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diabetic kidney disease in type 1 diabetes

ABSTRACT
Introduction. The skin, as one of the most accessible 
tissues, is frequently used for investigations of micro-
circulation and angiogenesis. The aim of this study 
was to assess the relationship between the dermal 
microvessel density (MVD) and maturity and the pres-
ence of diabetic kidney disease (DKD) in adults with 
type 1 diabetes (T1D). Skin as the most accessible organ 
served as a model for the study of angiogenesis.
Materials and methods. 148 consecutive T1D patients 
(87 men), median age of 41 [interquartile range (IQR): 
31–49] years and diabetes duration of 21 (17–30) years, 
participated in the study. The patients were under 
the care of the Department of Internal Medicine and 
Diabetology, Poznan University of Medical Sciences. 
Diabetic kidney disease was diagnosed in patients with 
increased albuminuria and at least 10-year duration of 
diabetes or evidence of diabetic retinopathy. The skin 
biopsy was performed on distal part of lower leg, using 
a sterile, disposable 3 mm biopsy punch with plunger 
(Disposable Biopsy Punches, Integra™ Miltex®). In the 
immunohistochemical analyses, we used: anti-CD133, 
anti-CD34, anti-CD31, and anti-von Willebrand factor 
(vWF) autoantibodies. Microvessel density measure-
ment in all specimens was performed using “hot spots 
technique”. Slides were scanned using the MiraxMidi 
scanner (Carl Zeiss) and were viewed using CaseViewer 

(3DHISTECH Ltd. Budapest, Hungary). Data were ana-
lyzed using Statistica v. 13 software.
Results. In the study group 21 patients with diagnosis 
DKD+, as compared to 127 subjects withaout DKD–, 
had longer duration of diabetes [30 (IQR: 21–36) vs. 21 
(16–28) years, p = 0.002], higher prevalence of hyper-
tension [14 (67%) vs. 37 (29%), p = 0.002], lower esti-
mated glomerular filtration rate (eGFR) [66 (55–88) vs. 
94 (83–106) mL/min/1.73 m2, p < 0.001]. Median MVD 
compared between groups with and without DKD, was 
similar for CD34+ vessels/1 mm2 [123 (100–170) vs. 121 
(100–170), p = 0.775], CD133+ vessels/1 mm2 [79 (50– 
–100) vs. 79 (63–93), p = 0.823], and for CD31+ ves-
sels/1 mm2 [29 (21–46) vs. 38 (17–58), p = 0.454]. Median 
MVD vWF+ vessels/1 mm2 was lower in the group with 
than without DKD: 42 (25–54) vs. 54 (43–71), p = 0.009.  
The values given above were calculated for both lay-
ers of the dermis (papillary and reticular dermis). In 
multivariate logistic regression analysis presence of 
diabetic kidney disease was associated with lower 
median vWF+ MVD [odds ratio: 0.97 (95% confidence 
interval: 0.95–0.99), p = 0.017], with adjustment for 
age, gender, eGFR value, diabetes duration and pres-
ence of hypertension. MVD did not differ significantly 
between chronic kidney disease stages.
Conclusion. In patients with type 1 diabetes and 
diabetic kidney disease the disturbances in the an-
giogenesis and vascular maturation are present. The 
number of mature blood vessels (vWF+) in the skin 
is reduced. Disturbances in the angiogenesis occur at 
early stages of diabetic kidney disease. (Clin Diabetol 
2019; 8, 5: 231–237)

Key words: type 1 diabetes, diabetes complications, 
diabetic kidney disease, microcirculation; microvessel 
density (MVD), von Willebrand factor (vWF)
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Introduction
Diabetic kidney disease (DKD) remains the most fre-

quent cause of end-stage renal failure, despite progress 
in the treatment of diabetes. Traditionally, diagnosis 
of DKD is based on the presence of albuminuria and 
either at least 10-year duration of diabetes or evidence 
of retinopathy [1]. Hyperglycemia and glycemic fluc-
tuations, hypertension, dyslipidemia, and smoking are 
modifiable and genetics, sex, age, age at onset, and 
duration of diabetes are non-modifiable risk factors of 
DKD [2]. According to previous studies, in some people 
with DKD unpredictable progressive increase of albu-
minuria and declining glomerular filtration rate (GFR) 
has been observed [3]. Due to small and insufficient 
number of early markers of diabetic nephropathy, the 
aim of this study was to search for new prognostic 
markers of renal injury [4].

Endothelial cells (ECs) are constantly subjected to 
mechanical damage and chronic exposures to destruc-
tive factors, that lead to characteristic cell changes 
(morphology) and death (apoptosis) [5]. Terminally 
differentiated, mature ECs are characterized by a low 
proliferative potential, so endothelial progenitor cells 
(EPCs) derived from the bone marrow are involved in 
the creation and repair of blood vessels [6]. During new 
vessel formation, characteristic antigens are expressed 
on the surface of the endothelium, while some other 
antigens disappear. EPCs have properties of embryo-
nal angioblast and are characterized by expression of 
CD133 (cluster of differentiation 133) and CD34 (cluster 
of differentiation 34) (late EPCs) [7]. ECs are character-
ized by an expression of von Willebrand factor (vWF), 
CD31, CD34, but do not express immature markers as 
CD133 [8]. In our study we used immunohistochemical 
markers [CD133, CD34, CD31 (cluster of differentiation 
31) and vWF] to determine the morphological changes 
observed in dermal microangiopathy in diabetic pa-
tients.

The skin, as the most accessible organ, served 
as a model for the study of microcirculation [9, 10]. 
The objective of this study was to assess the dermal 
microvessel density (MVD) and maturity in relation to 
the presence of diabetic kidney disease in adults with 
type 1 diabetes (T1D).

Materials and methods
Patients

The study group consisted of 148 (87 men) con-
secutive patients with type 1 diabetes, median age 
(IQR) of 41 (31–49) years and diabetes duration of 21 
(17–30) years. The patients were under the care of the 
Department of Internal Medicine and Diabetology, 
Poznan University of Medical Sciences.

Inclusion criteria were: age ≥ 18 years, type 1 dia-
betes of at least 10-year duration, written informed 
consent of the patient to participate in the study. Ex-
clusion criteria were: activated partial thromboplastin 
time (APTT) > 37 s, international normalized ratio (INR) 
> 1.1, platelet count < 100 G/mm3, anticoagulant or 
antiplatelet treatment, skin disorders.

The research protocol was approved by a local Bio-
ethics Committee (No. 1064/15). The study was carried 
out in accordance with the World Medical Association 
Declaration of Helsinki.

Data collection procedures
All patients participating in the study completed 

the questionnaire containing demographic data, 
duration of diabetes and method of treatment, co-
morbidities, medication use and smoking-related data. 
Then, anthropometric measurements (body mass, 
height, waist and hip circumference, body mass index 
(BMI) = weight (kg)/squared height (m2) and blood 
pressure measurement (twice using a sphygmoma-
nometer in a sitting position after 10 minutes of rest) 
were performed.

Laboratory tests
Blood samples (10 milliliters) were taken after 10 

hours of fasting, after a period of rest, with minimum 
occlusion of the vein using an S-Monovette blood 
collection system. The serum concentrations of creati-
nine, total cholesterol, high-density lipoproteins (HDL) 
cholesterol, low-density lipoproteins (LDL) cholesterol, 
and triglycerides (TG) were measured using standard 
methods. Estimated glomerular filtration rate (eGFR) 
was calculated using the Modification of Diet in Renal 
Disease (MDRD) study equation. Glycated hemoglobin 
A1c (HbA1c) was measured in venous blood with 
competitive turbidimetric inhibition immunoassay 
method on Cobas analyzer (Roche Diagnostics, Basel, 
Switzerland) and expressed in % and IFCC (the Interna-
tional Federation of Clinical Chemistry and Laboratory 
Medicine) units (mmol/mol), the values were calibrated 
with respect to Diabetes Control and Complication 
Trial (DCCT)/National Glycohemoglobin Standardization 
Program (NGSP).

The urinary albumin excretion was assessed based 
on a 12 h urine collection, with the simultaneous 
determination of the albumin/creatinine ratio in the 
morning urine. Urinary albumin excretion from 30 
to 300 mg per day in two of the three urine collec-
tions and albumin/creatinine ratio > 30 mg/g in the 
morning urine sample was considered to be increased 
albuminuria. Diabetic kidney disease was diagnosed 
in people with increased albuminuria and a 10-year 



Anna Adamska et al., Angiogenesis and vascular maturation in the skin in DKD in type 1 diabetes

233

duration of diabetes or shorter duration of the disease 
with coexistence of retinopathy [1]. DKD was divided 
into stages based on the result of the eGFR: stage 1 
(eGFR ≥ 90 mL/min/1.73 m2), stage 2 (eGFR 60–89 mL/ 
/min/1.73 m2), stage 3 (eGFR 30–59 mL/min/1.73 m2). 
In the investigated group there were no patients with 
more advanced chronic kidney disease (CKD) stages.

Biopsy procedure
The skin biopsy was taken on the distal part of the 

lower limb (10 cm above the lateral malleolus) after the 
skin was anesthetized with 2% lidocaine injections in 
sterile conditions. We have used a sterile, disposable  
3 mm biopsy punch with a plunger (Disposable Biopsy 
Punches, Integra™ Miltex®). The biopsy was minimally 
invasive and did not require suturing. The excised tis-
sues were fixed in Bouin solution for 24 hours at room 
temperature, and then embedded in paraffin blocks.

Immunohistochemistry
Paraffin-embedded tissue blocks were cut into 

3- to 4-µm-thick sections on a semi-automatic rotary 
microtome (Leica RM 2145, Leica Microsystems, Nuss-
loch, Germany). All of the immunohistochemical (IHC) 
analyses employed the StreptABComplex/HRP method 
modified by the use of biotinylated tyramine (Dako 
Catalyzed Signal Amplification System, Peroxidase, 
K1500, DakoCytomation A/S, Glostrup, Denmark). The 
endogenous peroxidase activity was blocked with 10% 
hydrogen peroxide. The staining IHC protocol included 
the following steps: 1) preincubation with the appropri-
ate normal goat serum in phosphate buffered saline 
for 30 minutes at room temperature, 2) incubation 
with the specific primary antibody overnight at 4°C in a 
hybridization chamber, 3) incubation with the second-
ary antibody for 60 minutes at room temperature, and 
finally 4) antigen-antibody complexes staining using 
0.5% 3-3’ diaminobenzidine (DAB; Sigma Chemical 
Co., St. Louis, MO).

All of the sections from blood vessels samples from 
an individual patient were processed in the same IHC 
experiment. The specific primary antibodies were:

—— anti-CD34 (Dako, Glostrup, Denmark; code 
M7165, diluted 1:30);

—— anti-CD133 (Novus Biologicals, Littleton, CO, USA; 
code NB300–266, diluted 1:3000);

—— anti-CD31 (Dako, Copenhagen, Denmark; code 
M0823, diluted 1:20);

—— anti-vWF (Dako; code M0616, diluted 1:30).
All tissue sections were analyzed under an AxioIm-

ager Z.1 light microscope and selected pictures were 
taken with an attached AxioCam MRc5 digital camera 
(Carl Zeiss). The negative controls consisted of speci-

mens incubated with non-immune IgG1 (X-0931, Dako, 
Gdynia, Poland) and sections for which the primary or 
secondary antibody was omitted.

Morphometric analyses
Microvessel density (MVD), defined as the mean 

number of blood vessels presented in 1 mm2 of ana-
lyzed tissue, was calculated using the “hot spots tech-
nique”. The histological preparation was viewed under 
a small magnification (20 ×) by selecting three areas 
with the highest number of blood vessels. Then, the 
vessel sections were counted under a magnification of 
40× in a selected area. The arithmetic mean of the three 
“hot spots” was calculated for microvessel number and 
subsequently calculated to 1 mm2. This procedure was 
applied separately for CD133, CD34, CD31, and vWF. 
Slides were scanned using the MiraxMidi scanner (Carl 
Zeiss) and were viewed using CaseViewer (3DHISTECH 
Ltd. Budapest, Hungary). All of the analyses were evalu-
ated independently by two scientists on coded samples 
that included positive and negative controls.

Statistical analysis
Data were analyzed using Statistica v. 13 (Stat-

Soft Inc., Tulsa, OK, USA), MedCalc v. 18.5 (MedCalc 
Software bvba, Ostend, Belgium). Patients with diag-
nosis of DKD (DKD+) and without DKD (DKD–) were 
compared using Mann-Whitney U test or Fisher exact 
test, as appropriate. Descriptive statistics and results 
of comparatory analyses are expressed as medians and 
IQR or numbers and percent. Kruskal-Wallis ANOVA was 
used to compare vWF+ MVD between stages of CKD 
(1, 2 and 3a). Multiple logistic regression was used to 
check the association between presence of CKD and 
vWF+ MVD, with adjustment for potential confound-
ers (age, gender, diabetes duration and presence of 
hypertension). P value less than 0.05 was considered 
statistically significant.

Results
The study group there were 21 T1D patients (12 

men) with DKD, median (IQR) age 44 (32–58) and 127 
(75 men) individuals with T1D without DKD, median 
age 40 (30–49) years.

DKD+ patients as compared to DKD– subjects had 
longer duration of diabetes [30 (21–36) vs. 21 (16–28) 
years, p = 0.002], more often had hypertension [14 
(67%) vs. 37 (29%), p = 0.002 and lower eGFR [66.1 
(54.7–87.0) vs. 93.5 (82.5–106.2) mL/min/1.73 m2,  
p < 0.001].

The median MVD determined by CD34 blood  
vessels per 1 mm2 dermal biopsies was 123 (100–170) 
in DKD+ group and 121 (100–154), p = 0.775 in  
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DKD– group, defined by CD133 79 (50–100) vs. 79 
(63–92), p = 0.823, by vWF 42 (25–54) vs. 54 (43–71), 
p = 0.009 and by CD31 29 (21–46) vs. 38 (17–58),  
p = 0.454 (Figure 1). The values given above were 
calculated for both layers of the dermis (papillary and 
reticular dermis). Comparison of patients DKD+ and 
DKD– is shown in Table 1.

The group contained 79 (52.7%) patients with 
CKD stage 1, 58 (39.2%) patients with CKD stage 2, 8 
(5.4%) CKD patients with stage 3a and 3 (2%) patients 
with CKD stage 3b. There were no patients with CKD 
stages 4 and 5. Comparison of MVD defined by vWF+ 
in groups of patients depending on the CKD stage is 
shown in Table 2.

In multivariate logistic regression analysis presence 
of diabetic kidney disease was associated with lower 
median vWF+ MVD [odds ratio (OR): 0.97 (95% confi-
dence interval {CI}: 0.95–0.99), p = 0.017]. In multivari-
ate model the results were adjusted for age, gender, 
diabetes duration and presence of hypertension.

Discussion
Angiogenesis is involved in the pathogenesis of dia-

betic kidney disease. The abnormal new vessels present 
in glomerular capillary area (Bowman’s capsule in the 
glomerular vascular pole) are dilated and the glomeru-
lar basement membrane is extremely thin. According to 
the study of Osterby et al. an “extra efferent arteriole” 
are detected in the early stages of diabetic nephropathy 
[11]. Hypertension may be another important driving 
factor in the progression of angiogenesis in diabetes 
[12]. Angiotensin-converting enzyme (ACE) inhibitors 
suppress angiogenesis in glomerulus [13]. One of the 
possible explanations is that these vessels can play the 
role as a “by-pass” to reduce intraglomerular pres-
sure [11]. Morphological effect of neovascularization 
is glomerular hypertrophy while functional effect is 
temporarily excessive filtration (increased GFR).

New blood vessels are structurally and functionally 
immature, endothelial cells are swollen, the basement 
membrane is thin. All this leads to increased perme-

Figure 1A, B. Demonstration of microvessels density (MVD) in skin biopsies of adults with type 1 diabetes. Sections were stained 
by immunohistochemistry to show the MVD defined by von Willebrand factor (vWF) (A) were obtained from representative patient 
without diabetic kidney disease (DKD–) and (B) from patient with DKD+. Notice significantly lower microvessel density defined 
by vWF in patient with DKD+. Scale bar = 50 μm

A

B
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ability and finally results in the extravasation of plasma 
protein [11]. Vascular endothelial growth factor (VEGF) 
plays the main role in this process. Vascular endothelial 
growth factor A (VEGF-A) is derived from podocytes and 
tubular epithelial cells and vascular endothelial growth 
factor receptor 2 (VEGFR-2) is expressed in glomerular 
and peritubular capillaries. Another phenomenon called 
“uncoupling of VEGF-A with NO (nitric oxide)” (a low 
NO bioavailability along with high VEGF), observed in 
the diabetic mice could potentiate the vascular perme-
ability in the glomerulus [14]. The final effect of unfa-
vorable processes is progression to renal fibrosis. Due 
to advancing fibrotic changes and loss of endothelial 

cells, podocytes, and tubular epithelial cells, the produc-
tion of VEGF is decreased and the process progresses 
to the advanced stages of chronic kidney disease [15].

VEGF reflects the pathology of neovascularization. 
The next step in understanding of the mechanisms of 
the pathology of neovascularization induced by meta-
bolic hypoxia is the possibility of assessing the maturity 
of the vessels. We evaluated the following markers of 
angiogenesis in the material from skin biopsy: CD34, 
CD133, CD31 and vWF. Previously, we have observed 
that MVD, assessed by CD34 (a marker of “late” EPCs) 
and CD133 (a marker of early EPCs), were significantly 
higher in patients with cardiac autonomic neuropathy 

Table 1. Comparison of groups of patients with type 1 diabetes in relation to diabetic kidney disease (DKD). Patients with 
diagnosis of diabetic kidney disease (DKD+) and without diagnosis of diabetic kidney disease (DKD–)

Variables DKD+ (N = 21) DKD– (N = 127) p value

Age (years) 44 (32–58) 40 (30–49) 0.226

Sex, female/male, N 9/12 52/75 1.0

Duration of diabetes (years) 30 (21–36) 21 (16–28) 0.002

Smoking, N (%) 7 (33) 36 (28) 0.61

Hypertension, N (%) 14 (67) 37 (29) 0.002

BMI [kg/m2] 24.9 (22.8–29) 25 (22–29) 0.980

HbA1c (%) 8.4 (7.0–9.3) 8.0 (7.3–8.9) 0.527

HbA1c [mmol/mol] 68.3 (53–78.1) 63.9 (56.3–73.8)

TG [mmol/l] 1.2 (1.0–1.7) 1.0 (0.8–1.4) 0.057

LDL-cholesterol [mmol/l] 2.6 (2.3–3.1) 2.6 (2.1–3.4) 0.709

HDL-cholesterol [mmol/l] 1.6 (1.3–1.9) 1.6 (1.4–2.2) 0.459

eGFR (MDRD) [ml/min./1.73 m2] 66.1 (54.7–87.9) 93.5 (82.5–106.2) < 0.001

MVD CD34+ [vessels/1 mm2] 123 (100–170) 121 (100–154) 0.775

MVD CD133+ [vessels/1 mm2] 79 (50–100) 79 (63–92) 0.823

MVD vWF+ [vessels/1 mm2] 42 (25–54) 54 (43–71) 0.009

MVD CD31+ [vessels/1 mm2] 29 (21–46) 38 (17–58) 0.454

CD34/CD31 ratio 4.1 (2.1–6.6) 2.7 (1.8–5.3) 0.148

CD133/CD31 ratio 3.0 (1.6–4.2) 1.7 (1.3–3.3) 0.093

vWF/CD31 ratio 1.4 (0.5–2.3) 1.3 (0.8–2.0) 0.583

Note: data are presented as median (interquartile range) or N (%); BMI — body mass index; CD — cluster of differentiation; eGFR — estimated glomerular 
filtration rate; HbA1c — glycated hemoglobin A1c; HDL — high-density lipoproteins; LDL — low-density lipoproteins; MDRD — Modification of Diet in Renal 
Disease; MVD — microvessel density; N — number of patients; TG — triglycerides; vWF — von Willebrand factor

Table 2. Comparison of microvessel density (MVD) defined by von Willebrand factor (vWF) in groups of patients depending 
on the chronic kidney disease (CKD) stage

CKD stage N (%) eGFR MDRD MVD vWF+ [vessels/1 mm2]

1 79 (52.7) 103.6 (96.1–114.9) 54.2 (41.7–70.8)

2 58 (39.2) 55.9 (53.1–57.5) 52.1 (37.5–70.8)

3a 8 (5.4) 55.6 (53.1–57.5) 47.9 (12.5–56.3)

3b 3 (2) 37.1 (31.1–37.8) 20.8 (0–41.7)

Note: data are presented as median (interquartile range) or N (%); p = 0.33 for comparison vWF+ MVD between groups with CKD stages 1,2, and 3a;  
p = 0.056 for comparison vWF+ MVD between groups with CKD stages 1,2, and 3 (combined); Kruskal-Wallis test; N — number of patients; eGFR — estima
ted glomerular filtration rate; MDRD — Modification of Diet in Renal Disease
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(CAN). Also, CD34 MVD was higher in patients with 
diabetic peripheral neuropathy (DPN), as compared 
to subjects without complications [16]. These results 
support the concept that angiogenic processes are in-
volved in the pathogenesis of neuropathy and confirm 
the neurovascular nature of chronic diabetes compli-
cations. Interestingly, we did not find any relationship 
between markers of early ECs and the presence of DKD. 
In the animal model of kidney disease, local quantity 
of CD34+ capillaries were decreased with increasing 
severity of glomerular and tubulointerstitial lesions [17]. 
We did not find any data that confirm this phenomenon 
in patients with DKD.

CD133+ progenitor cells were used for the treat-
ment in an animal model of acute kidney injury (AKI). 
CD133+ cells promoted the restoration of the renal 
tissue, limiting the presence of markers of injury and 
pro-inflammatory molecules, promoted angiogenesis 
and protected against fibrosis [18]. Moreover, in the 
previous study we have found a negative correlation 
between CD31 MVD and skin auto fluorescence (AF) 
[19]. ECs are capable of undergoing endothelial to 
mesenchymal transition under the influence of trans-
forming growth factor-b1. They lose the expression 
of such antigens as CD31, von Willebrand factor, and 
vascular-endothelial cadherin and initiate the expres-
sion of mesenchymal cell antigens [a-smooth muscle 
actin (a-SMA), extra domain A fibronectin, N-cadherin, 
vimentin, fibroblast specific protein-1] [20]. Accord-
ing to previous studies, endothelial-to-mesenchymal 
transition is associated with albuminuria in diabetic 
nephropathy. In these studies, a decreased number  
of CD31+ endothelial cells and increased a-SMA ex-
pression in glomeruli of diabetic mice was observed 
[21, 22].

Von Willebrand factor (vWF) is a glycoprotein that 
is most researched in the context of its role in haemo-
stasis and von Willebrand disease (vWD). Quantitative 
and qualitative vWF changes can lead to an increased 
risk of bleeding, on the other hand it is regarded as 
risk factor for cardiovascular disease or venous throm-
boembolism [23, 24]. The study of Lenting et al. [25] 
showed that vWF plays a role in the angiogenesis, cell 
proliferation and inflammation. The storage of von 
Willebrand factor is a function of Weibel Palade bodies 
that are ultrastructural organelles found only in mature 
vascular endothelial cells [26]. We found a decreased 
number of MVD determined by vWF blood vessels per  
1 mm2 in DKD+ group. We did not observe that correla-
tion in relation to other chronic diabetic complications. 
Interestingly, we found a decreased number of mature 
vessels despite the very early stages of CKD present in 
the vast majority of patients. Lack of the association be-

tween vascular markers and eGFR suggests that altered 
expression of vascular markers denote earlier pathology 
than decreased glomerular filtration. The progression 
of chronic kidney disease is a very complex process and 
different factors may be dominant, depending on stage 
[27]. We can only speculate if this lower expression of 
mature vessels is caused by the altered angiogenesis 
and disturbances of vessel maturation as mechanisms 
involved in the development of diabetic nephropathy 
[28]. The process seems to be different than in other 
diabetic complications. In the course of neuropathy, 
excessive angiogenesis expressed by the increased 
number of MVD CD34+ and CD133+ plays a dominant 
role. The reduction of eGFR and positive albuminuria are 
already indicative of significant glomerular pathology, 
considered to be an important risk factor for ischemic 
heart disease. Perhaps at this stage, a simple marker 
that is vWF can be used to further determine the car-
diovascular risk in patients, as it is directly related to the 
diagnosis of DKD. The observed phenomenon seems to 
be interesting but requires further research to explain.

Conclusions
In patients with type 1 diabetes and diabetic 

kidney disease the disturbances in the angiogenesis 
and vascular maturation are present. The number of 
mature blood vessels (vWF+) in the skin is reduced. 
Disturbances in the angiogenesis occur at early stages 
of diabetic kidney disease.
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Anthropometric, metabolic and clinical  
factors associated with diabetes  
and prediabetes prevalence in women  
aged 65–74 living in central Poland

ABSTRACT
Background. Prevalence of type 2 diabetes mellitus 
is rising worldwide. Similar trend is also observed in 
Poland, especially in elderly population. The aim of this 
cross-sectional study was to assess prevalence and to 
identify anthropometric, metabolic and clinical fac-
tors associated with diabetes and prediabetes among 
women at early elderliness living in central Poland.
Methods. 364 women aged 65–74 years, were included 
into the study. In all patients a history of diabetes and 
cardiovascular disease was obtained, blood pressure 
and anthropometric measurements were performed, 
blood samples for laboratory tests (fasting plasma 
glucose, lipid metabolism and creatinine) were drawn, 
ankle/brachial index was calculated, abdominal ultra-
sound with abdominal aorta diameter was performed 
and carotid intima/media thickness was measured. 
Data were collected during March and April 2012 in 
Gniewkowo, the rural-urban municipality in central 
Poland.
Results. 98 women had diabetes (25 de novo) and 94 
ones had prediabetes (81 de novo). Waist circumfer-

ence, BMI, lipid abnormalities as well as anthropo-
metric and metabolic indices: waist-to-height ratio 
(WHtR), triglycerides/HDL cholesterol ratio and visceral 
adiposity index (VAI) were significantly associated with 
abnormal glucose metabolism. Backward stepwise 
logistic regression analysis identified WHtR as the best 
single indicator of patients with diabetes, while again 
WHtR and VAI were the only independent indicators of 
any type of impaired glucose metabolism.
Conclusions. Abnormal glucose metabolism is highly 
prevalent among women at early elderliness, especially 
in those with visceral obesity and abnormal lipid me-
tabolism. Anthropometric and metabolic indices (WHtR 
and VAI) were better indicators of impaired glucose 
metabolism compared to separate measurements of 
single parameters. (Clin Diabetol 2019; 8, 5: 238–247)

Key words: diabetes, prediabetes, obesity, 
anthropometric parameters, metabolic parameters

Introduction
Prevalence of diabetes mellitus (DM), predomi-

nantly type 2, reached an epidemic range with 425 
million people suffering from DM worldwide in 2017 
[1]. In Poland, according to National Health Fund data, 
almost 2.34 million people (6.08% of the whole popula-
tion) were using antidiabetic medications in 2014 [2]. 
Type 2 DM is especially highly prevalent among elderly 
[3]. In South-Eastern Poland its prevalence in people 
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aged > 65 exceeded 18% of population at that age 
range (the National Health Fund data, unpublished). 
However, known DM is only a part of the problem. The 
second part is a large number of people not aware of 
having DM, and this number reaches in Europe 37.9% 
of all cases of DM [1]. Moreover, the number of people 
having impaired fasting glucose (IFG), and/or impaired 
glucose tolerance (IGT) is similar to that with DM [1]. 
It is well known that DM can lead to several negative 
long-term health consequences including increased 
risk of cardiovascular diseases, chronic kidney disease, 
visual impairment, diabetic neuropathy and cancer [4]. 
Thus, early diagnosis of DM or prediabetes (IFG and/or 
IGT) is of utmost importance for the patients’ prognosis.

The primary objective of this cross-sectional study 
was to identify the prevalence of known and un
diagnosed glucose metabolism abnormalities: DM and 
prediabetes among women at early elderliness, living in 
a rural-urban community in central Poland. The second-
ary objective was to identify among analyzed variables 
the best indicators and predictors of overt DM as well 
as prediabetes.

Material and methods
Study participants

All women aged 65–74 years, living in Gniewkowo, 
the rural-urban community in central Poland, and be-
ing under care of a primary care clinics, were invited to 
participate in the study. We decided to choose females 
in such age range, due to high expected prevalence of 
glucose metabolism abnormalities in this population, 
and expected survival time long enough to develop 
chronic complications of diabetes — in the year 2016 
life expectancy in Poland reached 20.4 years for women 
aged 65, and 13.5 years for women aged 74 [5]. Popula-
tion of women living in this community is homogenous, 
and all invited females were of Caucasian ethnicity. In 
response to the invitation 364 women agreed to par-
ticipate in the study, which accounted for about 60% 
of all invited ones.

Data collection
Data were collected in March and April 2012. All 

women were interviewed for DM and cardiovascular 
diseases (CVD) history and also demographic data 
were collected. Then weight, height, waist and hip 
circumference were measured and upon these data 
body mass index (BMI), waist/hip ratio (WHR) and 
waist-to-height ratio (WHtR)were calculated. Women 
with BMI ≥ 25.0 kg/m2 were considered overweight 
and with BMI ≥ 30.0 kg/m2 obese. Blood pressure 
was measured by trained nursing staff with the use 
of standardized sphygmomanometer validated by the 

appropriate authorities. Measurement on the ankles 
was performed with the use of a Doppler probe and 
the ankle/brachial index (ABI) was calculated. To assess 
the cardio-metabolic risk the lowest ABI score was taken 
into analysis. Fasting blood samples were collected for 
the assessment of plasma glucose concentration, serum 
lipid profile and creatinine level, and they were analyzed 
in a certified laboratory. Estimated glomerular filtration 
rate (eGFR) was calculated using Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPIcr) equation, cur-
rently recommended by Diabetes Poland [6, 7]:

GFR = 141 × min(Scr/k, 1)a × max(Scr/k, 1)–1.209 × 
× 0.993Age × 1.018 [if female] × 1.159 [if black]

Scr is serum creatinine [mg/dL], k is 0.7 for females and 0.9  
for males, a is –0,329 for females and –0.411 for males,  

min indicates the minimum of Scr/k or 1, and max indicates  
the maximum of Scr/k or 1

 In women with fasting plasma glucose ≥ 126 mg/dL  
measurement was repeated, while in females with 
fasting glycaemia within IFG range (100–129 mg/dL) 
oral glucose tolerance test (OGTT) was performed. DM, 
IFG or IGF were diagnosed in accordance with Diabetes 
Poland criteria from 2012 (which were identical to cur-
rent ones) [7]. Metabolic syndrome (MS) was diagnosed 
according to the most current consensus definition [8].
Upon obtained data also two metabolic indices were 
calculated: Triglycerides (TG) to HDL cholesterol (TG/ 
/HDL) ratio (expressed in mg/dL) and visceral adiposity 
index (VAI). VAI was calculated using formula developed 
by Amato et al. [9] for women: 

Also, all patients underwent abdominal ultrasound 
examination with the assessment of abdominal aorta 
diameter, and carotid intima/media thickness (CIMT) 
measurement to assess the relationship between these 
results and status of the glucose metabolism in the 
study participants. Abdominal ultrasound examina-
tion was performed using a convex transducer and the 
diameter measurement was made on the abdominal 
aorta (from renal arteries to the bifurcation). Carotid 
intima/media thickness measurement was performed 
using a linear transducer. The ultrasound measure-
ments were performed by a trained radiologists with 
the required certification for ultrasound examination. 
The highest CIMT measurement outcome was used in 
the analysis.

To avoid bias associated with failure to report of 
a 40% of the primarily invited women, 40 randomly 
selected women from that group were re-invited. They 

VAI = 
WC

36.58 + (1.89 × BMI)
×

TG
×

0.81
1.52
HDL[ [ [

[ [[

TG and HDL cholesterol expressed in mg/dL.
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reported to the clinic, where they underwent anthropo-
metric and blood pressure measurements. Their results 
were not significantly different from the first group of 
women. They were not included in the analysis, because 
they did not undergo laboratory tests, ABI measure-
ment, abdominal ultrasound and CIMT measurement.

Ethical approval
The study was approved by the Bioethics Com-

mittee at the Collegium Medicum in Bydgoszcz of the 
Nicolaus Copernicus University in Toruń and it was 
conducted in accordance with ethical standards laid 
down in an appropriate version of the Declaration of 
Helsinki and in Polish national regulations. All study 
participants signed informed consent form before 
beginning of the study procedures.

Statistical analysis
Statistical analysis of the data was performed using 

SigmaPlot for Windows, version 12.5 (Systat Software 
Inc., San Jose, CA, USA). The nominal variables are 
presented as numbers and percentage. The continuous 
data are presented as mean and standard deviation 
(SD) in parentheses. The normality of data distribution 
was checked using the Shapiro-Wilk test. Differences 
between groups (diabetes, prediabetes and normal 
glucose tolerance) were analyzed using an unpaired 
two-tailed Student’s t-test or by a Mann-Whitney rank 
sum test where appropriate. The categorical data were 
compared using c2 test. We also calculated odds ratios 
(OR) and area under curve (AUC) in receiver operating 
characteristics (ROC) curve for significant associations 
between impaired glucose metabolism and analyzed 
variables. Linear correlation between continuous vari-
ables was analyzed with the use of Spearman Rank Or-
der Correlation test. To identify predictive variables for 
glucose metabolism abnormalities we used backward 
stepwise regression analysis. We assumed a P value of 
< 0.05 as statistically significant.

Results
Impaired glucose metabolism (IGM = DM + pre-

diabetes) was found in more than half of 364 included 
women. DM was found in 98 of them and 94 females 
had prediabetes. In this number there were 25 cases of 
newly diagnosed DM and 81 new cases of prediabetes 
revealed in OGTT. Overall, 55.2% of women with IGM 
were unaware of having abnormal glucose metabolism. 
MS was present in 60.7% of cases. Impaired kidney 
function with eGFR < 60 mL/min/1.73 m2 was found 
in 37 cases (10.2% of the study participants).

We found significant differences between women 
with diabetes, prediabetes, IGM and normal glucose 

tolerance (NGT) in anthropometric parameters. BMI, 
prevalence of obesity, waist and hip circumference, 
WHR and WHtR were significantly lower in women 
with NGT, and they were increasing along with with 
the degree of glucose metabolism impairment. Women 
with DM compared to females with prediabetes had 
significantly higher BMI, WC and WHtR (Table 1).

The number of females with the history of myo-
cardial infarction (MI) was insignificantly different 
between DM and NGT groups, P = 0.051 (Table 2). 
However, women with the history of MI had over 3-fold 
higher probability of having diabetes compared to the 
rest of study participants, odds ratio (OR) 3.26, and 
95% confidence interval (CI, 1.22–8.71), P = 0.028. 
Hypertension was significantly less frequent among 
women with NGT compared to IGM and prediabetes 
groups. Women with NGT had also significantly lower 
systolic blood pressure (SBP) compared to females with 
DM, and significantly lower pulse pressure compared 
to women with DM and IGM. Diastolic blood pressure 
(DBP) was not significantly different between the study 
groups (Table 2). Although no significant differences 
were found between the groups with regards to vas-
cular parameters, we revealed, which is interesting 
finding, significantly lower abdominal aorta diameter 
in 25 women with newly diagnosed DM (upon fasting 
plasma glucose level or in OGTT) compared to females 
with known DM, prediabetes and NGT: 17.0 ± 2.5 cm 
vs. 18.6 ± 2.9 cm, 18.1 ± 2.2 cm and 18.6 ± 3.4 cm 
respectively. P values for comparisons between new DM 
vs. known DM, prediabetes and NGT were P = 0.005,  
P = 0.011 and P = 0.005 respectively. Neither ABI nor 
CIMT was significantly different between DM, predia-
betes and NGT groups (Table 2). However, we found 
borderline significant linear correlation between CIMT 
and fasting plasma glucose, R = 0.105, P = 0.046.
Kidney function was significantly worse in women 
with prediabetes and IGM compared to NGT group. 
However, number of females with eGFR ≥ 90, 60–89 
and < 60 mL/min/1.73 m2 was not significantly differ-
ent between the groups (Table 2).

All metabolic parameters and indices were signifi-
cantly different between NGT and DM or IGM groups 
(Table 3). However, females with DM were significantly 
more frequently using statins compared to women with 
prediabetes and NGT (61.2%, 37.2% and 38,4% respec-
tively), and after adjustment to statin use, differences 
between DM or IGM and NGT groups regarding total, 
non-HDL and LDL cholesterol became insignificant. 
Prevalence of MS was significantly higher in women 
with DM, prediabetes and IGM compared to NGT 
group, 90,8%, 92,6%, 91.7% and 26,2% respectively. 
Presence of MS was associated with 10-fold higher 
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probability of having DM and over 30-fold higher 
probability of having IGM compared to NGT group, OR 
10.04 (4.86–20.76), P < 0.001 and OR 31.04 (16.80– 
–57.39), P < 0.001 respectively. However, glucose level  
> 5.5 mmol/L is a both MS component and a bench-
mark of IGM, and after adjustment to this variable these 
odds ratios decreased to OR 1.76 (1.07–2.89), P = 0.034 
for DM and OR 2.10 (1.30–3.38), P = 0.003 for IGM.

All anthropometric and metabolic continuous 
variables significantly associated with abnormal glu-
cose metabolism were then included in ROC analysis, 
separately for DM and IGM. The highest area under 
curve (AUC) for DM was found for WC, WHtR and BMI, 
P < 0.001 in all cases (Figure 1A), while for IGM there 
were WC, WHtR and WHR, P < 0.001 also in all cases 
(Figure 1B). Glucose level, as a diagnostic criterion for 
DM and prediabetes was excluded from these analyses.

We analyzed also odds ratios for variables signifi-
cantly associated with the presence of DM or IGM. We 
assumed cut-off points for TG and HDL cholesterol level 
according to diagnostic criterion for MS [8], while for 
WC we took higher value, ≥ 88 cm, because 92.3% of 
all study participants had WC ≥ 80 cm. A cut-off point 
for BMI was ≥ 30 kg/m2 (obesity), for WHR > 0.85 
(abdominal obesity in women), for other variables 
cut-off points were taken from literature: VAI from 
Amato et al. [10], TG/HDL from Salazar et al., [11] and 
WHtR from Ashley & Gibson [12] or from ROC curve 
(hip circumference) (Figure 2).

In the backward stepwise regression analysis in-
cluding all anthropometric and metabolic parameters 
and indices significantly associated with abnormal 
glucose metabolism, WHtR appeared to be the only 
significant predictor of having DM, P < 0.001, while 
WHtR and VAI were the only significant predictors of 
having IGM, P < 0.001 and P = 0.005 respectively.

Discussion
Our study revealed high prevalence of overt DM 

and prediabetes in elderly women living in a rural-urban 
community in central Poland. In this number 55.2% 
were previously un diagnosed. It is in line with data 
from other countries. In the United States prevalence 
of known DM in the elderly population is reaching 
20.8%, and 4.4% have unknown DM [13]. In Canada 
prevalence of known DM among women aged 65–74 
years is estimated to be 19.4% of females in this age 
range [14]. In the United Kingdom, in the age group 
60–69 years, prevalence of DM exceeded 26% [15]. Also 
in China DM is prevalent in over 20% of elderly people, 
while IFG and/or IGT in roughly 25% [16]. Roughly, every 
one out of four people aged > 65 years suffers from 
DM. These data indicate how important epidemiologi-
cal problem is DM in the elderly. 

Both DM as well as IGT and/or IFG are associated 
with unfavorable clinical outcome including increased 
risk of cardiovascular disease (CVD) events and elevated 
CVD and all-cause mortality [17, 18]. In our study the 

Figure 1. Receiver operating characteristic (ROC) curves and area under the curve (AUC) of anthropometric and metabolic param-
eters and indices associated with the prevalence of diabetes (A) and impaired glucose metabolism (B). BMI — body mass index; 
AUC — area under curve; WC — waist circumference; WHR — waist-to-hip-ratio; WHtR — waist-to-height ratio; HDL — high 
density lipoproteins; TG — triglycerides; VAI — visceral adiposity index
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history of myocardial infarction was significantly as-
sociated with overt DM. Interestingly, we revealed also 
association between lower abdominal aorta diameter in 
women with newly diagnosed DM. In men, Taimour et 
al. did not find such a relationship [19]. Thus, this find-
ing requires further investigation. Significantly higher 
SBP and pulse pressure in women with overt diabetes 
together with lower abdominal aorta diameter can be 
considered as a clinical manifestation of the arterial 
stiffness in females with DM [20] (we did not perform 
direct measurements of pulse wave velocity and aortic 
characteristic impedance). In the Atherosclerosis Risk In 
Communities (ARIC) study low ABI was modestly but 
independently associated with diabetes incidence [21]. 
In our study ABI was not associated with any abnormal 
pattern of glucose metabolism. In the study by Gomez-
-Marcos et al. CIMT was related to HbA1c and fasting, 
but not postprandial, plasma glucose [22]. We also 
revealed relationship between fasting glycemia and 
CIMT, while we did not measure HbA1c in our study. 

MS, non-surprisingly, demonstrated in our study 
significant relationship with DM and IGM. However, 
after adjustment to elevated glucose level, this rela-
tionship became much weaker. Significant relationship 
between different components of MS and DM was also 
found by other authors [16, 23]. In these studies the 
strongest indicators of DM prevalence were elevated 
TGs, low HDL cholesterol and elevated WC. In search 
of the best anthropometric indicator of elevated “early 
health risk” Ashley and Gibson indicate WHtR as a bet-
ter indicator of this risk compared to BMI or WC alone 

[12]. In our study WHtR, although had slightly lower 
AUC than WC in the ROC curve analysis, it appeared 
to be significant predictor of prevalent DM and IGM in 
the backward stepwise analysis.

Amato et al. identified applicable indicator of 
visceral fat function based on WC, BMI, TGs and HDL 
cholesterol levels [9]. They called it Visceral Adiposity 
Index (VAI), and they developed the calculation formula 
separate for men and women. VAI can be considered 
as a predictor of cardio-metabolic risk, including dia-
betes [24, 25]. In our study females with abnormal 
glucose metabolism had significantly higher VAI score 
compared to women with NGT. The cut-off point for 
high metabolic risk (3.17) suggested by Amato et al. 
for Caucasian women aged ≥ 66 years [10] was in our 
study significantly associated with both DM and IGM 
prevalence and, together with WHtR, it was a predictor 
of prevalent IGM in the backward stepwise analysis.

Elevated TG/HDL cholesterol ratio is considered 
to be a useful tool in identifying men and women at 
high cardio-metabolic risk with a cut-off point at 2.5 
for females and 3.5 for males [11]. In our study also 
this metabolic index was significantly higher in women 
with overt DM and prediabetes compared to females 
with NGT. 

Type 2 DM is considered to be a preventable dis-
ease, both through the lifestyle as well as through the 
pharmacological interventions [26–28]. Early detection 
of IFG/IGT allows to introduce the efforts to prevent or 
at least delay diabetes development. Such strategy is 
not only beneficial for patients, but is also cost-effective 

Figure 2. Odds ratios (OR) of anthropometric and metabolic variables for the probability of having diabetes mellitus (blue) or 
impaired glucose metabolism (black) in the univariate analysis. OR — odds ratio; CI — confidence interval; BMI — body mass 
index; WHR — waist-to-hip-ratio; WHtR — waist-to-height ratio; TG — triglycerides; HDL — high density lipoproteins; VAI — 
visceral adiposity index
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2.38 (1,56–3.62) < 0.001
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2.40 (1.53–3.75) < 0.001
4.28 (2.38–7.70) < 0.001
3.99 (2.53–6.27) < 0.001
1.74 (1.04–2.88)     0.045
2.45 (1.49–4.04) < 0.001
1.65 (0.93–2.93)     0.116
1.58 (0.91–2.75)     0.138
1.76 (1.07–2.89)     0.035
2.24 (1.39–3.63)     0.001
1.80 (1.11–2.92)     0.023
2.54 (1.66–3.90) < 0.001

0.1 1 10



Clinical Diabetology 2019, Vol. 8, No. 5

246

[29]. Early diagnosis of DM as well allows healthcare 
providers to initiate the treatment earlier in the natural 
history of diabetes, which gives a chance to avoid the 
long-term negative consequences of the disease, which 
was documented in the United Kingdom Prospective 
Diabetes Study (UKPDS) [30]. In the meta-analysis of 
97 prospective studies involving 820,900 individuals, 
the onset of diabetes at the age of 65 was associated 
with a shortened life expectancy of almost 5 years [31]. 
Thus, screening focused on identifying people with 
abnormal glucose metabolism (in our study over 1/4 of 
women with DM were unaware of having diabetes and 
over 80% of women with prediabetes were unaware 
of this abnormality) can improve long-term prognosis 
of such persons, increase their life span and may be 
helpful in maintaining their quality of life. Moreover, 
it can be cost-effective. 

Our study is not free from several limitations. The 
first one is a relatively small number of participants. 
The second one is its cross-sectional design, which 
did not allow us to determine a causal relationship of 
revealed associations. Also a number of women with 
the history of CVD events was too small to find more 
significant associations between analyzed variables 
and clinical outcomes other than myocardial infarction. 
Finally, our study was performed solely in Caucasian 
population. Thus, our results may not be fully applicable 
to other ethnic groups. On the other hand, our study 
included representative group of females in the age 
range 65–74 living in a rural-urban municipality, and 
a wide spectrum of analyzed variables allowed us to 
find several factors associated with glucose metabo-
lism abnormalities in this population. We also found 
potential usefulness of anthropometric and metabolic 
indices other than BMI and waist circumference. 

Conclusions
Diabetes and prediabetes are highly prevalent 

among women at early elderliness, and many of them 
were unaware of having these abnormalities.

Assessment of simple anthropometric measure-
ments with the calculation of anthropometric indices 
seem to be helpful in identifying women at a high 
probability of having abnormal glucose metabolism. 
WHtR > 0.6 appeared to be the best predictor of DM, 
while WHtR > 0.6 and VAI > 3.17 were the best pre-
dictors of IGM. 

Screening aimed at the detection of diabetes 
and prediabetes in women with central obesity and 
impaired lipid metabolism is highly reasonable, and it 
should be considered as a routine procedure to early 
diagnose and to early treat women at particularly high 
CVD risk.

Long-term observation of such a population is 
required to identify significant predictors of important 
clinical outcomes (major cardiovascular events, diabetes 
and cancer incidence, and all-cause death) in the future.
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Functional activities of neutrophils  
in diabetic rats are changed by yacon extracts

ABSTRACT
Introduction. Characterization of the polymorphonu-
clear neutrophils functional activity during the diabe-
tes is of outmost importance for the understanding 
of the immunological processes involved in disease 
pathogenesis. The search for effective drugs that would 
suppress and/or modulate the immune response, pref-
erably without negative effects, is a promising area of 
modern research. Smallanthus sonchifolius Poepp. et 
Endl., which has long been used in folk medicine to 
treat diabetes, was proposed as a potential treatment 
for immune disorders. The study aimed to search for 
the effective drug which would be able to regulate 
neutrophils functional activity in experimentally in-
duced type 1 diabetes mellitus.
Material and methods. The experiments were con-
ducted on male Wistar rats. Diabetes was induced by 
intraabdominal injection of streptozotocin. For the 
evaluation of phagocytic activity and the content of 
cationic proteins and myeloperoxidase in neutrophils 
cytochemical studies were performed.
Results. Diabetes development was accompanied by 
reduced phagocytic activity of granulocytes and in-
creased activity of myeloperoxidase. All used extracts 
intensified phagocytic activity of neutrophil in diabe-
tes, with the yacon root tubers extract demonstrating 
the strongest effect, which was reflected by rapid 
degradation of particles engulfed by phagocytes.

Conclusions. It was established that yacon extracts 
inhibit myeloperoxidase activity in diabetes. Therefore 
all investigated extracts have a pronounced immuno-
corrective effect and can become the basis for creating 
a new generation of antidiabetic drugs. (Clin Diabetol 
2019; 8, 5: 248–253)

Key words: yacon, leukocytes, phagocytosis, 
myeloperoxidase, diabetes mellitus

Introduction
Polymorphonuclear neutrophil (PMN) is directly 

involved in pathogenesis of diabetes-associated com-
plications. Neutrophils are characterized by decreased 
phagocytic and bactericidal activities, which lead to an 
increased susceptibility to infections in patients with 
diabetes mellitus type 1 (DM) [1]. Among these anti-
microbial agents, myeloperoxidase (MPO) is the most 
abundant and constitutes 5% dry weight of neutrophils 
and 25% of azurophilic granular proteins [2]. Accept 
MPO, several other proteins or enzymes are present in 
neutrophils which also show antimicrobial properties: 
defensins (major antimicrobial cationic proteins), serine 
proteases, NADPH oxidase, etc. [3]. Yacon (Smallanthus 
sonchifolius Poepp. et Endl.) has long been used in folk 
medicine to treat diabetes. Active components from this 
plant are able to stimulate immune defense by promot-
ing antioxidant, antimicrobial, and anticancer effects 
[4]. This study aimed to search for the most effective 
yacon extract that would be able to regulate neutrophils 
functional activity under the experimental DM.

Material and methods
Preparation of water extracts of yacon

Preparation of water extracts of yacon was per-
formed according to Nagalievska et al. [5]. For the re-
search water solutions of evaporated extracts were used.
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Induction of diabetes
Following an overnight starvation, diabetes was 

induced by intraabdominal injection of streptozotocin 
(STZ, Sigma, USA) (freshly dissolved in 10 mM citrate 
buffer [pH 5.5]) at a dose of 0.055 g/kg body weight.

Experimental animals
Experiments were conducted using male Wistar 

rats weighing 150 to 220 g. The rats were kept in the 
animal house and fed with a standard laboratory diet 
and water ad libitum. Study was carried out according 
to the “General ethical principles of experiments on 
animals” (Kyiv, 2001) and the European Convention 
(Strasbourg, 1986). Animals were randomly divided into 
following groups (n = 5–8/group): control animals (C); 
control animals that were treated with extract of yacon 
leaves (C + YL); control animals that were treated with 
extract of yacon root tubers (C + YR); animals with DM 
(D); animals with DM that were treated with extract 
of yacon leaves (D + YL); animals with DM that were 
treated with extract of yacon root tubers (D + YR). In 
the D + YL and D + YR, groups the studied extracts 
started to be administered on the 14th day after induc-
tion of diabetes. Groups C + YL, D + YL, C + YR and 
D + YR were treated by extracts at dose 70 mg/kg per 
day orally through a tube with preservation of precise 
dosage for 2 weeks.

Collection of blood and leukocytes separation	
At the end of experimental period, the rats were 

starved for 15 h and then anesthetized using deep 
ether anesthesia method. Whole blood was collected 
and immediately transferred to heparinized tubes. 
Leukocytes were separated on gradient of Histopaque® 
1083 (density of 1.083 g/mL).

Cytochemical studies
Phagocytic Activity Assay was conducted according 

to Levinsky et. al [6]. Based on obtained results next 
phagocytosis indexes were calculated: PI — phagocytic 
index — percentage of cells started the phagocytosis, of 
the total number of cells (PI30 and PI120 after 30 min and 
120 min of incubation, respectively); PN — phagocytic 
number — average number of yeasts cells that were 
inside phagocytes (PN30 and PN120 respectively after 
30 min and 120 min of incubation); IPC — index of 
phagocytosis completeness — division quotient of PN30 
on PN120. Determination of cationic proteins content 
was made according to Shubych [7]. Determination of 
MPO level was performed by Graham-Knol method [8].

Evaluation of cytochemical studies
Evaluation of cytochemical studies were performed 

by semiquantitative method using Astraldi principle 
that is based on the differentiation of a specific color 
varying intensity (0, +, ++, +++). The results were 
expressed as the average cytochemical coefficient (ACC) 
— that was calculated using the formula:

ACC = A × 0 + B × 1 + C × 2 + D × 3
n

where a number of cells with A — negative reaction, 
B — poorly positive reaction, C — moderately positive 
reaction, D — sharply positive reaction, n — a number 
of counted cells.

Statistical analysis
Quantitative data obtained from the study was 

performed by arithmetic mean — M, the standard 
deviation of the arithmetic mean — m. Reliability of 
the difference between statistical characteristics of 
two alternative data sets was performed by one-way 
analysis of variance. The difference was considered 
significant if P < 0.05.

Results
In the case of DM we have established the decrease 

in PI30 by 16.5% and PN30 by 19.3% compared to control. 
A slightly different picture was observed in the case of  
a longer incubation of neutrophils with yeast cells, in 
particular it was established the increase in PI120 at 28.8%, 
compared with the control. In animals with DM the in-
crease in average number of yeasts cells inside phagocytes 
was observed (Table 1). The decrease in IPC in DM by 
19.7% was shown compared to control value (Figure 1).

YL extract administration to animals with DM re-
sulted in 2.1-fold increase in PI30 and PI120 growth both 
in control animals and in animals with DM, respectively 
at 97.8% and at 75.1% compared to control. Adminis-
tration of YL extract to animals with DM leads to growth 
of PN30 (39.4%) and PN120 (8.2%) compared with 
diabetes. A similar growth of PN120 (20.9%) has been 
demonstrated when the extract was administrated 
to healthy animals (Table 1). We have established the 
increase in IPC after YL extract treatment compared to 
diabetic animals (Figure 1).

Using YR extract in the control animals cause 20.3% 
reduction of PI30, with subsequent growth of neutro-
phils that entered the phagocytosis at 120 min (Table 1).

In DM animals, the administration of YR extract 
caused the PI30 increase at 50.0%, compared with 
untreated DM animals. In the later stages of the phago-
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cytosis process (120 minute), the amount of consumed 
yeast cells were reduced almost to control level (Table 1).  
Thus, the usage of YR extract causes the growth of IPC 
to 28.5%, comparing to DM (Figure 1).

In animals with experimentally induced diabetes 
MPO ACC increased by 16.4%, compared to control ani-
mals. The use of YL and YR extracts caused no significant 
change in myeloperoxidase ACC in control animals. In 
DM reduction of ACC was established when using YL 
extract (15.3%) and when YR extract (11.0%) (Figure 2).

Discussion
The assessment of changes in phagocytic and bacte-

ricidal activity of PMN in diabetes and impact of agents 
with pronounced hypoglycemic effect on neutrophils 
functional activity is believed to be a promising research 

area. To test the phagocytic activity, rats’ neutrophils 
were allowed to phagocytize unopsonized yeast cells. 
Changes in phagocytosis activity indexes (Table 1, Fig-
ure 1) indicate that neutrophils require more time for 
an adequate response to foreign cells and particles [5].

Considering that neutrophils generate low 
amounts of ATP in their mitochondria and thus rely 
primarily on glycolytic metabolism, altered glucose 
levels in diabetes impact on neutrophil function [9].

Abnormal leukocyte function in DM might be 
caused by the formation of an advanced glycation 
end products (AGEs). AGEs may cause aberrant signal 
processing with some serious consequences in terms 
of stimulus-response coupling, in particular leads to 
transient actin polymerization, which is required for 
chemotactic, phagocytic, and secretory responses.  

Table 1. Neutrophils phagocytic activity indexes under administration of yacon extracts

(%) Number of yeast cells

PI30 PI120 PN30 PN120

C 13.17 ± 0.73 14.75 ± 0.88 1.76 ± 0.03 1.53 ± 0.09

C + YL 12.83 ± 0.44 29.17 ± 4.78* 1.62 ±0.03 1.85 ± 0.08*

C + YR 10.50 ± 0.29* 17.83 ± 1.42 1.71 ± 0.06 1.77 ± 0.07

D 11.00 ± 3.5 19.00 ± 0.50* 1.42 ± 0.08* 1.84 ± 0.08*

D + YL 23.50 ± 1.04*# 25.83 ± 1.17*# 1.98 ± 0.04*# 1.99 ± 0.04*

D + YR 16.50 ± 1.19*# 20.50 ± 2.46* 1.52 ± 0.04* 1.55 ± 0.16

*P < 0.05 compared with controls; #P < 0.05 compared with diabetic rats; PI30 — percentage of cells (phagocytic index) started the phagocytosis, of the 
total number of cells after 30 min of incubation; PI120 — percentage of cells started the phagocytosis, of the total number of cells after 120 min of incu-
bation; PN30 — average phagocytic number of yeasts cells that were inside phagocytes after 30 min of incubation; PN120 — average phagocytic number 
of yeasts cells that were inside phagocytes after 120 min of incubation; C — control animals; C + YL — control animals that were treated with extract of 
yacon leaves; C + YR — control animals that were treated with extract of yacon root tubers; D — animals with diabetes mellitus (DM); D + YL — animals 
with DM that were treated with extract of yacon leaves; D + YR — animals with DM that were treated with extract of yacon root tubers

Figure 1. Changes in index of phagocytosis completeness under yacon extracts administration. *P < 0.05 compared with con-
trols; #P < 0.05 compared with diabetic rats; C — control animals; C + YL — control animals that were treated with extract of 
yacon leaves; C + YR — control animals that were treated with extract of yacon root tubers; D — animals with diabetes mellitus 
(DM); D + YL — animals with DM that were treated with extract of yacon leaves; D + YR — animals with DM that were treated 
with extract of yacon root tubers
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The increased number of ingested yeast cells by neutro-
phils can also be associated with increased concentra-
tions of AGEs. Products of nonenzymatic glycosylation 
cause the increase in the number of ingested bacteria 
per cell [10].

Intensification of phagocytosis process under YL 
extract administration may be due to its pronounced 
hypoglycemic effect. This sugar lowering effect was 
shown in our previous research. Yacon leaves extracts 
in the condition of diabetes cause a decrease in glu-
cose concentration by 13.4%, while the root tubers 
extract caused a decrease in the content of the stud-
ied indicator by 49.9% [11]. Established effect may 
be due to the presence in yacon leaves sesquiterpene 
lactones, quercetin and other phenolic compounds, 
which have been shown to exhibit anti-inflammatory 
activity [12–14].

Demonstrated effect of YR extract (Table 1, Figure 1)  
can be caused by high content in their composition of 
inulin type b (2 Æ 1) fructooligosaccharides (FOS) [13]. 
Short-term supplementation of FOS cause the increase 
in white blood cells phagocytic activity through binding 
to carbohydrate receptors [4, 15].

The phagocytic event stimulates the release of 
agents into the phagolysosome that will kill and 
digest the ingested microorganism. The non-oxygen-
dependent mechanisms include the action of the 
enzymes contained in granules, such as antibacterial 
cationic proteins, lysozyme, various proteases, and 
direct effects of lactoferrin. The oxygen-dependent 
mechanisms are again of two types: MPO-dependent 
and MPO-independent. As a part of oxygen-dependent 
mechanisms of microorganism killing, we investigate 

the amount of MPO in PMN. Activated neutrophils 
release MPO from azurophilic granules at the sites of 
inflammation. MPO is able to interact with diverse ionic, 
atomic, and molecular entities via the interface with 
H2O2, including HOCl–, hydroxyl radicals, singlet oxygen, 
ozone, chloramines, and aldehydes. These species are 
potent oxidants, which under normal and controlled 
circumstances are toxic to several microorganisms and 
play an important role in the immune system [2].

The overproduction of MPO by neutrophils from 
animals with DM (Figure 2) can causes oxidative damage 
of proteins and DNA in host cells. Thus, the enhanced 
level of MPO is one of the best inflammatory and oxi-
dative stress markers of diabetes [2]. This enzyme can 
bind other cell surfaces like epithelial cells, fibroblasts, 
endothelial cells, macrophages, platelets, neutrophils. 
The binding of enzyme to these cell surfaces alters 
some functional properties: interaction with neutrophil 
integrins causes enhanced tyrosine phosphorylation of 
some proteins. This activates protein tyrosine kinase, 
which results in degranulation and leads to respira-
tory burst. The binding of MPO to platelets causes the 
reorganization of platelet cytoskeleton, and thus alters 
the aggregation properties [2, 16].

Reduction of MPO ACC when using YL leave 
extracts (Figure 2) can be caused by the presence in 
its composition phenolic antioxidants (ferulic acid, 
chlorogenic acid, gallic acid, caffeic acid, rosmarinic 
acid and quercetin) and flavonoids (apigenin and lu-
teolin), which can inhibit MPO [13, 17, 18]. Somewhat 
less pronounced effect on MPO activity possessed YR 
extract that may be due to lower content or lack of 
components that are capable to inhibit the activity of 

Figure 2. Changes in average cytochemical coefficient (ACC) of myeloperoxidase and cationic proteins under yacon extracts ad-
ministration. *P < 0.05 compared with controls; #P < 0.05 compared with diabetic rats; C — control animals; C + YL — control 
animals that were treated with extract of yacon leaves; C + YR — control animals that were treated with extract of yacon root 
tubers; D — animals with diabetes mellitus (DM); D + YL — animals with DM that were treated with extract of yacon leaves;  
D + YR — animals with DM that were treated with extract of yacon root tubers
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enzyme. FOS, which are the major biologically active 
substances in yacon root tubers also tended to reduce 
MPO activity [4].

In order to obtain additional data on the violation 
of bactericidal properties of neutrophils in diabetes, 
we investigate the amount of antibacterial cationic 
proteins as part of non-oxygen-dependent microbe 
killing mechanisms [19]. In our studies, we did not find 
significant change in cationic proteins ACC (Figure 2).

Conclusions
DM development was accompanied by reduced 

phagocytic activity of granulocytes with activation 
of oxygen-dependent mechanisms of microorganism 
killing. All used extracts intensified phagocytic activity 
of neutrophil in diabetes, with the yacon root tubers 
extract demonstrating the strongest effect, which was 
reflected by rapid degradation of particles engulfed by 
phagocytes. Yacon extracts possess inhibiting effect on 
myeloperoxidase activity in diabetes (Figure 3).
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A case series of five hypertensive type 2  
diabetes patients showing reduction  
in blood pressure and mean arterial pressure 
reduction in ambulatory blood pressure 
monitoring with remogliflozin etabonate 
200 mg coprescribed with recent onset  
anti-hypertensive drugs

ABSTRACT
Introduction. Hypertension is commonly occurring in 
type 2 diabetes and metabolic syndrome and inflam-
mation are a well-known part of this disease entity. 
The data of using remogliflozin in Indian patient is 
not known as this is a very recently approved mol-
ecule for the treatment of type 2 diabetes. Here we 
look into a case series of five patients who had their 
ambulatory blood pressure monitoring (ABPM) done at 
baseline and again after 14 days of therapy of adding 
remogliflozin etabonate to recent onset antihyper-
tensive druges. 
Methods. We analysed the ABPM results of five patients 
after taking their informed consent at baseline and 
two weeks post-treatment initiation with remogliflozin 
alongside with recent onset antihypertensive drugs. 
We used paired t test for statistical analysis of the 
two readings of each patient to come to a conclusion. 
Results. We found a statistically significant decrease in 
mean arterial pressure (MAP) reflected by a p value of 

0.0277 and the reduction in mean awake time systolic 
blood pressure (SBP) was also very close to statistical 
significance as seen by the p value of 0.0541. 
Conclusions. Remogliflozin etabonate when co-pre-
scribed with antihypertensive drugs shows a significant 
reduction in MAP as well as reduction in SBP although 
most of the contribution seems to be coming from the 
antihypertensive molecule itself. (Clin Diabetol 2019; 
8, 5: 254–257)

Key words: type 2 diabetes, remogliflozin etabonate, 
mean arterial pressure, systolic blood pressure, 
ambulatory blood pressure monitoring

Introduction
Hypertension is a common entity among diabetic 

patients, with the prevalence determined by type as 
well as the duration of diabetes with the other con-
tributing factors being race/ethnicity, sex, age, BMI, 
presence of kidney disease and glycemic control [1]. 
A large subset of participants (60%) in the Avoiding 
Cardiovascular Events Through Combination Therapy 
in Patients Living With Systolic Hypertension (ACCOM-
PLISH) trial were at high risk of cardiovascular events 
and benazepril plus the dihydropyridine calcium chan-
nel blocker amlodipine showed a decrease in morbidity 
and mortality when compared with the benazepril plus 
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the thiazide-like diuretic hydrochlorothiazide [2, 3]. There 
is a decrease in blood pressure of ~1 mm Hg with the loss 
in body weight by 1 kg [4]. In recent times SGLT2Is are 
widely used to control glycemia along-with many other 
parameters as they have shown multiple benefits includ-
ing reduction in nephropathy and hypertension. Amongst 
the SGLT2Is marketed presently in India, remogliflozin is 
the newest one to get approval for diabetes control in 
type 2 diabetes. The data of remogliflozin in blood pres-
sure reduction is sparse as the molecule is in its nascent 
state. Dobbins et al. in their study have shown that ad-
ministration of remogliflozin etabonate for 12 days leads 
to clinically significant improvements in plasma glucose 
as well as changes in body weight and blood pressure 
in type 2 diabetic patients [5]. This case series is the first 
of its kind from India demonstrating the marked reduc-
tion in SBP, DBP and MAP when remgoliflozin etabonate  
200 mg is co-prescribed with anti-hypertensive druges. 

Case series presentation
There were five type 2 diabetic patients (after 

taking proper written informed consent) who had a 
baseline ambulatory blood pressure monitoring (ABPM) 
report as well as ABPM report done after two weeks 
available. All of the patients were put on antihyperten-
sive drugs three days prior to recording the baseline 
ABPM to see the dipping status of each patient and 
again the ABPM machine was re-installed after fourteen 
days of initiating remogliflozin 200 mg to see the final 
outcome of antihypertensive therapy and diurnal varia- 
tion after drug initiation. Baseline characters of the 
patients and the drugs used are depicted in Table 1 who 
were all put on remogliflzoin 200 mg per day (BID).

Methods
Informed consent was taken from all the partici-

pants. All protocols were followed as per declaration 
laid down in the Declaration of Helsinki. 

Statistical analysis
We analysed the clinic data record of the author 

of five selected type 2 diabetic patients with hyperten-
sion who were recently put on antihypertensive drugs 
and three days after starting it, each one was put 
on remogliflozin etabonate 200 mg. We used paired  
t test for comparison between the baseline and post-
treatment values of ABPM for each individual. We took 
a p value of < 0.05 as statistically significant.

Results
This case series showed a reduction in SBP, DBP and 

a statistically significant drop in MAP after computing 
the results in paired t-test (Table 2). The p-value of mean 
changes in SBP during day time was 0.0541, p-value of 
mean changes in SBP during night time was 0.7828, 
p-value of mean changes in DBP during day time was 
0.0607, p-value of mean changes in DBP during sleep 
time was 0.1533 and the change in p-value in MAP 
was 0.0277 which was statistically significant. The 
mean awake SBP showed a marked reduction with the 
p-value close to statistical significance (p = 0.0541). An 
interesting finding of this ABPM was a change in the 
dipping status (Table 3) which was present in both the 
systolic and diastolic arms at baseline but there was 
not much change after treatment in the diastolic arm 
while it actually increased in the systolic arm making it 
a reverse dipping once the average is seen. The reason 

Table 1. Baseline characters and drugs used in the case series analysis 

Serial  

Number

Age Sex Duration  

of hypertension

Anti-diabetic  

drugs

Duration  

of diabetes

Anti-hypertensive 

drugs

BMI  

[kg/m2]

HbA1c  

(%)

1 62 years M 3 years 4.5 months Metformin 1000 mg; 

glimepiride 1 mg

Olmesartan 20;  

chlorthalidone 12.5 mg

25.7 7.8

2 63 years M 4.5 years 4 months Metformin 1500 mg; 

glimepiride 2 mg

Telmisartan 40;  

chlorthalidone 12.5 mg

26.9 7.7

3 60 years M 4 years 2 months Metformin 2000 mg; 

glimepiride 2 mg

Amlodipine 5;  

chlorthalidone 12.5 mg

27 8.1

4 65 years M 5 years 2 months Metformin 2000 mg; 

teneligliptin 20 mg; 

glimepiride 1 mg

Chlorthalidone 12.5 mg 28.8 7.3

5 60 years F 2 years 3 months Metformin 1500 mg; 

glimepiride 2 mg 

Amlodipine 5;  

chlorthalidone 12.5 mg

25.3 7.4
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to it seems to come from the reading of a single patient 
who had a very substantial increase in his SBP and DBP 
readings that surpassed the reduction property seen 
with the others but the reason of this increase is not 
known (could have been any severe stress or compli-
ance issue). 

Discussion
In lower-income and developing countries we are 

getting an epidemic in the prevalence of obesity and 
type 2 diabetes (T2D) attributed to changed lifestyles 
with high caloric intake and low energy expenditure 
[6]. India has the highest prevalence of diabetes in the 
world mostly because of the above mentioned reasons 
and cheap medicines of the class of SGLT2Is are in huge 
demand to tackle this epidemic in India as they have 
multi modalities of action due to their class effect. The 
Sodium-Glucose Cotransporter 2 (SGLT2) Inhibitor and 
Angiotensin Receptor Blocker (ARB) Combination Thera-
py in Patients with Diabetes and Uncontrolled Nocturnal 
Hypertension study (SACRA) was done to investigate 
changes in blood pressure with existing antihypertensive 
therapy and empagliflozin and it showed older diabetes 
patients who are nonseverely obese having uncontrolled 
hypertension at night-time had a significant blood pres-
sure reduction without significant reductions in glyce-

mic parameter [7]. In an animal study by Nakano et al. 
it was seen that out of canagliflozin, dapagliflozin and 
remogliflozin, only remogliflozin showed a reduction 
in oxygen radical absorbance capacity (ORAC) as well 
as there was marked lowering of both serum alanine 
aminotransferase (76%) and aspartate aminotransferase 
(48%), and there was also reduction in hepatic trigly
ceride content by 40% and liver weight by 42% [8]. The 
use of approved SGLT2 inhibitors was associated with 
mean reduction of systolic and diastolic blood pressure 
of 4.0 mm Hg and 1.6 mm Hg, respectively, compared 
with baseline [9]. This case series is the first data from 
Indian patients who were co-prescribed remogliflozin 
and antihypertensive drugs with chlorthalidone being 
present in all the groups showing improvements in 
mean SBP and mean DBP and a statistically significant 
reduction in MAP. There were few limitations of this case 
series analysis: small sample size makes it impossible 
to conclude that remogliflozin has potent BP reducing 
capacity as there was concomitant administration of 
antihypertensives; there was no chance to intervene in 
the lifestyle of the patients to find out the modifications 
they are applying themselves to correct their hyperten-
sion other than those prescribed by the author; they also 
did not tell the author about any illness which might 
have happened during the time of ABPM recording.

Table 3. Dipping property at baseline and after follow-up

Mean  

awake  

SBP (B/L) 

Avg

Mean 

sleep  

SBP (B/L) 

Avg

Mean 

awake  

SBP (F/UP) 

Avg

Mean 

sleep SBP 

(F/UP) 

Avg

Mean 

awake 

DBP (B/L) 

Avg

Mean 

sleep DBP 

(B/L) 

Avg

Mean  

awake DBP 

(F/UP) 

Avg

Mean 

sleep DBP 

(F/UP) 

Avg

%  

change  

of SBP 

%  

change  

of DBP 

Dipping 

status  

B/L

Dipping 

status  

F/UP

129 123.8 122.2 125.2 79 72.6 66.4 65.4 B/L: 4.03  

F/UP: 

–2.45

B/L: 8.1 

F/UP:  

1.5

Present Reduced 

but  

present 

for DBP 

but lost  

in SBP

Avg — average; B/L — baseline; DBP — diastolic blood pressure; SBP — systolic blood pressure; F/UP — follow-up

Table 2. Paired t test analysis of baseline and follow-up values of different parameters of ABPM 

Baseline Follow-Up Absolute change 

from baseline

95% CI P value

Mean awake time SBP [mm Hg] 129 ± 8.09 122 ± 6.98 –6.8 –13.79 to 0.19 0.0541 

Mean awake time DBP [mm Hg] 79 ± 6.78 66.4 ± 6.84 –12.6 –26.11 to 0.91 0.0607

Mean sleep time SBP [mm Hg] 123.8 ± 14.77 125.2 ± 23.66 1.4 –11.79 to 14.59 0.7828 

Mean sleep time DBP [mm Hg] 72.6 ± 10.83 65.4 ± 10.92 –7.2 –18.56 to 4.16 0.1533

MAP [mm Hg] 94 ± 8.37 85.4 ± 6.11 –8.6 –15.66 to –1.54 0.0277*

*Signifies statistically significant; DAB — diastolic blood pressure; SBP — systolic blood pressure; MAP — mean arterial pressure; CI — confidence interval
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Conclusions
Our case series analysis shows for the first time the 

possibility of significant SBP and DBP reduction with 
remogliflozin and antihypertensives but we need large 
randomised trials or larger real-world data to have a 
final conclusion. Till that time we can presume that 
remogliflozin also shares the same pleotropic benefit of 
BP reductions to some extent like shown by the existing 
three SGLT2Is. The significant BP reduction shown here 
may be a chance finding as in real-world setting the BP 
reductions seen with SGLT2I is much lesser than seen 
in this case series and hence it is mostly contributed by 
the antihypertensive therapy that was given. 
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From islets of Langerhans to insulin  
analogs. It’s been almost 100 years  
since the discovery of insulin

ABSTRACT
Until the discovery of insulin, diabetes was a fatal 
disease. The diet was the only form of treatment for 
this disease. Since the discovery of the Langerhans 
Islands, huge progress has been made in the treat-
ment of diabetes. In 1921 due to Banting’s research 
and collaborators, there has been a revolution in the 
treatment of diabetes. A disease that was once incur-
able could be controlled by insulin injections. Today 
insulin is not only a life-saving medicine. After the 
breakthrough discovery of scientists, research was 
conducted to improve insulin. Ultimately, these actions 
led to the creation of insulin analogs to make diabetes 
therapy even more perfect, by reducing the incidence 
of hypoglycemia. (Clin Diabetol 2019; 8, 5: 258–261)

Key words: insulin, diabetes, Paul Langerhans, 
Frederick Banting, insulin analogs

Introduction
Insulin is an anabolic peptide hormone produced 

and secreted by the beta cells of the pancreas. This 
hormone is involved in the metabolism of carbohy-
drates, fats, and proteins. Moreover, insulin influences 

genes expression and has an antiapoptotic effect. In 
people with diabetes, depending on the type of the 
disease, there is a problem with its production in ap-
propriate amounts or with proper functioning. In 1951, 
researchers and physicians Lawrence and Bornstein 
(United Kingdom) measured blood levels of insulin in 
10 diabetic patients and recorded major differences in 
the results of these measurements. Researchers have 
observed a lack of insulin in young people, while in 
older and obese people, they found significant amounts 
of this hormone in the blood [1]. Modern medicine 
owes the discovery of insulin to many scholars who 
over the course of several decades have conducted  
a number of studies aimed at improving insulin therapy. 
Insulin-dependent diabetes, which for many hundreds 
of years was a fatal disease, has become a disease 
that could be treated, controlled more effectively, and 
reduced the adverse effects of its action on patients. 
Frederick Grant Banting is a scientist recognized as the 
discoverer of insulin. However, before him, there were 
many researchers who explored the topic of diabetes 
and who have gone down in the history of medicine. 
Term ‘insulin’ had been introduced by Jean de Meyer 
(1878–1934) in 1909 [2]. In this, he was followed by 
English physiologist Edward Albert Sharpey-Schafer 
(1850–1935), who in 1913, in lectures at Stanford 
University, he suggested the name ‘insuline’ for a sub-
stance in the islets of Langerhans then unknown [3]. 
Using radioimmunoassay technology, Solomon Berson, 
and Rosalyn Yalow in 1960 developed a method for 
measuring insulin in the blood. They observed that 
some people with diabetes still make their own insu-
lin, and on this basis, they determined the occurrence 
of ‘insulin-dependent’ and ‘non-insulin-dependent’ 
diabetes [4].
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The islets of Langerhans,  
or how did it begin?

The history of insulin therapy begins in 1869. The 
German 22-year-old medical student Paul Langerhans 
(1847–1888), while working on a microscope, identifies 
for the first time a group of cells within the pancreas, 
about which he writes: “(…) small cells of almost perfect 
homogeneous content and of a polygonal form, with 
round nuclei without nucleoli, mostly lying together in 
pairs or small groups” [5]. Langerhans admitted that 
he did not know the function of these special cells. The 
discovery of a student from Berlin did not find interest 
among scholars for many years, until 1893 when Gustav 
Laguesse bent over them. A group of cells was named 
by him ‘Langerhans islands’. The scientist proposed 
that the pancreatic islets may play the endocrine role 
and produce a substance that reduces blood glucose 
levels [6]. The concept of ‘pancreatic diabetes’ was 
introduced in 1877 by Frenchman Etienne Lancereaux 
(1829–1910) [7]. In 1901, pathologist Eugene Lindsay 
Opie (1873–1971) described the occurrence of hyaline 
degeneration within the Langerhans islands in diabetes. 
At the same time, he hypothesized that these changes 
may condition the occurrence of the disease [8]. De-
spite the above-mentioned discoveries, the substance 
produced by the pancreas has not yet been used as  
a drug in people with diabetes. However, the research-
ers attempted to isolate island secretion, which proved 
to be ineffective. The German physician George Ludwig 
Zuelzer (1870–1949) obtained and applied pancreatic 
extract for the first time in 1906. The results of the ex-
periment were promising at first because the sugar was 
reduced or the total disappearance of sugar from the 
urine was observed. However, the preparation caused 
side effects in the form of allergic-toxic reactions and 
hypoglycemia [9]. On 28 May 1912, Zuelzer patented 
his method in the United States. In contrast, Dr. Ernest 
Scott (1877–1966) (University of Chicago) in 1911 and 
Israel Kleiner (1885–1966) (Rockefeller University in 
New York) in 1919, giving an aqueous extract of the 
pancreas to dogs, obtained a temporary reduction of 
glucose level in urine and blood [10, 11]. Romanian 
professor of physiology Nicolas Paulesco (1869–1931) 
(Medical University of Bucharest) in 1916 refined the ac-
quisition of aqueous extract from the pancreas, which 
in diabetic dogs had a normalizing effect on sugar level 
in the blood and urine. In addition, he observed a de-
crease in urea in the blood and urine. In 1921 Paulescu 
published his data in two prominent French journals, 
eight months before the first publication of Banting 
and Best from February 1922 [12]. Unfortunately, the 
work of scientists interrupted the outbreak of World 
War I or the disapproval of university authorities. De-

spite attempts to isolate the substance that reduces 
blood glucose, it has not been able to be used in clini-
cal practice. However, these studies have had a huge 
impact on further work leading to the final isolation of 
insulin and its administration to the patient. By the time 
of significant progress in the treatment of diabetes, 
i.e. the nineteenth and twentieth centuries, it was not 
possible to determine what causes diabetes, and it was 
not known how to treat it. People with diabetes died 
from exhaustion and due to complications. The only 
known treatment at that time was diet.

The breakthrough time has come...
The discovery of insulin by Canadian scientists 

changed the treatment of diabetes completely and 
improved the prognosis of patients. It was a break-
through moment, a milestone in the history of diabetes 
and one of the greatest achievements in medicine. In 
addition to research activities, Frederick Grant Banting 
(1891–1941), a young orthopedic surgeon, lectured for 
medical students. In October 1920, when preparing for 
a lecture on the subject of the pancreas, he found an 
article about pancreatolithiasis. Due to the mechanical 
blockade of pancreatic ducts, the disease caused atro-
phy of cells secreting digestive enzymes, but the func-
tion of the islets of Langerhans remained unchanged. 
Mering and Minkowski, in their experiments, ligated 
pancreatic ducts in dogs, which caused similar results. 
This prompted Banting to repeat the experiment. The 
dogs examined had the pancreas removed or ligated 
pancreatic ducts. The pancreas with ligated ducts 
underwent the extraction process and the solution 
he obtained was injected into diabetic dogs. Banting 
observed a short-term reduction in the glucose level in 
the blood and urine, which resulted from contamina-
tion of the extract by digestive enzymes. In addition, 
adverse reactions at the injection site in the form of 
abscesses were observed due to the administration of 
a poorly purified pancreatic extract. Banting’s colleague 
suggested re-conducting experiments in a specialized 
laboratory at the University of Toronto under the super-
vision of medical professor John James Richard Macleod 
(1876–1935), a well-known Scottish physiologist and 
diabetes specialist from Aberdeen. Macleod was one 
of the greatest specialists in the field of carbohydrate 
metabolism. In the spring of 1921, Macleod agreed to 
make the laboratory and experimental animals avail-
able to Banting and offered him the assistance of two 
medical students, Charles Herber Best (1899–1978) 
and Edward Clark Noble. Best became Banting’s clos-
est associate, and their work in the Toronto laboratory 
resulted in exceptional results. The extract obtained 
by the researchers, which they called the isletine, was 
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subjected to purification at the request of Professor 
Macleod. This task belonged to the Canadian bio-
chemist James Bertram Collip (1892–1965). Obtaining 
a maximum purified and minimally toxic pancreatic 
extract allowed for its clinical use and subcutaneous 
administration to a diabetic patient. This treatment 
saved the life of 14 year-old Leonard Thompson, a na-
tive of Toronto. The boy had diabetes for three years 
and his body weight was only 30 kilograms. Leonard 
was in a diabetic coma, in which he collapsed and woke 
up alternately. His father agreed to give his son a newly 
discovered drug, previously tested on animals. The 
first injection of insulin occurred on 11 January 1922. 
However, its first clinical application did not bring about 
a spectacular effect, because only a 25% reduction in 
glucose was obtained. In addition, glucose and ketone 
bodies remained in the urine of the patient. An abscess 
appeared at the injection site, and the patient devel-
oped a severe allergic reaction to the newly discovered 
drug. Insulin therapy was considered ineffective, but 
the researchers decided to improve the effectiveness 
of the discovered drug. Cooperation with Connaught 
Laboratories allowed for achievement the more purified 
insulin. On 23 January 1922, the obtained preparation 
was given to the boy in several injections a day. Then the 
expected effect was observed — the glucose concentra-
tion dropped significantly in the blood and urine. Also, 
the symptoms of diabetic acidosis have disappeared, 
which was accompanied by the complete disappear-
ance of ketone bodies in the urine. The boy died at the 
age of 27, but the cause of his death was not diabetes 
and its complications, but pneumonia. Researchers 
continued testing the extract and in February 1922 
qualified six people for treatment, but in these cases, 
the treatment was successful [13–19]. For the first time, 
the researchers announced the results of their work in 
May 1922 during the meeting of the Association of 
American Physicians. Discoverers were represented by 
Macleod, who talked about the discovery and use of 
insulin. Soon the production of insulin on a large scale 
began. The first company that chose to do this was 
the Connaught Laboratories in Indianapolis, but the 
insulin they produced was ineffective clinically. Another 
company that took up the challenge was Eli Lilly from 
Toronto. They were stronger than their predecessors 
because production was very large, but also their 
activity proved to be ineffective. In November 1922, 
the cause of the lack of efficacy of insulin produced 
by Lilly was discovered. Their chief chemist George 
Walden found that insulin was reduced in purity due to 
precipitation at the improper pH [20]. However, failures 
in the production process were not the only obstacles. 
These were eliminated, while issues such as production 

standardization or patent law remained to be resolved. 
The interest in insulin has reached large proportions and 
its production has been taken up by numerous scientific 
and commercial centers. One of them was a non-profit 
body, the Nordisk Insulin Laboratory, which is currently 
one of the leading insulin companies. This undertaking 
was initiated in 1923 by an eminent physiologist Nobel 
laureate for research on metabolism and physical ef-
fort, August Krogh from the University of Copenhagen, 
whose wife was diabetic. During a meeting with Bant-
ing and Macleod, he got the knowledge of insulin and 
received authorization from the University of Toronto to 
bring insulin to Scandinavia [21]. During the work on 
the discovery of insulin, there were conflicts between 
the members of the research team. The source of the 
conflict was the first public report on the results of the 
experimental treatment of diabetes in animals with  
a partially purified solution of insulin. Macleod wanted 
to be recognized as a leading researcher, while Bant-
ing’s position in the medical world was not strong 
enough. However, both scientists were noticed and 
honored. In 1923, Banting and MacLeod received 
the Nobel Prize in medicine and physiology. However, 
they did not forget about their closest collaborators, 
without which we would not use insulin today. Bant-
ing donated half of the award to Charles Herbert Best, 
while MacLeod shared the prize with James Bertram 
Collip. Never before has a scientist received the Nobel 
Prize in such a short time after the discovery.

From NPH insulin to analogs
Insulin derived from animals has been used to treat 

diabetes for many years. Despite the effectiveness and 
increase in survival, insulin was not devoid of imperfec-
tions due to the occurrence of allergic reactions in many 
patients. Research has been carried out on improving 
insulin. One of the shortcomings of insulin therapy at 
the time was the necessity of administering the drug 
in several injections a day. The researchers sought to 
create long-acting insulin. The year 1936 is the time 
when the long-acting insulin, containing an admixture 
of protein — protamine, was first developed. This was 
accomplished by the assistant of August Krogh, Hans 
Christian Hagedorn. The preparation was named as 
insulin with a prolonged action type NPH (neutral pro-
tamine Hagedorn) [22]. At the same time, in Toronto 
Scott and Fisher further prolonged the effect of insulin 
by adding zinc [23]. These findings led to the launch 
of longer-acting animal insulins. The world of science 
got to know insulin more and more. In 1955, a scientist 
from the University of Cambridge, Frederick Sanger 
determined the amino acid sequence of insulin, for 
which he received the Nobel Prize [24]. The year 1958 
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is also a breakthrough in genetic engineering because 
insulin as the first protein was successfully synthesized 
chemically as the first drug produced by genetic engi-
neering methods. In 1959, Paul Lacy confirmed with 
immunohistochemistry that the cell responsible for the 
production of insulin is the b cell [25]. In 1969, Dorothy 
Hodgkin of the University of Cambridge determined the 
spatial structure of the insulin molecule, for which she 
was awarded the Nobel Prize.

The era of human insulins and their analogs have 
come. In 1978, David Goeddel, Ph.D., and colleagues 
at Genentech prepared the first recombinant human 
insulin by utilizing and combining the insulin A- and 
B-chains expressed in Escherichia coli. Afterward, Ge-
nentech and Lilly signed an agreement to commercialize 
human insulin produced by recombinant DNA. The first 
recombinant insulins launched in 1982 were Humulin R 
(short-acting) and N (NPH, intermediate-acting) [26]. To 
make diabetes therapy even more perfect, by reducing 
the incidence of hypoglycemia, insulin preparations 
were sought that mimicked the physiological secretion 
of insulin. The change in pharmacokinetics due to the 
modification of the amino acid site in insulin led to 
the formation of insulin analogs. These insulins were 
characterized by faster absorption and shorter dura-
tion of action. The first rapid-acting analog of insulin 
introduced to the market in 1996 was lispro. In 2000 
and 2005, aspart and glulisine were introduced respec-
tively. In contrast, long-acting insulin analogs were 
approved in 2000 (glargine) and 2005 (detemir). The 
next generation of insulin analogs are ultralong-acting 
insulin analogs glargine U300 and degludec (2015).

Conclusions
Over the decades, there has been undeniable pro-

gress in the treatment of diabetes. The disease, once 
considered deadly, become a chronic disease. However, 
complications of diabetes continue to be an important 
problem. Insulin has become a drug of opportunity for 
people with diabetes, and its continuous refinements 
have made metabolic control of the disease often 
achieved perfectly.
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