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Reality of Real-World Experience with  
Oral Semaglutide in Type 2 Diabetes

Oral semaglutide is the first oral glucagon-like-
peptide-1 receptor agonist (GLP-1RA) approved for the 
treatment of type 2 diabetes (T2D) since the United 
States Food Drug Administration (US-FDA) approval in 
2019, based on extensive phase 3 randomized Peptide 
InnOvatioN for Early diabEtes tReatment (PIONEER) 
clinical developmental program. Indeed, in people 
with T2D, oral semaglutide 14 mg has not shown only 
superior efficacy (HbA1c and weight reduction) against 
placebo but also demonstrated a significant superior-
ity against other active comparators, including sitag-
liptin 100 mg (PIONEER-3, PIONEER-7), empagliflozin 
25 mg (PIONEER-2), injectable liraglutide 1.8 mg once 
daily (PIONEER-4), and injectable dulaglutide 0.75 mg 
once weekly (PIONEER-10) [1]. Following the approval 
of oral semaglutide worldwide, including in India in 
2022, many real-world studies have been conducted 
and published to date. 

In this issue of “Clinical Diabetology”, Ray and 
Colleagues [2] present an 18-month follow-up of 

a real-world retrospective survey conducted with oral 
semaglutide as adjunctive therapy in T2D from three 
centers in India based on electronic health/medical 
records (EHR/EMR). This study of 60 Indian patients of 
T2D (mean 5.8-year duration) with a mean baseline 
HbA1c of 8.7% and body weight of 82.3 kg showed 
a significant reduction in HbA1c (∆ –1.9 to –1.6% at 6 
and 18 months, respectively) and body weight (∆ –6.0 
to –4.7 kg at 6 and 18 months, respectively) with oral 
semaglutide 3–14 mg once daily over 6 to 18 months 
duration, while some plateau effect observed between 
12 and 18 months. This reduction in HbA1c appears to 
be more prominent even though more than 50% were 
on a submaximal dose of 7 mg oral semaglutide, likely 
due to tolerance issues. However, two other recent 
retrospective studies [3, 4] done with oral semaglutide 
on Indian patients with T2D had both convergent and 
divergent results compared with this study. For exam-
ple, a retrospective EHR-based Semaglutide OraL In 
Indian T2D (SOLID) patients study [3] conducted with 
oral semaglutide in 209 patients from eight centers in 
India showed a significant reduction in HbA1c (∆ –2.0%) 
and body weight (∆ –5.3 kg) at 3 months, with a mean 
baseline HbA1c of 9.2% and body weight of 92 kg. 
Even in the SOLID study, HbA1c reduction appears very 
prominent despite less than 45% of patients being on 
the maximal approved dose of 14 mg oral semaglutide 
primarily due to tolerability issues. However, the dura-
tion of T2D was unknown in the SOLID study. Other 
single-center retrospective EMR survey of 6 months 
consisting of 46 Indian patients with T2D (median base-
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line HbA1c of 8% and mean body weight of 81.8 kg) 
receiving oral semaglutide showed a significant HbA1c 
(∆ –0.7%) and body weight (∆ –2.7 kg) reduction, even 
though 43% were receiving 14 mg of oral semaglutide 
[4]. However, the duration of T2D is also unknown in 
this study. Interestingly, most of the other retrospec-
tive EHR/EMR surveys from the USA, Spain, Japan, Italy, 
and Croatia showed an HbA1c reduction from –0.3 to 
–1.4%, while body weight reduction varied from –1.4 
to –5.9 kg [5]. Only the United Kingdom (UK) retro-
spective study showed an HbA1c and body weight 
reduction of –1.8% and -9.0 kg with a mean baseline 
HbA1c and body weight of 9.3% and 110 kg, respec-
tively [5]. Notwithstanding, these varying degrees of 
HbA1c and body weight reduction are partly related 
to differences in baseline characteristics and partly to 
the associated bias inherent with retrospective studies. 
This requires a high-quality, well-planned, prospective, 
control-armed, real-world study.  

To this end, thirteen Phase 4 prospective real-world 
studies, PIONEER REAL, were initiated and completed 
[5]. However, full data from only six PIONEER REAL 
studies are currently available [6–11]. The baseline 
characteristics and key findings from these six PIONEER 
REAL studies are summarized in Table 1. The PIONEER 

REAL INDIA is the fourteenth prospective study initi-
ated in 2022 and is currently underway [5].  Overall, 
there was an average –1.0% reduction in HbA1c and 
–5 kg weight loss across five PIONEER REAL, where 
the majority (> 50%) tolerated the 14 mg dose of 
oral semaglutide [6–10]. In PIONEER REAL Japan, there 
was –0.7% HbA1c and –3 kg weight reduction, with 
the majority on a 7 mg dose of oral semaglutide [11]. 
Notably, adding oral semaglutide to pre-existing phar-
macotherapy allowed nearly 55% of patients with T2D 
to achieve the target HbA1c of < 7%, while more than 
one-fourth of the proportion had a composite reduc-
tion of HbA1c of ≥ 1% and weight loss of ≥ 5%. Figure 1 
captures the impact of oral semaglutide on HbA1c and 
body weight, while Figure 2 summarizes its effect on 
the composite of both HbA1c and body weight lower-
ing and the proportion of patients achieving the target 
of HbA1c of < 7% across six PIONEER REAL studies 
[6–11]. Indeed, a pooled analysis of seven PIONEER 
REAL studies (including those of unpublished results 
from PIONEER REAL Italy and Denmark but excluding 
PIONNER Japan) showed a mean HbA1c reduction of 
–1% and –5 kg weight loss with oral semaglutide in 
T2D in addition with other pharmacotherapies [12]. 
Nevertheless, the absence of a control arm remains 

Table 1. Baseline Characteristics and Key Results from Six PIONEER REAL Studies of Mean/Median 38 Weeks Duration 

Trial Eponyms N 
(FAS)

Dura-
tion of 

T2D, Yrs 
(mean)

Male 
(%)

Age, 
Yrs 

(mean)

Weight,  
kg 

(mean)

BMI, 
kg/m2 
(mean)

HbA1c, 
% 

(mean)

HbA1c 
change 
at EOS, 

%

Weight 
change 
at EOS, 

kg

HbA1c 
< 7% 

at EOS, 
%

Composite 
of ≥ 1% 
HbA1c 

reduction 
and ≥ 5% 

weight loss, 
%

Dose of oral 
SEMA at EOS, 

%

PIONEER REAL,  
Canada [6]

182 8.1 64.3 58.6 93.7 32.5 8 –1.1 –7.2 53.7 31.6 3 mg: 11.7
7 mg: 32.8
14 mg: 55.5

PIONEER REAL,  
Switzerland [7]

185 6.4 63.7 62 95.6 33.2 7.7 –0.9 –4.7 64.2 28.3 3 mg: 7.0
7 mg: 26.8
14 mg: 66.2

PIONEER REAL, 
UK [8]

333 7.4 61.3 58.5 102.8 35.5 8.6 –1.1 –4.8 46.3 27.1 3 mg: 5.3
7 mg: 21.6
14 mg: 73.1

PIONEER REAL,  
Netherlands [9]

187 8.7 54 58.8 103.1 35.1 8.6 –1.2 –5.8 47.5 35.5 3 mg: 4.1
7 mg: 42.2
14 mg: 53.7

PIONEER REAL,  
Sweden [10]

187 6.8 64.7 62.5 96.9 32.4 7.7 –0.9 –4.6 64.6 22.9 3 mg: 6.4
7 mg: 39.7
14 mg: 53.2

PIONEER REAL,  
Japan [11]

624 10.7 56.9 64.1 72.4 27.5 7.7 –0.7 –2.8 55.3 16.5 3 mg: 26.6
7 mg: 61.8
14 mg: 11.2

BMI — body mass index; EOS — end of study; FAS — full analysis set; HbA1c — glycated hemoglobin; SEMA — semaglutide; T2D — type 2 diabetes; Yrs — 
years



321

Awadhesh Kumar Singh et al., RWE with Oral Semaglutide

the main limitation of all PIONEER REAL studies. Ad-
ditionally, most retrospective studies have limited data 
on safety issues. 

Summarily, the HbA1c and body weight-lowering 
ability of oral semaglutide, as demonstrated in Phase 
4 real-world studies, complement the findings from 
eight global and 2 Japanese PIONEER programs. The 
14% relative risk reduction in the composite of major 
adverse cardiovascular outcome data as reported in 
top-line results [13] of SOUL (Semaglutide cardiOvas-
cular oUtcomes trial) will be an additional milestone 
for oral semaglutide, even though the non-inferiority 
PIONEER 6 trial did show a non-significant positive 
trend on cardiovascular endpoints including mortality 
outcomes. Full results of SOUL and a deep dive into 
cardiovascular (primary) and renal outcomes (second-
ary) are eagerly awaited in the first quarter of 2025. 
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Efficacy and Safety of Oral Semaglutide 
in Managing Type 2 Diabetes in India:  
A Real-World Study

ABSTRACT
Objective: To examine the effectiveness, safety, and 
tolerability of oral semaglutide, the only tablet that 
delivers glucagon-like peptide-1 (GLP-1) receptor 
agonists (RA) orally, in a real-world setting, for Indian 
patients with type 2 diabetes (T2D). 
Materials and methods: Medical data were included for 
patients with uncontrolled T2D. Glycated hemoglobin 
(HbA1c) in the laboratory was the main outcome 
measure. Hypoglycemia, weight, and fasting plasma 
glucose (FPG) were used as secondary metrics. Results: 
The weight reduction was significant during the first 
6 months, then it was in a plateau phase, and again 
it went up from 12 months until the end of the study 
period. The mean FPG dropped from 156.4 mg/dL to 
103.8 mg/dL, and the mean postprandial blood glucose 
(PPPG) changed from 248.9 mg/dL to 169.8 mg/dL 
over the treatment period. Similarly, the HbA1c level 

changed from 8.6% to 7.0%. A small percentage of pa-
tients had hypoglycemia: 0.5% of patients at T6, 1.1% 
at T12, and 1.4% reported having a moderate episode 
(54–70 mg/dL); one incident of severe hypoglycemia 
was observed at T12. 
Conclusions: For people with T2D, oral semaglutide 
therapy significantly reduced blood sugar levels and 
helped them lose weight. (Clin Diabetol 2024; 13, 6: 
323–330)

Keywords: GLP-1 RA, oral semaglutide, type 2 
diabetes, real world

Introduction
Diabetes mellitus is a very common disorder af-

fecting more than 70 million people in India [1]. Most 
of these belong to the type 2 diabetes (T2D) category, 
which is considered a lifestyle disease. Moreover, India 
has the highest number of people with diabetes still 
undiagnosed, and by 2045 the number of diabetics is 
expected to reach 134.3 million (103.4–165.2) [2]. The 
steady migration of people from rural to urban areas, 
the economic boom, and corresponding changes in 
lifestyle all affect the level of diabetes [3]. While man-
aging Indian patients with diabetes, it is imperative 
to recognize that, due to associated obesity and inad-
equate lifestyle modifications, metformin and lifestyle 
management alone may not be enough in the initial 
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management of some patients. While choosing oral 
antidiabetic agents (ADAs), apart of the risk of hypo-
glycemia, it is important to also look into their impact 
on weight, renal safety, cardiac safety, and possible 
beta cell prevention. Awareness of the disease and its 
aggressive management are considered the cornerstone 
to control the disease in India. 

During previous decades, management was pri-
marily “beta cell” centric with the use of sulfonylureas 
and insulin. With the advent of newer therapies and 
a greater understanding of T2D, it has come to our 
understanding that it is important to address as many 
pathophysiological defects as possible to achieve bet-
ter glycemic control. Glucagon-like peptide 1 (GLP-1) 
receptor agonists (RA) stimulate glucose-dependent 
insulin release from the beta cell. They also slow 
down gastric emptying, reduce appetite, improve sa-
tiety, and reduce glucagon levels. In animal models, 
GLP-1RAs have resulted in proliferation and regenera-
tion of beta cells. The mechanism of action of GLP-
1RAs is complex and involves multiple systems and 
pathways. The pathological approach to treatment 
favors the use of GLP-1RAs because they address sev-
eral defects of T2D. 

The first palatable GLP-1RA is semaglutide, which 
depends on cutting-edge pharmaceutical technology to 
guarantee absorption and efficacy upon ingestion: so-
dium N-[8-(2-hydroxybenzoyl) amino] caprylate (SNAC) 
is mixed with semaglutide to enhance absorption and 
shield the peptide from stomach enzyme degradation 
[4]. The oral formulation of GLP-1RAs has the advantage 
of greater patient acceptability and convenience than 
injectable GLP-1RAs [5].

In several clinical trials, despite receiving glucose-
lowering medication, study participants’ glucose con-
trol was suboptimal (mean baseline HbA1c 8.0–8.4%, 
64–68 mmol/mol). Semaglutide substantially reduced 
HbA1c in a dose-dependent manner compared to all 
other comparators, including other GLP-1 analogues 
[6–10]. The highest HbA1c decrease was seen after 
16–30 weeks, and semaglutide helped more patients 
reach HbA1c < 7% (53 mmol/mol) than placebo or 
other comparators. However, there have only been 
a small number of published studies on the practical 
application of this medication [11, 12]. As a result, the 
effects of this medication in routine clinical practice — 
both when oral semaglutide is added to other medi-
cations and when patients switch to it from glucose-
lowering agents — remain to be fully established. As 
is well known, real-world research enables evaluation 
of the generalizability of experimental study findings 
to larger patient populations under standard clinical 
practice [13]. Thus, the current study’s goal was to 

evaluate its efficacy and tolerability in the context of 
T2D treatment as an adjunctive therapy.

Materials and methods
Study procedure

This research was retrospective and observational. 
Through the use of electronic medical data, adult Indian 
patients (over the age of 18 years) with T2D who were 
receiving oral semaglutide and being monitored at the 
outpatient Diabetes Clinic were identified between 
January 2023 and August 2024. The concepts of T2D 
care and treatment advised by national Indian Council 
of Medical Research (ICMR) guideline, Research Society 
for the Study of Diabetes in India — Endocrine Society 
of India (RSSDI-ESI) clinical practice recommendations 
for the management of T2D [14, 15], and worldwide 
recommendations served as the foundation for the pre-
scription of oral semaglutide. For this audit, a pre-made 
structured proforma was utilized to gather data from 
the participating doctors regarding the effectiveness of 
oral semaglutide when used in conjunction with other 
antidiabetic medications.

Primary and secondary endpoints
The change in mean HbA1c levels from baseline 

to 6 months was the primary endpoint. The follow-
ing were continuous secondary endpoints: changes in 
mean fasting plasma glucose (FPG) levels and weight/ 
/body mass index from baseline to T6, T12, and T18 
months; changes in mean HbA1c levels from baseline 
to T6, T12, and T18 months.

Categorical secondary endpoints were changes in 
serum urea and serum creatinine from baseline to T6, 
T12, and T18 months, patients discontinuing semaglu-
tide, and reasons for discontinuation.

Therapy selection
The maintenance dose of semaglutide and any 

subsequently adjusted dosage were decided by the 
treating physician. The dose of oral semaglutide is as 
follows: a starting dose of 3 mg in empty stomach with 
120 mL of water, then no food for the next 30 minutes. 
If the patient tolerated the 3 mg dose, we increased 
the dose to 7 mg after one month, and to 14 mg af-
ter another month. The therapy selection was based 
on the judgment of the physicians in charge and the 
agreement of the subject. No monitoring or diagnostic 
treatments beyond standard clinical practice were per-
formed on the patients. A case-by-case determination 
of the maintenance semaglutide dosage was made 
after a 12-week semaglutide treatment, considering 
both the drug’s cost and clinical response. Baseline 
was defined as the appointment (T0) at which the 
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patient was initially prescribed semaglutide; follow-up 
appointments were scheduled 6, 12, and 18 months 
after baseline. When semaglutide was started, each 
person received counselling on regular exercise and 
diet. One National Accreditation Board for Testing and 
Calibration Laboratories (NABL)-accredited lab was 
used for all pathology and biochemistry laboratory 
tests, and it was attached to each participating clinic. 
A self-monitoring blood glucose gadget was used at 
home to measure blood glucose on a regular basis. 
Hypoglycemia was defined as a blood sugar level of 
less than 70 mg/dL.

Patient data collection 
The participating doctors’ pre-existing hospital 

records provided the data, and an audit of the data 
was carried out to assess real-world efficacy in the 
past. Electronic health records were used to gather 
data, which was then compiled in a Microsoft Excel 
sheet. Demographic details, the length of the disease, 
the medication (withdrawn and/or associated, if any), 
the last oral semaglutide dose, the length of follow-up 
(from the start of the medication until the last visit), 
HbA1c, body weight, serum urea and creatinine levels, 
the frequency and reason for stopping the drug, and 
the frequency and kind of adverse events were all 
included.

Inclusion and exclusion criteria
Men and women over the age of 18 years, a di-

agnosis of T2D as defined by the American Diabetes 
Association (ADA) for at least 3 months, a minimum of 
3 months of stable antihyperglycemic therapy using in-
sulin or oral hypoglycemic agents (OHA), a prescription 
for oral semaglutide based on standard clinical practice, 
and signed informed consent were the requirements 
for inclusion. 

The following conditions were excluded: other 
kinds of diabetes, any condition preventing the pa-
tient from understanding informed consent, and the 
patient’s past or present involvement in interventional 
clinical trials.

Ethical approval
The Declaration of Helsinki and the norms for good 

clinical practice were followed in the retrospective 
evaluation of the patient files. Because it was a clinical 
audit intended to record the clinical results of patients 
started on semaglutide within the parameters of its 
legal use for weight reduction, and all the treatments 
were standard care, it was exempted from the need 
for ethical clearance. Therefore, this trial did not re-
ceive ethical approval. 

Population size
Assuming a baseline standard deviation of HbA1c 

of 2.0% [larger than that reported in randomized clini-
cal trials (RCTs)] due to the greater variability expected 
in an observational setting), and with a significance 
level (alpha error) of 0.05%, a minimum sample size of 
80 subjects allowed detection with a statistical power 
of 80% and a minimum reduction of HbA1c of 0.6% 
at T6 (slightly lower than that obtained in RCTs but re-
flecting the greater variability of results derived from 
“real life” clinical experience, taking into account also 
the variability of associated therapies).

Statistical analysis
Data analysis was done using Microsoft Excel 

and SPSS (v.20). For continuous variables, descriptive 
data were summarized as mean and standard devia-
tion; for categorical variables, they were summarized 
as percentage. Mixed models for repeated data were 
used to evaluate changes in the continuous study 
outcomes. The estimated mean or estimated mean 
difference from T0, together with its 95% confidence 
interval (95% CI), was used to express the results. For 
pre-post comparisons within groups, the paired t-test 
that was generated from linear mixed models for re-
peated measures was used. The trend of changes in 
categorical study endpoints was evaluated using the 
chi-square test. A p-value of less than 0.05 was used 
to indicate statistical significance.

Results
In our study, a total of 80 subjects were included. 

All the patients were on oral GLP-1 analogue. Out of 
these, the data of 20 patients were not included in 
efficacy analysis due to discontinuation for various 
reasons. For safety analysis and adherence all the 
patient data were included (Tab. 1). The participants’ 
average age was 46.6 ± 8.1 years, with 70% of them 
being male. The mean duration of diabetes was 
5.8 ± 3.9 years. At the time of semaglutide beginning 
(T0), the average weight was 82.27 ± 22.2 kg and the 
average HbA1c was 8.67 ± 1.3%. All patients received 
treatment with one or more OHAs, whereas 92.5% 
patients were on metformin and 22.5% had treatment 
with basal insulin plus OHAs. Approximately 65% of 
the individuals received treatment with antihyperten-
sive and lipid-lowering medications, and around half 
(52.4%) of the subjects reported problems related to 
diabetes (Tab. 1). Dosages of oral semaglutide were 
adjusted by the attending physicians during treatment, 
resulting in 8 subjects treated with 3 mg/day, 33 with 
7 mg/day, and 19 with 14 mg/day at 6 months. The 
highest dose of oral semaglutide was selected in sub-
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jects with higher body weight and/or those treated 
with other GLP-1RAs. 

The mean changes in body weight, FPG, and HbA1c 
at 6 and 12 months were clinically meaningful and 
statistically significant (Tab. 2). 

The weight reduction was significant during the 
first 6 months, then it was in a plateau phase, and 
again it went up from 12 months until the end of the 
study period (Fig. 1A). There was no significant change 
in waist circumference (Fig. 1B) 

There was a significant reduction in all blood 
glucose parameters. The mean FPG dropped from 
156.4 mg/dL to 103.8 mg/dL (Fig. 1C), and the mean 
postprandial blood glucose (PPPG) changed from 

248.9 mg/dL to 169.8 mg/dL over the treatment period 
(Fig. 1D). Similarly, the HbA1c level changed from 8.6% 
to 7.0% (Fig. 1E).

Analysis of variance (ANOVA) for HbA1c reduction 
throughout the treatment at T0, T6, T12, and T18 re-
vealed an f-ratio value of 157.75878 with a p value of 
< 0.0001. The result is significant at p < 0.05. 

Among the study participants, 74% continued their 
treatment. Out of the 26% patients who discontinued 
their treatment, in 14% this was due to adverse effects 
and in 12% it was due to the high cost of the therapy. 

All the adverse effects noted in the study were 
non-serious in nature. The common adverse effects 
observed in the study were nausea (10 pts), vomiting 
(9 pts), belching (2 pts), and reflux (7 pts). 

A small percentage of patients had hypoglycemia 
(0.5% of patients at T6, 1.1% at T12, and 1.4% at T18) 
reported having a moderate episode (54–70 mg/dL); 
one incident of severe hypoglycemia was observed at 
T12. During the 18-month period, no significant chang-
es in concurrent glucose-lowering, antihypertensive, 
and lipid-lowering medications were seen.

Discussion
We found that oral semaglutide was a safe and 

effective therapy for uncontrolled T2D, independ-
ent of the patient’s background, in this real-world 
observational retrospective cohort trial conducted in 
India. The research also demonstrated the safety and 
tolerability of oral semaglutide because all the side 
effects were mild and did not cause the medication 
to cease working; moreover, at the conclusion of the 
trial, there was a decrease in the number of hypogly-
cemic episodes. 

We found that our patient subpopulation with 
HbA1c ≥ 8% showed a similar decrease in HbA1c at 
6 months (−1.8%) as that reported in the IGNITE 
(−1.4%), PIONEER REAL Canada (−1.1%), and Japanese 
population (−1.2%) studies, despite the challenge of 
comparing our results with those of available real-world 
studies due to the significant baseline differences [11, 
16, 17].

This is the longest real-world oral semaglutide 
trial to date. Our study’s follow-up period was longer 
than that of the IGNITE worldwide observational study 
(about 6 months) [11], but further observational re-
search will be required to evaluate the oral long-term 
effects and persistence of semaglutide in relation to 
body weight and glycemic control. The pattern of 
the HbA1c and body weight curves over time, which 
tended to plateau between 6 and 9 months and then 
rise further after 12 months, provides further evidence 
of the significance of dosage optimization.

Table 1. Patients’ Baseline Characteristics

Baseline criteria Value (N = 80)

M:F (%) 70:30

Age [years] 46.6 ± 8.1 

Height [cm] 171.01 ± 8.4 

Weight [kg] 82.27 ± 22.2

Waist circumference [cm] 94.68 ± 8.1

Duration of diabetes [years] 5.8 ± 3.9

FPG [mg/dL] 156.42 ± 21.6

PPPG [mg/dL] 248.95 ± 56.8

HbA1c [%] 8.67 ± 1.3

SBP [mmHg] 131.4 ± 13.6

DBP [mmHg] 79.4 ± 7.4

Creatinine [mg/dL] 0.844 ± 0.1

Urea [mg/dl] 31.6 ± 10.2

LDL cholesterol [mg/dL] 92.3 ± 28.2

HDL cholesterol [mg/dL] 46.2 ± 10.8

Triglycerides [mg/dL] 165.7 ± 90.4

Heart rate [bpm] 76.0 ± 10.9

Presence of co-morbidities (%)

Hypertension 52 (65%)

Dyslipidemia 41 (51%)

CV Events 21 (26%)

Oral hypoglycemic agents before starting semaglutide (%)

Sulfonylureas (%) 14 (22.5%)

SGLT2-i (%) 66 (82.5%)

Metformin (%) 74 (92.5%)

Pioglitazone 9 (11%)

DPP4i 12 (15%)

Basal insulin (%) 18 (22.5%)

Short-acting insulin (%) 5 (6%)

Data presented as mean ± SD or number (%)
CV — cardiovascular; DBP — diastolic blood pressure; F — female; FPG 
— fasting plasma glucose; HbA1c — glycated hemoglobin; HDL — high-
density lipoprotein; LDL — low-density lipoprotein; PPPG — postprandial 
plasma glucose; SBP — systolic blood pressure; SD — standard deviation; 
SGLT2i — sodium-glucose cotransporter-2 inhibitors
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The effects of GLP-1RAs on body weight reduction 
are therapeutically significant, given the rising inci-
dence of obesity. Patients in our sample lost around 
6.03 kg (6.03 ± 2.8 kg) after 6 months and 6.15 kg 
(6.15 ± 2.4 kg) at 12 months, and the weight reduc-
tion remained stable even after 18 months. Therefore, 
this research can serve as a first step in proving that 
semaglutide is beneficial for people who want to reduce 
weight. A significant difference in body weight was also 
seen in earlier semaglutide experiments and in other in-
vestigations, in which people with T2D lost less weight 
than comparable individuals without the condition [18, 
19]. One reason for this might be that people with T2D 
have a larger reduction in energy expenditure when 
compared to those without the condition. Addition-
ally, losing weight improves glucose regulation, which 

lowers glycosuria. As a result, there is a positive calorie 
balance, which makes it harder to lose weight. Another 
cause is the use of other anti-diabetic drugs such glip-
izide and insulin, which are linked to weight gain.

Additionally, the study showed that significant 
improvements in HbA1c were seen in both GLP-1RA- 
-naive and GLP-1RA-experienced people, as expected. 
Although the safety profile is consistent with previous 
GLP-1RA reports, the information that is now available 
indicates that semaglutide may be more efficacious 
than its equivalents [20]. What exactly is causing sema-
glutide to be more successful than other GLP-1RAs is yet 
unknown. However, it is possible that liraglutide and 
semaglutide vary in this regard, and the acyl moiety 
found in acylated medications such as semaglutide may 
facilitate penetration into different parts of the central 

Table 2. Changes in Estimated Mean Levels of Continuous Clinical Endpoints over Time

Change in Visit Estimated mean and 95% CI Estimated mean difference  

from baseline and 95% CI

Within-group 

p-value

HbA1c [%] T0 8.67 ± 1.3

T6 6.80 ± 1.2 (6.537; 7.063) 1.87 ± 0.7 (1.717; 2.023) < 0.0001

T12 6.85 ± 1.5 (6.521; 7.179) 1.82 ± 0.6 (1.689; 1.951) < 0.0001

T18 7.07 ± 1.1 (6.829; 7.311) 1.6 ± 0.3 (1.534; 1.666) < 0.0001

FPG [mg/dL] T0 156.42 ± 21.6

T6 91.64 ± 24.1 (86.359; 96.921) 64.78 ± 12.1 (62.129; 67.431) < 0.0001

T12 94.38 ± 23.2 (89.296; 99.464) 62.04 ± 10.2 (59.805; 64.275) < 0.0001

T18 103.8 ± 20.5 (99.308; 108.292) 52.62 ± 9.4 (50.560; 54.680) < 0.0001

PPPG [mg/dL] T0 248.95 ± 56.8 

T6 156.46 ± 49.3 (145.657; 167.263) 92.49 ± 24.7 (87.077; 97.903) < 0.0001

T12 157.88 ± 51.6 (146.573; 169.187) 91.07 ± 21.3 (86.403; 95.737) < 0.0001

T18 168.86 ± 38.5 (160.423; 177.297) 80.09 ± 18.6 (76.014; 84.166) < 0.0001

Body weight [kg] T0 82.27 ± 22.2

T6 76.24 ± 20.3 (71.792; 80.688) 6.03 ± 2.8 (5.416; 6.644) < 0.0001

T12 76.12 ± 18.6 (72.044; 80.196) 6.15 ± 2.4 (5.624; 6.676) < 0.0001

T18 77.61 ± 15.2 (74.279 – 80.941) 4.66 ± 1.7 (4.287; 5.033) < 0.0001

Waist circumfer-

ence [cm]

T0 94.68 ± 8.1

T6 91.07 ± 7.3 (89.470; 92.670) 3.61 ± 1.1 (3.369–3.851) < 0.0001

T12 91 ± 6.4 (89.598; 92.402) 3.68 ± 0.9 (3.483–3.877) < 0.0001

T18 91.15 ± 5.8 (89.879; 92.421) 3.53 ± 0.4 (3.442–3.618) < 0.0001

Serum urea T0 31.6 ± 10.2

T6 30.8 ± 8.9 (28.850; 32.750) 0.8 ± 0.1 (0.778–0.822) 0.02

T12 29.7 ± 7.4 (28.078; 31.322) 1.7 ± 0.8 (1.525; 1.875) < 0.0001

T18 28.6 ± 6.2 (27.241; 29.959) 3 ± 0.5 (2.890–3.110) < 0.0001

Serum creatinine T0 0.844 ± 0.1 

T6 0.813 ± 0.1 (0.791; 0.835) 0.031 ± 0.03 (0.0244–0.0376) 0.06

T12 0.792 ± 0.1 (0.770; 0.814) 0.052 ± 0.02 (0.0476–0.0564) 0.04

T18 0.782 ± 0.1 (0.760; 0.804) 0.062 ± 0.01 (0.0598–0.0642) 0.05

Data presented as mean ± SD or number (%)
CI — confidence interval; HbA1c — glycated hemoglobin; FPG — fasting plasma glucose; PPPG — postprandial plasma glucose
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nervous system (CNS). Because of the way semaglutide 
is chemically structured, there is a theory that its effect 
on weight is mediated via CNS receptors that provide 
access to different parts of the nervous system [21]. 

GLP-1RAs, such as semaglutide, have been shown 
in cardiovascular (CV) outcome trials to lower CV risk 
and delay the deterioration of renal function. While 
improvements in glycemic management may play 
a role, these advantages are probably also mediated 
by additional effects, including decreased body weight, 
blood pressure, and albuminuria, enhanced endothelial 
function, and suppression of proinflammatory media-
tors [22]. In patients with diabetes kidney disease and 

moderate renal impairment (estimated glomerular 
filtration rate [eGFR]: 30–59 mL/min/1.73 m2), the 
PIONEER-5 study demonstrated the safety and efficacy 
of oral semaglutide. Both the oral semaglutide and 
placebo groups’ renal function did not change during 
the study period, but the oral semaglutide group’s albu-
min-to-creatinine ratio dropped relative to the placebo 
group [23]. GLP1 can inhibit the expression of vascular 
cell adhesion molecule-1 and tumor necrosis factor-α 
in glomerular endothelial cells. GLP1 has been shown 
to increase nitric oxide synthesis, which may improve 
glomerular endothelial function [24]. The complete 
results of the FLOW study show that semaglutide sig-

Figure 1. A. Weight change in overall population (N = 80); B. Change in waist circumference in overall population (N = 80); 
C. Change in fasting blood sugar (FBS) in overall population (N = 80); D. Change in postprandial blood sugar (PPBS) in overall 
population (N = 80) E. Change in glycated hemoglobin (HbA1c) in overall population (N = 80)
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nificantly lowers the risk of major renal disease events, 
major adverse cardiac events, and all-cause death in 
individuals with T2D and chronic kidney disease. It 
also slows down the decline of kidney function [25]. 
Furthermore, regardless of whether serum creatinine, 
cystatin C, or both were used to compute the eGFR, 
the effect of semaglutide was independent of changes 
in body weight [26, 27]. As a result, even in our trial, 
long-term use of oral semaglutide has a significant 
effect on the reduction of serum urea and creatinine.

Gastrointestinal events were the most common 
adverse events (AEs) with oral semaglutide that were re-
corded, and the ones that most commonly led to an ear-
ly termination, as would be anticipated for a GLP-1RA 
and consistent with previous studies [28, 29]. However, 
most of these adverse events (AEs) happened early in 
the main phase, and no patient stopped because of 
an AE later in the durability phase. This suggests that 
discontinuations from oral semaglutide because of 
gastrointestinal AEs are more likely to happen early 
in treatment (during the initial dose-escalation phase) 
rather than with long-term use.

The study had merits and weaknesses. Our work 
is notable for being the first long-term observational 
retrospective research study in India to describe the 
effects of semaglutide in real-world settings. Extensive 
data on blood pressure, lipid profile, FPG, PPPG, 
side effects, and hypoglycemia further enhance its 
strength. However, there are many restrictions on the 
research. First, the absence of control groups makes it 
hard to separate the role that oral semaglutide played 
in lowering body weight and glycemic index from 
the role that lifestyle modifications may have played 
concurrently. Second, the data had to be forced into 
6-month intervals to predict changes in body weight 
and HbA1c. This was because not every patient had 
the same observation duration and follow-up routine. 
Third, we had very little knowledge on the tolerability, 
adherence, or causes for stopping oral semaglutide, 
which left us with few options for enhancing persis-
tence. Nevertheless, the retrospective design of the 
research and the lack of prearranged subgroup analysis 
according to age group, obesity, diabetes, or severity 
are drawbacks that make it impossible to draw firm 
conclusions about outcomes in these subgroups. More 
investigation is needed to determine the long-term ef-
ficacy and safety of semaglutide and implications on 
other endpoints (such the fatty liver index). 

Conclusions 
To sum up, this research represents the biggest 

multicenter real-world investigation of uncontrolled 
T2D patients in India receiving oral semaglutide as part 

of standard clinical practice. In an unselected group, 
oral semaglutide was safe and effective; almost two- 
-thirds achieved a HbA1c of less than 7%, and one-third  
reported weight reduction of more than 10%. There 
were no signs of a safety hazard. Considering the 
worldwide supply chain challenges associated with 
subcutaneous GLP-1 RAs, the results of this investiga-
tion may aid in supporting clinical judgment.
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of Eating Disorders and Glycated 
Hemoglobin, Number of Complications, 
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ABSTRACT
Objective: Assessment of the relations between inten-
sity of symptoms of eating disorders with psychologi-
cal factors, glycated hemoglobin (HbA1c) levels, and 
number of complications in type 2 diabetes (T2D). 
Materials and methods: Sixty-eight (68) individuals 
aged 38 to 71 years (M = 61.1; SD = 8.2) took part in 
the baseline of prospective and 36 (52.9%) in follow-
up after one year. They completed the Eating Attitude 
Test (EAT-26), Questionnaire for Binge Eating Screen-
ing (QBES), Brief Self-Rating Scale of Depression and 
Anxiety (BS-RSDA), and Problem Areas in Diabetes 
Questionnaire (PAID). 
Results: At baseline, 12 individuals (18.5%) met the 
screening criteria of eating disorders and 29 (42.6%) 

met the screening criteria of binge eating disorder. 
The level of HbA1c among persons with symptoms 
of eating disorders was significantly higher than in 
the group without these symptoms. The intensity of 
binge eating at baseline was significantly correlated 
with intensity of depressive symptoms after 6 months 
(r = 0.34) and 12 months (r = 0.52), anxiety symptoms 
after 6 months (r = 0.42) and 12 months (r = 0.49), 
and problems with diabetes after 6 months (r = 0.5). 
Intensity of bulimia and food preoccupation symptoms 
at baseline was correlated after 6 months with intensity 
of anxiety symptoms (r = 0.35) and problems with 
diabetes (r = 0.52) and HbA1c level (r = –0.42), and 
after 12 months with intensity of symptoms of anxiety 
(r = 0.56), depression (r = 0.35), and problems with 
diabetes (r = 0.39).
Conclusions: The intensity of eating disorder symp-
toms had moderate correlations with the level of 
depressive and anxiety symptoms and intensity  
of diabetes-related problems. Due the small and non-
representative sample size, these findings should be 
confirmed in a future high-quality study. (Clin Diabetol 
2024; 13, 6: 331–340)
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Introduction
Epidemiological data indicate that there were 

536.6 million individuals with diabetes in 2021, and it 
is expected that a total of 783.2 million will be affected 
by diabetes in 2045 [1]. Diabetes frequently leads to 
serious and often life-threatening and lethal complica-
tions, including cardiovascular complications, such as 
heart attack and stroke, neuropathy (nerve damage), 
nephropathy (kidney damage), and retinopathy (eye 
damage). Management of diabetes requires the daily 
monitoring of blood glucose levels and modification 
of one’s lifestyle, mainly in maintaining a healthy diet 
and doing regular physical exercise. Ultimately, adher-
ing to these requirements constitutes a problem for 
many people with diabetes. Psychological factors also 
play an important role in this process, and the current 
guidelines for diabetes treatment, i.e. the American Dia-
betes Association [2], International Diabetes Federation 

[3], and Poland Diabetes Association [4], recommend 
inclusion of the psychological aspects of diabetes in 
diagnosis, treatment, and management.

The largest international study to date that fo-
cused on gaining a comprehensive understanding of 
the situation of individuals with diabetes confirmed 
that the psychological difficulties they encounter con-
stitute an important and widespread phenomenon in 
the course of the disease [5]. The study in question did 
not include the individuals’ eating attitudes or eating 
disorders, which are also listed in the guidelines as an 
area requiring routine assessment.

Eating disorders in diabetes remain an under-
investigated topic, particularly in comparison with 
comprehensive studies on depression in diabetes. The 
vast majority of studies on relationships between eat-
ing disorders and diabetes have focused on individuals 
with type 1 diabetes (T1D), especially on adolescents 
and women aged 15-35 years [6–9]. Relatively little 
research has been conducted on the population of 
individuals with type 2 diabetes (T2D). This is mainly 
because T1D occurs mainly in persons under 30 years of 
age, and most frequently in children and adolescents, 
i.e., in groups where eating disorders are also generally 
more frequent [7].

Data on the co-occurrence of eating disorders, 
abnormal eating attitudes, and T2D are rather limited. 
An analysis of the literature shows that the prevalence 
of eating disorders and abnormal eating attitudes dif-
fers depending on the characteristics of the subjects in 
question (outpatients vs. inpatients), the method that 
is used for diagnosis (self-descriptive questionnaires vs. 
diagnostic interviews), and on the subject matter of 
the measurement (eating disorders according to diag-
nostic criteria vs. their subclinical forms). Nevertheless, 

available studies indicate a significant co-occurrence of 
eating disorders and abnormal eating attitudes with 
T2D [8, 10–13]. Binge eating disorder (BED) is the most 
prevalent eating disorder among individuals with T2D, 
and it is mainly related to overweight and obesity in 
this group of individuals [8, 14]. Binge eating differs 
from bulimia mainly by the lack of compensatory be-
haviors (e.g., self-induced vomiting, using laxatives, 
and excessive exercising). A literature review identified 
9 studies on the prevalence of binge eating disorder 
among persons with T2D in the range between 1.2% 
and 8% [13]. The prevalence was lower in studies when 
the diagnosis was made during a clinical examination 
than when self-rating questionnaires were used. Some 
studies indicated a higher level of glycated hemoglobin 
(HbA1c) among patients with BED than among those 
without BED [15, 16], but the results of most research 
studies indicate no differences in HbA1c between the 
above-mentioned groups [8, 17–19]. Persons with 
T2D and comorbid BED had a higher prevalence of 
depressive disorders and a higher intensity of depres-
sive symptoms than persons without it [8, 18]. Only 
a few studies indicated positive correlations between 
intensity of symptoms of eating disorders as measured 
by the Eating Attitudes Test (EAT-26) and intensity of 
depressive symptoms as measured by the Beck Depres-
sion Inventory [8, 18].

One available prospective study on people with T2D 
indicated that having satisfactory follow-up HbA1c lev-
els (< 7%) after one year was correlated with baseline 
variables such as HbA1c, insulin use, and eating behav-
ior [20]. The authors concluded that clinical variables 
are more important than psychopathological variables 
for the achievement of therapeutic goals.

The first objective of this study was to conduct 
a cross-sectional and prospective study assessment of 
differences in intensity of depressive and anxiety symp-
toms, intensity of problem areas in diabetes, HbA1c lev-
els, and the number of complications among subjects 
who met the criteria for eating disorders according to 
EAT-26 and QBES and among those who did not. The 
second objective was to conduct a cross-sectional and 
prospective study assessment of the relationship be-
tween intensity of symptoms of eating disorders and 
intensity of depressive and anxiety symptoms, intensity 
of problem areas in diabetes, HbA1c level, and the 
number of complications. 

Materials and methods
Subjects 

The study involved individuals with T2D who had 
been diagnosed in the last 12 months and who were at 
the point of treatment intensification, i.e., the introduc-
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The intensity of depressive and anxiety symptoms 
was assessed using the Brief Self-Rating Scale of Depres-
sion and Anxiety (BS-RSDA) [29], which is a part of the 
Psychodiabetic Kit [30]. The questionnaire consists of 2 
subscales. Its psychometric properties have been tested 
on a population of individuals with diabetes, and it has 
standards developed for this population. 

For this study, questionnaires were constructed to 
collect both demographic and medical data, such as 
information regarding complications of diabetes and 
past episodes of severe hypoglycemia. The question-
naires were filled out by either doctors or researchers 
during each measurement. 

The level of HbA1c was measured to assess glyce-
mic control.

Statistical analysis
The differences in the measured variables between 

the first, second, and third measurements were cal-
culated using ANOVA variance analysis with repeated 
measurement. For statistically significant contrasts, 
Duncan’s post-hoc tests were calculated. Comparison 
of psychological and clinical characteristics between 
groups with and without eating disorders was cal-
culated with the Mann-Whitney U-test. Relationships 
between intensity of eating disorders and other psy-
chological and clinical factors in cross-sectional and 
prospective study were calculated with the Pearson 
correlation coefficient.

Results
Sixty-eight subjects aged 38 to 71 years (M = 61.1; 

SD = 8.2) were qualified for the study, of whom 45.6% 
were men (N = 31) and 54.4% were women (N = 36). 
The period from diagnosis of T2D was 2 to 30 years 
(M = 10.4; SD = 6.3), and the mean HbA1c was 9.15%. 
Of all the subjects, 39 (60%) had secondary education, 
17 (26.2%) had a university degree, and 9 (13.8%) had 
an elementary education. Fifty (75.8%) respondents 
lived in a large city (> 100,000), 10 (15.2%) lived in 
a small city (< 100,000), and 6 (9.1%) lived in a rural 
area.

Out of 68 respondents, 12 (18.5%) met the EAT-26 
screening criteria for eating disorders, and 29 (42.6%) 
met the binge eating disorder screening criteria. Both 
diagnoses were more frequent in women, but this re-
lationship was not statistically significant. 

Table 1 shows the values of the measured variables 
in 3 measurements. It was found that the mean score 
on the EAT-26 Bulimia scale increased significantly dur-
ing the study. The third measurement value was signifi-
cantly higher than the first and second measurement 
values, which did not differ significantly. The level of 

tion of insulin hypoglycemic drugs or insulin analogs 
to their treatment regimen.

Study design 
The study was prospective and consisted of 3 

phases: the first phase took place within one month 
after change of treatment, the second phase followed 
after 6 months, and the third phase took place 12 
months after the start of the study. At each phase, 
participants completed a set of questionnaires and 
their HbA1c level was tested. Sixty-eight respondents 
took part in the first phase, 44 respondents (64.7%) 
in the second phase, and 36 respondents (52.9%) in 
the third phase. The study was approved by an Ethics 
Committee, and all participants signed an informed 
consent participation form.

Data collection 
The Eating Attitudes Test (EAT-26) was used to 

assess symptoms of eating disorders [21, 22]. EAT-26 
is a popular tool that is used worldwide to screen for 
self-assessment of eating disorders, and it has proven 
psychometric properties [22, 23]. EAT-26 consists of 
26 items that cover 3 subscales to assess symptoms in 
3 areas, i.e., dieting, bulimia and food preoccupation, 
and oral control. The test may be used for screening 
diagnosis of eating disorders that requires verification 
in a clinical examination. 

The occurrence of binge eating was assessed using 
the Questionnaire for Binge Eating Screening (QBES) 
[24]. It consists of 4 closed YES/NO questions. Accord-
ing to the QBES authors, a positive answer to at least 
one question indicates that symptoms of binge eating 
may be present. Sensitivity and specificity of the QBES 
was assessed among Polish women with polycystic 
ovary syndrome (PCOS). A positive answer to at least 
one question had a sensitivity of 88% and a specificity 
of 67% in detecting BED. 

The Problem Areas in Diabetes Questionnaire (PAID) 
was used to assess the intensity of diabetes-related 
problem areas [25]. This questionnaire has proven 
psychometric properties and is widely used throughout 
the world to assess the intensity of problem areas as-
sociated with diabetes, both for individuals with T1D 
and for those with T2D [25–28]. It consists of 4 sub-
scales that describe the intensity of problems related 
to negative emotions, treatment, food, and lack of 
social support. PAID’s reliability and accuracy are high 
in the Dutch version, although the original English ver-
sion does not differentiate these subscales. An analysis 
of the Polish version does not allow the subscales to 
be distinguished, although the whole scale is reliable 
and accurate
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HbA1c decreased, which was significantly higher in the 
first measurement than in the second and third meas-
urements (although there was no difference between 
the second and third measurements). The number 
of complications increased, and it was significantly 
higher in the third measurement than in the first, and 
significantly higher than in the second measurement. 
No significant changes in intensity of the other vari-
ables were observed.

Based on existing sten standards for persons with 
diabetes [29, 30], the intensity of depressive symptoms 
in the 3 measurements was average, and although it 
decreased slightly over the course of the study, the 
change was not statistically significant. The intensity 
of anxiety symptoms was average in the first and third 
measurements and low in the second. However, these 
differences were not statistically significant. Similarly, 
the level of diabetes-related problems measured with 

Table 1. Baseline, 6-Month, and 12 -Month Follow-Up Results

Baseline 

I

6 months 

II

12 months 

III

ANOVA test statistics  

with repeated measurements

QBES Mean   1.60 1.57 1.31 F (2; 70) = 1.460 

p=0.239N 68 44 36

SD 1.43 1.39 1.47

EAT-26 Dieting scale Mean 10.15 10.59 9.00 F (2; 58) = 0.416 

p = 0.662N 65 41 35

SD 6.03 6.76 5.21

EAT-26 Bulimia and Food Preoccupa-

tion scale

Mean 1.09 1.20 2.11 F (2; 60) = 4.696 

p = 0.013*N 65 41 35

SD 2.19 1.65 2.48

EAT-26 Oral Control scale Mean 2.75 2.83 2.80 F (2; 60) = 1.510 

p = 0.229N 65 42 35

SD 3.03 3.04 3.47

EAT-26 Total score Mean 14.00 14.70 13.91 F (2; 58) = 1.678 

p = 0.196N 65 40 35

SD 8.94 10.00 8.63

BS-RSDA Depression scale Mean 11.71 8.95 9.50 F (2; 70) = 0.178 

p = 0.387N 68 44 36

SD 10.66 8.06 8.02

BS-RSDA Anxiety scale Mean 10.62 7.91 9.56 F (2; 70) = 1.099 

p = 0.339N 68 44 36

SD 11.00 6.87 8.42

PAID Total score Mean 26.84 26.93 27.36 F (2; 70) = 2.858 

p = 0.064N 68 44 36

SD 22.70 21.88 22.11

HbA1c Mean 9.15 7.74 7.97 F (2; 60) = 16.407 

p < 0.01*N 62 35 34

SD 1.98 1.09 1.53

Number of complications Mean 0.60 0.70 0.89 F (2;70) = 8.448 

p < 0.01*N 67 43 36

SD 0,74 0,80 0,95

BED — binge eating disorder; BS-RSDA — Brief Self-Rating Scale of Depression and Anxiety; EAT-26 — Eating Attitude Test; HbA1c — glycated hemoglobin; 
QBES — Questionnaire for Binge Eating Screening; PAID — Problem Areas in Diabetes Questionnaire; SD — standard deviation
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the PAID, which remained low, did not change signifi-
cantly.

Cross-sectional and prospective study compari-
son of psychological and clinical characteristics 
between groups

Table 2 shows the differences between the group 
of subjects with the EAT-26 diagnosis of eating disor-
ders and the group without this diagnosis, in the first 
phase of the study (baseline measurement). 

Individuals who met the EAT-26 criteria for eating 
disorders were younger and had a higher HbA1c level 
than those who did not meet the criteria. There were 
no other statistically significant differences between 
these groups. However, according to the adopted sten 
standards,29,30 the intensity of depressive symptoms in 
patients with diagnosed eating disorders was high, and 
it was average in individuals without such a diagnosis. 

Among those who were diagnosed with binge 
eating disorder according to the QBES, the intensity of 
depressive symptoms was high (M = 14.72), and the 
intensity of depressive symptoms was average in those 
without the diagnosis (M = 9.46); this difference was 
statistically significant (p = 0.037). No significant dif-
ferences were observed among the sizes of the other 
variables. 

After 6 months and after 12 months, there were no 
significant differences between groups with eating dis-
orders according to EAT-26 and binge eating disorder 

according to QBES, and groups without such diagnosis 
in relation to HbA1c levels, number of complications, 
intensity of depressive and anxiety symptoms, and in-
tensity of problem areas in diabetes. The exception was 
a higher intensity of depressive and anxiety symptoms 
in the binge eating group after 12 months. 

Correlations between symptoms of eating dis-
orders and binge eating and psychological and 
clinical characteristics in a cross-sectional study

The cross-sectional study assessed the relationship 
between intensity of binge eating and eating disorder 
symptoms and HbA1c levels, number of complications, 
intensity of depressive and anxiety symptoms, and in-
tensity of problems in diabetes. Table 3 presents the re-
sults of the correlation matrix. The QBES result showed 
moderate positive correlations with all psychological 
factors at levels ranging from r = 0.345 to r = 0.408, 
which indicates a significant, moderate relationship 
between intensity of binge eating and intensity of 
depressive symptoms, and anxiety and negative emo-
tions associated with various aspects of diabetes. The 
Bulimia and Food Preoccupation scale showed positive 
weak and moderate correlations with psychological 
factors at r = 0.258 to r = 0.472. The absence of any 
correlation between the EAT-26 Oral Control scale and 
psychological factors and clinical status is noteworthy. 
There were also no correlations between QBES, EAT-26, 
and its scales with clinical characteristics. 

Table 2. Comparison of Psychological and Clinical Characteristics between Groups with and without Eating Disorders 
According to EAT-26

Baseline measurement U Mann-Whitney test 

Absence of eating disorders  

according to EAT-26

Presence of eating disorders  

according to EAT-26

M n SD M n SD Z p

BS-RSDA Depression scale 10.23 53 8.85 17.58 12 16.09 –1.314 0.189

BS-RSDA Anxiety scale 8.94 53 8.85 14.17 12 15.33 –0.806 0.420

PAID Total score 24.29 53 21.78 36.15 12 24.28 –1.540 0.124

Height 165.5 48 8.70 165.25 12 13.32 –0.590 0.611

Age 62.38 52 7.48 56.17 12 10.55 –2.025 0.043

Weight 86.33 48 20.58 97.15 12 23.00 –1.387 0.166

BMI 31.12 48 6.87 35.60 12 7.55 –1.904 0.057

Years of diabetes 11.17 52 6.62 8.79 12 4.26 –0.932 0.351

HbA1C 8.93 49 1.97 10.45 11 1.50 –2.459 0.014

Number of complications 0.56 52 0.70 0.92 12 0.90 –1.371 0.170

BED — binge eating disorder; BS-RSDA — Brief Self-Rating Scale of Depression and Anxiety; EAT-26 — Eating Attitude Test; HbA1c — glycated hemoglobin; 
QBES — Questionnaire for Binge Eating Screening; PAID — Problem Areas in Diabetes Questionnaire; SD — standard deviation
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Relationship between intensity of symptoms of 
eating disorders and binge eating and psycho-
logical characteristics and clinical condition in 
a prospective perspective

The prospective study assessed the relationship 
between intensity of symptoms of eating disorders 
and binge eating at the beginning of the study and 
the patients’ psychological characteristics and clinical 
condition after 6 months and 12 months. The results 
are presented in Table 4.

There were numerous interactions between the 
results of the QBES scale, EAT-26 Bulimia and Food 
Preoccupation scale, and overall EAT-26 score with 
the intensity of symptoms of depression, anxiety, and 
negative emotions associated with different areas of 
diabetes, both after 6 months and after 12 months. In 
most cases, the strength of the relationship not only 
persisted but also increased. There was a small but 
significant inverse correlation between the Bulimia 
and Food Preoccupation scale at the baseline and the 
HbA1c level after 6 months. This correlation might be 
connected with the beneficial effect of food preoccupa-
tion, which is measured by this scale, on the course and 
control of diabetes when insulin treatment is included

Discussion
According to our knowledge, this is the first pro-

spective study on the relationships between symptoms 
of eating disorders and BED and the clinical and psy-
chological characteristics of the course of T2D. The 
negative, moderate correlation between the level of 

HbA1c and scores on the Bulimia and Food Preoccu-
pation scale of the EAT-26 is a paradoxical finding. An 
analysis of the content of items included in this sub-
scale indicates that they describe paying attention to 
one’s diet and to the way of eating, both of which are 
helpful in diabetes. Because of this, applying EAT-26 
among patients with diabetes should be done with 
consideration. Such sentences as “I give too much time 
and thought to food,” “I find myself preoccupied with 
food,” and “I feel that food controls my life,” accord-
ing to EAT-26, indicates an intensity of symptoms, but 
these can also reflect one’s natural and positive focus 
on food as required to manage diabetes. This finding 
implies that a diagnosis of eating disorders among 
people with diabetes requires a careful assessment of 
the symptoms of one’s preoccupation with food, and 
the self-rating scales should not include items that are 
open to doubt. The lack of other significant correlations 
between the level of HbA1c, number of complications, 
and other psychological factors suggests that they have 
no clinically significant meaning in comparison with the 
impact of implementing insulin or its analogs.  

The EAT-26 results suggesting eating disorders 
in 18.5% of the respondents is one of the most im-
portant findings in the baseline studies. This result is 
similar to results presented by other researchers. In 
a study by Nicolau [8], eating disorders according to 
EAT-26 and QEWP-R were diagnosed in 14% and 16% 
of respondents, respectively. The fact that a higher 
percentage of respondents met the criteria for an 
eating disorder in our study may have resulted from 

Table 3. Correlations of Intensity of Symptoms of Eating Disorders and Binge Eating with Psychological and Clinical Cha-
racteristics in the Cross-Sectional Study

` BS-RSDA De-

pression scale

BS-RSDA 

Anxiety scale

PAID Age HbA1c Number of 

complications

QBES r .345** .380** .408** –0.020 0.111 –0.096

p 0.004 0.001 0.001 0.873 0.393 0.439

EAT-26 Dieting 

scale

r 0.225 .275* .334** –.278* 0.121 0.139

p 0.072 0.027 0.006 0.026 0.357 0.274

EAT-26 Bulimia and 

Food Preoccupation 

scale

r .258* .410** .472** –0.116 0.088 0.113

p 0.038 0.001 0.000 0.360 0.502 0.375

EAT-26 Oral Control 

scale

r –0.139 –0.046 0.075 –0.142 –0.111 0.120

p 0.269 0.714 0.552 0.263 0.399 0.344

EAT-26 total score r 0.170 .273* .362** –.261* 0.063 0.151

p 0.176 0.028 0.003 0.037 0.631 0.232

BED — binge eating disorder; BS-RSDA — Brief Self-Rating Scale of Depression and Anxiety; EAT-26 — Eating Attitude Test; HbA1c — glycated hemoglobin; 
QBES — Questionnaire for Binge Eating Screening; PAID — Problem Areas in Diabetes Questionnaire; SD — standard deviation
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a different, higher cut-off point in the EAT-26 test 
than the one Nicolau applied, thus resulting in a lower 
percentage of positive diagnoses. Furthermore, in our 
study, the subjects differed from Nicolau’s subjects 
in a higher mean HbA1c level and were at the point 
of having a change introduced to their treatment for 
this very reason. Considering some of the literature 
data indicating higher HbA1c levels in patients with 
binge eating disorder and the results of our study on 
higher HbA1c levels in patients with eating disorders, 
we may hypothesize that patients who do not achieve 
satisfactory glycemic control are more likely to have 
symptoms of eating disorders — further research is 
needed to verify this hypothesis.

In our study, 42% of individuals met the QBES binge 
eating screening criteria. According to a literature re-
view, the prevalence of BED in persons with T2D ranges 
from 1.2% to 8% [18]. In a study of 82 patients not 

included in the above review, 34.1% were diagnosed 
with BED [16]. In a study by Nicolau [8], the preva-
lence of BED was 12.2% in a large study group of 320 
patients. The much higher percentage of diagnosis 
of this disorder in our study may have resulted from 
both the tool that was used and from the screening 
diagnosis. However, given the available data on its high 
sensitivity and specificity, it is more likely that samples 
of patients who need treatment intensification include 
a larger number of persons with binge eating symp-
toms, which may then be the reason for problems with 
glycemia control. 

Changes found in the subsequent phases of our 
study are particularly noteworthy. The Bulimia and 
Food Preoccupation scale score increased significantly. 
This may have been due to the implementation of in-
sulin treatment and the need for the subjects to pay 
more attention to the food they ate. The HbA1c level 

Table 4. Correlations between Intensity of Symptoms of Eating Disorders and Binge Eating at the Beginning of the Study 
and Psychological Characteristics and Clinical Condition after 6 Months and after 12 Months

QBES EAT-26 Dieting 

scale

EAT-26 Bulimia 

and Food Pre

occupation scale

EAT-26 Oral 

Control total

EAT-26

Total score

After 6 

months

BS-RSDA Depression 

scale

r .346* 0.037 0.263 –0.069 0.055

p 0.022 0.816 0.092 0.663 0.730

BS-RSDA Anxiety 

scale 

r .423** 0.144 .355* 0.041 0.194

p 0.004 0.362 0.021 0.798 0.219

PAID r .502** 0.280 .525** 0.082 .352*

p 0.001 0.073 0.000 0.606 0.022

HbA1c r –0.099 0.024 –.420* –0.111 –0.086

p 0.571 0.897 0.015 0.538 0.634

Number of new  

complications 

r 0.023 –0.230 –0.175 –0.274 –0.278

p 0.884 0.148 0.273 0.083 0.078

Number of complica-

tions 

r –0.076 –0.042 0.109 0.046 –0.003

p 0.628 0.795 0.496 0.776 0.985

After 12 

months

BS-RSDA Depression 

scale

r .526** –0.009 .357* –0.156 0.025

p 0.001 0.958 0.038 0.378 0.889

BS-RSDA Anxiety 

scale 

r .494** 0.216 .563** 0.138 0.310

p 0.002 0.220 0.001 0.437 0.074

PAID r 0.318 0.259 .394* .376* .389*

p 0.058 0.139 0.021 0.028 0.023

HbA1c r –0.096 –0.068 –0.151 –0.006 –0.104

p 0.588 0.711 0.410 0.975 0.570

Number of new  

complications 

r –0.035 –0.245 –0.128 –0.067 –0.237

p 0.841 0.163 0.469 0.705 0.177

Number of complica-

tions 

r 0.015 –0.086 0.097 –0.093 –0.066

p 0.930 0.629 0.584 0.601 0.709

BED — binge eating disorder; BS-RSDA — Brief Self-Rating Scale of Depression and Anxiety; EAT-26 — Eating Attitude Test; HbA1c — glycated hemoglobin; 
QBES — Questionnaire for Binge Eating Screening; PAID — Problem Areas in Diabetes Questionnaire; SD — standard deviation
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decreased significantly from 9.15% in the first meas-
urement to 7.74% in the second measurement, which 
may be interpreted as the result of successful treat-
ment intensification via inclusion of insulin. The mean 
number of complications increased from 0.6 in the 
first measurement to 0.7 in the second measurement, 
and to 0.89 in the third measurement. This is consist-
ent with the results of studies indicating that the age 
of the patients and disease duration are factors that 
increase the risk of late complications, and current and 
short-term HbA1c levels do not lead to rapid changes 
in the development of complications [30, 31].

Individuals who were diagnosed with eating dis-
orders according to EAT-26 at the point of a change in 
their treatment had significantly higher HbA1c levels 
than those who did not meet the criteria for such a di-
agnosis (M = 10.4 vs. M = 8.9; p = 0.014). This is a very 
important result, as the HbA1c level accurately reflects 
the quality of metabolic control in people with diabetes, 
and the available literature has found few psychological 
variables that may be related to it. Most of the stud-
ies cited in this paper which focused on persons with 
T2D confirmed no differences between individuals with 
and without eating disorders or abnormal eating atti-
tudes in terms of HbA1c levels or their correlation with 
HbA1c levels. The results here are unique in the context 
of other studies and need to be verified in studies on 
larger, more representative groups of individuals with 
diabetes. We can hypothesize that the prevalence of 
eating disorders differs between patients with respect 
to HbA1c levels, but only in the group of patients with 
worse hemoglobin control and already elevated levels. 
Further research is necessary to fully investigate the 
dependencies described here.

Persons who were diagnosed with binge eating via 
a screening questionnaire were different from those 
who were not diagnosed in that manner, and a higher 
intensity of depressive symptoms measured with the 
BS-RSDA questionnaire was observed in those subjects 
(M = 14. 72 vs. M = 9.46; p = 0.037). In the study 
by Nicolau [8], individuals diagnosed with BED were 
significantly more likely to meet the Beck Depression 
Questionnaire depression screening criteria than those 
not diagnosed with the BED (p = 0.0021). Çelik et al. 
also described a significantly higher intensity of depres-
sive symptoms in patients with BED as compared to 
patients without BED [18].

In a cross-sectional study, positive correlations were 
found between intensity of eating disorders, intensity 
of depressive and anxiety symptoms, and intensity 
of diabetes-related distress (including problems with 
treatment, food, social support, and negative emo-
tions). Available studies have shown positive correla-

tions between intensity of eating disorders and intensity 
of depressive symptoms [8, 18].

In this prospective study, several positive correla-
tions were found between intensity of symptoms of 
eating disorders and binge eating and the subjects’ 
psychological characteristics in subsequent measure-
ments. As regards the symptoms, the relationship with 
the largest number of variables describing the subjects’ 
mental state was exacerbated by the bulimia and food 
preoccupation scale of EAT-26 and scores of QBES. The 
higher the patient’s intensity of particular traits at the 
beginning of the study, the more severe the symp-
toms of anxiety and diabetes-related problems after 
6 months. One year later, the patients had more severe 
symptoms of depression, anxiety, and diabetes-related 
problems. Similarly, the intensity of binge eating at the 
beginning of the study was positively correlated with 
the intensity of depression symptoms, anxiety symp-
toms, and diabetes-related problems with the intensity 
of depression symptoms and anxiety symptoms after 
6 months and then after one year.

According to our knowledge, this is the first study 
to analyze the relationship between the measured 
factors and different EAT-26 subscales, whereas in the 
other cited studies only general EAT-26 results were 
used. The practical conclusion from an assessment of 
EAT-26 subscale relationships is that the symptoms of 
bulimia and food preoccupation are significantly relat-
ed to the intensity of depression and anxiety symptoms 
and problems in individuals with T2D. Oral control and 
dieting were found to have no significant relationship. 

Notably, apart from the inverse correlation of bu-
limia intensity with HbA1c levels after one year, there 
were no symptoms of eating disorders correlated with 
HbA1c levels and number of complications in the cross-
sectional or prospective study. The results obtained here 
are similar to those of a prospective study that was 
conducted by other researchers [20]. Apparently, the 
widely examined psychopathology, including depres-
sive symptoms, that was observed at the beginning 
of the study created no differentiation between the 2 
groups in the follow-up study. The results of the “food- 
-related behavior” scale were only marginally different 
for individuals from those who achieved their intended 
therapeutic goal. The correlations between psycho-
logical variables (symptoms of eating disorders) and 
HbA1c levels, as well as the number of complications, 
transpired to be insignificant. This can be explained, 
among other things, by the small sample size, especially 
in prospective measurements. Another explanation is 
the hypothesis that individuals with diabetes can use 
insulin to correct high blood sugar levels resulting from 
behaviors such as binge eating. This leads to a lack 
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of association between these variables and medical 
indicators.

Based on the results obtained here, we suggest 
that clinical variables such as duration of diabetes, 
insulin use, and baseline HbA1c level are more impor-
tant than mental variables to achieve optimal HbA1c 
levels. In the study presented herein, only the results 
of the “Bulimia and Food Preoccupation” scale proved 
to be important, albeit in a counterproductive manner, 
probably because behaviors assessed by the food preoc-
cupation questions were beneficial to those individuals 
with diabetes who had to maintain an optimal diet. The 
“Bulimia and Food Preoccupation” scale includes items 
such as: “Find myself preoccupied with food,” “Feel that 
food controls my life,” and “Give too much time and 
thought to food.” In the case of individuals not being 
treated for diabetes, these may reflect significant, mal-
adaptive preoccupation with food, possibly indicative 
of eating disorders. However, management of diabetes 
requires patients to pay considerable attention to their 
eating habits. Preoccupation with food may represent 
an adaptive approach in coping with diabetes and con-
trolling the disease. Patients who pay a lot of attention 
to what they eat may thus better control their HbA1c 
levels. Therefore, scores on the “Bulimia and Food Pre-
occupation” scale at the beginning of the study may 
negatively correlate with HbA1c levels after 6 months.

This is an important finding because it shows that 
scores on a scale measuring psychopathology may be 
elevated due to adaptive attitudes and behaviors in this 
group of patients. Therefore, we suggest some consid-
eration in interpreting the results of scales measuring 
eating disorder symptoms in diabetes patients.

The presented results have some significant limi-
tations, mainly due to the small sample size, the lack 
of randomization in the study group, and the use of 
screening tools for diagnosis. These results should be 
considered as preliminary, due to the high drop-out 
rate in follow-up examinations. It is noteworthy that 
participation in prospective studies is difficult and 
demanding for participants. Replication in a random-
ized study with a large enough sample and a reliable 
diagnosis of eating disorders according to current di-
agnostic criteria is needed.

Conclusions
The cross-sectional data analysis indicates that 

throughout the course of the study there were consider-
able moderate correlations between intensity of symp-
toms of eating disorders and binge eating vs. symptoms 
of anxiety, depression, and intensity of diabetes-related 
problems that underwent no significant changes. At 
the baseline, the level of HbA1c among persons with 

symptoms of eating disorders was significantly higher 
than in the group without these symptoms. Success-
ful treatment of symptoms of eating disorders could 
contribute to improvement of emotional state and 
disease management in people with T2D. The small 
and non-representative sample size means that these 
findings should be confirmed in a future study with 
a representative and larger group of participants.

The results of the Eating Attitude Test in individuals 
with diabetes should be interpreted with consideration 
of the potentially beneficial role of a person’s attitude 
of focusing on food and their way of eating when cop-
ing with diabetes. 
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Effect of Single, Accumulated, and 
Conventional Walking on Glucose Level, 
Aerobic Capacity, Fatigue, and Quality of 
Life in Type 2 Diabetes: A Randomized Trial

ABSTRACT
Objective: This study evaluated the effectiveness of 
different walking protocols on various physiological 
and psychological factors in type 2 diabetes (T2D).
Materials and methods: In this randomized study, 45 
individuals with T2D, aged 55–65 years, with diabetes 
duration between 1 and 10 years were recruited. They 
were randomly assigned to 1 of 3 groups: single walk-
ing (SW), accumulated walking (AW), or conventional 
walking (CW). The primary outcome measure was fast-
ing blood glucose (FBG) while secondary outcomes as-
sessed were 6-minute walk distance (6MWD), fatigue, 
and quality of life (QoL). Intervention was given for 
6 weeks. Intra-group changes were analyzed using 
the Wilcoxon signed rank test, while inter-group dif-
ferences were evaluated with the Kruskal-Wallis test.
Results: 42 participants completed the study. The base-
line data showed non-significant difference across the 
groups for age and duration of diabetes. FBG showed 
a minor reduction in the SW (12%) and AW (15.5%) 

groups, while it increased in the CW group (2.5%). 
The 6MWD improved significantly in the SW (21.3%, 
p = 0.003) and AW (21%, p = 0.008) groups, but de-
creased in the CW (9.5%) group. Fatigue decreased in 
the SW (4.5%, p = 0.027) and AW (4.8%, p = 0.003) 
groups, while it slightly increased in the CW (0.5%) 
group. QoL improved in the SW (2.3%, p = 0.016) and 
AW (4.3%, p = 0.008) groups but decreased in the CW 
(1.78%) group. Post-hoc analysis showed significant 
differences in 6MWD (p = 0.010) and QoL (p = 0.008) 
between the AW and CW groups.
Conclusions: SW and AW showed similar effects on 
glucose levels, aerobic capacity, fatigue, and QoL. 
However, AW is more effective than CW in enhancing 
aerobic capacity and QoL. 
Clinical trial registration number: CTRI/2022/08/044936  
(Clin Diabetol 2024; 13, 6: 341–348)

Keywords: type 2 diabetes, fasting blood glucose, 
aerobic capacity, walking

Introduction
Type 2 diabetes (T2D) is a chronic metabolic dis-

order characterized by hyperglycemia due to insulin 
resistance. It is linked with insulin secretory deficits 
due to genetics, inflammation, and metabolic stress. It 
makes up 90% of all diabetes cases and is a worldwide 
epidemic. Approximately 77 million individuals in India 
had diabetes in 2019, and by 2045 it is projected to 
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reach over 134 million. As it is a long-term disorder, it 
can lead to adverse complications, which are associated 
with increased expenditure on the family, community, 
and healthcare system [1–3].

Exercise is an essential part of T2D management 
because it helps optimize glycemic levels, improve in-
sulin sensitivity, and positively impacts cardiovascular 
health. Unfortunately, most of these individuals are 
physically inactive and have reduced aerobic capacity. 
Inadequate glycemic control (GC) can cause uncon-
trolled diabetes and its associated consequences, which 
can significantly lower quality of life (QoL), shorten life 
expectancy, and raise healthcare costs [4, 5].

Fatigue has been reported as a frequent symptom 
in those with T2D, resulting in poor self-reported health. 
It may reduce an individual’s capacity to perform daily 
activities necessary for optimal GC (e.g., glucose moni-
toring, preparing a healthy meal, and regular physi-
cal activity). Despite this, it is often unnoticed during 
healthcare visits because acute issues take priority. T2D 
is a psychologically demanding chronic condition be-
cause it affects many aspects of QoL. Episodes of hypo
glycemia, changes in lifestyle, and concerns of long- 
-term effects may all affect QoL [6–9].

Walking is an easy, convenient, and cost-effective 
means to adopt a physically active lifestyle. It is the 
most preferred form of leisure-time exercise, and be-
cause it involves the use of large skeletal muscles, it 
contributes to peripheral glucose uptake and improves 
glucose homeostasis [10, 11]. T2D is associated with 
obesity, fatigue, and certain health conditions such as 
hip and knee osteoarthritis, which limit engagement 
in extended, continuous bouts of exercise. Hardman 
noted in a systematic review on the benefits of exercise 
fractionation that multiple short sessions of exercise 
are just as effective as longer continuous sessions. The 
former may be both practical and effective. However, 
the advantages of such modifications remain unclear 
[12, 13]. So, this study aims to assess the effects of 
different walking exercises on glucose level, aerobic 
capacity, fatigue, and QoL in persons with T2D.

Materials and methods
Subjects 

Individuals with T2D, aged 55 to 65 years, were 
recruited from settings such as residential societies 
and physiotherapy outpatient departments. This was 
done with the help of in-person outreach, informa-
tional flyers, and referrals from healthcare providers. 
Participants with duration of diabetes between 1 and 
10 years, with fair glycemic control (HbA1c < 7%, or 
fasting blood glucose (FBG) level 70–130 mm/dL, or 
postprandial blood glucose level <180 mm/dL) and on 

an oral hypoglycemics regimen were included. Exclu-
sion criteria included one or more positive marks on 
the Physical Activity Readiness Questionnaire (PAR-Q), 
history of stroke, cancer, acute illness, lower limb pain, 
complications (a general sensory, motor, and vascular 
examination was done to rule out complications), or 
those participating in regular exercise (minimum 20 
minutes on 3 or more days per week). Participants were 
randomly assigned to one of three groups: single walk-
ing, accumulated walking, or conventional walking.

Study design
This was a randomized, single-blinded, parallel-

group, active-controlled study. Group allocation was 
done using sealed, opaque envelopes and computer-
generated randomization (www.random.org), as illus-
trated in Figure 1. Participants remained unaware of 
their assigned groups. Group allocation was blinded 
to the participants.

Data collection 
The outcome measures were assessed at baseline 

and after 6 weeks of intervention.
Primary outcome measure for glucose level was 

FBG level, which was measured using a glucometer 
(Accu Chek Instant S, Roche Diabetes Care GmbH, Man-
nheim, Germany) after 8 hours of overnight fasting. It 
has acceptable accuracy [14].

Secondary outcomes included aerobic capacity, 
fatigue, and QoL. Six-minute walk test (6MWT) was per-
formed using the American Thoracic Society guidelines, 
and the six-minute walk distance (6MWD) in meters 
was calculated to measure the aerobic capacity [15].

Multidimensional Fatigue Inventory 20 (MFI-20) 
was used to evaluate fatigue. It is a 20-item, self-report-
ed questionnaire that assesses 5 dimensions of fatigue 
including general fatigue, physical fatigue, mental fa-
tigue, reduced motivation, and reduced activity. It uses 
a 5-point Likert scale with scores ranging from 20 to 
100. Higher scores indicate a higher burden of fatigue. 
It has a reliability of 0.84 with acceptable validity [16].

The appraisal of diabetes scale (ADS) was used to 
assess QOL. This is a 7-item, self-reported questionnaire 
that evaluates an individual’s appraisal of their diabe-
tes. It uses a 5-point Likert scale with scores ranging 
from 0 to 35. The lower the score, the better the QoL. 
It has a reliability of 0.73 [17].

Intervention
Single walking (SW) exercise group

Participants started the exercise with a 3-minute 
warm-up, walking at a leisurely pace. This was followed 
by 30 minutes of brisk walking at a moderate intensity, 

http://www.random.org
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i.e., rate of perceived exertion (RPE) of 5 to 6 [13]. They 
were advised to walk at a pace at which breathing was 
slightly hard but still allowed for conversation without 
gasping (talk test) [18]. After this, participants per-
formed a cool-down with another 3 minutes of leisurely 
walking. This routine was performed on 3 alternate 
days per week for 6 weeks. One session each week was 
supervised, while the remaining sessions were done 
at home. Participants were asked to log their activities 
on an exercise chart with weekly follow-ups via phone 
calls or text messages.

Accumulated walking (AW) exercise group
Participants started the exercise with a one-minute 

warm-up, walking at a leisurely pace. This was followed 
by 10 minutes of brisk walking at a moderate intensity, 

i.e., RPE of 5 to 6 [13]. They were advised to walk at 
a pace at which breathing was slightly hard but still 
allowed for conversation without gasping (talk test) 
[18]. After this, participants performed a cool-down 
with another minute of leisurely walking. This routine 
was performed thrice a day (with an interval of 4 to 5 
hours between each exercise bout) on 3 alternate days 
per week for 6 weeks. One session each week was su-
pervised, while the remaining sessions were done at 
home. Participants were asked to log their activities 
on an exercise chart with weekly follow-ups via phone 
calls or text messages.

Conventional walking (CW) exercise group
Participants in the control group were instructed to 

walk for 30 minutes per day on 3 alternate days each 

Figure 1. CONSORT Flow Diagram



Clinical Diabetology 2024, Vol. 13, No 6

344

week for 6 weeks [13]. All sessions were home-based, 
and participants were asked to log their activities on an 
exercise chart. Weekly follow-ups were conducted via 
phone calls or text messages to ensure a compliance 
rate of at least 70%.

Participants who were considered dropouts were 
the ones who chose to withdraw due to personal rea-
sons and sustained an injury that necessitated discon-
tinuation of exercise until recovery.

Statistical analysis
The results are presented as numbers, percentages, 

and mean ± standard deviation (SD). Sample size was 
calculated using the formula [2 × SD2 × (1.96 + 0.84)]/d2.  
SD and d (mean difference) values were based on previ-
ous studies [19]. The sample size was found to be 45, 
i.e., 15 for each group. Intra-group analysis was done 
using the Wilcoxon Signed Rank test, and intergroup 
analysis was done using the Kruskal-Wallis test. Post 
hoc analysis was done for group-wise comparison. 
The statistical significance was set at p ≤ 0.05 and the 

confidence interval at 95%. Data analysis was done 
using Statistical Package for the Social Sciences (SPSS) 
version 26.

Results
Of 45 participants, 42 (93.33%) were followed up 

in the study. Loss to follow-up was 6.67%. Figure 1 
shows the number of participants at each stage ac-
cording to the CONSORT diagram. Table 1 shows the 
baseline demographic characteristics of all participants 
with T2D comparable across the study groups.

Glucose level
FBG significantly reduced in the SW (12%) and AW 

(15.5%) groups while the decrease in the CW group 
(2.5%) was non-significant. Inter-group analysis was 
non-significant (Tab. 2 and 3).

Aerobic capacity
Significant improvements in 6MWD were seen in 

the SW (21.3%) and AW (21.05%) groups while it de-

Table 2. Intra-Group Analysis

Group Outcome measure Baseline Post 6 weeks p-value

Single MFI-20 score

ADS score

FBG [mm/dL]

6MWD [m]

50.8 ± 16.9

24.3 ± 6.7

97.9 ± 18.1

396.7 ± 49.0

46.3 ± 17.0

22 ± 5.4

85.9 ± 14.4

418.0 ± 43.0

0.027

0.016

0.004

0.033

Accumulated MFI-20 score

ADS score

FBG [mm/dL]

6MWD [m]

41.7 ± 15.5

25.2 ± 7.9

107.6 ± 14.1

384.1 ± 33.1

36.8 ± 14.6

20.9 ± 6.6

91.9 ± 15.3

405.1 ± 35.9

0.003

0.008

0.001

0.008

Conventional MFI-20 score

ADS score

FBG [mm/dL]

6MWD [m]

40.6 ± 13.0

20.3 ± 6.8

109.0 ± 17.7

382.2 ± 56.2

41.1 ± 13.5

22.1 ± 8.5

106.5 ± 18.8

372.6 ± 66.5

0.801

0.094

0.594

0.198

Values are mean ± SD; p-value was set at 0.05

6MWD — six-minute-walk-distance; ADS — appraisal of diabetes scale; FBG — fasting blood glucose; MFI-20 — Multidimensional Fatigue Inventory-20; 
SD — standard deviation

Table 1. Demographic Data of All Participants

SW group AW Group CW Group F p-value

Gender: 

Male

Female [N (%)]

6 (40%)

9 (60%)

10 (66.6%)

5 (33.3%)

7 (46.6%)

8 (53.3%)
— —

Age [years]

(Mean ± SD)

60.3 ± 2.6 59.6 ± 3.5 58.5 ± 4.3 0.965 0.389

Duration of diabetes [years]

(Mean ± SD)

5.5 ± 2.7 5.1 ± 3.3 6.5 ± 2.2 1.170 0.320

Values are N (%) or mean ± SD; F and p-values were derived from one-way ANOVA

AW — accumulated walking; CW — conventional walking; SD — standard deviation; SW — single walking
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creased in the CW group (9.57%). Inter-group analysis 
was significant (p = 0.008). Post hoc analysis showed 
that the change in aerobic capacity between the AW 
and CW groups was significant (p = 0.010) (Tab. 2 
and 3).

Fatigue
This lowered significantly in the SW (4.53%) and 

AW (4.86%) groups while the CW group (0.5%) showed 
a non-significant increment. Inter-group analysis was 
significant (p = 0.039); however, post-hoc analysis was 
insignificant (Tab. 2 and 3).

Quality of Life
QoL improved significantly in the SW (2.38%) 

and AW (4.33%) groups while it decreased in the CW 
(1.78%) group. Inter-group analysis was significant 
(p=0.001). Post hoc analysis was significant between 
the AW and CW groups (p = 0.008) (Tab. 2 and 3).

Discussion
We observed a significant decrease in glucose lev-

els in both intervention groups (SW and AW) as com-
pared to the control group (CW) along with a greater 
reduction in the AW group. Similar results were dem-
onstrated in the study done by Eriksen et al. [20] in 
2007, in which improvements in FBG in adults with 
T2D after engagement in multiple-bout, moderate-
intensity aerobic exercise for 5 weeks were seen. This 
finding is consistent with 2 previous studies which 
showed reduced postprandial glycemia with post-meal 
walking bouts compared with one-time daily exercise 

in T2D [21, 22]. This could be due to higher energy ex-
penditure during multiple bouts of exercise than during 
a single bout of exercise, because of an acute rise in 
exercise-induced metabolic rate caused by excess post-
exercise oxygen consumption, which improves glucose 
homeostasis [23].

As demonstrated by Eriksen et al. [20] in 2007, 
cardiorespiratory fitness had similar increases with 
both single and multiple sessions of exercise training 
done for 5 weeks. Similar findings have been reported 
in a previous review that compared the effectiveness 
of accumulating exercise in multiple bouts of at least 
10 minutes throughout a day with exercise completed 
in a single bout in inactive healthy individuals [24]. 
Aerobic exercise involves repetitive contractile activity 
of muscles, which is known to stimulate an increase 
in mitochondrial size, number, and mitochondrial 
enzymes, thus improving the aerobic capacity, which 
could explain the results of this study [25].

In comparison to the control group, participants 
in both intervention groups saw equal and favorable 
changes in fatigue. According to a study by Abd El 
Kader et al. [19] in 2015, aerobic exercise performed 
for 12 weeks improved fatigue symptoms in obese 
people with T2D. Short and long bouts of low-impact 
aerobic exercise have a similar influence on fatigue in 
sedentary women with fibromyalgia, according to the 
results of another study by Schachter et al. in 2003 
[12]. Fatigue in T2D can occur due to endocrine-related 
causes such as poor glucose control or inflammatory 
markers, as well as lifestyle factors like inactivity. Due to 
inactivity, these individuals are frequently overweight 

Table 3. Inter-Group and Post Hoc Analysis

Outcome measure Group Mean ± SD p-value Pair wise groups p-value

MFI-20 score Single 4.5 ± 5.9 0.039 Single — Accumulated 1.000

Accumulated 4.8 ± 5.3 Single — Conventional 0.065

Conventional –0.5 ± 6.2 Accumulated — Conventional 0.109

ADS score Single 2.3 ± 3.7 0.008 Accumulated — Single 1.000

Accumulated 4.3 ± 5.9 Accumulated — Conventional 0.008

Conventional –1.7 ± 3.3 Single — Conventional 0.107

FBG [mm/dL] Single 12 ± 10.7 0.389 — —

Accumulated 15.6 ± 13.5

Conventional –2.5 ± 25.9

6MWD [m] Single 21.3 ± 27.7 0.008 Conventional — Single 0.054

Accumulated 21.0 ± 26.6 Conventional — Accumulated 0.010

Conventional –9.5 ± 23.2 Single — Accumulated 1.000

Values are mean ± SD; p-value was set at 0.05

6MWD — 6-minute-walk-distance; ADS — appraisal of diabetes scale; FBG — fasting blood glucose; MFI-20 — Multidimensional Fatigue Inventory-20; SD 
— standard deviation
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or obese, which raises the level of pro-inflammatory 
cytokines and causes fatigue. This inflammatory marker 
production is inhibited by aerobic exercise [19, 26–28]. 
Furthermore, research by Park et al. [29] in 2015 as-
serted that only in patients with elevated HbA1c lev-
els does fatigue have a direct correlation to glucose 
control. Fatigue is mostly influenced by the presence 
of diabetic symptoms and distress with adequate gly-
cemic control.

Individuals with T2D have a lower QoL than those 
without the disease due to a variety of causes such as 
the accompanying complications and psychological 
issues including anxiety and depression, which influ-
ence psychosocial life and functioning and thus lower 
QoL. Comorbidities and different treatment regimen 
demands also have an impact on QoL. It declines with 
increasing age, disease duration, poor metabolic man-
agement, combination treatment with oral hypogly-
cemics and insulin, sedentary lifestyle, in women, and 
the presence of comorbidities [30]. Incentives such as 
regular phone follow-ups, supervised training sessions, 
self-monitoring of exercises, and group sessions boost 
participant motivation and adherence, promote a posi-
tive mindset, and encourage increased physical activ-
ity, hence enhancing QoL. Aerobic exercise improves 
QOL by increasing physical activity and altering body 
composition while maintaining glycemic control, blood 
pressure, and insulin resistance [31]. Previous research 
by Esha et al. [32] in 2019, Guglani et al. [9] in 2014, 
Praet et al. [33] in 2008, and Aylin et al. [34] in 2009 
that found that walking-based training increased QOL 
in T2D, confirming the findings of this study.

As a result of having more individuals with hyper-
tension (Group SW = 4, Group AW = 2) and female 
participants (Group SW = 9, Group AW = 5) than 
Group AW, Group SW experienced lower increases in 
QoL (Tab. 1).

Even though the current study’s results show a posi-
tive effect of exercise on fasting blood glucose level, 
Morton et al. [35] in 2010 claimed that a 7-week walk-
ing exercise program improved cardiorespiratory fitness 
but had no effect on blood glucose levels. The perceived 
intensity of the exercise protocol in the study was light 
whereas in this study it was of moderate intensity.

Most individuals with T2D do not achieve the rec-
ommended amount of physical activity per day. In ca-
tering to the needs of this large number of individuals, 
a better understanding of the kind of exercise program 
that they can effectively benefit from is necessary. Al-
though there are pharmacological regimens to man-
age diabetes and its symptoms, those alone cannot 
effectively address the various aspects of the condition. 

In the current study, an accumulated walking exercise 
protocol was proven to be more practical and effective 
in optimizing aerobic fitness and QoL.

The strengths of this study include emphasis on 
efficacy and the use of a cost-effective exercise regi-
men. Low discontinuation rates indicate that the ex-
ercise program was well tolerated. The study also had 
some limitations. There was no long-term follow-up 
to understand the durability of the treatment effect. 
Due to certain constraints, only urban populations with 
access to personal electronic gadgets were included. 
Also, factors like stress, daily activity levels, sleep qual-
ity, obesity, and dietary intake were not considered 
during the treatment process to see if they influenced 
the outcomes.

Conclusions
There is no difference between single and accumu-

lated walking exercises on glucose level, aerobic capac-
ity, fatigue, and QoL in those with T2D. However, as 
compared to the control group, accumulated walking 
is preferable in improving aerobic capacity and QoL. 

Future studies on long-term follow-up can be done 
to determine the effectiveness of the walking interven-
tion. The effect of exercises along with other factors 
can also be evaluated to understand the role of both.
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Heme Oxygenase-1 as Crucial Biomarker 
for Detecting Oxidative Stress and Some 
Parameters in a Sample of Obese Patients 
with and without Diabetes 

ABSTRACT
Objective: Obesity is a significant contributor to various 
metabolic disorders, including type 2 diabetes (T2D), 
resulting in heightened oxidative stress. This study aims 
to examine the levels of heme oxygenase-1 (HO-1), 
their correlation with high-density lipoprotein (HDL) 
concentration, and their influence on the onset of T2D 
in obese individuals with diabetes.
Materials and methods: The study comprised 150 
samples categorized into 3 groups, with each group 
further subdivided into 2 subgroups: males and fe-
males aged 30 to 65 years. Samples were collected at 
AL-Kindy Teaching Hospital. All sample variables for 
fasting subjects in every group were assessed. The 
colorimetric approach was employed for biochemical 
assays, encompassing fasting blood sugar (FBS) and 
lipid profiles. Insulin, HO-1, and dipeptidyl peptidase-4 
(DPP-4) levels were also quantified using ELISA. Subse-
quently, we employed statistical analysis to elucidate 
the results.
Results: Compared to the obesity group, the HO-1 
and HDL concentrations were higher in T2D with 

obesity [(18.0 ± 0.40), (39.86 ± 1.26) vs. (10.41 ± 0.74), 
(36.27 ± 0.85), with (ng/mL), (mg/dL), respectively]. 
The T2D with obesity group also showed higher insulin 
resistance compared to the obesity and control groups 
[(4.19 ± 0.874) vs. (1.21 ± 0.39), (0.74 ± 0.142)]. The 
diabetes with obesity male group had elevated HO-1 
concentrations compared with the obesity male group, 
a result that also applied to females.
Conclusions: The T2D with obesity group had higher 
concentrations of the HO-1 enzyme than the obesity 
group. We found a positive association between higher 
HDL concentrations and increased enzyme concentra-
tions in the T2D with obesity group. This enzyme may 
serve as a biomarker to predict the development of 
diabetes or the onset of other metabolic diseases. (Clin 
Diabetol 2024; 13, 6: 349–357)

Keywords: obesity, type 2 diabetes, heme 
oxygenase-1, dipeptidyl peptidase-4, oxidative stress

Introduction
It is well-acknowledged that obesity is a serious 

public health issue. Obesity raises the risk of heart dis-
ease, metabolic disorders, and some kinds of cancer. 
Obesity can harm pancreatic islet cells through chronic 
inflammation, in addition to causing metabolic abnor-
malities like insulin resistance (IR) and hyperglycemia 
[1]. Body mass index (BMI), defined as body mass di-
vided by the square of body height and expressed in 
kilograms per square meter (kg/m2), is used to deter-
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mine obesity. It is divided into the following groups: 
(18.5–24.9) normal weight, (25–29.9) overweight, 
(30–34.9) obesity grade 1, (35–39.9) obesity grade 2, 
and ≥ 40 extremely severe obesity [2].

Diabetes is a metabolic disease characterized by 
impaired insulin action, insufficient insulin secretion, 
or both. It impairs protein, fat, and carbohydrate me-
tabolism [3]. Higher concentrations of hormones, pro-
inflammatory cytokines, glycerol, and non-esterified 
fatty acids are released by obese patients, which may 
contribute to the development of insulin resistance 
released by adipose tissue [4]. Insulin is a polypeptide 
hormone primarily secreted by β cells in the pancreas, 
namely in islets of Langerhans. To control blood glucose 
levels, the hormone works in tandem with glucagon; 
glucagon has catabolic effects, whereas insulin acts 
through anabolic pathways [5].

One of the numerous hereditary and environmental 
risk factors linked to obesity and type 2 diabetes (T2D) 
is oxidative stress. The body’s ability to detoxify and 
generate reactive oxygen species (ROS) can be out of 
balance, leading to oxidative stress. Because obesity 
can cause oxidative stress and inflammation through 
a variety of cellular and metabolic pathways, there 
is a close relationship between obesity and oxidative 
stress [6]. Insulin signaling pathways and pancreatic 
beta cells are negatively impacted by oxidative stress in 
T2D, accelerating the disease’s progression [7].

Heme oxygenase-1 (HO-1) is thought to be the 
only enzyme that enables cells to break down heme, 
a molecule that is a component of hemoglobin and 
other hemoproteins [8]. HO activity produces biliverdin 
(BV), ferrous iron (Fe2+), and carbon monoxide (CO), 
which can be made by cleaving heme. Biliverdin reduc-
tase (BVR) converts BV to bilirubin (BR) [9]. According 
to earlier research, by releasing these numerous mol-
ecules with anti-inflammatory and antioxidant qualities, 
HO-1 shields different tissues and organs from oxidative 
stress and heightened inflammatory reactions [10]. In 
humans, the absence of HO-1, also referred to as heat 
shock protein 32 (Hsp32), is linked to anemia among 
abnormalities in coagulation, early death, growth re-
tardation, and increased iron deposition [8].

Dipeptidyl peptidase-4 (DPP-4) is an enzyme that 
controls the metabolism of glucose, raising blood sugar 
levels in people with diabetes through the degradation 
of incretin hormones, including gastric inhibitory pep-
tide (GIP) and glucagon-like peptide 1 (GLP-1). Upon 
consumption, various hormones generated from the 
stomach are produced [11, 12]. This study seeks to 
ascertain the concentration of the HO-1 enzyme, its 
correlation with high-density lipoproteins (HDL), and 

its impact on the progression of diabetes in obese in-
dividuals with T2D.

Materials and methods

Collecting, selecting, and analyzing samples
Samples were collected from AL-Kindy Teaching 

Hospital, and the study was carried out at the Col-
lege of Science for Women, University of Baghdad, 
from September 2023 to December 2023. The study 
included 150 individuals with an age range of 30–65 
years. The samples were divided as follows: The first 
group included 50 samples represented by the control 
group (healthy individuals) — 25 samples were taken 
from females and 25 from males. The second group 
included 50 samples represented by diabetes mellitus 
(DM) with obesity — 24  samples taken from males, 
and 26 samples taken from females. The third group 
included 50 samples, represented by the obesity group 
— 25 samples taken from females and 25 from males. 
Following a fasting period of 8 to 12 hours, a 7-mL 
blood sample was obtained from each participant. The 
samples were subsequently divided into 4 sections for 
necessary analyses, which encompassed quantifying 
the enzyme levels of HO-1, DPP-4, and insulin via ELISA 
(Cloud-Clone Corp.), as well as conducting additional 
biochemical assessments, including fasting blood glu-
cose and lipid profile evaluations using linear reagents 
(S.L.U.). Furthermore, the following formula was em-
ployed to ascertain insulin resistance: The Homeostasis 
Model Assessment of Insulin Resistance (HOMA IR) was 
calculated as glucose multiplied by insulin divided by 
405 (with glucose measured in mg/dL). Additionally, 
the BMI was determined using the formula: weight 
divided by height squared, and the waist-to-hip ratio 
(WHR) was assessed with a tape measure.

Exclusion criteria
This study excluded the following individuals: thy-

roid patients and those with kidney disease, individuals 
suffering from heart disease, pregnant women, and 
patients using insulin injections to treat diabetes and 
diabetic complications.

Statistical analysis
All statistical analyses were conducted using ver-

sion 26.0 of the SPSS program. Pairwise post hoc com-
parisons were employed among many groups, along-
side variance analysis (ANOVA), ROC curve analysis, 
and the correlation coefficient (r) between parameters. 
The data was exhibited using a normal distribution 
represented as mean ± standard error (SE). A p-value 
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≤ 0.05 indicated a significant difference, considered 
a statistical signal.

Results
The results of age, BMI, fasting blood sugar (FBS), 

insulin, HOMA IR, triglycerides (TG), HDL cholesterol, 
very low-density lipoprotein cholesterol (VLDL-C), HO-1, 
and DPP-4 were significant (p ≤ 0.05) between groups. 
The age showed a mean ± SE of 51.96 ± 1.15 years for 
DM with obesity and 44.20 ± 1.43 years for obesity, 
a high value compared with the control group, at 38.30 
± 1.25 years. The patient group showed a high BMI 
mean value for DM with obesity compared with the con-
trol group. As in Table 1, for FBS and HOMA IR for DM 
with obesity compared with obesity and control groups 
[(194.24 ± 10.54 mg/dL), (4.19 ± 0.874 mg/dL) vs. 
(100.74 ± 1.18 mg/dL) (1.21 ± 0.39 mg/dL), (96.87 ±  
± 1.01 mg/dL) (0.74 ± 0.142 mg/dL)]. The statistical 
function showed a significant difference in the prob-
ability value of insulin in the DM with obesity group 
compared to the control group.

The results showed that there was a statistically 
significant increase in the p-value in triglycerides, 
HDL cholesterol, and (VLDL-C); the mean value ± SE 
increased significantly between groups, but there was 
no significant difference for total cholesterol and low-
density lipoproteins (LDL). As in Table 1, the patients’ 
group showed a mean value of triglycerides ± SE of 

216.56 ± 19.82 mg/dL for DM with obesity, a high value 
compared to 136.56 ± 6.06 mg/dL for obesity, and the 
control group at 128.28 ± 3.72 mg/dL. While the HDL 
value was lower in obesity (36.27 ± 0.85 mg/dL) com-
pared to DM with obesity (39.86 ± 1.26 mg/dL) and 
the control group (42.42 ± 0.542 mg/dL), the mean 
value of VLDL increased for DM with obesity compared 
to the obesity group and the control group. The mean 
value between groups increased significantly in HO-1 
and DPP-4. 

The patient groups showed an increase in the mean 
heme oxygenase-1 value ± SE (18.0 ± 0.40 ng/mL) for 
DM with obesity and a low value (10.41 ± 0.74 ng/dL) 
for obesity compared with the control group (15.20 ±  
± 0.43 ng/dL). The mean value ± SE of DPP-4 de-
creased for (6.48 ± 0.27 ng/mL) obesity and (7.71 ±  
± 0.28 ng/mL) DM with obesity compared to the con-
trol group (15.55 ± 0.83 ng/mL), as indicated in Table 1.

Table 2 shows the correlation of different param-
eter levels with HO-1 in groups. The results showed 
a positive correlation between HO-1 and BMI, insulin, 
and HOMA IR in the control group, DM and obesity, 
and a significantly positive correlation with HDL in DM 
with obesity. At the same time, there was a negative 
significant correlation in the control group and the 
obesity group, while a significant positive and strong 
correlation was seen between HO-1 and DPP-4 in DM 
with obesity.

Table 1. Mean ± SE between patient and control groups with all parameters

Groups 

Parameters

Control group 

(N = 50)

Diabetes mellitus with obesity group 

(N = 50)

Obesity group 

(N = 50)

P-value

Age [year] 38.30 ± 1.25 a 51.96 ± 1.15 c 44.20 ± 1.43 b 0.001**

BMI [kg/m2] 23.35 ± 0.28 a 33.52 ± 0.41 b 34.49 ± 0.615 b 0.001**

W/H ratio 0.96 ± 0.031 a 1.00 ± 0.014 a 0.95 ± 0.018 a 0.310

FBS [mg/dL] 96.87 ± 1.01 a 194.24 ± 10.54 b 100.74 ± 1.18 a 0.001**

Insulin [μlU /mL] 3.05 ± 0.584 a 8.06 ± 1.39 b 4.80 ± 1.54 ab 0.018*

HOMA IR 0.74 ± 0.142 a 4.19 ± 0.874 b 1.21 ± 0.39 a 0.001**

TC [mg/dL] 174.54 ± 2.75 a 189.26 ± 7.68 a 179.24 ± 3.83 a 0.128

TG [mg/dL] 128.28 ± 3.72 a 216.56 ± 19.82 b 136.56 ± 6.06 a 0.001**

HDL-C [mg/dL] 42.42 ± 0.542 b 39.86 ± 1.26 b 36.27 ± 0.85 a 0.001**

LDL-C [mg/dL] 106.46 ± 2.70 a 109.26 ± 7.0 a 115.66 ± 3.34 a 0.376

VLDL-C [mg/dL] 25.66 ± 0.74 a 45.45 ± 4.39 b 27.31 ± 1.21 a 0.001**

HO-1 [ng/mL] 15.20 ± 0.43 b 18.0 ± 0.40 c 10.41 ± 0.74 a 0.001**

DPP-4 [ng/mL] 15.55 ± 0.83 b 7.71 ± 0.28 a 6.48 ± 0.27 a 0.001**

**Significant difference between means using ANOVA -test at 0.01 level

BMI — body mass index; DPP-4 — dipeptidyl peptidase-4; FBS — fasting blood sugar; HDL-C — high-density lipoprotein cholesterol; HO-1 — heme oxyge-
nase-1; HOMA IR — Homeostasis Model Assessment of Insulin Resistance; LDL-C — low-density lipoprotein cholesterol; SE — standard error; TC — total 
cholesterol; TG — triglycerides; VLDL-C — very low-density lipoprotein cholesterol; WHR — waist-to-hip ratio
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Alongside our study, which comprised a cohort of 
patients and healthy controls, a cross-sectional analysis 
was performed, including male and female patients. 
The male group with DM and obesity had a mean age 
± SE of 53.16 ± 1.78 years, significantly higher than 
the obesity-only male group, at 43.20 ± 2.09 years, as 
depicted in Table 3. The average BMI values of the DM 
with obesity group comprising fat males and obese 
females exhibited a statistically significant difference. 
Obesity females exhibited a higher BMI than DM with 
obesity males, measuring 35.67 ± 0.85 vs. 32.32 ±  
± 0.31 kg/m². The WHR in DM with obesity males was 
greater than that in obesity females. Results for FBS, 
insulin, and HOMA IR between male and female pa-
tients indicate that the mean ± SE of FBS in DM with 
obesity males was higher than that in obesity females. 
Additionally, the mean ± SE for DM and obesity females 
was greater than that for obesity females. Insulin and 
insulin resistance (HOMA IR) exhibited elevated mean 

± SE values in DM with obesity females compared to 
their male counterparts, namely 10.42 ± 2.49 μlU/mL, 
5.09 ± 1.50 μlU/mL vs. 1.75 ± 0.51 μlU/mL, 0.43 ±  
± 0.12 μlU/mL, respectively.

The mean value ± SE increased significantly 
(p ≤ 0.05) between groups concerning triglycerides, 
HDL, and VLDL, while no group showed a significant 
value (p > 0.05) for LDL and total cholesterol between 
groups. When comparing males and females in the 
patient group. The mean triglyceride values ± SE were 
highest in DM with obesity males compared to obesity 
males and obesity females. The values were 226.45 ± 
± 33.24 mg/dL, 141.84 ± 9.63 mg/dL, and 131.28 ±  
± 7.42 mg/dL, respectively. The mean HDL ± SE for fe-
males suffering from DM with obesity revealed a high 
value in comparison with DM with obesity males and 
obesity female groups (43.34 ± 1.87 vs. 36.08 ± 1.33, 
36.54 ± 0.96 mg/dL). The DM with obesity male group 
showed a high mean value ± SE for VLDL compared with 

Table 2. Correlations between HO-1 and all parameters

Heme oxygenase-1 [ng/mL]

Control group 

(N = 50)

Diabetes mellitus with obesity group 

(N = 50)

Obesity group 

(N = 50)

Age [years] r 0.057 –0.063 –0.083

P 0.692 0.666 0.567

BMI [kg/m2] r 0.298* 0.462** 0.115

P 0.035 0.001 0.426

WHR r 0.236 –0.073 0.030

P 0.099 0.615 0.837

FBS [mg/dL] r 0.007 0.229 0.110

P 0.963 0.109 0.449

TC [mg/dL] r 0.200 –0.005 –0.005

P 0.164 0.971 0.973

TG [mg/dL] r 0.079 –0.124 0.113

P 0.584 0.389 0.434

HDL-C [mg/dL] r –0.302* 0.289* –0.300*

P 0.033 0.041 0.034

LDL-C [mg/dL] r 0.204 –0.075 0.030

P 0.155 0.607 0.837

VLDL-C [mg/dL] r 0.001 –0.160 0.113

P 0.995 0.267 0.434

Insulin [μlU /mL] r 0.319* 0.497** –0.027

P 0.024 0.000 0.852

HOMA IR r 0.314* 0.456** –0.036

P 0.026 0.001 0.806

DPP-4 [mg/dL] r –0.161 0.315*   0.281*

P 0.265 0.026 0.048

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level 

BMI — body mass index; DPP-4 — dipeptidyl peptidase-4; FBS — fasting blood sugar; HDL-C — high-density lipoprotein cholesterol; HO-1 — heme oxyge-
nase-1; HOMA IR — Homeostasis Model Assessment of Insulin Resistance; LDL-C — low-density lipoprotein cholesterol; SE — standard error; TC — total 
cholesterol; TG — triglycerides; VLDL-C — very low-density lipoprotein cholesterol; WHR — waist-to-hip ratio
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the obesity male group. A high value for DM with obesity 
females was seen compared with the obesity male group. 

Table 3 shows that the mean ± SE values of DM 
with obesity males, which is high compared with obesi-
ty males (16.90 ± 0.62  vs. 9.29 ± 1.19 ng/mL), and the 
mean for DM with obesity females is high compared to 
obesity females (19.0 ± 0.46 vs. 11.53 ± 0.84 ng/mL). 
The mean value increased for DPP-4 in DM with obe-
sity females compared with obesity females and males 
(8.26 ± 0.40 vs. 6.53 ± 0.34 and 6.43 ± 0.44 ng/mL).

Table 4 presents the findings of the ROC analysis 
using the following parameters between the groups of 
obesity and DM with obesity. The area under the ROC 
curve (AUC) for OH-1 demonstrated good diagnostic 
accuracy with a value of 0.886. The cut-off value for 
OH-1 (16.30) and the sensitivity and specificity of HO-1 
(0.70 and 0.16, respectively) are shown in Figure 1.

Table 3. Mean ± SE between males and females in patient groups with all parameters

Groups

Parameters

Diabetes mellitus with 

obesity male group 

(N = 24)

Diabetes mellitus with 

obesity female group 

(N = 26)

Obesity female group 

(N = 25)

Obesity male group 

(N = 25)

P-value

Age [year] 53.16 ± 1.78 c 50.84 ± 1.48 bc 45.20 ± 1.98 ab 43.20 ± 2.09 a 0.001**

BMI [kg/m2] 32.32 ± 0.31 a 34.62 ± 0.66 ab 35.67 ± 0.85 b 33.31 ± 0.83 ab 0.007**

WHR 1.03 ± 0.02 b 0.97 ± 0.01 ab 0.90 ± 0.009 a 1.0 ± 0.03 b 0.001**

FBS [mg/dL] 202.16 ± 18.65 b 186.92 ± 10.89 100.31 ± 1.66 a 101.17 ± 1.72 a 0.001**

Insulin [μlU /mL] 5.51 ± 0.90 ab 10.42 ± 2.49 b 7.85 ± 2.95 ab 1.75 ± 0.51 a 0.023*

HOMA IR  3.21 ± 0.80 ab 5.09 ± 1.50 b 1.97 ± 0.75 ab 0.43 ± 0.12 a 0.006**

TC [mg/dL] 182.5 ± 9.92 a 195.5 ± 11.64 a 179.80 ± 5.86 a 178.68 ± 5.06 a 0.480

TG [mg/dL] 226.45 ± 33.24 b 207.42 ± 23.13 ab 131.28 ± 7.42 a 141.84 ± 9.63 a 0.003**

HDL-C [mg/dL] 36.08 ± 1.33 a 43.34 ± 1.87 b 36.54 ± 0.96 a 36.0 ± 1.42 a 0.001**

LDL-C [mg/dL] 104.29 ± 8.85 a 113.84 ± 10.79 a 117.0 ± 5.11 a 114.31 ± 4.40 a    0.689

VLDL-C [mg/dL] 46.19 ± 6.84 c 44.76 ± 5.73 bc 26.25 ± 1.48 a 28.36 ± 1.92 ab 0.002**

HO-1 [ng/mL] 16.90 ± 0.62 b 19.0 ± 0.46 b 11.53 ± 0.84 a 9.29 ± 1.19 a 0.001**

DPP-4 [ng/mL] 7.10 ± 0.38 ab 8.26 ± 0.40 b 6.53 ± 0.34 a 6.43 ± 0.44 a 0.004**

**Significant difference between means using ANOVA -test at 0.01 level

BMI — body mass index; DPP-4 — dipeptidyl peptidase-4; FBS — fasting blood sugar; HDL-C — high-density lipoprotein cholesterol; HO-1 — heme oxyge-
nase-1; HOMA IR — Homeostasis Model Assessment of Insulin Resistance; LDL-C — low-density lipoprotein cholesterol; SE — standard error; TC — total 
cholesterol; TG — triglycerides; VLDL-C — very low-density lipoprotein cholesterol; WHR — waist-to-hip ratio

Figure 1. ROC curve analysis of HO-1 for obesity and diabe-
tes mellitus with obesity group
AUC — area under the curve; HO-1 — heme oxygenase-1

Table 4. ROC curve analysis of HO-1 between obesity and diabetes mellitus with obesity groups

Area under the curve

Test result variable(s) Area Std. errora Asymptotic Sig.b Asymptotic 95% confidence interval

Lower bound Upper bound

Heme oxygenase-1 (ng/mL) .886 .036 .000 .816 .956

HO-1 — heme oxygenase-1 
aUnder the nonparametric assumption; bNull hypothesis: true area = 0.5
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Discussion
Table 1 displays the results, revealing a statisti-

cally significant difference in BMI between the con-
trol and patient groups. The correlation between 
a higher body mass index and an increased risk of 
T2D is evident [13]. Obese patients who accumulate 
significant amounts of body fat have a higher likeli-
hood of developing T2D because obesity influences 
both insulin action and B-cell function. This finding 
aligns with the research conducted by Klein et al. 
[14]. Research indicates that males exhibit a higher 
susceptibility to T2D compared to females, with di-
agnoses occurring at lower BMI levels in males than 
in females. The current study indicates, as illustrated 
in Table 3, that males with DM and obesity exhibit 
a lower BMI than females. Furthermore, it has been 
noted that men typically exhibit a greater tendency 
to accumulate weight in the abdominal area, whereas 
women are more inclined to store weight in the hips 
and thighs. There is a correlation between abdominal 
fat and an elevated risk of developing diabetes. The 
findings align with the research presented in study 
[15].  Furthermore, individuals with a high BMI ex-
hibit a greater propensity for developing T2D, with 
women showing a higher likelihood than men. The 
results are consistent with the findings of previous 
research [16]. Furthermore, males exhibiting a higher 
waist-to-hip ratio demonstrate a greater vulnerability 
to insulin resistance and various metabolic irregulari-
ties compared to females. The results of our analysis 
corresponded with those of a previous study [17]. 
Our study’s results indicate a statistically significant 
difference between the patient group and the healthy 
group, highlighting a notable association between 
the increasing risk of developing diabetes and advanc-
ing age. The probability of an individual developing 
heart disease generally increases as they age [18].

The results presented in Table 1 indicate that the 
average values of FBS, INS, and HOMA-IR show a sig-
nificant upward trend in the DM with obesity group 
compared to both the control group and the obesity 
group (p ≤ 0.05). The findings align with the research 
conducted by Abed et al. [19]. Obesity represents 
a significant risk factor for diabetes, closely linked to 
the phenomenon of insulin resistance. The adipose 
tissue in obese individuals secretes elevated levels of 
hormones, pro-inflammatory cytokines, glycerol, and 
non-esterified fatty acids, potentially playing a role in 
the onset of insulin resistance. Additionally, oxidative 
stress and lipodystrophy impact insulin resistance, as 
demonstrated in the research conducted by Wondmkun 
et al. [20]. Table 3 presents results showing that females 
experienced a greater increase in HOMA IR value com-

pared to males. The study’s findings are consistent with 
earlier research [21]. Although various research findings 
contradict our own, which indicate that men are more 
prone to developing obesity, insulin resistance, and hy-
perglycemia in response to nutritional challenges, it is 
evident that women exhibit distinct energy partitioning 
patterns in comparison to men. Fat and carbohydrates 
serve as fuel sources, facilitating energy storage in sub-
cutaneous adipose tissues while safeguarding against 
visceral and ectopic fat accumulation. Women exhibit 
a greater insulin sensitivity than men do [22].

A previous study showed that DM with obesity 
has higher triglyceride levels than those with obe-
sity, as indicated in a study conducted by Aljabri 
et al. [23], which was consistent with our current 
study, as displayed in Table 1. Individuals suffering 
from DM with obesity have higher levels of triglyc-
eride deposition in non-adipose tissue. A decrease 
in HDL cholesterol was observed. Fat accumulation 
in the visceral and abdominal subcutaneous depots 
is strongly associated with the risk of metabolic and 
cardiovascular issues. The results are consistent with 
the study by Khalid Jaid et al. [24]. Advanced end 
products of inflammation, oxidative stress, and hy-
perglycemia induce dysregulation of HDL cholesterol 
in diabetes. This elevates the risk of cardiovascular 
disease. Our findings align with those of Abed et al. 
[25]. Table 3 indicates that triglyceride levels were 
elevated in obese males with DM compared to obese 
females, although HDL levels were greater in obese 
females than in males. Consequently, the findings of 
our research align with those of a prior study [23]. 
A greater amount of HDL further substantiates the 
advantageous benefits of estrogen.  

The present research revealed that serum HO-1 
concentrations were markedly elevated in individuals 
with DM accompanied by obesity compared to the 
control group. The findings of our research align with 
those presented by Bao et al. [26], which indicated 
a heightened level of HO-1 in the plasma of individuals 
diagnosed with T2D. The observed increase is thought 
to correlate with heightened oxidative stress in these in-
dividuals, stemming from the generation of significant 
quantities of free radicals capable of inflicting cellular 
damage. The elevation of the HO-1 enzyme is viewed 
as a component of the body’s protective mechanism 
against oxidative stress and is crucial in mitigating dis-
ease complications.   

Individuals with T2D and obesity demonstrate el-
evated HO-1 activity, which correlates with increased 
levels of plasma glucose, iron, and thiobarbituric acid 
reactive substances (TBARS), suggesting a potential 
rise in stress levels [27, 28]. Obese patients exhib-
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ited reduced levels of HO-1 when compared to the 
healthy group. The increase in ROS production leads 
to a reduction in HO-1 levels. This increases the likeli-
hood of developing metabolic syndrome associated 
with obesity [29]. In this study, it was observed that 
diabetic males with obesity exhibited elevated levels 
of the enzyme HO-1 compared to their non-diabetic 
obese counterparts, and a similar pattern was noted 
among females. HO-1 serves as the body’s primary 
line of defense against oxidative stress. This enzyme 
plays a crucial role in the regulation of adipogenesis, 
a process that is significant in the development of 
obesity and contributes to the reduction of oxidative 
stress. Our findings indicate a correlation between 
obesity and metabolic syndrome in obese females and 
the presence of inflammation, which subsequently 
elevates reactive oxygen species (ROS) levels. The oxi-
dant assault increases isoprostane levels and leads to 
the oxidation of HDL (Ox-HDL) [15]. Table 2 illustrates 
a correlation between HO-1 enzyme concentration 
and HDL levels in the context of DM accompanied by 
obesity. Men experiencing metabolic syndrome and 
aging demonstrate elevated rates of morbidity and 
mortality. Lower levels of stress proteins, particularly 
intracellular HO-1, contribute to their increased sus-
ceptibility to illness [30]. Numerous studies utilizing 
animal models and data from individuals with insuf-
ficient HO-1 indicate its significant role in various clini-
cal scenarios characterized by elevated inflammation 
and oxidative stress levels. Pharmacological therapy 
aimed at stimulating HO-1 production represents 
a novel and promising strategy for the management 
of inflammatory diseases [16].

Research suggests that DM accompanied by obesity 
may have elevated DPP-4 levels. Elevated DPP-4 levels 
may diminish the efficacy of incretins, resulting in re-
duced insulin secretion and glucose intolerance [31]. 
This contrasts with our findings: Vildagliptin, an oral 
medication for T2D, reduced DPP-4 levels. These phar-
maceuticals are referred to as DPP-4 inhibitors, func-
tioning by inhibiting the enzyme DPP-4 from degrading 
incretin hormones such as glucagon-like peptide 1 (GLP-
1) and glucose-dependent insulinotropic polypeptide 
(GIP). Consequently, these drugs elevate GIP and GLP-1 
levels, enhancing glucose control by augmenting insu-
lin secretion and diminishing glucagon secretion [32]. 
Studies have shown that DPP-4 inhibitors protect cells 
against several diabetes-related problems affecting the 
kidneys, liver, heart, retina, and neurons [33]. In com-
parison to obese females and obese males, the cohort 
of DM with obese females had a higher mean value of 

DPP-4. The conclusions of the investigation correspond 
with those of a prior study [34]. 

Table 4 indicates that the ROC analysis of HO-1 
produced favorable outcomes. This suggests that this 
enzyme could serve as a biomarker for predicting the 
progression of diabetes or the emergence of other 
metabolic disorders.

Conclusions
DM associated with obesity demonstrated a higher 

concentration of the HO-1 enzyme in comparison to 
the obesity group alone. Male subjects with DM and 
obesity exhibited higher levels of the HO-1 enzyme 
compared to their male counterparts who had obesity 
without diabetes. Obese females with DM exhibited 
higher enzyme concentrations compared to their non-
diabetic counterparts. This increase can be linked to the 
enzyme’s antioxidant and anti-inflammatory properties, 
which potentially reduces the risk of T2D and other 
metabolic disorders. A positive correlation was identi-
fied with HDL, indicating that higher HDL levels were 
associated with increased enzyme concentrations in 
individuals with DM in the obese group. This enzyme 
could serve as a potential indicator for predicting the 
advancement of diabetes or the onset of various meta-
bolic disorders.
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Study of the Relationship between the 
Condition of Periodontal Tissues and Bone 
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ABSTRACT
Objective: The aim of the study was to assess the rela-
tionship between the condition of periodontal tissues 
and reduced bone mineral density (BMD) in patients 
with newly diagnosed type 2 diabetes (T2D). 
Materials and methods: A group of 108 patients with 
newly diagnosed T2D, up to 3 months after diagnosis, 
were included in the study. Smoking patients were ex-
cluded from the study. The patients underwent a peri-
odontal examination, a blood test, and densitometry 
on the same day. The results were then subjected to 
statistical analysis by the PQStat v. 1.6.8. program us-
ing the Spearman test, as well as multivariate analysis 
by logistic regression. The threshold of significance 
was p < 0.05. 
Results: A group of 103 patients with newly diagnosed 
T2D were qualified for the study, including 38 women 
(36.9%) and 65 men (63.1%). The mean age of the 

patients was 56.5 years (SD = 13.0 years). In the group 
of women, the relationship between bone density 
and clinical attachment loss (CAL) was statistically 
significant also after taking age into account. The cor-
relation between CAL and femoral neck density was 
so strong that, when taking it into account, age did 
not show a statistically significant relationship. The 
density of the femoral neck showed a strong relation-
ship with the number of missing teeth, completely 
dominating the importance of age. 
Conclusions: It was shown that the degree of peri-
odontal disease in the group of women with newly 
diagnosed T2D was affected by reduced BMD, regard-
less of age. (Clin Diabetol 2024; 13, 6: 358–365)

Keywords: periodontitis, bone mineral density, newly 
diagnosed type 2 diabetes

Introduction
Due to bone loss in both periodontitis and osteopo-

rosis, it was considered highly likely that systemic bone 
loss could contribute to periodontal tissue destruction. 
In a meta-analysis of studies on the relationship between 
periodontal disease and osteoporosis, it was shown that 
patients suffering from osteoporosis are significantly ex-
posed to periodontitis (the risk of periodontitis increased 
by 70%), and this risk is higher in women [1]. The patho-
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genesis of this relationship is believed to be a decrease 
in jaw bone density [2], which is the result of systemic, 
simultaneous bone resorption, due to inflammatory 
mediators (IL-1, TNF-α, RANKL), stimulating osteoclas-
togenesis, genetic conditions, and susceptibility to bone 
resorption associated with inflammation [3]. However, 
the exact pathomechanism has not been proven. The 
correlation between type 2 diabetes (T2D) and osteo-
porosis has been a subject of research for many years. 
People with T2D have increased risk of bone fractures 
compared to people without diabetes. This higher risk of 
fractures may occur with normal or even increased bone 
mineral density (BMD) because of poorer bone quality in 
patients with T2D [4, 5]. The pathophysiological mecha-
nisms underlying increased risk of osteoporotic fractures 
in the population of patients with T2D are complex. The 
main ones include chronic hyperglycemia and accumula-
tion of collagen glycation end products (AGEs), insulin 
resistance, bone marrow adiposity, numerous cytokines, 
adipokines, oxidative stress, and reduced concentration 
of hydrogen sulfide [6, 7]. Disease duration, glycemic 
control, and the presence of chronic complications (retin-
opathy, nephropathy, macroangiopathy) are predictors 
of osteoporotic fractures. Antidiabetic drugs are also of 
significance for bone tissue metabolism [4].

The primary outcome of this study was to analyze 
the relationship between periodontal disease severity, 
as represented by clinical attachment loss (CAL), and 
neck-femur BMD, including patients’ age and gender 
as potential confounders.

The secondary outcomes included the relationship 
between other indices of periodontal state [plaque in-
dex (PI), bleeding index (BI), pocket depth (PD), number 
of deep pockets with bleeding, and tooth loss as a gen-
eral indication of poor oral health] and 3 indices de-
scribing BMD: neck-femur BMD, femur total BMD, and 
L1–L4 BMD, as well as biochemical parameters related 
to the BMD [calcium (Ca), phosphorus (P), parathyroid 
hormone (PTH), and vitamin D3 levels].

Materials and methods
Subjects 

The study group consisted of patients hospitalized 
at the Department of Internal Medicine, Endocrinology, 
and Diabetology of the Central Clinical Hospital of the 
Ministry of Interior and Administration in Warsaw and 
patients of the Diabetes Clinic of this hospital. The 
maximum time since diagnosis of T2D was 3 months. 
A group of 103 patients with newly diagnosed T2D was 
qualified for the study, including 38 women (36.9%) 
and 65 men (63.1%). The mean age of the patients was 
56.5 years (SD = 13.0 years). Smoking patients were 
excluded from the study. The mean body mass index 
(BMI) was 29.1 kg/m2 (SD = 4.3). The percentage of 

overweight (BMI 25.0–29.99 kg/m2) and obese (BMI ≥ 
30 kg/m2) patients was 43% and 40.5%, respectively, 
among newly diagnosed ones. All tests were carried 
out in accordance with the provisions of the Helsinki 
Declaration of 1973 (updated in 2002). A positive 
opinion was obtained from the Ethics and Supervision 
Committee for Research on Humans and Animals of 
the Central Clinical Hospital of the Ministry of Interior 
and Administration in Warsaw (10/2012). All patients 
were presented with a study information form, and 
their written consent for the study was obtained.

Study design 
The patients underwent a detailed periodontal 

examination. It was performed in artificial light, using 
a dental mirror and a Hu-Friedy PCP-15 UNC probe, cali-
brated every 1 mm, each time with force not exceeding 
0.25 N (25 g). The patients also underwent a blood test 
and densitometry on the same day.

Data collection 
The following parameters were rated in periodontal 

examination: number of teeth, presence or absence of 
plaque on 4 tooth surfaces - mesial, distal, buccal, and 
palatal, simplified PI according to O’ Leary [8] was cal-
culated, presence or absence of bleeding during prob-
ing at 4 points around the tooth — mesially, centrally, 
and distally from the buccal side and centrally from the 
oral cavity, and then the bleeding rate was calculated 
— bleeding on probing (BOP) (%), according to Ainamo 
and Bay [9], PD at 6 points around the tooth — mesially, 
centrally, distally from the buccal side and mesially, cen-
trally, and distally from the oral cavity. Pocket depth was 
defined as the distance from the bottom of the pocket, 
assessed by probing, to the gingival margin. The location 
of the connective tissue attachment — CAL at 6 points 
around teeth — 3 measurement points on the buccal 
surface (mesial, central, distal) and similarly 3 points on 
the palatal/lingual surface (mesial, central, distal). Meas-
urement of connective tissue attachment was defined as 
the distance from the bottom of the pocket, assessed by 
probing, to the cementoenamel junction [10]. 

In the general blood test, basic morphological and 
biochemical parameters were determined, as well as 
the level of glycemia (mg/dL) and concentration of gly-
cated hemoglobin (HbA1c). The following values were 
considered the norm: fasting glucose < 100 mg/dL;  
HbA1c ≤ 6.5%. Additionally, the following were deter-
mined: the level of acute phase protein — C-reactive 
protein (normal 0–5 mg/L); Ca (norm 2.1–2.6 mmol/L); 
P (normal 0.8–1.4 mmol/L); PTH (normal 10–60 pg/mL); 
and vitamin D3 (norm 31–50 ng/mL).

In densitometric examination, the following param-
eters of measurable BMD were determined: neck-femur 
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BMD — mineral density of the femur neck, femur total 
BMD — femur mineral density, and L1–L4 BMD — bone 
mineral density of lumbar spine.

Statistical analysis
The results obtained from the periodontal examina-

tion, blood test, and densitometric examination were then 
subjected to statistical analysis by PQStat v. 1.6.8. soft-
ware using the Mann-Whitney U test, Spearman test, and 
multivariate analysis by logistic regression. The threshold 
of significance was p < 0.05. The minimum sample size 
calculated using G*Power software (power 0.80, alpha 
0.05) for correlation analysis was 67 participants.

Results
The study group was characterized by an un-

satisfactory condition of periodontal tissues, in par-
ticular the large number of lost teeth (median of 9 
lost teeth), number of pockets ≥ 4 and ≥ 4 with as-
sociated bleeding (median of 10 and 4 pockets per 
person, respectively), as well as CAL (median 3 mm) 
and BOP (average 27.1%). These parameters mostly 
correlated significantly with the age of patients in the 

study group but did not differ depending on gender. 
In the study group, women had significantly higher 
BMI, high-density lipoproteins (HDL), and values of 
P concentration. The level of phosphorus also decreased 
with the age of patients. Men, however, had higher 
glycemia and HbA1c levels (Tab. 1).

Mineral density of the femoral neck, femur, and 
lumbar spine (L1–L4) decreased with age. In addition, 
the densities of the femur and lumbar spine (L1–L4) 
were significantly lower in women than in men (Tab. 1).

An inverse correlation was found between bone 
density and clinical attachment loss and the number 
of lost teeth (for neck-femur BMD also with median 
PD) (Tab. 2).

All these parameters are age-dependent; therefore, 
multi-factor models have been developed that also take 
age into account. Due to the differences in the results 
of the densitometric examination between men and 
women, the analysis was carried out separately for 
each sex (Tab. 2–4).

After adjusting for age, bone density was not inde-
pendently correlated with loss of attachment position 
in the male group.

Table 1. Comparison of Age, BMI, and Laboratory Parameters Depending on Gender (Mann-Whitney Test) and Age  
(Spearman Test)

Total 
(n = 103)

Men 
(n = 65)

Women 
(n = 38)

Mean ± SD Mean ± SD Mean ± SD

Age 56.5 ± 13.0 56.6 ± 12.6 56.4 ± 13.8

BMI 29.1 ± 4.3 28.3 ± 3.9 30.7 ± 4.7

WBC 6.9 ± 1.7 7.1 ± 1.7 6.5 ± 1.6

Fasting blood glucose 163.7 ± 85.8 ** 177.1.2 ± 94.0* 142.6 ± 67.0 

HbA1c 8.3 ± 2.6 ** 8.6 ± 2.5 * 7.7 ± 2.7 

Cholesterol 187.2 ± 57.5 ** 185.9 ± 63.7 189.2 ± 46.2 

HDL 47.0 ± 15.4 ** 44.3 ± 13.3* 51.5 ± 17.5 

LDL 106.4 ± 50.3** 105.9 ± 56.7 107.2 ± 38.4

Triglycerides 187.0 ± 218.8**  203.1 ± 256.1 160.4 ± 136.1

Ca 2.3 ± 0.2 2.3 ± 0.2 2.4 ± 0.1

P 3.4 ± 0.6 ** 3.3 ± 0.6 3.6 ± 0.5* 

PTH 38.0 ± 21.9 35.6 ± 18.9 41.8 ± 25.8

Vit. D3 14.4 ± 7.0 14.3 ± 6.9 14.5 ± 7.4

CRP 9.6 ± 19.5 6.9 ± 12.5 15.4 ± 29.1

ALT 46.6 ± 50.0** 52.4 ± 60.7 36.8 ± 20.3

AST 37.1 ± 41.6 41.8 ± 51.1 29.3 ± 13.0

Neck-Femur BMD 0.99 ± 0.14** 1.01 ± 0.13 0.96 ± 0.14

Femur total BMD 1.08 ± 0.15** 1.12 ± 0.13 1.02 ± 0.15* 

L1–L4 BMD 1.21 ± 0.18 1.24 ± 0.17 1.15 ± 0.18* 

*p-value < 0.05 comparison depending on gender (Mann-Whitney test); **p-value < 0.05 comparison depending on age (Spearman test) — relationships 
were statistically inverse  with the exception of the HDL parameter
ALT — alanine transaminase; AST — aspartate transaminase; BMD — bone mineral density; BMI — body mass index; Ca — calcium; CRP — C-reactive pro-
tein; HbA1c — glycated hemoglobin; HDL — high-density lipoprotein; LDL — low-density lipoprotein; P — phosphorus; PTH — parathyroid hormone; SD 
— standard deviation; WBC — white blood cells
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In the group of women, however, the relationship 
between bone density and attachment loss remained 
statistically significant also after taking age into ac-
count. The correlation with the density of femoral neck 
was so strong that when age was taken into account, 
it did not show a statistically significant relationship 
(Tab. 3).

Similarly, the number of lost teeth in men did not 
depend on bone density, but only on age (Tab. 4).

In the group of women, the results were not so 
clear. The density of the femoral neck showed a strong 
relationship with the number of lost teeth, completely 
dominating the importance of age. Examination of the 
proximal femur as a whole correlated with the number 

Table 2. Correlation of Periodontal Parameters with Biochemical and Densitometric Parameters (Spearman Correlation 
Analysis)

Ca P PTH Vit. D3 Neck-Femur 
BMD

Femur total 
BMD

L1–L4 BMD

Number of missing teeth r = –0.05 r = –0.07 r = –0.16 r = 0 r = –0.39* r = –0.27* r = –0.10 

PI r = –0.03 r = –0.08 r = –0.11 r = 0.11 r = –0.07 r = –0.02 r = –0.03 

BI r = –0.05 r = –0.17* r = –0.10 r = 0 r = –0.14 r = 0 r = –0.08 

PD mean r = –0.04 r = –0.07 r = –0.09 r = –0.03 r = –0.15 r = –0.08 r = –0.13 

PD median r = –0.07 r = –0.02 r = –0.15 r = –0.01 r = –0.24 * r = –0.18 r = –0.19 

PD ≥ 4 mm (number) r = 0.03 r = –0.08 r = 0.10 r = –0.08 r = 0 r = 0.06 r = –0.01 

PD ≥ 4 mm (%) r = –0.02 r = –0.09 r = 0 r = –0.07 r = –0.18 r = –0.10 r = –0.08 

PD ≥ 4 mm + BOP (number) r = 0 r = –0.10 r = 0.03 r = –0.03 r = 0.01 r = 0.11 r = 0.02 

PD ≥ 4 mm + BOP (%) r = –0.04 r = –0.11 r = –0.03 r = –0.03 r = –0.10 r = 0 r = –0.02 

CAL mean r = –0.03 r = –0.10 r = –0.14 r = 0.02 r = –0.44* r = –0.29* r = –0.25*

CAL median r = –0.05 r = –0.08 r = –0.15 r = 0.07 r = –0.43* r = –0.32* r = –0.31*

*p value < 0.05; Spearman correlation analysis
BI — bleeding index; BOP — bleeding on probing; BMD — bone mineral density; CAL — clinical attachment loss; PD — pocket depth; PI — plaque index; 
PTH — parathyroid hormone

Table 3. Analysis of the Relationship between Median CAL, Age, and Bone Mineral Density Using Linear Regression, and 
between the Number of Missing Teeth, Age, and Bone Mineral Density Using Linear Regression in the Group of Women

Women

Missing teeth Median CAL

P-value for the model: < 0.0001 P-value for the model: 0.0001 

R2 = 0.56 R2 = 0.46 

  Standardized coefficient β P-value   Standardized coefficient β P-value

Intercept   0.003 Intercept   0.0588

Age 0.2 0.1893 Age 0.31 0.0651

Neck-Femur BMD –0.62 0.0002 Neck–Femur BMD –0.45 0.0085

P-value for the model: < 0.0001 P-value for the model: 0.0003 

R2 = 0.48 R2 = 0.42 
  Standardized coefficient β P-value   Standardized coefficient β P-value

Intercept   0.0427 Intercept   0.2012

Age 0.37 0.0156 Age 0.43 0.0074

Femur total BMD –0.46 0.0032 Femur total BMD –0.34 0.0313

P-value for the model: < 0,0001 P-value for the model: 0.0009 

R2 = 0,50 R2 = 0.36 
  Standardized coefficient β P–value   Standardized coefficient β P-value

Intercept   0.053 Intercept   0.8566

Age 0.51 0.0004 Age 0.56 0.0005

L1–L4 BMD –0.46 0.0011 L1–L4 BMD –0.19 0.1872

BMD — bone mineral density; CAL — clinical attachment loss
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of missing teeth, with age also being a significant risk 
factor. The result of the bone density test in the lum-
bar spine did not significantly modify the relationship 
between the number of lost teeth and age (Tab. 3).

There was no relationship between BMD and se-
lected biochemical parameters related to bone tissue, 
as well as glucose and HbA1c levels (Tab. 1).

Among the biochemical parameters, a statisti-
cally significant correlation was observed only for the 
bleeding index and phosphorus — higher values of the 
bleeding index were accompanied by lower levels of 
phosphorus in the patients’ blood (Tab. 1).

Discussion
The relationship between BMD reduction and peri-

odontal tissue condition, and between bone density 
and diabetes, has been extensively reported [2–6]. 
However, there are few studies describing reduced 
bone density in patients with T2D and periodontitis. 
Numerous studies [11–15] show a positive correlation 
between systemic BMD and oral bone loss. Given these 
results, this study hypothesizes that decreased systemic 
BMD associated with osteopenia or osteoporosis may 
affect alveolar bone microarchitecture, possibly af-

fecting the rate of periodontal tissue destruction in 
periodontitis.

Studies examining the relationship between BMD 
and periodontitis have used different sites to assess 
systemic mineral density, namely the metacarpals [16], 
femoral neck [17, 18], and lumbar spine [19]. Iki E et 
al. [20] reported faster loss of BMD in lumbar spine 
compared to BMD in femoral neck in 4550 Japanese 
women. Sigh et al. [21] chose the lumbar spine as the 
preferred site for BMD measurement because the lum-
bar spine is mainly composed of trabecular bone. They 
believe that examination of the lumbar spine may be 
the most sensitive indicator of systemic deterioration 
of bone microarchitecture in osteoporosis.

In our study, results of BMD from the femoral neck, 
proximal femur, and lumbar spine (L1–L4 ) were used. 
It was observed that the mineral density of the femoral 
neck, femur, and lumbar spine decreased significantly 
with the age of the patients. In addition, the mineral 
density of femur and lumbar spine showed significantly 
lower values in women.

The number of lost teeth in the study group 
demonstrated significant inverse correlation with 
the mineral density of both the femoral neck and the 

Table 4. Analysis of the Relationship between the Number of Missing Teeth, Age, and Bone Mineral Density Using the 
Linear Regression Method, and between Median CAL, Age, and Bone Mineral Density Using Linear Regression in the 
Group of Men

Men

Missing teeth Median CAL

P-value for the model: 0.0002 

R2 = 0.30 

  Standardized coefficient β P-value Standardized coefficient β P-value

Intercept   0.4116   0.4116

Age 0.54 0.0002 0.54 0.0002

Neck-Femur BMD –0.02 0.9008 –0.02 0.9008

P-value for the model: 0.0002 

R2 = 0.30 
  Standardized coefficient β P-value Standardized coefficient β P-value

Intercept   0.2629   0.2629

Age 0.55 < 0.0001 0.55 < 0.0001 

Femur total BMD 0.02 0.9022 0.02 0.9022

P-value for the model: < 0.0001 

R2 = 0.33 
  Standardized coefficient β P-value Standardized coefficient β P-value

Intercept   0.9156   0.9156

Age 0.52 < 0.0001 0.52 < 0.0001 

L1–L4 BMD –0.19 0.1229 –0.19 0.1229

BMD — bone mineral density; CAL — clinical attachment loss
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bone itself. On the other hand, clinical attachment 
loss showed a significant inverse correlation with bone 
density at all sites examined. Both tooth loss and clini-
cal attachment loss are manifestations of periodontal 
disease progression, and progressive bone loss is criti-
cal in both cases. Age is a non-modifiable risk factor 
for both periodontitis and osteoporosis [22], and bone 
loss accelerates in women with onset of menopause 
[23]. In our own study, information about menopause 
was not included in anamnesis; however, the average 
age of the woman was 56.4 ± 13.8 years, which may 
indicate a postmenopausal period. The age parameter 
was included in multivariate analyses. It was shown 
that loss of connective tissue attachment was affected 
by reduced bone mineral density, regardless of age. 
In the case of the number of lost teeth, the strongest 
correlation that was independent of age was noted for 
density of the femoral neck. For the proximal femur 
as a whole, age was a significant risk factor, while the 
lumbar spine mineral density score did not significantly 
modify the relationship between the number of lost 
teeth and age. 

Tak et al. [24], in a study on the Korean popula-
tion, observed an inverse correlation between mineral 
density of the lumbar spine and CAL in a group of 
women, but they did not report a similar relationship 
in the case of the femoral neck or the number of lost 
teeth in relation to BMD. The number of missing teeth, 
however, was correlated with the mineral density of 
the lumbar spine in men. Singh et al. studied women 
aged 46–54 years in the early postmenopausal period 
[21]. They conducted an analysis dividing the patients 
into 3 groups — normopenic, osteopenic, and osteo-
porotic. They showed an inverse correlation between 
mineral density and average CAL and average PD, and 
statistically significant differences between the groups. 
Regarding the number of missing teeth, the correla-
tion with bone mineral density was not statistically 
significant. 

Iwasaki et al. [25], examining the mineral den-
sity of the proximal femur and lumbar spine, also 
showed that the group of women with osteopenia/
osteoporosis were more exposed to higher values of 
loss of connective tissue attachment; however, the 
number of lost teeth was not mentioned. Different 
results were obtained by Moeintaghavi et al. [26]; 
they did not observe a difference in either the number 
of lost teeth or loss of connective tissue attachment 
between the groups differing in mineral density, as in 
the previously mentioned publications. In our study, 
osteoporosis was diagnosed in one woman based 
on L1–L4 T-score. However, the normopenic and os-
teopenic groups were not homogeneous in terms of 

size, which prevented a thorough analysis between 
the groups.

Regarding the number of lost teeth, Grocholewicz 
et al. [27] described a positive correlation with reduced 
mineral density, while Drozdowska et al. [28] observed 
a decrease in bone mineral density in edentulous wom-
en compared to women with partially missing teeth.

Similar results to our own observations regarding 
CAL and BMD of the femoral neck were published by 
Gondim et al. [29]. However, a significant correlation 
was observed only in the group of women with CAL 
> 5 mm, but the correlation with BMD was significant. 
Perhaps an additional factor influencing this correlation 
in our study was newly diagnosed diabetes.

In these scientific reports, the glycemic status of 
patients was not taken into account, or patients with 
diabetes were excluded from the study.

Although our study did not show a statistically 
significant relationship between parameters of mineral 
density and the level of HbA1c, a possible impact of 
glycemic disorders on bone tissue metabolism and in-
directly on the condition of periodontal tissues should 
not be overlooked. Diabetes has a significant impact 
on intensification of osteoclastogenesis and increased 
apoptosis of osteoblasts. Interestingly, the effect of 
diabetes on bone loss is likely related to the effect 
of diabetes on both innate and adaptive immune re-
sponses [30]. There are also reports of normal or even 
increased BMD density in patients with T2D. However, 
bone microarchitecture is remodeled in this case, which 
in turn leads to increased predisposition to fractures in 
this group of patients [4, 5].

One of the few studies taking into account the im-
pact of T2D on BMD density reduction and periodontitis 
was published by Ateeq et al. [31].

They studied BMD in patients with T2D with chronic 
periodontitis and in patients with T2D who were peri-
odontally healthy, as well as in non-diabetic patients 
with periodontitis and in healthy patients. Importantly, 
the study excluded women in early menopause and 
those taking hormone replacement therapy.

The mean BMD density was lowest in the group of 
patients with T2D and periodontitis in comparison to 
those with diabetes and periodontitis only. However, 
there was no correlation between BMD and HbA1c in any 
of the groups of diabetic patients. The effect of diabetes 
on the condition of periodontal tissues and BMD density 
was concluded, emphasizing aggravation of this condi-
tion in patients with periodontitis. However, the cause 
of the relationship between a decrease in BMD and T2D 
and periodontitis has not been determined. The authors 
suggest that additional risk factors, such as BMI and other 
comorbidities, as well as duration of T2D, may play a role.
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Conclusions
In summary, low BMD may be associated with T2D 

and periodontitis. Early diagnosis of reduced BMD can 
significantly affect the condition of periodontal tissues. 
Therefore, it is advisable to refer patients with reduced 
BMD for a dental and periodontal examination. Simi-
larly, patients with T2D should be assessed for osteopo-
rosis risk to reduce the risk of bone loss and fractures. 
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The Relationship between Retinal and 
Ganglion Layer Thickness and Perfusion in 
Patients with Type 2 Diabetes:  
A Cross-Sectional Study in Indonesia

ABSTRACT
Objective: To assess the differences and the relation-
ship between retinal nerve fiber layer (RNFL) thickness, 
ganglion cell-internal plexiform layer (GCIPL) thickness, 
capillary perfusion density, and flux index in patients 
with type 2 diabetes (T2D) with and without diabetic 
retinopathy (DR).
Materials and methods: This cross-sectional analytic 
study with consecutive sampling, which divided indi-
viduals into healthy, people with T2D without DR (no 
DR), and people with T2D with DR (DR) groups. The 
subjects were patients with T2D aged 40–75 years with 
or without DR. The collected data included age, gender, 
glycated hemoglobin test result (HbA1c), duration of 
diabetes, intraocular pressure (IOP), RNFL thickness, 
GCIPL thickness, peripapillary perfusion density, and 
peripapillary flux index.

Results: This study included 137 eyes from 83 people 
with T2D. There were significant differences in mini-
mum GCIPL thickness (p = 0.0001), peripapillary per-
fusion (p = 0.003), and peripapillary flux (p = 0.001) 
between the 3 groups, but no significant difference 
in RNFL thickness between the 3 groups (p = 0.222). 
There were significant positive correlations between 
RNFL thickness and peripapillary perfusion (p = 0.002, 
r = 0.264), RNFL thickness and peripapillary flux 
(p = 0.0001, r = 0.320), GCIPL thickness and peripapil-
lary perfusion (p = 0.003, r = 0.256), as well as GCIPL 
thickness and peripapillary flux (p = 0.002, r = 0.268).
Conclusions: There were relationships between RNFL 
thickness and peripapillary retinal perfusion, RNFL 
thickness and peripapillary flux, GCIPL thickness and 
peripapillary perfusion, and GCIPL thickness and peri-
papillary flux, in patients with T2D with and without 
DR. (Clin Diabetol 2024; 13, 6: 366–372)

Keywords: diabetes mellitus, diabetic retinopathy, 
RNFL, GCIPL, papillary perfusion density

Introduction
Diabetic retinopathy (DR) is the most common ocu-

lar complication of diabetes mellitus (DM). The global 
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prevalence is 34.6% or about 93 million people, and it 
is estimated to double by 2025. It is als estimated that 
around 10.2% of cases are visual-threatening diabetic 
retinopathy (VTDR), which can cause blindness. Diabetic 
retinopathy is the leading cause of blindness in productive 
age. According to data from the International Diabetes 
Federation (IDF), the prevalence of diabetes in Indonesia 
in 2021 was about 10.8%. A population-based cross-
sectional study reported that the prevalence of DR among 
Indonesian adults with type 2 diabetes (T2D) was 43.1% 
while VTDR affected 26.3% of the population. About 
one in four adults with T2D had VTDR, and about one in 
twelve with VTDR was bilaterally blind [1–4].

Indonesia ranked fifth in the world for the number 
of adults with diabetes, reporting 19.5 million cases in 
2021 from a total adult population of 179 million. This 
number is expected to increase to 28.6 million by 2045. 
A study by Jang et al. in South Korea found that around 
one-third of patients with T2D were unaware of their 
condition, and 10% had already developed DR [1, 5].

Microvascular disorders of the eye form the basis of 
the pathogenesis of DR, but there is also evidence to sug-
gest that retinal neurodegeneration has occurred before 
clinically detectable microvascular damage is present. 
Retinal neuron cell apoptosis and peripapillary nerve 
layer thinning also play a role in the pathogenesis of DR. 
The microcirculation, radial peripapillary capillaries, and 
optic disc regions play a role in providing some nutrition 
to the retinal nerve fiber layer (RNFL) originating from 
the adjacent peripapillary retinal arteries. Microvascular 
dysfunction in this area may affect RNFL or ganglion cell-
internal plexiform layer (GCIPL) function [3, 6].

Microvascular changes in the optic disc area could 
serve as early markers for DR, and they can be identi-
fied using non-invasive diagnostic tests such as optical 
coherence tomography (OCT) and optical coherence 
tomography angiography (OCTA). There is still limited 
research investigating this issue, particularly in Indonesia 
[7]. This study aims to compare and find correlation be-
tween RNFL, GCIPL, and peripapillary retinal perfusion in 
healthy people, people with T2D without DR, and people 
with T2D with DR. Given the high prevalence of diabetes 
and DR in Indonesia, this could lead to improved early 
diagnostic strategies for patients at risk of DR, offering 
valuable data for public health strategies.

Materials and methods

Study design 
This is a cross-sectional study in healthy people, 

people with T2D without DR, and people with T2D 
with DR. 

Subjects 
The inclusion criteria in this study were patients 

with T2D, with and without DR, with an age range from 
40 to 75 years, and healthy people without diabetes 
with matched characteristics. Exclusion criteria were 
history of ocular trauma, history of ocular surgery, optic 
nerve abnormalities, optic nerve atrophy, glaucoma, 
and retinal vein or artery occlusion, as well as patients 
with refractive errors more than or equal to S-6.00 
diopters (high myopia).

Ethical approval
This study received ethical clearance from the Eth-

ics Committee of the Faculty of Medicine Universitas 
Padjadjaran, and it was carried out based on the ethi-
cal principles of the Declaration of Helsinki. The study 
was conducted at the National Eye Center, Cicendo Eye 
Hospital, Bandung from February to April 2020.

Data collection 
Subjects were divided into 3 groups, namely, a con-

trol group consisting of healthy individuals, people with 
T2D without DR (No DR), and people with T2D with DR 
(DR). All subjects were examined using OCT (Carl Zeiss 
CIRRUS HD OCT) and OCTA (Carls Zeiss CIRRUS OCT 
Angiography) to measure the RNFL thickness, GCIPL 
thickness, capillary perfusion density, and flux index. 
The RNFL thickness measurement was carried out us-
ing an OCT optical disc cube 200 × 200 scan program 
with a signal strength of at least 6/10. Measurement of 
GCIPL thickness was carried out using the OCT program 
ganglion cell analysis macular cube 200 × 200. Capil-
lary perfusion density and flux index were measured 
using OCTA by measuring the percentage of areas that 
have perfused blood vessels and capillary perfusion as 
seen from the brightness (intensity) of the flow signal 
with the optic nerve head program angiography at 
4.5 × 4.5 mm.

Statistical analysis
Statistical analysis for numerical variables using 

one-way ANOVA test with the Kruskal-Wallis alterna-
tive test. Categorical data were obtained out by using 
the chi-square test. Furthermore, correlation tests were 
carried out to determine the correlation between each 
variable if the data has normal distribution followed by 
Pearson’s correlation statistical test, while for abnor-
mal data Spearman’s test was used. The strength of 
the correlation was based on the criteria of Guillford 
(1956), as follows: 0.00 to < 0.2 very weak; 0.2 to 
< 0.4 weak; 0.4–0.7 moderate; 0.7 to < 0.9 strong; 
and 0.9–1.0 very strong, with a significance criterion of 



Clinical Diabetology 2024, Vol. 13, No 6

368

p < 0.05. The data were processed using SPSS version 
24.0 for Windows.

Results
The subjects in this study comprised 83 people 

(137 eyes), who were divided into 3 groups: a control 
group consisting of 22 healthy people (39 eyes), people 
with T2D without DR comprising 22 people (42 eyes), 
and people of T2D with DR comproising 39 people (56 
eyes). The mean age in this study was 51.32 ± 5.764 
(41–64) years with 28 males (33.7%) and 55 females 
(66.3%). Table 1 shows the characteristics of the sub-
jects in the 3 groups.

Table 2 shows papillary perfusion and papillary flux 
in the 3 groups. There was a significant difference of 
papillary perfusion between the 3 groups both overall 
and assessed per quadrant except for the temporal 
quadrant. Moreover, there was a significant difference 
of papillary flux between the 3 groups in all quadrants.

Table 3 shows the comparison of RNFL thickness 
and GCIPL thickness in the 3 groups. In this study, the 
thickness of the RNFL did not show a significant dif-
ference in general, but there was a tendency for GCIPL 
thickness thinning, and a significant difference can 
be seen in the ratio of the minimum GCIPL thickness.

Table 4 shows the correlation between papillary 
flux with RNFL thickness and GCIPL thickness. There was 
a significant positive correlation between RNFL thick-
ness and average papillary perfusion density and flux 
(p = 0.002 and p = 0.0001, respectively), although the 
correlation strength was weak (r = 0.264 and r = 0.320, 

respectively). There was also a significant positive corre-
lation between papillary perfusion density and papillary 
flux with GCIPL thickness (p = 0.003 and p = 0.002, 
respectively), even though the correlation strength was 
weak (r = 0.256 and r = 0.268, respectively).

Discussion
Diabetes mellitus is a complex metabolic disease 

that affects the microvascular system, including the 
eyes. Diabetic retinopathy is the leading cause of 
blindness in patients with diabetes mellitus (DM) 
and is the leading cause of visual impairment in 
working-age adults. Indonesia has a specific range 
for productive age, which is 18 to 55 years. The 
prevalence of DM increases with age; this is related 
to a decrease in pancreatic function with increasing 
age. Type 2 (adult-onset) or noninsulin-dependent 
diabetes mellitus is characterized by insulin resist-
ance accompanied by insulin deficiency or impaired 
insulin secretion [8–10].

In Indonesia, individuals with T2D are in the age 
range of 55–64 years (6.3%), 65–74 years (6.03%), 
then 45–54 years (3.9%) with a higher rate in women 
(1.8%) than men (1.2%). More people with T2D live in 
urban areas (1.9%) than in rural areas (1.0%). Mihardja 
et al. [9] stated that in 2007 4.6% of the population 
had DM, 10.4% were 45–55 years old, and 5% were 
35–44 years old. The prevalence of T2D increases with 
age and is higher in high socioeconomic groups. Diabe-
tes mellitus affects women 1.6 times (95% CI 1.4–1.7) 
more than men. 

Table 1. Comparison of the Characteristics of Patients in the Three Groups

Variable Group P-value

Control 

N = 22

No DR 

N = 22

DR 

N = 39

Age [years]

Mean ± SD 50.64  ±  6.477 53.09 ± 5.309 53.38 ± 5.764

0.181

Gender 0.185

Male 8(36.4%) 4(18.2%) 16(41.0%)

Female 14(63.6%) 18(81.8%) 23(59.0%)

HbA1c [%] 

Mean ± SD 5.50  ±  0.463 9.05 ± 1.909 9.374 ± 2.082

0.0001*

DM duration [years]

Mean ± SD — 4.51 ± 3.225 8.32 ± 5.898 0.030*

IOP (N = 137 eyes) [mmHg] N = 39 N = 42 N = 56 0.481

Mean ± SD 15.92 ± 2.507 16.21 ± 2.754 15.46 ± 3.751

For numerical data, the p value is tested by one-way ANOVA test if the data are normally distributed or the Kruskal-Wallis test if the data are not normally 
distributed. For categorical data, the p value was tested with the chi-square test. The significance is based on the value of p < 0.05. * indicates the p-value 
< 0.05
DM — diabetes mellitus; HbA1c — glycated hemoglobin; IOP — intra-ocular pressure; SD — standard deviation
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There was no significant difference in IOP between 
the 3 groups, this is so that the results are not influ-
enced by vascular resistance that can occur due to 
IOP. Autoregulation of arteriolar and capillary vascular 
resistance serves to compensate for changes in IOP. 
Arterioles are also responsible for regulating blood 
flow in response to neural activity – retinal arterioles 
dilate to increase neuronal activity locally so that work-
ing neurons get adequate blood supply. The average 
glycated hemoglobin (HbA1c) test result in the no DR 
group was 9.05 ± 1.909 and in the DR group it was 
9.374 ± 2.082, which indicates that glycemia is still 
not well controlled. HbA1c can only describe glycemic 
values ​​in the last 3 months and cannot show fluctua-
tions in glycemia, so HbA1c is not a perfect parameter 
to determine good metabolic control [11, 12].

Peripapillary neurovascular coupling (connection 
between vascular and neuronal) may reflect early 
changes in the progression of vascular disease. Axons 
from all ganglion cells pass through the RNFL and con-
verge to the optic disc. Microvascular dysfunction in 
these areas may affect RNFL or ganglion cell function. 

Decreased vascular density may reflect microvascular 
disorders. The results of this study showed a decrease 
in total flux index (p = 0.001) and a decrease in total 
perfusion density (p = 0.003).

The study of Vujosevic et al. [13] stated that there 
was no difference in perfusion density (total area filled 
with blood vessels) between the control group, T2D 
without DR, and mild DR, but there was a difference 
in vascular density (capillary blood vessels only, not 
including large vessels). The study of Rodrigues et al. 
[14] stated there was a decrease in peripapillary perfu-
sion density in all groups with diabetic eyes in multi-
variate analysis when compared to the control group 
(no DR = 2.95, p < 0.001; mild non-proliferative DR 
[NPDR] = 1.76, p = 0.017; and moderate NPDR = 2.82, 
p < 0.001). According to the study of Cao et al. [15], 
there was a decrease in vascular density in the peripapil-
lary and within the disc, which was significantly lower 
in diabetic patients without DR compared to controls, 
and a decrease in vascular density was evident in 8 peri-
papillary sectors in diabetic eyes (all p < 0.05). Cao et 
al. [15] also mention higher axon density in the superior 

Table 2. Overview and Comparison of Peripapillary Perfusion Density and Peripapillary Retinal Flux Index

Variable Group P-value

Control 

N = 39

No DR 

N = 42

DR 

N = 56

Superior perfusion 0.002*

Mean ± SD 43.09 ± 2.298 42.29 ± 3.523 41.25 ± 2.922

Inferior perfusion 0.001*

Mean ± SD 44.00 ± 1.761 42.29 ± 2.802 42.05 ± 3.554

Temporal perfusion 0.715

Mean ± SD 46.03 ± 2.115 46.68 ± 2.582 44.95 ± 8.055

Nasal perfusion 0.032*

Mean ± SD 42.10 ± 1.934 42.96 ± 3.494 42.20 ± 2.941

Total perfusion 0.003*

Mean ± SD 44.01 ± 1.201 43.55 ± 2.355 43.03 ± 2.123

Superior flux 0.003*

Mean ± SD 0.403 ± 0.033 0.383 ± 0.035 0.385 ± 0.041

Inferior flux 0.040*

Mean ± SD 0.409 ± 0.024 0.392 ± 0.035 0.394 ± 0.037

Temporal flux 0.001*

Mean ± SD 0.437 ± 0.038 0.401 ± 0.053 0.403 ± 0.053

Nasal flux 0.013*

Mean ± SD 0.393 ± 0.036 0.370 ± 0.040 0.371 ± 0.045

Total flux 0.001*

Mean ± SD 0.423 ± 0.029 0.390 ± 0.036 0.389 ± 0.041

For numerical data, the p value is tested by one-way ANOVA if the data are normally distributed, or with the Kruskal-Wallis test if the 

data are not normally distributed; for categorical data, the p value was tested with the chi-square test. The significance is based on the 

value of p < 0.05. *indicates the p-value < 0.05

DR — diabetic retinopathy; SD — standard deviation
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and inferior regions making the superior and inferior 
quadrants more susceptible to ischemia. The significant 
decrease in density in the superior (p = 0.002) and 
inferior (p = 0.001) quadrant perfusion in this study 
may be due to the higher axon density in both making 
them more susceptible to ischemia [16].

Decreased blood flow in patients with T2D occurs 
due to changes in capillary structure including base-
ment membrane thickening, pericyte apoptosis, and 
endothelium dysfunction, which can reduce blood 
flow and block capillaries. Retinal vascular endothelial 
cells are damaged by releasing endothelial nitric oxide 
synthase, which affects retinal vascular autoregulation. 
There is also an increase in plasma viscosity, platelet ag-
gregation, and decreased red blood cell deformability, 
leading to impaired retinal and optic nerve head perfu-
sion [10, 11, 15, 17].

Lott et al. [18] stated that patients with type 2 dia-
betes had impaired vasodilation and vasoconstriction 
responses, which may be due to impaired nitric oxide 
(vasoregulatory factor) in diabetes. Flicker-induced vas-
odilation is impaired, and hyperoxia-induced vasocon-

striction occurs. To maintain a constant oxygen level, 
the velocity of blood flow is decreased by increasing the 
partial pressure of arterial oxygen (hyperoxia). Pechauer 
et al. [19] said that there was a greater percentage de-
crease in flux index compared to vascular density after 
hyperoxia. The population variation is smaller in the flux 
index compared to vascular density, so the flux index 
is more sensitive in detecting the hyperoxia response. 
In this study, the flux index decreased in all quadrants, 
and perfusion density also decreased in all quadrants 
except the temporal quadrant [11, 18–21].

In this study, there was no significant difference 
in the total thickness of the RNFL in the 3 groups. The 
results of this study are in accordance with Li et al. [22], 
in whose study there was no difference in peripapillary 
RNFL thickness between the T2D group without DR and 
the control group, in contrast to the study of Rodri-
gues et al. [14], where there was a depletion of RNFL 
in the diabetic eye group (T2D without DR, mild NPDR, 
moderate NPDR) compared to controls. The absence 
of significant RNFL depletion and temporal quadrant 
RNFL thickening in this study may be due to glial cell 

Table 3. Overview and Comparison of Peripapillary RNFL and GCIPL Thickness

Variable Groups P-value

Control 

N = 39

No. DR 

N = 42

DR 

N = 56

RNFL total 0.222

Mean ± SD 97.87 ± 8.189 98.40 ± 12.031 103.46 ± 18.191

GCIPL average thickness 0.076

Mean ± SD 83.74 ± 3.878 83.10 ± 9.929 77.21 ± 18.019

GCIPL minimum thickness 0.0001*

Mean ± SD 81.38 ± 4.482 77.98 ± 12.765 61.00 ± 24.336

For numerical data, the p value is tested by one-way ANOVA if the data are normally distributed or the Kruskal-Wallis test if the data 

are not normally distributed. For categorical data, the p value was tested with the Chi Square test. The significance is based on the 

value of p < 0.05. * indicates the p-value < 0.05

GCIPL — ganglion cell-inner plexiform layer; RNFL — retinal nerve fiber layer; SD — standard deviation

Table 4. Correlation between Papillary Perfusion Density and Papillary Flux with RNFL Thickness and GCIPL Thickness

Variable Correlation R P-value

Correlation between AVG RNFL thickness and AVG papillary perfusion density Spearman 0.264 0.002*

Correlation between AVG RNFL thickness and AVG papillary flux Spearman 0.320 0.0001*

Correlation between AVG GCIPL thickness and AVG papillary perfusion density Spearman 0.256 0.003*

Correlation between MIN GCIPL thickness and AVG papillary perfusion density Spearman 0.323 0.0001*

Correlation between AVG GCIPL thickness and AVG papillary flux Spearman 0.268 0.002*

Correlation between MIN GCIPL thickness and AVG papillary flux Spearman 0.330 0.0001*

*indicates the p-value < 0.05
AVG — average; GCIPL — ganglion cell-inner plexiform layer; MIN — minimum; r — correlation coefficient; RNFL — retinal nerve fiber layer
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swelling, which is part of the neuroinflammatory pro-
cess that occurs early in diabetes, so RNFL depletion 
does not occur due to neural cell swelling. Muller cells, 
which are highly susceptible to hyperglycemia, can 
also undergo hypertrophy because of inflammation 
(gliosis), which can affect the thickness of the retinal 
nerve layer. Thickening of the RNFL can also be caused 
by damage to the inner blood retinal barrier leading 
to edema [12–14, 22].

In this study, there was a significant depletion of 
GCIPL minimum (p = 0.0001) in the control group 
(81.38 ± 4.482), the no DR group (77.98 ± 12.765), 
and the DR group (61.00 ± 24.336). These results are 
in line with the study of van Dijk et al. [23] who showed 
that there was depletion of the ganglion cell layer (GCL) 
in the pericentral area in diabetic patients with minimal 
DR compared to the control group [23].

The results of this study showed a weak positive 
correlation of average papillary perfusion density and 
flux with average RNFL thickness. This indicates that 
in patients with T2D without DR, perfusion density 
and radial peripapillary capillary flux index decrease 
with RNFL thickness, and vice versa. The results of this 
study are consistent with that of Shin et al. [10], who 
reported that there is a correlation between perfusion 
density and vascular density with the average thickness 
of GCL and RNFL in the DM group without retinopathy 
and NPDR. In contrast to the study of Liu et al. [17], 
there was a significant positive correlation between 
vascular density and RNFL thickness in the mild NPDR 
group, but no significant relationship in the group 
without diabetic retinopathy. This may be due to the 
shorter duration of DM without retinopathy in Liu et 
al.’s study, which took place over 3 years. The study by 
Mase et al. [24] conducted on healthy people  showed 
that there was a correlation between RNFL thickness 
and vascular density. These results indicate that the 
radial peripapillary capillaries are responsible for pro-
viding nutrition to the peripapillary RNFL. In healthy 
individuals, the radial peripapillary capillaries are the 
most important structures in maintaining the integrity 
of the nerve fiber layer. The combination of high meta-
bolic demand and low vascular supply resulting from 
diabetes may decrease the neural ability of the retinal 
layer to adapt to metabolic stress [10, 12, 15, 17, 24].

In this study, there was a significant positive cor-
relation between papillary perfusion and GCIPL thick-
ness (p = 0.003), although the correlation strength was 
weak (r = 0.256). The study by Kim et al. [25] described 
strong positive correlations between loss of macular 
GCIPL and vessel density from baseline to 24 months 
(r = 0.817, p < 0.001). Multivariable regression analy-
sis showed that thinner baseline macular GCIPL and 

greater loss of macular GCIPL thickness (B = 0.658, 
p < 0.001) were significantly associated with change 
of vessel density. The study of Serrato-Martin et al. [26] 
found a weak positive correlation of complete and deep 
papillary perfusion with inferior and inferotemporal 
retinal ganglion thickness. 

We also found a significant positive correlation 
between papillary flux and GCIPL thickness (p = 0.002), 
although the correlation level was weak (r = 0.268). 
There has been no previous research that examines 
this finding.

Currently there is limited research on the signifi-
cance of peripapillary flux in pre-diabetic retinopathy, 
although early retinal changes may occur before DR 
becomes clinically apparent. Additionally, there are 
limited studies looking at the association of peripapil-
lary density and peripapillary flux with GCIPL; most 
of them are associated with RNFL. This study focuses 
on peripapillary flux and its correlation with GCIPL 
thickness in patients with T2D in Indonesia, utilizing 
non-invasive techniques like OCT and OCTA, which 
provide valuable and accessible diagnostics for retinal 
assessments. However, the cross-sectional design of this 
study limits the ability to draw causal conclusions, and 
it restricts insights into longitudinal changes in retinal 
thickness and perfusion. The absence of a control group 
for pre-diabetic retinopathy also limits the understand-
ing of these markers at the earliest stages of disease 
progression. Further longitudinal studies with a broader 
participant base, including those at pre-diabetic stages, 
are recommended to explore how early changes in reti-
nal thickness and perfusion metrics could improve early 
detection and intervention strategies for DR.

The findings of this study indicate significant rela-
tionships between RNFL thickness, GCIPL thickness, and 
peripapillary perfusion and flux. Peripapillary vascular 
and neuronal (neurovascular coupling) relationships 
may represent early markers of microvascular dys-
function in DR, suggesting that monitoring of RNFL 
and GCIPL thickness and perfusion density with non-
invasive diagnostic tools such as OCT and OCTA could 
support early identification of patients at risk for DR 
progression. 
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Objective: There is substantial literature detailing the 
interaction between war and conflict on overall hu-
man health. However, there is limited understanding 
of the impact of war and conflict on people living with 
diabetes. This scoping review describes the impact of 
short- and long-term effects of exposure to war and 
conflict settings on people living with diabetes.
Materials and methods: The scoping review was con-
ducted between May and August of 2023, using articles 
published in the PubMed Central and Google Scholar 
databases. Articles published from 1950 to 2023 with 
the following key terms “diabetes”, “type 1 diabetes”, 
“type 2 diabetes”, “war”, “armed conflict”, “organized 
violence”, and “refugees” were reviewed. 
Results: A total of 151,347 articles were reviewed. 
After applying review criteria, 21 applicable articles 

were included in this scoping review. Three themes 
emerged from this review: 
1) People living with diabetes in conflict zones are 
subject to elevated blood glucose and hemoglobin 
A1C (HbA1c) levels, which can lead to severe long-term 
complications.
2) The stress of war and conflict negatively impacts 
diabetes self-management and quality of life.
3) Healthcare access, including services and medica-
tion, is severely disrupted for people living with dia-
betes in these tumultuous environments.
Conclusions: The findings underscore the profound 
and direct impacts of war and conflict on people liv-
ing with diabetes, highlighting the disparities in care 
and the urgent need for further research to identify 
factors that exacerbate these challenges and strategies 
to mitigate them. (Clin Diabetol 2024; 13, 6: 373–385)
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Introduction 
War is defined as violent conflict between nations 

or states, whereas conflict is defined as a competitive 
or opposing action of incompatibilities [1]. As of 2023, 
32 countries are currently involved in conflict, varying 
in severity and accounting for tens of thousands of 
casualties since 2022 [1]. An astonishing 117.2 mil-
lion individuals were displaced or stateless in 2023 as 
a result of war and conflict [2]. 

War not only devastates human lives but also im-
poses a heavy toll on the global economy and health-
care systems. As of 2021, the global economic impact 
of violence including armed conflict, displaced persons, 
interpersonal war, and large militaries was estimated 
to be 14.4 trillion dollars [3]. 

The literature extensively documents the multifac-
eted short- and long-term impacts of war and conflict 
on human health [4]. In the short term, individuals of-
ten face stress, limited access to proper nutrition, and 
the distressing separation from family and community. 
This separation can adversely affect diabetes manage-
ment, potentially leading to increased instances of 
hyperglycemia and hypoglycemia. Furthermore, inad-
equate nutrition can cause frequent hyperglycemia in 
the short term and may escalate to severe complica-
tions like vision loss or nerve damage over time [5]. 

The equally severe long-term effects include men-
tal health disorders, displacement from homes, and 
disruptions to essential health and social services, all 
of which have been linked to negative outcomes [6]. 
Housing insecurity has been shown to influence dia-
betes management and care leading to lasting com-
plications [7]. Additionally, the psychological impacts 
of violence are profound, prompting heightened rates 
of anxiety, depression, and post-traumatic stress dis-
order (PTSD) [8].

People living with diabetes are tasked with the 
ongoing management of a chronic illness, a state 
that is heavily reliant on regular access to medication 
and a stable environment to manage their condition 
daily [5]. The constant vigilance required for diabetes 
management, including monitoring and blood glucose 
management, is often complicated by the stress of 
high-conflict environments [8]. Securing medications, 
and accessing consistent healthcare become formidable 
tasks in these regions, potentially leading to detrimental 
impacts on the management of diabetes.

The purpose of this scoping review is to discuss 
the short- and long-term effects (such as effects on 
glycemic targets impacts on diabetes management, 
and access to medical services and medications) of 
exposure to war and conflict settings on people living 
with diabetes. With the number of ongoing conflicts 

around the world continuing to expand, the need for 
this review is as crucial as ever.

Materials and methods
This scoping review was conducted in accordance 

with the Preferred Reporting Items for Systematic Re-
views (PRISMA) — Scoping Reviews guidelines follow-
ing Arksey and O’Malley’s methodologic framework [9].

Scoping review question 
What are the effects of living in areas exposed to 

war and conflict on people living with diabetes? 

Protocol and eligibility criteria
The scoping review search terms included “type 1 

diabetes” OR “type 2 diabetes” OR “diabetes”, as well 
as “war” OR “conflict” OR “combat” OR “organized 
violence” OR “armed conflict” in the PubMed Central 
and Google Scholar databases (Tab. 1). 

Human randomized controlled trials, non-rand-
omized controlled trials, interrupted time series, con-
trolled before-and-after studies, cohort studies, case 
reports, cross-sectional, mixed methods, and case series 
published between 1950 and 2023 in English language 
were eligible for inclusion. Studies that referenced peo-
ple living with diabetes exposed to some form of war, 
organized violence, or armed conflict on a larger scale 
were included. The following were excluded from this 
review: animal studies, studies not in English, and those 
that were outside of the established time frame. Studies 
that only had included an abstract or were systematic 
or scoping reviews were excluded. Studies that did not 
reference diabetes specifically or directly or focused 
on the incidence of diabetes rather than the impact 
on people already living with diabetes were excluded. 
Studies where the context of “conflict” was related to 
diabetes-related conflict or other smaller-scale conflict 
were excluded (Fig. 1).

Table 1. Inclusive Search Criteria

Search Search criteria

Search Period: May 22nd — July 6th, 2023

1 Type 1 diabetes and war

2 Type 2 diabetes and war

3 Diabetes and War

4 Type 1 OR type 2 diabetes and armed conflict

5 Diabetes and armed conflict

6 Type 1 OR type 2 diabetes and organized violence 

7 Diabetes and organized violence

Second Search Period: July 28th — August 11th, 2023

1 Diabetes and refugees
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The first (EO) and third (HH) authors independently 
reviewed the titles and abstracts from 2 databases dur-
ing an initial search conducted from May 22 to July 6, 
2023. With input from a senior author (OE), all authors 
resolved any disagreements via consensus discussion. 
The initial PubMed search yielded 1358 results, specifi-
cally 691 when searching “war” and “diabetes”, 155 
when searching “war” and “type 2 diabetes”, 36 when 
searching “war” and “type 1 diabetes”, 338 when 
searching “armed conflict” and “diabetes”, and 138 af-
ter searching “organized violence” and “diabetes”. Af-
ter title reviews, removing duplicate articles and apply-
ing the above-mentioned exclusion criteria and screen-
ing the abstracts, 24 moved onto the next phase. The 
initial Google Scholar search yielded 130,100 results, 
specifically 33,800 when searching “war” and “dia-
betes”, 28,000 when searching “war” and “type 2  
diabetes”, 28,000 when searching “war” and “type 1 di-
abetes”, 18,100 when searching “armed conflict” and 
“diabetes”, and 21,400 after searching “organized 
violence” and “diabetes”. After title reviews, removing 
duplicates, and applying the above-mentioned exclu-
sion criteria and screening the abstracts, 18 moved 
onto the next phase, and the remaining articles were 
examined by the first and third authors. The first and 
third authors examined 42 remaining articles from the 
above two searches, reading the abstracts in depth 
and examining methodologies in a more detailed way, 
resulting in 11 studies included in this review. 

An additional search was conducted from July 28 
to August 11, 2023. The first 3 authors prompted an 
additional search to include refugees and diabetes 
in their search terms, after this topic had come up in 

their first search on multiple occasions. This second 
PubMed search yielded 325 results when searching 
“refugee” and “diabetes”. The second Google Scholar 
search yielded 19,600 when searching “refugee” and 
“diabetes”. Similar exclusion criteria were applied for 
this search. After examining these articles, and applying 
inclusion and exclusion criteria, the number of eligible 
articles was reduced to 22. Following in-depth abstract 
and methodology review, 10 additional articles were 
included in the review (Fig. 1). 

Results
A total of 21 studies were reviewed in this scoping 

review. Of the reviewed studies, the largest percentage 
of studies (27%) utilized a qualitative study design fol-
lowed by mixed-methods (18%), cross-sectional (18%), 
retroactive case-control (10%), time series (9%), sec-
ondary data analysis (9%), and case series (9%). Table 2 
includes the list of all relevant studies.

During the second search, 10 new studies were 
added to the scoping review. Of these reviewed studies, 
40% were cross-sectional and 30% were retrospective 
design, while surveys, qualitative studies, and cluster 
design were each 10%. 

Overall, 3 major themes emerged from this review 
(Fig. 2): 1) People living with diabetes in war and con-
flict settings experience increased or prolonged glucose 
levels above range, which can lead to long-term compli-
cations; 2) People living with diabetes in war and con-
flict settings are exposed to stressors and other factors 
that negatively impact diabetes self-management and 
quality of life; and 3) People living with diabetes in war 
and conflict settings experience significant disruptions 
in healthcare access such as services and medication. 

Figure 1. Scoping Review Flow Diagram

Figure 2. The Impact of War and Conflict on People with 
Diabetes

Impact War and Conflict 
for People with Diabetes

Individual strain 
and costs

Elevated glucose 
and HbA1c

Disruptions  
to heathcare  

and medication
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Diabetes outcomes
Five studies described the impact that exposure to 

war and conflict can have on glycemic outcomes for 
individuals living with diabetes, particularly examin-
ing how exposure may affect an individual’s fasting 
glucose levels and HbA1c before, during, and after 
a conflict event.

Three studies reviewed patients with type 2 dia-
betes (T2D) relating specifically to glycemic outcomes. 
Findings from one study demonstrated that people liv-
ing with diabetes experienced an elevated mean HbA1c 
during war, with an increase from 7.7 (61 mmol/mol) 
(SD 1.9) before the war to 9.4 (80 mmol/mol) (SD 2.4) 
(p-value: < 0.001) during the war, compared to those 
with no diabetes diagnosis or those with low risk [10]. 
In another study, investigators sampled various biomet-
rics during a spike in political violence in Ethiopia, and 
found that individuals without diabetes had a lower 
mean HbA1c compared to those with diabetes (6.06 
vs. 8.8) [11]. One small study (n = 35) noted a slight 
increase (9.13 to 9.53) in HbA1c among individuals 
with T2D exposed to war for 3 months; however, this 
change in HbA1c was not significant [12]. 

One study [13] found exposure to stressful cir-
cumstances related to military operations (MO), par-
ticularly living in close proximity, to be associated with 
increased fasting glucose levels, with an increased ef-
fect on individuals living with diabetes. Glucose levels 
were 1.29% higher (95% CI 0.63%; 1.96%) during MO 
among people without diabetes, and 3.35% higher 
(95% CI: 1.23%; 5.52%) during MO among people living 
with diabetes who were treated with glucose-lowering 
medications. Additionally, when data was collected from 
1577 Syrian refugees living with diabetes, only 6% were 
found to have controlled diabetes, which was defined 
as participants having an HbA1c% of less than 7. Most 
refugees (94%) had uncontrolled HbA1c, which has 
the potential to lead to long-term complications [14]. 

Self-management of diabetes and quality of 
life

Three studies examined how exposure to the di-
rect and indirect effects of war and conflict may lead 
to negative implications for diabetes self-management 
and care, leading to a diminished quality of life. Re-
searchers assessing diabetes self-management, educa-
tion, and support (DSMES) among adult Syrian refugees 
seeking care for diabetes at a medical humanitarian 
organization found that individuals diagnosed during 
the conflict were significantly more likely to have lower 
DSMES score compared to those who were previously 
diagnosed after controlling for confounders in multi-
variable regression modeling [15]. In a qualitative study, 

[16] aboriginal populations shared their perspective on 
barriers that negatively affect their self-management 
of diabetes as it related to structural violence includ-
ing cultural safety, health literacy, colonialism, and 
multigenerational trauma. One physician noted that 
“[These patients] know what they need to do – but 
they cannot identify what stops them from acting — 
they know they must exercise, watch their diet, and 
take their medications, but sometimes perhaps due 
to their busy lifestyles, or problems in the extended 
family or preexisting social issues are blocking them 
so they cannot make (self-management) a priority.” In 
a matched case-control study implementing health-re-
lated quality of life (HRQOL) analysis, researchers found 
that individuals living with diabetes in refugee camps 
scored significantly lower in all 4 domains of physical 
health (36.7 vs. 75.9), psychosocial (34.8 vs. 70.0), 
social relationships (52.4 vs. 71.4), and environmental 
(23.4 vs. 36.2) compared to those living without dia-
betes on a 100-point scale [17]. These results suggest 
that individuals with diabetes living in refugee camps 
experience a lower quality of life compared to those 
living without diabetes. 

Access to healthcare and medication usage
Studies also described, through various methods, 

the impact of war and conflict on healthcare services 
and medication access and usage. Five studies used 
cross-sectional and secondary data analysis methodolo-
gies to review the impact on healthcare access. The first 
study analyzed medication use among Syrian refugees 
in Lebanon for a variety of non-communicable diseases 
(NCD), including diabetes. Researchers found that while 
access to medications was high, interval medication 
interruptions occurred due to financial barriers and 
a lack of knowledge of where to buy medications. Ad-
ditionally, females who were diagnosed with diabetes 
before being displaced were more likely to take medica-
tions (87.5%) compared to those who were diagnosed 
after displacement (63%) [18]. The second study found 
that among Syrian refugee populations living with 
diabetes, 26.8% of individuals 18 years old and above 
had missed a medication dose in the past week, and 
about 18% of individuals taking medication reported 
taking a smaller dose to prolong their supply. Of the 
refugee population living with diabetes, 49.1% sought 
care in the last month for diabetes. For those who did 
not receive care, the main reported barrier was cost, 
including transportation and lost time [19]. Another 
study highlighted the inequity in treatment for Syrian 
refugees, especially females and older adults when 
comparing Lebanese and Syrian refugees. Lebanese 
people living with diabetes had more access to educa-
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tion, nutrition, and diabetes management compared to 
their counterparts, and they received significantly more 
advice on diabetes management compared with Syr-
ians in a health service setting (85.2% vs. 55.5%) [20]. 
Finally, 2 studies described the need for continued care 
and effects on health care bandwidth among refugees. 
In a survey of Syrian refugees, 84.7% had received care 
in Jordan upon fleeing their country, emphasizing the 
importance of continuing care for those with NCD and 
demonstrating an increasing burden on the existing 
health care system [21]. Researchers examined health-
care service utilization in conflict-recovering South 
Kivu province, eastern DR Congo; findings demon-
strated that most people (82%), including those who 
self-identified as having diabetes, utilized healthcare 
services during times of conflict, suggesting that this 
greater need for services requires increased availability 
and quality of care [22].

Two studies utilized a cohort design. One study 
showcased the decline in clinic visits among people 
living with diabetes in refugee camps in the first three 
years from 72% to 61% and an increase in loss to 
follow-up from 9% to 29% [23]. Another study em-
phasized the importance of community health work-
ers (CHW). Using a matched retroactive cohort design, 
researchers found that refugees with access to CHW 
saw a greater decline (1.4 points) in their HbA1c val-
ues compared to those without access (95% CI −0.66, 
−2.1; p < .001), suggesting that refugees without ac-
cess to care may experience higher HbA1c values [24]. 

Five studies utilized patient interviews to under-
stand the impacts of war and conflict on healthcare 
and medication access. In one study, researchers 
interviewed patients with NCD, including diabetes, 
and examined their experience with drug shortages, 
insecurity, and inability to afford privately sold medi-
cations. All interviewed patients in conflict-affected 
settings had completely or partially lost access to care 
when a city in Iraq was occupied by the Islamic State 
group, and 100% of respondents reported cost and 
availability of drugs to be barriers to access [25]. One 
study assessed patient-reported barriers to glycemic 
control among adults (≥ 18 years old) with previously 
diagnosed diabetes in a clinic in the south of Iraq where 
war has caused damage to healthcare infrastructure. 
People living with diabetes declared that causes for 
poor glycemic control were most likely related to no 
drug supply or a shortage of drugs (50.8%), the cost of 
drugs (50.2%), and migration (30%) [26]. Another study 
examined patients in a very different context by inter-
viewing indigenous people living with T2D in Canada on 
their healthcare experiences. Participants reflected on 
experiences in their past relating to residential schools 

and mentioned that memories can be easily triggered in 
clinical encounters when doctors are too authoritarian, 
making participants feel “tired of being told what to 
do.” One participant related such experiences to what 
physicians sometimes label “noncompliance,” noting 
that physicians often “can’t figure out why [people 
living with diabetes] are doing a certain thing, or why 
they’re not looking after their sugar properly.” People 
living with diabetes revealed that their healthcare was 
impacted by the colonial legacy and related perpetua-
tion of inequities in medical care and denial in services 
and treatment [27]. Researchers facilitated interviews 
in Syrian refugee households living in Lebanon to bet-
ter understand care seeking behaviors and reasons for 
interruptions in care. Refugees living with diabetes 
were most likely to select facilities to seek care based on 
financial reasoning (78.4%, CI: 69.1–85.5%), whereas 
residents of Lebanon were most likely to select care 
based on the care quality and provider factors (50.8%, 
(CI: 42.1–59.4%). Additionally, 25% (CI: 9.5–51.3) of 
the population reported stopping medication for 2 
weeks or more due to costs (76.5%, CI: 57.8–88.5) 
[28]. Another study highlighted that post-immigration 
stress, lack of social network, and cost can negatively 
impact diabetes outcomes and result in gaps of care 
or loss of follow-up. One individual stated “They tell 
me to buy diabetes supply… So I go to the pharmacy 
and they say it costs me about 90 bucks and bring like 
that. No coverage. I have to pay. But that time I don’t 
got money in my pocket, so I say I have to wait until 
I get the pension coming.” Barriers such as physician 
shortages, geographic isolation, appointment time al-
location, and healthcare worker turnover or continuity 
of care impacted healthcare experience [29].

Finally, one study investigated the impact of war 
and conflict on refugees with diabetes with foot com-
plications. The results of this study demonstrated that 
this population is at an increased risk of medical neglect 
during war and conflict, with 42% experiencing infec-
tion, 38.5% requiring a minor amputation, and 8.44% 
requiring a major amputation [30].

Discussion
Clinical and policy implications

This review provided a limited number of articles 
on this specific topic. Analytic methods varied, rang-
ing from qualitative to cross-sectional methodolo-
gies. Several studies examined the impact of war and 
conflict and its effects on glycemic outcomes among 
those living with diabetes. Some studies found links to 
increased mean HbA1c during war, particularly among 
older adults, higher risk of long-term complications for 
those diagnosed during conflict, and unfavorable gly-
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cemic outcomes for individuals living in refugee camps 
after having fled a war zone [11, 14, 15]. 

Additionally, a few studies examined the impact 
that stress related to structural violence may have on 
diabetes self-management. Exposure to this kind of 
stress was associated with increased fasting glucose 
levels and a decrease in self-management due to iden-
tified barriers such as cultural safety, health literacy, 
colonialism, and multigenerational trauma [13, 16, 17] . 

Many studies described the impact of war and 
conflict on healthcare services and medication access 
including patterns of healthcare utilization during and 
following war or conflict, inequity in treatment for 
refugees, drug shortages, insecurity, and inability to 
afford privately sold medications, and loss of access to 
care as barriers in conflict settings [18, 20–25, 27–29].

Many of the articles focused on people with T2D. 
Additionally, many of the listed articles describe the 
immediate or short-term outcomes (during or up to 
5 years post-conflict) of structured violence. 

Related topics not explored in this manuscript 
include the impact of neighborhood-level violence or 
crime, mirroring similar results found in this study. Tung 
et al. [31] found that people living with diabetes ex-
posed to community violence had a more difficult time 
managing chronic conditions. Additionally, Smalls et al. 
[32] demonstrated that social support and access to 
healthy foods were significantly associated with diabe-
tes self-care compared with exposure to neighborhood 
violence, which was not. 

Factors predisposing people living with diabetes to 
deteriorated access to care in conflict settings included 
mass displacement, medication storage constraints, 
and disrupted communication between patients and 
care teams. Healthcare workers are often re-positioned 
to focus on trauma events during high-conflict set-
tings, and financial challenges and disrupted healthcare 
supply lines made it extremely difficult for patients to 
receive more routine care and life-saving supplies [33]. 
Lack of access to education, medication, and routine 
care are reported to lead to a higher prevalence of 
diabetes ketoacidosis (DKA) and lower diabetes compli-
ance in rural and high-conflict settings [34]. 

Disruptions in food distribution, housing, routine 
medical care, medications and supplies, and psychosocial 
care make it nearly impossible for people living with dia-
betes to manage diabetes effectively [35]. Limited access 
to insulin in a high stress environment has been shown 
to cause an increase in HbA1c [10]. These negative im-
pacts can be greatly felt by displaced individuals who 
are living in refugee camps experiencing even greater 
interruptions and barriers to care [17, 20, 21, 23, 24, 28].

Long-term solutions that may mitigate these 
adverse effects during or after exposure to war or 
conflict would be improved by policies addressing 
the root causes of war and conflict [35]. The health-
care sector has a role to play in advocating for peace, 
including “preventing or mitigating the outbreak, 
escalation, continuation, and recurrence of conflict 
and addressing its root causes and drivers, including 
health inequity” [36]. Advocacy efforts can support 
conditions for people living with diabetes exposed to 
conflict. Organizations such as the American Diabetes 
Association (ADA) advocate for access to affordable 
and evidence-based insulin preparations for all peo-
ple living with diabetes [37]. Providers in Lebanon are 
calling on advocacy efforts for more affordable insulin 
delivering devices, particularly insulin pen injection 
devices, especially for individuals in humanitarian 
settings [38]. ADA in collaboration with organiza-
tions such as DEFA (Diabetes Education for All) and 
iADA (international Alliance for Diabetes Actions) put 
forth resources including insulin switching guides and 
healthcare professional and patient-facing capac-
ity building and education focusing on conflict and 
low-income settings [39]. Nonprofit organizations are 
also aiding in providing diabetes care and supplies for 
those in areas of war and conflict [40]. These efforts 
can help to increase access to care in conflict-ridden 
and post-conflict environments. 

While peace advocacy would be most impact-
ful, addressing the direct, short-term impacts of war 
and conflict on people living with diabetes would 
support glycemic outcomes, management, and sus-
tained access to healthcare. Having CHW present has 
been documented to show improvements in glycemic 
outcomes among people living with diabetes who 
are living in refugee conditions [24]. Additionally, 
the potential role of medical students to fill gaps in 
medical workforce shortages during humanitarian 
crises is currently being explored as an approach to 
further assist individuals during war and conflict sce-
narios [41]. Involvement in support groups to share 
on stress, diabetes-related complications, and lack of 
resources is beneficial for people living with diabetes 
to lessen the emotional and mental burden [42]. War 
and conflict can, understandably, minimize prioritiza-
tion of healthcare and quality of life needs for people 
living with diabetes. In disruptive scenarios like war, 
the limited articles that met inclusion criteria for this 
review suggest a need for continuity of healthcare, re-
liable sources of medication, and customized support 
for people living with diabetes who have experienced 
this kind of stress.



Emma Ospelt et al., War and Diabetes

383

Future direction
The search terms of this paper were limited to 

“war” and “conflict” that were openly and clearly de-
fined as such. Related but less explicit or colloquially 
defined as structural violence related to colonialism and 
structural racism against indigenous populations may 
illuminate similar impacts on people living with diabe-
tes through stress, historical trauma, and impacts on 
social determinants of health. Future research should 
continue investigation of the impact of structural vio-
lence on these communities, as well as sharing of best 
practices to support optimal glycemic outcomes in 
indigenous populations. Additionally, limited evidence 
exists to show the intergenerational impact of colonial-
ism and trauma on diabetes self-management. 

Recent global developments significantly influence 
individuals living with diabetes, and ongoing research 
is deepening our understanding of how events like 
the COVID-19 pandemic, climate change, and war and 
conflict affect people living with diabetes. The need 
for immediate attention and support for advocacy ef-
forts pushing policy changes addressing the cost and 
other barriers that are adversely affecting the needs 
of individuals living with diabetes in war and conflict 
settings is crucial. 

Strengths and limitations
Strengths of this study include the fact that the 

authors conducted a structured review process to 
identify current literature on this topic with a long 
study period. Limitations of this study include the small 
sample size of identified studies. Due to the lack of 
variety and quantity of different study methodologies, 
the quality of evidence could not be appraised. Only 
publications in English were considered; it is possible 
that studies on this topic may have been published in 
other languages. 

Conclusions
The effects of war and conflict on people living 

with diabetes are profound and multifaceted, directly 
influencing their glycemic control and other health 
outcomes, and indirectly affecting individuals through 
social determinants of health (SDOH), access to care, 
and availability of medications. There is a pressing need 
for more extensive research to fully comprehend the 
nuances of this relationship and to unravel the long-
term consequences, both over individual lifespans and 
across generations, of war and conflict on the health 
and well-being of people living with diabetes.
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ABSTRACT
Objective: The escalation of type 2 diabetes (T2D) as 
a global health crisis necessitates a shift towards per-
sonalized medicine to optimize treatment efficacy and 
minimize adverse drug reactions (ADRs). This review 
article underscores the significant role of pharmacog-
enomics in refining T2D management. We explore the 
influence of genetic variations on the pharmacokinetics 
and pharmacodynamics of commonly used antidiabetic 
drugs, including metformin, sulfonylureas, thiazolidin-
ediones, DPP-4 inhibitors, and SGLT2 inhibitors. 
Materials and methods: A systematic review of existing 
literature was carried out, concentrating on studies 
exploring personalized medicine in T2D through phar-
macogenomics. The literature search encompassed 

databases such as Medline, Scopus, Web of Science 
(WOS), and PubMed. Key insights regarding the role of 
pharmacogenomics in managing T2D were compiled 
and analyzed.
Results and conclusions: The review highlights how 
genetic polymorphisms in drug transporters, metabo-
lizing enzymes, and drug targets correlate with vari-
ations in drug response and tolerance. We advocate 
for preemptive genotyping and integration of genetic 
data into clinical decision-making, which could revo-
lutionize patient care in T2D. The future of diabetes 
treatment lies in harnessing pharmacogenomic insights 
to tailor therapeutic regimens, thereby transitioning 
from a one-size-fits-all approach to a more nuanced, 
individualized treatment strategy. With advancements 
in genomic technologies and a reduction in genotyping 
costs, the implementation of genetic testing in routine 
clinical practice is becoming increasingly viable, signal-
ing a new era in the personalized management of T2D. 
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Introduction
Type 2 diabetes (T2D) remains a global epidemic, 

characterized by significant variability in individual re-
sponses to pharmacotherapy, complicating effective 
management and control. With the increasing preva-
lence of T2D worldwide, there is a pressing need for 
personalized treatment strategies that not only enhance 
therapeutic efficacy but also minimize adverse effects. 
In this context, pharmacogenomics (PGx) — the study 
of how genes affect a person’s response to drugs — 
emerges as a transformative approach to diabetes man-
agement. This review article delves into the potential 
of pharmacogenomics to tailor treatments based on 
genetic profiles, thus revolutionizing the paradigm of 
T2D management. 

Pharmacogenomics combines the disciplines of 
pharmacology and genomics to predict how individu-
als might respond to specific drugs based on their 
genetic makeup. It holds the promise of optimizing 
drug therapy by customizing medications in a way 
that maximizes efficacy and minimizes risk, thereby 
embodying the principles of personalized medicine. By 
analyzing the interplay between genetic variants and 
drug responses, pharmacogenomics aims to identify 
the most suitable drug and dosage for each patient, 
reducing the trial-and-error approach that is often 
prevalent in diabetes treatment.

The field of pharmacogenomics distinguishes itself 
from pharmacogenetics, although the terms are often 
used interchangeably. Pharmacogenetics focuses on 
the influence of single gene variants on drug response, 
traditionally examining monogenic effects, where varia-
tions in one gene can significantly impact how a patient 
metabolizes or responds to a drug. Common examples 
include variations in genes encoding drug-metabolizing 
enzymes like the CYP450 family, which significantly in-
fluence the metabolism of various antidiabetic drugs1.

Conversely, pharmacogenomics embraces a broad-
er scope, examining the effects of multiple genes (poly-
genic influences) and how they interact with environ-
mental and lifestyle factors to affect drug response. 
This comprehensive approach is particularly vital in T2D, 
where the disease mechanism and drug reactions are 
influenced by a complex network of genetic, environ-
mental, and lifestyle factors. Pharmacogenomics, there-
fore, seeks to understand these complex interactions 
on a genome-wide scale using advanced technologies 
such as genome-wide association studies (GWAS) [1].

However, the application of pharmacogenom-
ics in clinical practice faces significant challenges, 
including the need for large-scale studies to validate 

genetic markers of drug response and the integration 
of complex genetic data into practical treatment deci-
sions. Moreover, the variability in drug response genes 
across different populations highlights the necessity for 
diverse and inclusive research that ensures the global 
applicability of pharmacogenomic discoveries.

This review aims to explore the current landscape 
of pharmacogenomics research in T2D, highlight-
ing key genetic determinants of drug response, the 
integration of pharmacogenomic data into clinical 
practice, and future directions in this field. By advanc-
ing our understanding of genetic influences on drug 
efficacy and safety in T2D, pharmacogenomics not 
only promises to enhance individual patient care but 
also to facilitate broader advancements in the field of 
personalized medicine.

Types of genetic variation influencing 
drug response

In the context of T2D treatment, the impact of 
genetic variation on drug response is a critical con-
sideration for tailoring effective therapies. Genetic 
variations, or pharmacogenetic traits, influence drug 
efficacy and safety, dictating personalized treatment 
approaches. These variations can be broadly catego-
rized based on their frequency in the population, the 
number of base pairs involved, their location within 
the gene, and the effects on the encoded protein. 
In a groundbreaking study involving approximately 
150,000 individuals from 5 diverse ancestry groups, 
researchers have discovered 12 rare protein-truncating 
variants in the SLC30A8 gene, which is responsible for 
encoding the islet zinc transporter ZnT8. This gene was 
already known for a common variant that impacts T2D 
susceptibility and influences glucose and proinsulin 
levels. Notably, individuals carrying these truncating 
variants exhibited a significant 65% reduction in the 
risk of developing T2D, highlighting a novel protective 
genetic mechanism. Specifically, Icelandic carriers of 
a frameshift variant (p.Lys34Serfs*50) showed nota-
bly lower glucose levels, underscoring the potential of 
targeting ZnT8 for T2D prevention. This discovery pro-
vides robust human evidence that contradicts previous 
animal models, suggesting that inhibiting ZnT8 could 
be a viable therapeutic strategy for reducing T2D risk 

[2]. This insight not only advances our understanding 
of genetic influences on diabetes but also opens new 
avenues for therapeutic intervention. This section dis-
cusses how these genetic factors affect drug response 
and highlights the relevance of understanding these 
variations in the management of T2D.
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Frequency and commonality  
of pharmacogenetic variants

Pharmacogenetic variants differ greatly in their 
frequency within populations, which can significantly 
influence the selection pressure on these genes. For 
instance, variants involved in drug metabolism often 
have no noticeable impact until a drug is administered, 
leading to a lack of natural selection against potentially 
deleterious alleles. As a result, certain pharmacogenetic 
variants are remarkably common compared to those 
associated with severe genetic disorders. An example 
relevant to diabetes treatment is the variability in the 
CYP3A5 gene, where most individuals of European de-
scent carry non-functional alleles, whereas many from 
African descent have one or more functional alleles. 
This difference can affect the metabolism of drugs 
commonly used in diabetes management, such as sul-
fonylureas, which are metabolized by CYP enzymes [1].

Size and nature of genetic variations
Genetic variations influencing drug response 

include single-nucleotide variants (SNVs), which are 
alterations of a single base pair, and copy number vari-
ants (CNVs), which involve larger segments of DNA and 
can include whole genes. For example, the number of 
functional CYP2D6 enzyme variants a person has can 
vary widely, influenced by over 100 possible SNVs and 
CNVs that might delete or duplicate the gene. Such 
variability can affect the metabolism of many drugs 
used in diabetes care, altering their effectiveness and 
risk of adverse effects [1].

Impact on protein function  
and expression

Variations can also directly alter the amino acid 
sequence of proteins, potentially leading to gains or 
losses of function. For instance, the UGT1A1*28 variant, 
which features an additional TA repeat in the promoter 
region, is associated with reduced expression of the 
enzyme in the liver [3]. This variant not only influences 
drug metabolism but is also linked to Gilbert’s syn-
drome, a condition that may complicate drug therapy in 
diabetes due to elevated bilirubin levels. Understanding 
these genetic variations is crucial for anticipating drug 
responses in diabetic patients.

Pharmacogenomic haplotypes  
and their clinical implications

The complexity of pharmacogenomic effects is 
often encapsulated in haplotypes — a series of linked 
genetic variants that tend to be inherited together. 
Haplotypes can be more predictive of drug response 
than individual SNVs due to the combined effects of 

multiple linked variants. The “star allele” nomencla-
ture is used to describe these haplotypes concisely, 
with “1” typically indicating a functional allele. For 
example, the CYP3A51 allele indicates normal enzyme 
activity, crucial for the metabolism of certain diabetes 
medications, while CYP3A5*3, common in Europeans, 
indicates a loss of function, which can alter drug pro-
cessing and efficacy [4].

Implications for diabetes management
The identification and characterization of these 

genetic variants through association studies and 
genome-wide association studies (GWAS) provide 
critical insights into patient-specific drug metabolism 
profiles. However, these studies must be followed by 
functional characterizations to confirm the causative 
links between genetic variants and drug responses [1, 
4]. Moreover, the variations in linkage disequilibrium 
patterns across populations highlight the need for pop-
ulation-specific studies to ensure the generalizability of 
pharmacogenomic applications in diabetes treatment.

By integrating pharmacogenomic data into the 
clinical management of diabetes, healthcare providers 
can better predict patient responses to various thera-
peutic agents, optimizing treatment plans to achieve 
better glycemic control while minimizing adverse 
effects. This approach not only enhances individual 
patient care but also moves the field toward a more 
nuanced and effective management strategy for T2D.

The role of pharmacogenes  
in drug response

Pharmacogenes play a pivotal role in the body’s 
response to medications by determining drug effects 
and concentrations. These genes encode for enzymes, 
transporters, and drug targets that are integral to phar-
macokinetics — the movement of drugs through the 
body — and pharmacodynamics, which concerns the 
effects drugs have on the body. For instance, variations 
in the CYP2C9 gene affect the metabolism of Warfa-
rin, a widely used anticoagulant, which can lead to 
differences in drug efficacy and safety profiles among 
individuals. Likewise, genetic differences in SLCO1B1 
can alter the transport and hence the impact of simv-
astatin, which is used to control hyperlipidemia. These 
pharmacogenomic variations also extend to the drug 
targets themselves, such as VKORC1 with warfarin, 
where genetic differences can influence the drug’s 
anticoagulant effect. The intricacies of these interac-
tions become even more pronounced when consider-
ing adverse drug reactions, which can be categorized 
as immune-mediated or non-immune. For example, 
genetic variants in HLA-B5701 are associated with hy-
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persensitivity to abacavir, while variants in HLA-B5801 
are linked to severe skin reactions with allopurinol 

[5]. Such knowledge is instrumental in anticipating 
individual responses to pharmacotherapy, emphasiz-
ing the need for genetic screening prior to prescribing 
certain medications.

Genetic variability and drug metabolism
The genetic blueprint of an individual significantly 

influences their capacity to metabolize drugs. This pro-
cess is highly heritable, and certain genetic phenotypes 
are associated with varying degrees of metabolism 
efficiency, categorized as poor, intermediate, or nor-
mal metabolizers. A classic example is the CYP2C19 
gene, where different haplotypes, referred to as “star 
alleles,” can profoundly affect the enzyme’s function-
ality. The CYP2C191 allele is associated with normal 
function, whereas the CYP2C192 and 3 alleles result in 
no enzyme activity. Conversely, the CYP2C1917 allele 
leads to increased enzyme expression and potentially 
ultra-rapid drug metabolism. These genetic variations 
can have significant implications for the efficacy and 
safety of drugs metabolized by CYP2C19, such as 
certain anticonvulsants and antiplatelet agents [1]. 
Large-scale studies, including twin studies, have un-
derlined the genetic underpinnings of these metabolic 
traits, which has substantial ramifications for person-
alized medicine, especially in the context of diabetes, 
where pharmacotherapy is a cornerstone of disease 
management.

A framework for evaluating PGx  
in type 2 diabetes

To harness the full potential of pharmacogenomics 
in the context of T2D, a structured approach to evaluate 
its impact on drug therapy is essential. The provided 
framework delineates the variation in pharmacokinetic 
and pharmacodynamic responses, as well as genetic 
predisposition to diabetes itself. For example, the ge-
netic makeup affecting drug transport and metabolism 
can lead to variations in treatment efficacy, such as 
the intolerance seen in some patients to metformin, 
a first-line T2D medication. Similarly, the genetic fac-
tors contributing to the disease’s etiology, such as 
those influencing the risk of developing diabetes, have 
been linked to disparate pharmacogenomic effects in 
monogenic versus polygenic forms of diabetes. Large 
PGx effects are observed in monogenic diabetes due to 
the direct association with single-gene defects, while 
smaller PGx effects are seen with polygenic T2D. Ad-
ditionally, the genetic determinants of drug targets and 
downstream action can inform the selection of thera-
pies, such as sodium-glucose cotransporter-2 (SGLT2) 

inhibitors, where moderate PGx effects are possible [6]. 
This framework underscores the complexity of evaluat-
ing PGx in T2D and the necessity for a comprehensive 
understanding of genetic influences to optimize phar-
macotherapy for individual patients.

Together, these insights underscore the intricate 
connections between genetic variation and drug re-
sponse in T2D management. They provide a blueprint 
for integrating pharmacogenomic data into clinical 
practice, paving the way for more personalized, effec-
tive, and safe treatment strategies.

Genetic variability and its impact  
on metformin efficacy in type 2 diabetes

Metformin operates through complex pharma-
cokinetic processes influenced significantly by genetic 
polymorphisms in transporter genes. The absorption 
and distribution of metformin are mediated by various 
organic cation transporters (OCTs) and multidrug and 
toxin extrusion proteins (MATEs), which are encoded 
by the SLC22 and SLC47 gene families, respectively 

[7]. Notably, the SLC22A1 gene, encoding OCT1, plays 
a pivotal role in metformin’s hepatic uptake, with 
polymorphisms such as rs622342 significantly affect-
ing therapeutic efficacy in different ethnic groups. For 
instance, this polymorphism has been associated with 
varied responses in South Indian and Chinese patients 
with T2D, indicating a differential impact on metform-
in’s glucose-lowering effect [8, 9].

Furthermore, the impact of genetic variations 
extends to other transporter genes like SLC22A2 and 
SLC22A3, which encode OCT2 and OCT3, respectively. 
These transporters facilitate the renal and hepatic up-
take of metformin. Studies have shown that polymor-
phisms in these genes can alter the pharmacokinetics 
of metformin, influencing its clearance from the blood-
stream and consequently its efficacy in lowering blood 
glucose levels. For example, the SLC22A2 808G>T vari-
ant has been observed to enhance the glucose-lowering 
efficiency of metformin in Chinese patients by delaying 
its renal transport [10].

Moreover, the SLC47A1 and SLC47A2 genes, en-
coding MATE1 and MATE2, are crucial for the excretion 
of metformin into urine and bile. Polymorphisms in 
these genes, such as SLC47A1 rs2289669, have been 
linked to significant differences in metformin response, 
with some variants associated with improved glycemic 
control through delayed renal elimination or increased 
basal glucagon-like peptide-1 (GLP-1) levels [11, 12]. 
Understanding these genetic influences is essential 
for tailoring metformin therapy to individual patients, 
potentially enhancing therapeutic outcomes and mini-
mizing side effects.



Clinical Diabetology 2024, Vol. 13, No 6

390

Table 1 provides an overview of how different 
polymorphisms in key transporter genes can influence 
the effectiveness of metformin in managing T2D across 
various ethnic groups, highlighting the importance of 
personalized medicine.

Genetic influences on sulfonylurea  
efficacy and metabolism  
in type 2 diabetes management

Sulfonylureas are a critical class of medications used 
in the management of T2D by enhancing insulin secre-
tion. This class of drugs operates by targeting and closing 
the ATP-sensitive potassium channels (KATP channels) 
located on the membranes of pancreatic beta cells. These 
channels are composed of 2 main subunits: sulfonylurea 
receptor 1 (SUR1), which is encoded by the ABCC8 gene, 
and the inward-rectifier potassium ion channel (Kir6.2), 
encoded by the KCNJ11 gene. The closure of these chan-
nels leads to cellular depolarization and subsequent in-
sulin release via calcium channel activation [13].

Significant genetic variations in these target 
genes, such as the ABCC8 gene, can markedly influ-
ence the response to sulfonylurea drugs. For instance, 
the Ser1369Ala polymorphism in the ABCC8 gene 
has been associated with differential therapeutic ef-
ficacy in various ethnic populations [14]. Research has 
demonstrated that this specific variant can impact the 
effectiveness of gliclazide, a common sulfonylurea, 
with notable associations found in Chinese patients, 
suggesting a significant modulation of drug response 
based on genetic makeup [15, 16]. However, other 
studies have provided conflicting results, indicating 

that the same polymorphism might not universally 
affect the response to sulfonylurea treatment across 
different populations [13].

In addition to the SUR1 gene, the KCNJ11 gene 
encoding Kir6.2 also exhibits polymorphisms that af-
fect sulfonylurea efficacy. The E23K variant of KCNJ11 
is particularly noteworthy; studies have shown it can 
influence both the risk of hypoglycemia and overall 
therapeutic response to sulfonylureas. For example, 
this polymorphism was associated with higher HbA1c 
reduction following gliclazide treatment in Caucasian 
populations and varied responses in treatment efficacy 
and hypoglycemia risk among different ethnic groups 
[15, 17].

Furthermore, the metabolism of sulfonylureas is 
predominantly facilitated by the cytochrome P450 en-
zymes, specifically CYP2C9, in the liver. Polymorphisms 
in the CYP2C9 gene, such as the *2 and *3 variants, 
have been found to significantly alter the pharmacoki-
netics of sulfonylureas. These genetic variants can lead 
to higher drug concentrations and prolonged drug 
activity, thereby modifying the risk of therapy failure 
and potentially enhancing glycemic control in patients 
treated with these drugs [18].

These insights underscore the crucial role of ge-
netic profiling in optimizing the management of T2D 
with sulfonylureas. Understanding individual genetic 
differences in the ABCC8, KCNJ11, and CYP2C9 genes 
provides a foundational basis for personalized medi-
cine approaches, aiming to tailor treatments according 
to patient-specific genetic backgrounds to maximize 
therapeutic efficacy and minimize adverse effects.

Table 1. The Impact of Genetic Polymorphisms on Metformin Pharmacokinetics and Therapeutic Response

Gene Protein Function in Metformin 

transport

Polymorphism Impact on metformin response Notable ethnic  

variation

SLC22A1 OCT1 Hepatic uptake of met-

formin

rs622342 Affects therapeutic efficacy; linked to 

varied glucose-lowering effects

Significant in South 

Indian, Chinese

SLC22A2 OCT2 Renal uptake of met-

formin

808G>T Enhances glucose-lowering efficiency 

by delaying renal transport

Notable in Chinese

SLC22A3 OCT3 Uptake in intestine and 

liver

Various Influence on therapeutic efficacy varies 

with specific polymorphisms

Varies by ethnicity

SLC47A1 MATE1 Excretion into urine 

and bile

rs2289669 May improve glycemic control through 

delayed renal elimination

Varied responses in dif-

ferent populations

SLC47A2 MATE2 Renal excretion of met-

formin

Various Linked to changes in HbA1c levels and 

treatment failure rates

Significant in diverse 

populations

SLC29A4 PMAT Intestinal absorption of 

metformin

Various Associated with gastrointestinal intoler-

ance and renal clearance

Significant in Korean
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Genetic variability and glinide response 
in diabetes treatment

Glinides, notably repaglinide, are medications 
used to stimulate insulin release in diabetic patients 
by targeting the ATP-sensitive potassium (KATP) chan-
nels on pancreatic β-cell membranes. These channels 
consist of SUR1 and Kir6.2 subunits, encoded by 
the ABCC8 and KCNJ11 genes, respectively. Detailed 
pharmacogenomic research indicates that specific 
genetic variants in these genes markedly influence 
the therapeutic response to glinides. Specifically, the 
ABCC8 rs1801261 single nucleotide polymorphism 
(SNP) exhibits variable effects based on its alleles; 
patients with the CT genotype show significant reduc-
tions in fasting plasma glucose (FPG) and hemoglobin 
A1c (HbA1c) levels compared to those with the more 
common CC genotype [19, 20]. Additionally, the CC 
genotype of the ABCC8 rs1799854 SNP is linked to 
improved insulin sensitivity, as shown by lower values 
in the homeostasis model assessment of insulin resist-
ance (HOMA-IR). Similarly, for the KCNJ11 E23K variant 
(rs5219), individuals carrying the K allele (either E/K 
or K/K genotypes) have significantly reduced HbA1c 
and postprandial glucose levels, indicating a more 
favorable pharmacological response to repaglinide 
[21, 22]. These findings emphasize the necessity of 
integrating genetic testing into the treatment plan-
ning for diabetes, as they confirm that genetic poly-
morphisms can substantially alter drug efficacy and 
patient outcomes. This tailored approach to diabetes 
management could lead to more precise and effective 
treatment strategies, enhancing therapeutic success 
rates and patient quality of life.

Pharmacogenomic insights into  
thiazolidinediones

The pharmacogenomics of thiazolidinediones 
(TZDs), which encompasses pioglitazone and rosigli-
tazone, has garnered attention due to its impact on 
the therapeutic outcomes in T2D management. These 
drugs, functioning as insulin sensitizers, are metabo-
lized primarily by cytochrome P450 enzymes, particular-
ly CYP2C8. Notably, the CYP2C83 haplotype, character-
ized by rs11572080 and rs10509681 polymorphisms, 
is associated with a decreased rosiglitazone area under 
the curve (AUC) and an altered risk of edema, while the 
CYP2C811 variant, marked by the rs78637571 stop-
gain mutation, heightens rosiglitazone bioavailability. 
The rs11572103 variant, indicative of CYP2C8*2, also 
influences pioglitazone pharmacokinetics, particularly 
in African Americans [23, 24]. PPARG, the target re-
ceptor for TZDs, harbors the Pro12Ala polymorphism 
(rs1801282), consistently linked with a lower T2D risk 
and improved responses to pioglitazone, as shown by 
enhancements in fasting glucose, HbA1c, and triglyc-
erides, although some studies contest this association. 
PPARGC1A variants such as Thr394Thr (rs2970847) 
and Gly482Ser (rs8192678) have been shown to have 
an influence on rosiglitazone response in Chinese T2D 
patients, but with no significant effect noted with pi-
oglitazone [25, 26]. In the adiponectin encoding gene 
ADIPOQ, the rs266729 variant upstream of the gene 
correlates with better pioglitazone response, and the 
synonymous T45G polymorphism (rs2241766) is as-
sociated with pioglitazone response in Southern Chi-
nese T2D patients. The intronic SNP rs1501299 also 
associates with fasting glucose and HbA1c reductions 

Table 2. Pharmacogenomic Variants and Their Clinical Impact on Thiazolidinedione Therapy in Type 2 Diabetes [29]

Gene SNP Alleles Clinical significance of variant Adverse effect

CYP2C8 rs10509681 C/T Influences pharmacokinetics of TZDs, related to edema Edema

rs78637571 C/A Affects rosiglitazone pharmacokinetics, associated with hypoglycemia Hypoglycemia

rs11572103 A/T Modulates pioglitazone pharmacokinetics  —

rs11572080 A/G Alters rosiglitazone response and risk of edema Edema

PPARG rs1801282 C/G Associated with TZD response, impacts FPG, HbA1c, TG  —

PPARGC1A rs8192678 A/G Influences response to rosiglitazone  —

rs2970847 C/T Related to rosiglitazone response  —

ADIPOQ rs266729 C/G Related to improved TZD response, affects FPG, HbA1c  —

rs2241766 A/C Associated with rosiglitazone response, impacts FPG, HbA1c  —

rs1501299 G/T Linked to changes in fasting glucose and HbA1c post-rosiglitazone therapy  —

FPG — fasting plasma glucose; HbA1C — glycated hemoglobin; SNP — single nucleotide polymorphisms; TG — triglycerides; TZDs — thiazolidinediones
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post-rosiglitazone therapy [27, 28]. These genetic find-
ings inform the pharmacogenomic landscape of TZD 
responsiveness, indicating the potential of personalized 
medicine in enhancing the management of T2D by tai-
loring treatments based on individual genetic profiles.

Table 2 is simplified for clarity and focuses on the 
clinical implications of the genetic variants on the ef-
ficacy and side effects of TZD therapy in patients. The 
term “—” is used where there is no direct adverse effect 
mentioned or the effect is not clearly defined.

Genetic determinants of response to DPP-4 inhibi-
tors and GLP-1 receptor agonists

In the treatment landscape of T2D, dipeptidyl 
peptidase 4 (DPP-4) inhibitors and GLP-1 receptor ago-
nists have emerged as effective modalities, known for 
their low hypoglycemia risk and beneficial impact on 
patients’ quality of life. These agents exploit the incre-
tin pathway: DPP-4 inhibitors prolong the activity of 
incretins like GLP-1 and gastric inhibitory polypeptide 
(GIP) by preventing their rapid degradation, while GLP-1 
receptor agonists directly stimulate the GLP-1 receptor, 
enhancing glucose-mediated insulin secretion.

Polymorphisms within the genes encoding the 
GIP receptor (GIPR) have been identified, such as 
rs13306399 (Cys46Ser), which alters GIP binding, and 
rs13306403 (Arg316Leu), which reduces GIP sensitiv-
ity in beta cells [30]. The rs1800437 polymorphism is 
linked to cardiovascular disease incidence and affects 
the receptor’s signaling dynamics, with implications for 
incretin-based therapies [31]. Additionally, the intronic 
variant rs10423928 in the GIPR gene may influence 
the receptor’s function and has been associated with 
changes in glucose levels and body composition mark-
ers in response to incretin effects [32].

For the GLP-1 receptor, the rs367543060 
(Thr149Met) variant is noteworthy for its functional 

impact in vitro and on insulin response to GLP-1 in 
vivo [33]. The rs6923761 (Gly168Ser) SNP presents 
a complex picture: it is associated with a reduced 
insulin response to GLP-1, but it predicts greater effi-
cacy of liraglutide treatment and favorable changes in 
weight and metabolic profiles. The haplotype including 
rs6923761 and rs10305420 (Pro7Leu) further illustrates 
the nuanced genetic impact on treatment efficacy with 
liraglutide [34]. Other variants such as rs3765467 (Arg-
131Gln) and rs10305492 (Ala316Thr) have been linked 
to beta-cell responsiveness and fasting glucose levels, 
respectively.

KCNQ1 gene polymorphisms also exhibit associa-
tions with GLP-1 and GIP release and responses to DPP-4 
inhibitor treatment, as exemplified by the rs163184 G 
allele’s association with lower HbA1c reduction. This 
reflects findings across different ethnicities and un-
derscores the gene’s role in both incretin release and 
insulin secretion.

Notably, TCF7L2, which may influence GLP-1 
synthesis, harbors variants such as rs7903146 and 
rs12255372 that could attenuate GLP-1 action on 
beta cells [35], as shown by differential responses to 
the DPP-4 inhibitor linagliptin. This finding, however, 
is not uniformly supported across studies.

These genetic insights accentuate the importance 
of personalized medicine in T2D. By understanding 
the genetic determinants that modulate the response 
to DPP-4 inhibitors and GLP-1 receptor agonists, clini-
cians can better tailor treatments, improving efficacy 
and minimizing adverse effects, thereby advancing the 
paradigm of individualized therapy in diabetes care.

Table 3 encapsulates genetic variations that have 
been identified as influencing the efficacy and re-
sponse to DPP-4 inhibitor therapy and GLP-1 receptor 
agonists. The GIPR gene’s SNPs have been associated 

Table 3. Genetic Variants Influencing Response to DPP-4 Inhibitors and GLP-1 Receptor Agonist Therapies in Type 2 Dia-
betes [29]

Gene SNP Alleles Chromosomal  

region

Molecular function Clinical impact on therapy

GIPR rs13306399 C/G 19q13.32 Missense Cys46Ser Alters GIP binding, affects GIP sensitivity

GIPR rs13306403 G/T 19q13.32 Missense Arg316Leu Decreases GIP sensitivity

GIPR rs1800437 C/G 19q13.32 Missense Glu354Gln Reduces GIPR signaling, linked to CVD

GLP1R rs10305420 C/T 6p21.2 Missense Pro7Leu Modulates response to liraglutide

GLP1R rs6923761 A/G 6p21.2 Missense Gly168Ser Influences DPP-4i efficacy, alters liraglutide response

KCNQ1 rs163184 C/A 11p15.4 – Affects HbA1c reduction from DPP-4i treatment

TCF7L2 rs7903146 C/T 10q25.2 – May reduce GLP-1 action on beta cells, influences 

response to linagliptin

CVD — cardiovascular disease; DPP-4i — dipeptidyl peptidase 4 inhibitor; GIP — gastric inhibitory polypeptide; GIPR — gastric inhibitory polypeptide recep-
tor; GLP-1 — glucagon-like peptide-1; SNP — single nucleotide polymorphisms
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with variations in the sensitivity and expression of GIP, 
which are essential for the incretin effect utilized by 
these therapeutic agents. Variants in the GLP1R gene, 
such as rs10305420 and rs6923761, show differential 
responses to liraglutide treatment and general DPP-4 
inhibitor responses, influencing therapy outcomes. 
The KCNQ1 and TCF7L2 gene variants also play a role 
in treatment efficacy, indicating potential areas where 
personalized medicine can optimize T2D management 
by considering individual genetic backgrounds. Ad-
verse effect like cardiovascular disease (CVD) is noted 
as a concern for the rs1800437 SNP in the GIPR gene.

SGLT2 inhibitors: a shift in diabetes mana-
gement and pharmacogenomic insights

SGLT2 inhibitors represent a significant advance-
ment in the management of T2D, providing a mecha-
nism to lower glucose levels with a lower risk of hy-
poglycemia and improving life quality for patients. 
Initially discovered through phlorizin, a non-selective 
SGLT inhibitor derived from apple tree bark, the devel-
opment of selective SGLT2 inhibitors like dapagliflo-
zin, canagliflozin, empagliflozin, and ertugliflozin has 
revolutionized diabetes therapy. These modern drugs, 
structurally related to phlorizin, have minimal adverse 
effects and have proven to be highly effective in en-
hancing glycemic regulation and inducing weight loss 
through increased glucose elimination in urine.

Dapagliflozin stands out as a potent, orally active 
SGLT2 inhibitor that competes with glucose at the 
renal binding site, thereby blocking glucose reabsorp-
tion and promoting its excretion. This process is dose-

dependent, leading to significant glucose excretion 
and serum uric acid reduction, with a noted oral bio-
availability of 78% [36]. Despite its benefits, the use of 
dapagliflozin is carefully monitored due to possible side 
effects such as genital infections, vertigo, hypotension, 
and potential renal function deterioration. The drug’s 
metabolism primarily involves oxidative reactions and 
glucuronidation, excluding the involvement of CYP 
isoenzymes, and its elimination is facilitated through 
both renal and biliary pathways.

Pharmacogenetic studies have delved into the 
interindividual variations in response to dapagliflozin. 
Notably, the WFS1 gene, coding for a transmembrane 
protein implicated in cellular homeostasis and calcium 
signaling, has been associated with weight loss in pa-
tients treated with dapagliflozin [37, 38]. Another gene, 
PNPLA3, related to lipid metabolism and NAFLD risk, 
has shown an interaction with the treatment’s efficacy, 
especially regarding liver fat content [39].

Canagliflozin, another FDA-approved SGLT2 inhibi-
tor, has been linked to a reduced risk of cardiovascular 
events and end-stage kidney disease. Its glucose-low-
ering action is dose-dependent, and its oral bioavail-
ability is 65%. Metabolized into inactive O-glucuronide 
metabolites by UGT1A9 and UGT2B4, canagliflozin is 
also affected by genetic polymorphisms that influence 
the rate of glucuronidation and therapeutic responses. 
For instance, carriers of the UGT1A9*3 allele exhibit 
increased plasma exposure to the drug, suggesting 
a heightened sensitivity [40, 41].

Empagliflozin, known for its high selectivity for 
SGLT2, is notable for reducing cardiovascular mor-

Table 4. Pharmacogenomic Influences on SGLT2 Inhibitor Efficacy and Metabolism [43]

Gene SNP (rs number) Clinical impact of genetic variation Drug association Notes on drug efficacy or 

metabolism

WFS1 rs10010131 Carriers of the A allele exhibit a decrease in 

body weight

Dapagliflozin Weight reduction more pro-

nounced in individuals with 

two A alleles

PNPLA3 rs738409 Associated with variations in liver fat content. 

CG/GG genotype linked with higher reduction 

in liver PDFF with combined therapy

Dapagliflozin + ome-

ga-3-carboxylic acids

Lower reduction in liver 

PDFF with dapagliflozin 

alone

UGT1A9 rs72551330 Higher dose-normalized steady-state AUC 

(AUC_ss) and lower M/P ratio for M5 metabo-

lite

Canagliflozin Indicates increased plasma 

exposure to canagliflozin in 

carriers

UGT2B4 rsNot provided Higher dose-normalized AUC_ss and lower M/P 

ratio for both metabolites

Not specified Suggests variation in me-

tabolism efficiency

SLC5A2 rs3116650, 

rs3116149, 

rs11646054

Changes in systolic blood pressure and fasting 

postprandial glucose levels

Empagliflozin Allelic variations correspond 

to changes in drug efficacy 

and metabolic response

AUC — area under curve; PDFF — proton density fat fraction; SNP — single nucleotide polymorphisms
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tality in T2D patients. The drug demonstrates high 
oral bioavailability and is extensively metabolized by 
UGT isozymes, with its pharmacokinetic and dynamic 
profiles being affected by genetic variants within the 
SLC5A2 gene, which can alter patient responses, includ-
ing blood pressure regulation and glucose levels [42].

In conclusion, the pharmacogenomics of SGLT2 
inhibitors highlight the crucial role of genetic varia-
tions in dictating drug responses and potential adverse 
effects in T2D management. Personalized medicine 
approaches, therefore, necessitate an integration of 
genetic testing to tailor treatments, mitigate risks, and 
optimize clinical outcomes in diabetes care.

Table 4 captures the genetic variants across differ-
ent genes that influence the pharmacodynamics and 
pharmacokinetics of various SGLT2 inhibitors. It high-
lights the impact of specific SNPs on clinical outcomes 
such as body weight, liver fat content, and metabolic 
changes such as glucose and uric acid levels. It is noted 
that while certain SNPs are directly linked to the me-
tabolism of the drugs (UGT1A9 and UGT2B4), others 
(WFS1, PNPLA3, and SLC5A2) influence the response 
to the drugs, demonstrating the complex nature of 
pharmacogenomics in diabetes treatment.

Embracing genomic diversity  
in diabetes care

As we decode the genetic intricacies underlying 
T2D, it is imperative to harness the power of pharma-
cogenetics to steer clinical decision-making towards 
a more personalized approach. The therapeutic land-
scape of T2D is complex, as is its genetic underpinning, 
but significant strides have been made to elucidate 
how genetic variability can influence treatment out-
comes.

Metformin: bridging genes  
and gastrointestinal tolerance

Metformin, the cornerstone of T2D management, 
presents a unique case where genetic variations in 
transporters like OCT1 (SLC22A1), PMAT (SLC29A4), 
and SERT (SLC6A4) significantly influence drug toler-
ance. Approximately 5–10% of patients experience 
gastrointestinal intolerance to metformin, which may 
stem from the high concentrations of the drug in the 
enterocytes, altered gut microbiota, or interference 
with bile acid reabsorption. Variants in the aforemen-
tioned transporters not only modulate the drug’s ab-
sorption and distribution but also the risk of intoler-
ance, underscoring the need for genetic considerations 
in metformin therapy.

Sulfonylureas and the KATP channel:  
a genetic conundrum 

Sulfonylureas operate by stimulating insulin secre-
tion via the KATP channel, but genetic variations like 
those in ABCC8/KCNJ11 and TCF7L2 influence their 
effectiveness and safety. The response to sulfonylu-
reas is significantly better in individuals with slower 
CYP2C9 metabolism, exemplifying how genetic factors 
can inform drug dosing and efficacy. The challenge 
remains in leveraging these insights to mitigate ad-
verse effects such as hypoglycemia while optimizing 
glycemic control.

Thiazolidinediones: navigating through 
genetic metabolism

For TZDs, the metabolic process governed by 
CYP2C8 and SLCO1B1 is critical. Genetic variants in-
fluencing these enzymes can modify the therapeutic 
effects and side effects of TZDs, as seen with rosiglita-
zone. This understanding could direct the choice of spe-
cific TZDs and predict weight gain responses in patients.

DPP-4 inhibitors: uncovering genotype-
-influenced efficacy 

DPP-4 inhibitors have shown variability in HbA1c 
reduction due to genetic differences near the CTRB1/2 
gene. This variance elucidates the potential for geno-
type-guided therapy for DPP-4 inhibitors, highlighting 
the nuanced interplay between genetic makeup and 
drug response.

Tailoring diabetes care by SGLT 2  
inhibitors with genetic insights 

Dapagliflozin, a SGLT2 inhibitor, offers an illustra-
tive case of the potential for tailored medication based 
on genetic insights. The WFS1 gene, associated with the 
regulation of cellular homeostasis, when bearing the 
rs10010131 variant, can predict the degree of weight 
loss a patient might experience with dapagliflozin. 
Similarly, the PNPLA3 gene, with its rs738409 SNP, has 
been linked with changes in liver fat content, suggest-
ing a nuanced interaction with dapagliflozin’s efficacy, 
particularly when combined with omega-3 carboxylic 
acids in patients with specific genotypes like CG/GG. In 
the metabolism of canagliflozin, genetic variants like 
UGT1A93 (rs72551330) and UGT2B42 demonstrate 
their significance by modulating drug exposure and 
metabolism, highlighting the profound impact genetic 
variations have on therapeutic outcomes. Empagliflo-
zin’s response is similarly influenced by genotypic varia-
tions in SLC5A2, with SNPs like rs3116650, rs3116149, 
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and rs11646054 linked to modifications in blood pres-
sure and glucose levels.

The dawn of preemptive genotyping
As the field progresses, the case strengthens for 

the implementation of preemptive genotyping, which 
could enable the embedding of genetic data within 
medical records. This advancement would transform 
clinical decision-making, providing healthcare profes-
sionals with valuable insights into genetic predisposi-
tions that may impact the choice and dosage of T2D 
medications. It underscores a shift towards a model in 
which genetic data informs the prescription process, 
aiming to enhance therapeutic benefits and reduce 
the risk of ADRs.

Conclusions 
A new paradigm in type 2 diabetes  
management

The future of diabetes treatment pivots on the 
integration of pharmacogenetics into the standard of 
care, marrying genetic data with clinical judgment to 
provide tailored treatments. While the genetic architec-
ture of T2D is complex, driven by multiple variants with 
small effects, the clinical relevance of pharmacogenetic 
interactions cannot be overlooked. The emergence of 
low-cost genotyping platforms has paved the way for 
preemptive genotyping, making it feasible to consider 
genetic factors in real-time prescribing decisions.

The successful adoption of this paradigm will 
require a concerted effort to standardize processes 
that facilitate the use of genetic information in clinical 
settings. With the incorporation of preemptive panel 
genotyping and clinical decision support tools that syn-
thesize genetic and phenotypic data, a future in which 
personalized medicine is the norm for T2D manage-
ment is within reach. The implications are profound: 
a redefined approach to diabetes care where therapy is 
finely tuned to the individual’s genetic profile, fulfilling 
the promise of truly personalized medicine in the era 
of pharmacogenomics.
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