick motor 
fibres are most sensitive to vitamin B12 deficiency, which 
may manifest with loss of balance or foot deformi-
ties. In a diabetic patient, it is difficult to ascertain the 
primary cause: whether it is uncontrolled diabetes, its 
long duration, unidentified genetic factors, or vitamin 
B deficiencies [25]. However, it seems logical that in a 
patient with diabetic neuropathy, an additional con-
tributing factor may be present. It was shown that co-
balamine deficiency accompanying diabetes promotes 
peripheral neuropathy due to impaired nerve myeliniza-
tion and may alter its clinical presentation, rendering 
it more atypical. Other common causes of neuropathy 
that may coexist with diabetes include alcohol abuse 
(also via cobalamin-independent mechanisms), use of 
neurotoxic drugs, and advanced chronic kidney disease 
(mediated by uremic toxins) [25].

It was initially thought that the major consequence 
of cobalamin deficiency is damage to thick nerve fibres 
but a number of recent studies showed an association 
between vitamin B12 deficiency and various components 
of autonomic nervous system damage. In particular, 
multiple studies focused on the association between 
cobalamin deficiency and cardiovascular autonomic 
dysfunction, including orthostatic hypotension. Hansen 
et al. [26] showed that vitamin B12 deficiency was asso-
ciated with cardiovascular autonomic dysfunction in pa-
tients with type 2 diabetes. Beitzke et al. [27] suggested 
that orthostatic hypotension in diabetic patients may be 
caused by vitamin B12 deficiency, warranting investiga-
tion for the latter. Similar associations were reported 
for autonomic neuropathy involving the gastrointes-
tinal system (gastroparesis, enteropathy, sialorrhoea), 
the genitourinary system (neurogenic bladder, erectile 
dysfunction), and thermoregulation mechanisms (ex-
cessive sweating). However, no evidence is available 
for a direct causal role of vitamin B12 deficiency in the 
development of autonomic neuropathy [28].

Another complication of diabetes is diabetic 
retinopathy. However, some fundoscopy findings are 
not specific for diabetic retinopathy. In their study, 
Satyanayarana et al. [29] suggested that vitamin B12 
deficiency may be an independent risk factor for the 
development of diabetic retinopathy. Retinal bleeding 
identified by ophthalmoscopy may accompany severe 
anaemia or thrombocytopenia, including due to vitamin 
B12 deficiency. These case reports highlighted the role 
of hypoxia as a factor that damages the endothelium. 
Abnormal repair and homeostatic processes are also 
operating. Retinal lesions seem more frequent in pa-
tients with thrombocytopenia accompanying anaemia 
due to vitamin B12 deficiency [30, 31].

In addition to typical retinal pathology, cobalamin 
deficiency may also result in bilateral optic nerve neu-
ropathy. Clinically, it manifests mostly with centrocecal 
scotoma and slowly developing optic nerve atrophy. 
The mechanism of this pathology remains unknown 
but it seems to be related to the role of vitamin B12 as 
a potent free radical scavenger. Chan et al. [32] found 
that the antioxidant effect of cobalamin was a protec-
tive factor for the optic nerve. These authors showed in 
vitro and in an animal model that intravitreal cobalamin 
administration following iatrogenic optic nerve dam-
age reduced oxidative stress and the degree of nerve 
damage, promoting survival of retinal ganglion cells.

Links between vitamin B12 deficiencies and the 
development of macroangiopathy have been sought 
for a long time. Such a link may be related to the 
discussion on the role of homocysteine, particularly 
in the development of coronary artery disease. Until 
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recently, homocysteine level measurement was rec-
ommended as a cardiovascular risk marker [33, 34]. 
However, these hopes were not substantiated in later 
studies. In contrast, Yigit et al. [35] showed a poten-
tial association between a MTHFR gene mutation and 
the presence of diabetic peripheral neuropathy. The 
genotype distribution and allele frequencies differed 
significantly between patients with diabetic neuropathy 
and the control group and correlated with a history of 
diabetic retinopathy. It was hypothesized that both 
direct and indirect effects of hyperhomocysteinaemia 
on endothelial cells led to occlusion of small capillaries 
which would explain the effect of vitamin B12 deficiency 
on the development of neuropathy.

Does chronic metformin use lead  
to vitamin B12 deficiencies?

In the recent years, numerous reports have indi-
cated that metformin, particularly if used for many 
years, significantly affects body vitamin B12 stores. It 
was shown in diabetic patients treated with metformin, 
women with polycystic ovary syndrome receiving met-
formin treatment, and in healthy women administered 
metformin in trials evaluating its anticancer effects 
[36–38]. In 1971, Tomkin et al. [39] were the first 
to note an association between metformin use and 
reduced vitamin B12 absorption. Randomized clinical 
trials showed that metformin administration for several 
months may significantly reduce vitamin B12 level [36, 
40]. One of the strongest evidence for this association 
comes from a randomized clinical trial with more than 
4 years of follow-up, reported by De Jager et al. [41]. 
This study showed that vitamin B12 level was reduced 
by as much as 19%. It was the first study to show 
gradual vitamin B12 level reduction in patients receiv-
ing metformin, and the first to show the potential of 
metformin to reduce vitamin B12 level to values that 
usually require pharmacological substitution. The rela-
tion reported by De Jager et al. has been supported by 
more recent metaanalyses and clinical studies [42, 43].

Several theories have been put forward to ex-
plain metformin-induced vitamin B12 deficiency. One 
of the earliest proposed explanations was intestinal 
bacterial overgrowth resulting in binding the intrinsic 
factor-vitamin B12 complex by the bacteria instead of 
its absorption [44]. Another postulated mechanism 
was acceleration of intestinal passage by metformin, 
resulting in reduced vitamin absorption [45]. Accord-
ing to the currently most popular explanation, met-
formin affects calcium channels in the small intestine 
which are responsible for absorption of the intrinsic 
factor-vitamin B12 complex [24]. This mechanism is 
also supported by reversal of defective vitamin B12 

absorption by oral calcium supplementation. In their 
study, Bauman et al. [24] divided patients with type 2 
diabetes into two groups, one receiving metformin and 
the other receiving a sulphonylurea. In the metformin 
group, a significant reduction in vitamin B12 and hol-
otranscobalamin level was noted in the first 3 months 
but such effects were not observed in the sulphonylurea 
group. At the next step, oral calcium supplementation 
was initiated in patients receiving metformin. At one 
month, holotranscobalamin level in the study group 
increased by as much as 53%, and no intestinal bacterial 
overgrowth was confirmed [24]. The authors suggested 
that positively charged metformin moieties target the 
carbohydrate core of intestinal cell membrane, charg-
ing positively the membrane surface itself, and calcium 
cations are repelled from it as a result.

Does metformin induce neuropathy?
Should we afraid metformin due to vitamin B12 

deficiencies developing during metformin therapy? It 
has been a leading anti-diabetic drug for decades, pro-
viding multidirectional benefits. Normalization of blood 
glucose levels associated with long-term improvement 
of insulin sensitivity protects from the development of 
diabetic neuropathy. Specific molecular mechanisms of 
the neuroprotective action of metformin independent 
from blood glucose control have also been investigated.

On the other hand, development of various forms 
of diabetes-independent neuropathy due to vitamin 
B12 deficiency may be expected in patients treated 
with metformin for many years [46]. In a 6-month 
observational study, Wile and Toth [47] showed a 
significant effect of metformin use on a reduction 
of cobalamin level, which was also associated with 
elevated homocysteine and methylmalonic acid levels. 
In addition, the severity of peripheral neuropathy was 
increased compared to the non-metformin treated 
group. Singh et al. [48] also showed an association 
between metformin use, vitamin B12 deficiency, and the 
presence of neuropathy. In contrast, Alharbi et al. [49] 
did not show a significantly higher rate of neuropathy 
in metformin-treated patients [49]. Older studies also 
did show a significant association between vitamin B12 
deficiency and peripheral neuropathy in metformin-
treated patients [50]. 

These apparently discrepant results may result 
from difficulties with matching the study groups being 
compared. In observational studies, yielding similar 
study groups for a comparison is probably impossible 
to achieve, as comparisons are only performed between 
metformin-treated versus non-patients, without taking 
into account other factors inducing neuropathy, which 
limits the credibility of the study findings. Future studies 



Beata Mrozikiewicz-Rakowska et al., Vitamin B12 in diabetes — a new treatment paradigm?

501

with adequate sample sizes and use of more objective 
tools to evaluate peripheral neuropathy are needed to 
evaluate the relationship between metformin use and 
development of peripheral neuropathy in patients with 
type 2 diabetes [51].

Do other anti-diabetic drugs induce  
cobalamin deficiency?

A question arises whether other anti-diabetic drugs 
which also affect the gastrointestinal system function 
may potentially affect vitamin B12 absorption. These 
include glucagon-like peptide-1 (GLP1) analogues. 
dipeptidyl peptidase-4 (DDP-4) inhibitors, and alpha-
glucosidase inhibitors. 

A 2018 study in an animal model showed that ad-
ministering a conjugate of GLP1 analogue and vitamin 
B12 improved blood glucose control and limited adverse 
effects associated with the use of GLP1 analogues 
(vomiting, nausea, fatigue). However, no evidence was 
provided that use of GLP1 analogues would lead to a 
reduction of vitamin B12 level [52] No data are available 
in the literature regarding the effect of DPP-4 inhibitors 
and alpha-glucosidase inhibitors on vitamin B12 levels.

should vitamin B12 level be measured, 
particularly with the presence of other 
factors predisposing to its deficiency?

Most guidelines recommend monitoring vitamin 
B12 levels if risk factors for its deficiency are present, 
and the most recent diabetes management guidelines 
are consistent with this recommendation. The American 
Diabetes Association (ADA) suggests periodic cobala-
min level measurements in patients receiving chronic 
metformin treatment, but without suggesting specific 
time intervals for this testing. ADA also recommended 
targeting individuals with concomitant neuropathy 
and anaemia [53]. In the most recent Diabetes Poland 
guidelines, correction of vitamin B12 deficiency follow-
ing its laboratory confirmation was recommended [29].

How reliable are blood vitamin B12  
level measurements?

In the routine clinical practice, vitamin B12 levels 
are measured either to determine the cause of mac-
rocytic anaemia or due to the presence of clinical 
manifestations suggesting vitamin B12 deficiency. It has 
been questioned in the literature, however, whether 
plasma cobalamin levels reflect its clinical effects. 
Measuring serum cobalamin levels only does not allow 
an adequate insight into its total body stores, as the 
metabolic processes that use cobalamin as a cofactor 
occur at the intracellular level (Figs 1, 2). In addition, the 
effectiveness of these processes may be evaluated only 

indirectly, based on plasma levels of transcobalamin, 
homocysteine, methylmalonic acid (MMA), S-aden-
osylmethionine (SAM), and S-adenosylhomocysteine 
(SAH). It seems that vitamin B12 deficiency should be 
considered at two levels: actual (identified by laboratory 
test) and functional. The latter would be characterized 
by normal serum vitamin B12 levels in the setting of 
its abnormal intracellular distribution, as reflected by 
abnormal levels of the above metabolites, the measure-
ments of which are rarely available commercially [3, 54].

Obeid et al. [55] evaluated these relationships in 
patients with type 2 diabetes and a healthy control 
group. This study measured vitamin B12 and its markers 
including red blood cell-vitamin B12 (B12-RBC), MMA, 
total transcobalamin (tTC), total homocysteine (tHcy) 
and methylation markers SAM and SAH. Cobalamin and 
transcobalamin levels in diabetic patients were similar 
to those in the healthy control group, while MMA level 
was higher, and B12-RBC, SAM, and SAH levels were 
lower. These findings suggest that despite cobalamin 
levels within the laboratory reference range, its cellular 
distribution is disturbed. A reverse trend was observed 
in patients receiving metformin therapy, in whom 
cobalamin levels were lower compared to the control 
group. On the other hand, lower MMA levels and 
normal methylation index suggest normal cobalamin-
dependent intracellular processes in these patients. 
Based on their findings, the authors postulated cellular 
resistance to vitamin B12 in type 2 diabetes [55]. These 
results also indicate that interpretation of cobalamin 
level measurements should be cautious, and measuring 
other parameters listed above might be helpful.

should cobalamin be supplemented  
in diabetic patients, particularly those  
receiving metformin treatment?

Vitamin B12 supplementation has been long consid-
ered safe due to its hydrophilicity and easy elimination 
from the body in case of an excess supply. This has been 
recently questioned, however, by the study findings 
published by Flores-Guerrero et al. [56] in the Journal 
of the American Medical Association. These authors 
showed an association between higher cobalamin level 
and higher mortality in the general population. Sur-
prisingly, this association became evident with plasma 
cobalamin levels within the reference range. This Dutch 
study followed more than 5000 adults for over 8 years. 
The identified association between cobalamin level and 
mortality was independent from age, gender, history 
of malignancies, renal and liver function parameters, 
concomitant type 2 diabetes, alcohol consumption, 
and smoking. Obesity, hypertension, dyslipidaemia, and 
hyperglycaemia were more common in patients with 
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plasma vitamin B12 levels in the upper quartile within 
the reference range. The exact significance of these cor-
relations and their mechanisms remain unknown and 
require further analyses. Based on these findings, the 
authors suggested avoiding vitamin B12 supplementa-
tion unless its deficiency is documented [56].

How to supplement vitamin B12?
In the past, the main approach to vitamin B12 

supplementation were regular (usually monthly) in-
tramuscular injections. Low popularity of oral intake 
was related to the belief that cobalamin absorption 
disturbances in various conditions lead to low bioavail-
ability of the oral form. However, even with the absence 
of active cobalamin transport mechanism, it partially 
crosses the intestinal mucosa by passive diffusion. If an 
appropriately large vitamin B12 dose is administered via 
this route, achieving an adequate increase in its serum 
level is possible [3]. Effective sublingual cobalamin 
administration techniques have also been developed. 
A vitamin B12 preparation administered sublingually 
as an aerosol has been recently introduced in Poland.

Until recently, the literature reports of effective 
sublingual supplementation were limited to small stud-
ies and case reports. Bensky et al. [57] investigated the 
efficacy of sublingual supplementation compared to 
intramuscular cobalamin administration in nearly 4300 
Israeli patients with vitamin B12 deficiency. Their study 
indicates that sublingual cobalamin administration ef-
fectively increased serum cobalamin level over a short 
time (the mean duration of follow-up was 7 months in 
the intramuscular cobalamin group and 9 months in the 
sublingual cobalamin group). The authors postulated 
superiority of this form of supplementation due to its 
convenience, lack of complications related to injec-
tions, and independence of the route of administra-
tion from the intrinsic factor and the gastrointestinal 
system status.

Sublingual administration results in cobalamin 
absorption directly to the bloodstream, avoiding poten-
tially adverse pH of the stomach and bypassing the en-
terohepatic circulation, which might reduce the amount 
of actually absorbed active substance of the oral prepa-
ration. This route is also beneficial with concomitant 
dysphagia. It seems, however, that with large vitamin 
B12 deficiencies requiring more rapid correction, the 
time-honoured intramuscular administration remains 
the preferred approach as its efficacy is confirmed by 
years of experience. In the study by Bensky et al. [57], 
the diagnostic and therapeutic reasoning underlying 
the choice of a particular route of supplementation in 
a given patient was not investigated. The intramuscular 
administration group was smaller and these patients 

had lower baseline serum cobalamin levels compared 
to the sublingual supplementation group. Thus, it is 
difficult to establish whether sublingual supplementa-
tion is superior to intramuscular injections [57]. Routes 
alternative to intramuscular injections are worth con-
sidering when an improvement of the patient quality 
of life is the primary consideration. They are also good 
alternative if intramuscular administration is contraindi-
cated, e.g., due to coagulopathy (including a iatrogenic 
one due to commonly used antithrombotic therapies).

summary  
The literature discussion on vitamin B12 supplemen-

tation in diabetic patients receiving metformin led to an 
increased interest in the importance of this vitamin in 
the management of diabetes and its complications. It 
seems that diabetic patients are at a potentially higher 
risk of cobalamin deficiency compared to individuals 
without diabetes. However, available laboratory tests 
do not allow discerning between blood levels of vita-
min B12 and its tissue content that drives the clinical 
manifestations of vitamin B12 deficiency. 

In addition to the natural disease course leading 
to micro- and macroangiopathic complications that 
might contribute to vitamin B12 deficiency, diabetic 
patients receive multi-drug therapy which may also 
aggravate this problem. In addition to metformin, most 
commonly used culprit medications include proton 
pump inhibitors, antibiotics, and non-steroidal anti-
inflammatory drugs.

These discussions of the recent decade have been 
summarized in the diabetic societies’ guidelines includ-
ing those published by ADA and the Diabetes Poland 
which have indicated the need for an early correction 
of vitamin B12 deficiency. 
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