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The major pathogenic factor of PCOS is proba‑
bly insulin resistance with compensatory hyperin‑
sulinemia leading to metabolic complications and 
reproductive dysfunction.2,3 This entails a high‑
er prevalence of classic cardiovascular (CV) risk 
factors, such as abdominal obesity, impaired glu‑
cose tolerance, type 2 diabetes, dyslipidemia, hy‑
pertension, and metabolic syndrome in patients 
with PCOS.3,4 Numerous studies have suggested 

Introduction  Polycystic ovary syndrome 
(PCOS) is a heterogeneous endocrine disorder in 
women of reproductive age. According to the Rot‑
terdam criteria, the average prevalence of PCOS is 
16.6%.1 Oligoovulation or anovulation, biochem‑
ical or clinical hyperandrogenism, and polycystic 
ovaries on ultrasonography are the distinguishing 
characteristics of this endocrinopathy.
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Abstract

Introduction  The prevalence of polycystic ovary syndrome (PCOS) among women with type 1 dia‑
betes (T1DM) is higher than in the general population. Both diseases are associated with higher risk of 
premature atherosclerosis.
Objectives  The aim of our study was to evaluate whether the cardiovascular risks conferred by T1DM 
and PCOS are additive.
Patients and methods  The study group included 78 women divided into 4 groups: 19 women with 
PCOS and T1DM (T1DM+PCOS), 16 women with T1DM only (T1DM/no‑PCOS), 27 women with PCOS only 
(PCOS), and 16 healthy women (control group). We evaluated the serum concentrations of cardiovascular 
disease biomarkers: soluble intercellular adhesion molecule 1 (sICAM‑1) and soluble endothelial‑leukocyte 
adhesion molecule 1 (sE‑selectin). We also assessed brachial artery flow‑mediated dilation (FMD) and 
estimated the intima–media thickness of the common carotid artery (CIMT) by ultrasonography.
Results  The serum concentrations of sICAM‑1 and sE‑selectin were higher in the T1DM+PCOS group 
compared with women with PCOS only (P = 0.041 and P = 0.002, respectively) and were comparable 
to those in the T1DM/no‑PCOS group. FMD and CIMT did not differ between the groups. In women with 
T1DM, sICAM‑1 positively correlated with body mass index (r = 0.34, P = 0.047), CIMT with daily in‑
sulin dose (r = 0.37, P = 0.039), and FMD negatively correlated with diabetes duration (r = –0.42, P = 
0.02). In a multivariable logistic regression model, the presence of T1DM, with adjustment for sICAM‑1, 
was the only predictor of sE‑selectin concentrations in the whole study group (odds ratio, 8.03; 95% 
confidence interval, 2.56–13.49; P = 0.005).
Conclusions  The presence of PCOS does not increase the risk of subclinical vascular disease in young 
lean women with T1DM.
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PCOS, compared with women with PCOS only, 
women with T1DM without PCOS, and healthy 
women.

Patients and methods  Patients  We studied 
78 women (mean [SD] age, 25 [4.5] years): 19 wom‑
en with PCOS and T1DM (T1DM+PCOS), 16 wom‑
en with T1DM without PCOS (T1DM/no‑PCOS), 
27 women with PCOS only (PCOS), and 16 healthy 
women (control) matched for age and BMI. Pa‑
tients with T1DM were recruited from diabetes 
outpatient clinics in Białystok and from the De‑
partment of Endocrinology, Diabetology and In‑
ternal Medicine of the Medical University of Bia‑
lystok. Patients with PCOS attended the endo‑
crinology and gynecology clinics or the Depart‑
ment of Endocrinology, Diabetology and Internal 
Medicine of the Medical University of Bialystok.

The mean (SD) diabetes duration in women 
with T1DM (35 women) was 11 (6.4) years. Six‑
teen diabetic women (46%) were treated with in‑
termediate- or long‑acting insulin (glargine, de‑
temir) with rapid‑acting insulin analogues in mul‑
tiple daily injections. Nineteen diabetic women 
(54%) were treated with continuous subcutane‑
ous insulin infusion. Data including age at the 
onset of diabetes, daily insulin requirements for 
the last 3 days, glycated hemoglobin A1c (HbA1c) 
were obtained. 

In the T1DM+PCOS group, T1DM developed 
before menarche in 9 women, 6 of whom pre‑
sented menstrual disturbances; in the remaining 
10 women, T1DM began after menarche and 4 of 
them complained of menstrual disorders. Among 
women in the T1DM+PCOS group with diabetes 
onset before menarche, 4 women complained of 
oligomenorrhea (1 of them presented polycystic 
ovarian morphology and 3 of them—both poly‑
cystic ovarian morphology and hyperandrogen‑
ism), and 2 women complained of amenorrhea (1 
of them presented polycystic ovarian morphol‑
ogy and the other one—both polycystic ovarian 
morphology and hyperandrogenism). The pres‑
ence of diabetic complications and CV diseases 
was assessed on the basis of medical history. In 
the T1DM+PCOS group, 4 women had neuropa‑
thy, 1 had nephropathy, 1 had neuropathy and ret‑
inopathy, and 1 had nephropathy and retinopathy. 
In the T1DM/no‑PCOS group, 2 women had neu‑
ropathy and 1 had nephropathy and retinopathy.

PCOS was diagnosed according to the Rot‑
terdam criteria. In particular, it was defined by 
the presence of at least 2 of the 3 criteria: olig‑
orrhea or amenorrhea, clinical and/or biochem‑
ical hyperandrogenism, and polycystic ovaries 
on ultrasonography (>12 follicles of 2 to 9 mm 
in diameter or ovarian volume exceeding 10 ml 
in at least 1 ovary).22 The exclusion criteria, apart 
from the previously described,23 were HbA1c over 
10%, fasting glycemia exceeding 200 mg/dl, type 2 
diabetes, abnormal thyroid function, hyperprolac‑
tinemia, late‑onset congenital adrenal hyperplasia, 
use of medications known to affect sex steroids 
or sex hormone‑binding globulin (SHBG), use 

that subclinical vascular disease is more frequent 
among women with PCOS compared with controls 
matched for age and body mass index (BMI).5-8 
Endothelial dysfunction in women with PCOS, 
expressed by abnormal flow‑mediated dilation 
(FMD) of the brachial artery, has been reported.9 
Higher serum concentrations of biochemical in‑
flammatory and thrombotic CV risk factors are 
observed in patients with PCOS.10,11 The soluble 
intercellular adhesion molecule 1 (sICAM‑1), sol‑
uble vascular cell adhesion molecule 1 (sVCAM‑1), 
and soluble endothelial‑leukocyte adhesion mol‑
ecule 1 (sE‑selectin) are considered as biomark‑
ers of CV diseases, also in women with PCOS.11 
PCOS is associated with increased sympathet‑
ic tone and higher prevalence of early markers 
of atherosclerosis, such as greater carotid inti‑
ma–media thickness (CIMT), arterial stiffness, 
and coronary artery calcification in later life.6,12-15 
Nevertheless, there is no unequivocal evidence 
for increased CV morbidity and mortality rates 
in women with PCOS, due to the lack of prospec‑
tive follow‑up studies.15

Patients with type 1 diabetes (T1DM) are treat‑
ed with intensive insulin therapy with exogenous 
insulin administered subcutaneously. To achieve 
appropriate metabolic control and avoid long
‑term complications, insulin doses might be sup‑
raphysiological. However, new technologies such 
as continuous subcutaneous insulin infusion al‑
low to reduce the dose of insulin and mimic phys‑
iological pancreatic insulin secretion, especially 
during pregnancy.16 It has been suggested that 
exogenous systemic hyperinsulinism may be in‑
volved in the pathogenesis of PCOS in women 
with T1DM. Insulin acts as a gonadotropin, af‑
fecting ovarian morphology and function, espe‑
cially androgen secretion. Insulin has been proved 
to enhance the effect of luteinizing hormone on 
theca cells, thus increasing androgen secretion.17

It has been reported that the prevalence of 
PCOS in adult women with T1DM is significant‑
ly higher than in controls and reaches 40%, ac‑
cording to the Rotterdam diagnostic criteria.18 De‑
spite limited evidence, PCOS appears to be among 
the most common endocrine disorders in women 
of reproductive age with T1DM.18 Patients with 
T1DM also have an increased risk of endotheli‑
al dysfunction, premature atherosclerosis, and 
CV diseases.19,20 CIMT and parameters of arteri‑
al stiffness in this group of patients are signifi‑
cantly higher in comparison with controls, espe‑
cially when diabetic complications are present.21

So far, there have been no studies regarding 
the assessment of subclinical markers of athero‑
sclerosis in patients with PCOS and T1DM. There‑
fore, the aim of our study was to evaluate wheth‑
er the CV risks conferred by T1DM and PCOS are 
additive. To answer this question, we focused 
on early markers of atherosclerosis: measure‑
ment of the adhesion molecules sICAM‑1 and 
sE‑selectin, as well as the assessment of CIMT 
and FMD, in the group of women with T1DM and 
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of the right brachial artery was performed in lon‑
gitudinal sections 2 to 10 cm above the elbow, to 
observe vasodilation by increased postischemic 
blood flow. First, brachial artery images were cap‑
tured 3 times before occlusion. The pneumatic cuff 
was placed on the right forearm and inflated to 
the pressure of 210 mm Hg for 3 minutes. The 3 
postischemic scans were performed 45 to 60 sec‑
onds after rapid pressure release, during reactive 
hyperemia. FMD was presented as a percentage 
change of the brachial artery diameter from base‑
line to the time after ischemia.

Laboratory analyses  After overnight fasting, 
morning blood samples were obtained either dur‑
ing the follicular phase (3–7 days) or independent‑
ly of the cycle phase in the presence of amenor‑
rhea. In both the PCOS and control groups, dia‑
betes was excluded with an oral glucose tolerance 
test. Fasting serum glucose and insulin levels, hor‑
monal profile, lipid profile, and HbA1c, sE‑selectin, 
and sICAM‑1 levels were estimated. All blood sam‑
ples for glucose and insulin levels were collected 
at baseline and at 30, 60, 90, and 120 minutes of 
the oral glucose tolerance test.

Serum glucose levels were measured by an en‑
zymatic reference method with hexokinase (Cobas 
c111, Roche Diagnostic Ltd., Rotkreuz, Switzer‑
land). Serum insulin concentrations were assayed 
by the immunoradiometric method (DIASource 
ImmunoAssays  S.A., Ottignies‑Louvain‑la
‑Neuve, Belgium). The HbA1c level was measured 
using high‑performance liquid chromatography 
(Bio Rad, Hercules, California, United States). 
Concentrations of total cholesterol, high‑density 
lipoprotein cholesterol, and triglycerides were 
determined by an enzymatic colorimetric meth‑
od (Cobas c111, Roche Diagnostic Ltd., Rotkreuz, 
Switzerland). Low‑density lipoprotein cholester‑
ol concentrations were calculated by the Friede‑
wald equation. High‑sensitivity C‑reactive pro‑
tein (hs‑CRP) levels were measured by a high‑
ly sensitive immunoturbidimetric assay (Cobas 
c111, Roche Diagnostic Ltd.). The serum levels 
of luteinizing hormone and follicle‑stimulating 
hormone were detected by immunoradiometric 
assays (DIASource ImmunoAssays S.A.), where‑
as the serum testosterone level was estimated 
by a radioimmunoassay (DIASource ImmunoAs‑
says S.A.). The free androgen index was calculat‑
ed as serum testosterone (nmol/l) ×  100/SHBG 
(nmol/l) ratio.27 sE‑selectin and sICAM‑1 were 
detected by enzyme‑linked immunosorbent as‑
says using commercially available reagents (R&D 
Systems Inc., Minneapolis, Minnesota, United 
States). The minimum detectable concentration 
was 0.049 ng/ml for sICAM‑1 and 0.003 ng/ml 
for sE‑selectin. The intraassay and interassay co‑
efficients of variation for sICAM‑1 were below 5% 
and 6.7%, respectively, and for sE‑selectin—be‑
low 6.9% and 8.6%, respectively.

Statistical analysis  Statistical analysis was per‑
formed using the Statistica 12.5 package (Statsoft 

of insulin‑sensitizing drugs and oral contracep‑
tives in the last 3 months, pregnancy in the last 
12 months, and malnutrition. All the participants 
were Caucasians. None of the women manifest‑
ed infection symptoms on the day of investiga‑
tions. The study was approved by the Ethics Com‑
mittee of the Medical University of Bialystok. All 
participants gave written informed consent after 
full explanation of the purpose and nature of all 
procedures used.

Anthropometric measurements  Physical examina‑
tion of all participating women was performed. 
Clinical hyperandrogenism was assessed using 
the modified Ferriman–Gallwey score for hirsut‑
ism (more than 8 points were considered as clini‑
cal hyperandrogenism) or on the basis of the pres‑
ence of acne or androgenic alopecia. Oligomenor‑
rhea or amenorrhea was considered when women 
had fewer than 6 menses during the previous year. 
Height was measured with a Harpenden Stadiom‑
eter (Tanita, Tokyo, Japan) to 0.1 cm. Weight and 
percentage of body fat mass were assessed by bio‑
electric impedance analysis using the InBody 220 
Body Composition Analyzer (InBody Co., Seoul, 
Korea). Waist circumference was measured using 
a flexible tape at the narrowest circumference be‑
tween the lower costal margin and the iliac crest 
in the standing position. The hip circumference 
measurement was obtained at the maximum pe‑
rimeter at the level of the femoral trochanters. 
BMI and waist‑to‑hip ratio (WHR) were calcu‑
lated. Systolic and diastolic blood pressure was 
measured with an electronic sphygmomanome‑
ter in every patient in a relaxed sitting position.

Ultrasound measurements  Transvaginal ultra‑
sound scans were performed for all patients 
by the same gynecologist, with a 5- to 9‑MHz 
transvaginal transducer (Voluson 730 Expert, 
GE Healthcare, Zipf, Austria) in the early follic‑
ular phase of the menstrual cycle or any day in 
women with amenorrhea. PCOS was identified 
if there were 12 or more follicles of 2 to 9 mm 
in diameter in an ovary and/or the presence of 
an enlarged ovary (>10 cm3). The ovarian vol‑
ume, follicle number, and mean follicle diameter 
in the right and left ovaries were calculated and 
summarized for both ovaries.

The brachial and carotid arteries were examined  
in every patient by the same ultrasonographer, 
using previously described protocols, with slight 
modifications.24-26 Philips SONOS 4500 (Philips 
Medical Systems, Andover, Massachusetts, Unit‑
ed States) with a 7.5‑MHz linear transducer was 
used. The CIMT was measured in the right and 
left common carotid arteries at the distance of 
more than 1 cm from the bifurcation—3 times 
on each side. The measurement included end
‑diastolic estimation of the far walls—the dis‑
tance from the leading edge of the first echogen‑
ic line to the leading edge of the second echogen‑
ic line. Analyses were based on the mean value of 
all the 6 measurements. Ultrasound examination 
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and polycystic ovaries, while in the PCOS group, it 
was hyperandrogenism and ovulatory disorders.

The highest concentrations of sICAM‑1 and 
sE‑selectin were found in the groups with T1DM 
(PCOS+T1DM, T1DM/no‑PCOS), with no sig‑
nificant differences between the  groups. Se‑
rum concentrations of sICAM‑1 were higher in 
the T1DM+PCOS and T1DM/no‑PCOS groups, 
compared with patients with PCOS only (P = 
0.041 and P = 0.007, respectively). Similarly, the   
T1DM+PCOS and T1DM/no‑PCOS groups showed 
higher concentrations of sE‑selectin than women 
with PCOS only (P = 0.002 and P <0.001, respec‑
tively) (Table 3). CIMT and brachial FMD were not 
significantly different between the groups (Table 3).

In patients with T1DM (with and without 
PCOS), positive correlations were found between 
sICAM‑1 concentrations and BMI (r = 0.34, P = 
0.047) and fat mass (r = 0.38, P = 0.033). CIMT 
showed a positive correlation with patient’s age (r 
= 0.37, P = 0.039) and daily insulin dose (r = 0.37, 
P = 0.039). FMD was negatively correlated with di‑
abetes duration (r = –0.42, P = 0.02) (Table 4).

In the T1DM+PCOS group, serum sE‑selectin 
concentrations correlated positively with systolic 
blood pressure (r = 0.51, P = 0.025), CIMT was cor‑
related with daily insulin dose (r = 0.51, P = 0.046), 
and FMD, with patient’s age (r = –0.51, P = 0.035) 
and SHBG concentrations (r = –0.54, P = 0.031).

In the whole study group, sICAM‑1 levels 
showed positive correlations with BMI (r = 0.4, 
P <0.001), WHR (r = 0.33, P = 0.003), and fat 
mass (r = 0.39, P <0.001). Serum sE‑selectin lev‑
els correlated positively with BMI (r = 0.28, P = 
0.015) and WHR (r = 0.33, P = 0.003). Data are 
presented in Table 5. In the multivariable logistic 
regression model, the presence of T1DM, adjust‑
ed for sICAM‑1 levels, was the only predictor of 
sE‑selectin levels in the whole study group (odds 
ratio, 8.03; 95% confidence interval, 2.56–13.49; 
P = 0.005).

Inc., Tulsa, Oklahoma, United States). The variables 
were tested for normal distribution using the Sha‑
piro–Wilk test and Kolmogorov–Smirnov test with 
Lilliefors correction. Due to abnormal distribu‑
tion of the data, all values were expressed as me‑
dians and interquartile ranges. Therefore, a com‑
parison between 2 groups was performed using 
the Mann–Whitney test. The differences between 
the 4 groups were assessed by the nonparametric 
Kruskal–Wallis test with an appropriate post‑hoc 
test. For categorical variables, the χ2 test and Fish‑
er exact test were performed. Correlation analysis 
was performed using the Spearman test. Univari‑
able and multivariable logistic regression analyses 
were used to assess the effect of the studied vari‑
ables on adhesion molecule levels. A P value of less 
than 0.05 was considered significant.

Results  The clinical characteristics of the study 
groups are presented in Table 1. No significant dif‑
ferences in anthropometric measurements were 
observed between the groups. Age at diabetes 
diagnosis, diabetes duration, HbA1c levels, and 
daily insulin requirements were comparable be‑
tween women with T1DM+PCOS and those with 
T1DM/no‑PCOS (Table 1).

Serum testosterone concentrations were 
higher in the T1DM+PCOS and PCOS groups, as 
compared with the control group (P = 0.002 and 
P = 0.014, respectively). SHBG concentrations 
were lower in patients with PCOS, as compared 
with the T1DM+PCOS group (P = 0.045) (Table 2).

The PCOS and T1DM+PCOS groups were compa‑
rable in terms of ovarian volume and ovarian fol‑
licle number on ultrasound. The latter was high‑
er in the T1DM+PCOS and PCOS groups than in 
the control group (P = 0.044 and P = 0.038, respec‑
tively), as well as in the T1DM+PCOS group com‑
pared with the T1DM/no‑PCOS group (P = 0.001) 
(Table 2). The most prevalent phenotype of PCOS 
in the T1DM+PCOS group was hyperandrogenism 

TABLE 1  Clinical characteristics of the study groups

Parameter T1DM + PCOS

(n = 19)

PCOS

(n = 27)

T1DM/no‑PCOS

(n = 16)

Control

(n = 16)

P value

Age, y 24.0 (22.0–28.0) 24.0 (22.0–27.0) 26.5 (21.0–31.5) 23.5 (21.5–27.5) 0.659

BMI, kg/m2 25.20 (22.20–26.40) 24.8 (21.8–28.6) 24.4 (22.2–27.9) 21.8 (21.4–23.6) 0.208

WHR 0.82 (0.79–0.86) 0.84 (0.79–0.87) 0.83 (0.81–0.86) 0.79 (0.77–0.83) 0.148

Body fat, % 30.4 (26.3–36.6) 30.8 (26.4–38.4) 29.8 (22.3–34.6) 27.0 (22.8–35.7) 0.670

Ferriman–Gallwey score 3.0 (2.0–5.0) 7.0 (3.0–12.0)a 2.0 (1.0–3.0) 3.0 (2.0–5.5) 0.009

Age at diabetes diagnosis, y 12.5 (11.0–15.0) – 17.0 (9.5–20.5) – 0.147

Diabetes duration, y 10.0 (9.0–13.0) – 8.0 (4.0–15.5) – 0.417

HbA1c, % 6.8 (6.5–8.0) – 8.1 (6.8–8.9) – 0.185

Insulin dose, U/kg 0.56 (0.47–0.80) – 0.60 (0.44–0.71) – 0.835

Daily insulin dose, U/24 h 41.0 (32.0–50.0) – 45.5 (28.5–55.5) – 0.959

Data are presented as median (interquartile range). Significant differences:

a  PCOS vs T1DM/no‑PCOS

Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin A1c; PCOS, polycystic ovary syndrome; T1DM, type 1 diabetes mellitus; WHR, 
waist‑to-hip ratio
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T1DM and PCOS and those with T1DM without 
PCOS and that the levels were significantly high‑
er in women with PCOS and T1DM than in those 
with PCOS without T1DM, despite comparable pa‑
rameters of endothelial function: FMD and CIMT. 
There is evidence for increased CV risk in wom‑
en only with PCOS or only with T1DM. Howev‑
er, to date, none of the investigators have exam‑
ined the group of women with coexistent PCOS 
and T1DM. In this study, we assessed women of 
reproductive age, affected by both diseases.

Available studies confirmed that T1DM and 
PCOS are important risk factors for atherogen‑
esis and vascular complications.3,28 The activa‑
tion of adhesion molecules precedes vascular 

Discussion  In this study, we demonstrated that 
serum sE‑selectin and sICAM‑1 levels did not dif‑
fer between young normal‑weight women with 

Table 2  Hormonal profile, lipid profile, and ultrasound parameters in the study groups

Parameter T1DM + PCOS

(n = 19)

PCOS

(n = 27)

T1DM/no‑PCOS

(n = 16)

Control

(n = 16)

P value

Fasting glucose, mg/dl – 92.0 (85.0–97.0) – 91.0 (89.5–93.5) 0.910

120’ glucose 
in OGTT, mg/dl

– 97.0 (81.0–121.0) – 96.0 (86.0–102.5) 0.725

CRP, ng/ml 0.44 (0.24–1.72) 0.47 (0.11–0.88) 0.97 (0.58–1.58) 0.29 (0.07–1.22) 0.261

Total cholesterol, mg/dl 172.0 (156.0–180.0) 180.0 (160.0–194.0) 176.5 (139.5–191.5) 164.5 (154.0–180.5) 0.444

Triglycerides, mg/dl 56.0 (48.0–79.0) 61.0 (47.0–92.0) 76.0 (47.5–110.5) 66.5 (50.0–87.0) 0.753

HDL-C, mg/dl 66.0 (53.0–72.0) 65.0 (52.0–80.0) 68.0 (57.0–81.5) 64.5 (58.0–75.5) 0.840

LDL-C, mg/dl 88.2 (78.2–107.6) 95.8 (77.6–114.2) 88.3 (56.1–102.8) 90.2 (75.7–108.7) 0.715

LH, mIU/ml 4.08 (3.51–4.90) 4.44 (3.23–5.58) 3.47 (2.58–4.71) 4.36 (2.98–4.97) 0.507

FSH, mIU/ml 3.93 (3.53–6.40) 4.49 (3.57–5.85) 4.72 (4.12–6.17) 5.33 (4.04–8.04) 0.290

Estradiol, pg/ml 52.17 (36.00–68.30) 47.85 (24.96–77.56) 74.62 (45.49–126.33) 46.50 (21.94–78.50) 0.260

Testosterone, ng/ml 0.85 (0.55–1.09)a 0.70 (0.51–0.91)b 0.53 (0.45–0.68) 0.47 (0.34–0.51) 0.002

FAI 4.21 (2.86–5.93) 6.05 (3.50–10.45) 2.92 (2.09–6.99) 4.20 (2.87–5.27) 0.088

SHBG, nmol/l 62.98 (47.45–82.32)c 42.09 (28.87–46.94) 57.71 (31.30–75.32) 43.50 (31.68–59.06) 0.038

Ovarian volume, ml 12.81 (10.72–17.54) 13.74 (10.30–18.06)e 9.58 (9.08–10.76) 12.93 (8.21–16.17) 0.030

OFN 20.0 (18.0–29.0)a,d 21.9 (16.0–34.0)b 14.0 (11.0–16.0) 14.0 (12.0–17.0) <0.001

Dara are presented as median (interquartile range). Significant differences:  

a  T1DM + PCOS vs control;     b  PCOS vs control;     c  T1DM + PCOS vs PCOS;     d  T1DM + PCOS vs T1DM/no‑PCOS;      
e  PCOS vs T1DM/no‑PCOS

Conversion factors to SI units are as follows: for glucose, 0.0555; total cholesterol, 0.0259; triglycerides, 0.0113; HDL-C, 0.0259; LDL-C, 0.0259; LH, 
1.0; FSH, 1.0; estradiol, 3.671; and testosterone, 0.0347.

Abbreviations: CRP, C‑reactive protein; FAI, free androgen index; FSH, follicle‑stimulating hormone; HDL-C, high‑density lipoprotein cholesterol; LDL-C, 
low‑density lipoprotein cholesterol; LH, luteinizing hormone; OFN, ovarian follicle number; OGTT, oral glucose tolerance test; SHBG, sex hormone
‑binding globulin; others, see TABLE 1

TABLE 3  Serum concentrations of adhesion molecules and ultrasound parameters in the study groups

Parameter T1DM + PCOS

(n = 19)

PCOS

(n = 27)

T1DM/no‑PCOS

(n = 16)

Control

(n = 16)

P value

sICAM‑1, ng/ml 256.11 (186.19–311.92)a 204.61 (169.96–226.70) 262.74 (223.23–295.37)b 209.53 (173.76–236.60) 0.003

sE‑selectin, ng/ml 37.14 (24.92–46.55)a 21.87 (14.61–27.96)b 35.97 (32.43–44.62)c 27.34 (16.10–33.74) <0.001

CIMT, mm 0.523 (0.45–0.54) 0.505 (0.43–0.56) 0.528 (0.51–0.56) 0.450 (0.43–0.52) 0.108

FMD, % 11.00 (8.51–17.24) 12.32 (8.70–16.63) 13.86 (7.78–21.80) 11.58 (8.38–19.30) 0.964

Dara are presented as median (interquartile range). Significant differences:  

a  T1DM + PCOS vs PCOS;    b  T1DM/no‑PCOS vs PCOS;    c  T1DM/no‑PCOS vs control

Abbreviations: CIMT, carotid intima–media thickness; FMD, flow‑mediated dilation; sICAM‑1, soluble intercellular adhesion molecule 1; sE‑selectin, 
soluble E‑selectin

Table 4  Correlations of ultrasound parameters with selected clinical characteristics 
of women with type 1 diabetes (n = 35)

Parameter CIMT FMD

r P value r P value

Age 0.373 0.039 –0.261 0.155

Diabetes duration 0.320 0.085 –0.422 0.020

Daily insulin dose 0.370 0.039 –0.329 0.076

Abbreviations: see TABLE 3



POLISH ARCHIVES OF INTERNAL MEDICINE  2017; 127 (11)746

the lipid profile did not differ between the groups. 
In the PCOS and control groups, diabetes and 
prediabetes were excluded. In the T1DM+PCOS 
group, metabolic control was satisfying. However, 
it is worth mentioning that earlier long‑term poor 
glycemic control could have affected the studied 
parameters, which is consistent with the concept 
of metabolic memory.34 In a recently published 
study by Kiec‑Wilk et al,35 the number of hypo‑
glycemic episodes in patients with T1DM treat‑
ed with continuous subcutaneous insulin infu‑
sion was related to the serum levels of adhesion 
molecules. In our study, HbA1c levels did not dif‑
fer between the diabetic groups; nevertheless, 
we cannot exclude the possible effects of hypo‑
glycemic events on the concentrations of adhe‑
sion molecules. The phenotype with menstrual 
disorders and hyperandrogenism, mostly pres‑
ent in our group with PCOS, has the most nega‑
tive impact on CV risk. Young age, normal weight, 
and the lack of metabolic abnormalities proba‑
bly explain our findings in women with PCOS. 
In the T1DM+PCOS group, the effect of the phe‑
notype—hyperandrogenism and polycystic ova‑
ries—has not been explained and requires fur‑
ther studies. Considering that elevated serum 
concentrations of sICAM‑1 and sE‑selectin were 
observed in both groups with T1DM, the pres‑
ence of PCOS in these women is probably not 
the additive factor.

Despite the increased concentrations of adhe‑
sion molecules, we did not demonstrate the dif‑
ferences in FMD and CIMT among the studied 
women. The possible explanation is normal weight 
and young age of the studied groups matched for 
BMI. Similarly, Arikan et al22 investigated young, 
lean women with PCOS whose FMD was compara‑
ble to that in the control group, despite the pres‑
ence of insulin resistance. Additionally, Mather 
et al36 reported normal endothelial function in 
patients with PCOS with obesity and insulin re‑
sistance. On the contrary, there is evidence that 
the presence of obesity and insulin resistance in 
PCOS may affect endothelial function.11 Sprung 
et al,9 in a meta‑analysis of observational stud‑
ies, confirmed that endothelial dysfunction is in‑
herent in PCOS and that FMD impairment may 
be affected not by fat mass but by the differenc‑
es in fat distribution. Contrary to our findings, 
Ce et al29 reported lower FMD in 49% of adoles‑
cents with T1DM, independent of age, smoking, 
hypertension, or hyperlipidemia. This finding was 
explained by poor glycemic control and disease 
duration.29 In the DCCT/EDIC study,37 a 12-year 
follow‑up of patients with T1DM showed that in‑
dividual biomarkers (of acute phase, thrombosis, 
and endothelial dysfunction) were not associat‑
ed with subclinical atherosclerosis assessed by 
the progression of CIMT. A Polish study reported 
significantly higher CIMT in patients with T1DM 
with microangiopathy, in comparison with those 
without this diabetic complication.21 Moreover, 
Burchardt et al38 observed a significant reduc‑
tion in CITM in patients with T1DM receiving 

complications, leading to progression of athero‑
sclerosis.29 It has been demonstrated that young 
patients with T1DM and poor metabolic control 
had higher serum concentrations of sICAM‑1, 
which correlated positively with circulating en‑
dothelial progenitor cells.25 Soedamah‑Muthu et 
al30 showed that sVCAM‑1 and sE‑selectin levels 
were associated with microvascular and macrovas‑
cular complications. In the EURODIAB Prospec‑
tive Complications Study,28 the serum levels of 
adhesion molecules in patients with T1DM were 
strongly and independently associated with in‑
flammatory markers. 

So far, there have been no studies investigat‑
ing CV risk in women with T1DM and PCOS. In 
a recent meta‑analysis, Escobar‑Morreale et al18 
reported that the development of full PCOS phe‑
notype with its symptoms in girls with T1DM is 
probably a long‑term process. Thus, cardiometa‑
bolic consequences are observed later in life, and 
prospective studies are required to further inves‑
tigate this issue.18

There have been numerous studies reporting 
an increased CV risk in women with PCOS.7,8 
Obesity, dyslipidemia, chronic low‑grade in‑
flammatory state, and insulin resistance are as‑
sociated with the development of CV risk fac‑
tors.15 Diamanti‑Kandarakis et al11 observed that 
in PCOS the elevated serum concentrations of 
sICAM‑1, sVCAM‑1, endothelin 1, and CRP were 
correlated with lower FMD. PCOS and BMI were 
reported as predictors of increased concentra‑
tions of sE‑selectin and sICAM‑1.11 Administra‑
tion of metformin in women with PCOS signifi‑
cantly reduced hs‑CRP and sVCAM‑1 concentra‑
tions, suggesting that chronic low‑grade inflam‑
mation is a proatherogenic state.31 The phenotypic 
variability of PCOS is also important. The pheno‑
types which include ovulatory disorders and hy‑
perandrogenism appear to have the most nega‑
tive impact on CV risk.22

In our study, we did not find differences in 
hs‑CRP concentrations between the  groups; 
however, in the whole study group, there were 
significant positive correlations between sE
‑selectin, sICAM‑1, and hs‑CRP levels, confirm‑
ing the previous data. The expression of adhesion 
molecules is also affected by other factors, such as 
dyslipidemia or hyperglycemia.32,33 In our study, 

TABLE 5  Correlations of adhesion molecule concentrations with selected clinical 
characteristics in the whole study group (n = 78)

Parameter sE‑selectin sICAM‑1

r P value r P value

BMI 0.280 0.015 0.401 <0.001

WHR 0.334 0.003 0.334 0.003

Fat mass 0.180 0.126 0.390 <0.001

CRP 0.274 0.022 0.453 <0.001

CIMT 0.332 0.005 0.380 0.001

FMD 0.132 0.274 0.138 0.251

Abbreviations: see TABLES 1, 2, and 3
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