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EVALUATION OF ENDOTHELIAL FUNCTION IN OBESE AND NON OBESE WOMEN WITH POLYCYSTIC OVARIAN SYNDROME
Abstract

Objectives: To compare endothelial function by flow mediated dilatation (FMD) and carotid intima media thickness (CIMT) in women with polycystic ovarian syndrome (PCOS) and controls, and the determinants of endothelial function and its relationship with metabolic and endocrine parameters in PCOS.
Design: Prospective study
Setting: Department of Obstetrics & Gynaecology of a tertiary care hospital in Delhi.

Population: Ninety women visiting the gynaecological OPD.
Methods: A prospective study was conducted in a tertiary care setting in India from November 2010 to March 2012 on 90 women [PCOS: 30 obese – Group I, 30 non-obese – Group II and 30 non-obese non-PCOS controls – Group III]. Endothelial function by FMD of brachial artery and IMT of common carotid artery was evaluated by ultrasound. Metabolic, endocrine and anthropometric variables were compared and relationship with FMD and CIMT was calculated.
Main Outcome Measures: Evaluation of endothelial function in obese and non-obese women with polycystic ovary syndrome.

Results: A significant decreasing trend of FMD was found from controls to non-obese to obese PCOS women with a mean of 18.01%, 13.06% and 11.31% respectively. A non significant increasing trend of mean CIMT was found from normal control to non-obese and obese PCOS women with mean of 0.446 mm, 0.473 mm and 0.493 mm respectively.
Conclusions: Women with PCOS have significant endothelial dysfunction at an early age suggesting that they may be at an increased risk for early onset cardiovascular disease and may gain particular benefit from preventive lifestyle interventions.
Funding: None
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is now recognized to be the most common endocrinopathy affecting reproductive age women. During the past two decades, PCOS women have been observed to have an increased prevalence of diabetes and cardiovascular disease (CVD).
The increased incidence of cardiovascular disease in women with PCOS has prompted investigators to look for the indicators of early atherosclerotic changes in this group. One of the early signs of cardiovascular lesions is the endothelial injury. Non invasive methods to directly measure vascular changes include examination of intima-media thickness (IMT) of the carotid arteries, a morphological marker of precocious atherosclerosis and by flow mediated dilation (FMD) of brachial arteries, a measure of endothelial function1.

The present study was thus planned to evaluate endothelial function by flow mediated dilatation of brachial artery and intima media thickness of common carotid artery (CCA) in obese and non-obese women with polycystic ovary syndrome and inter-group comparison of these parameters.

MATERIALS AND METHODS

This prospective study was conducted in the Department of Obstetrics & Gynaecology of a tertiary care hospital in Delhi, India from November 2010 to March 2012. The sample size of 25 cases in each group was calculated to estimate the difference of three units, taking the standard deviation of Flow Mediated Dilatation of brachial artery in non-obese PCOS women (σ1) and normal controls (σ2) to be 3.2 and 4.1 respectively, with Type 1 error (α) = 5% and power = 80%2.

Ninety women were recruited from amongst all the patients visiting the gynaecological OPD for the study. From these 90 women, 60 were those who had complaints related to PCOD and 30 were controls with problems unrelated to PCOD, hyperandrogenism and dyslipidemia. The study group of 60 PCOS women as per Rotterdam criteria 20033 was divided into Group I, Group II while Group III were the controls. Institutional ethical approval was taken for human research.
Women with history of cigarette smoking, alcohol consumption, known cardiovascular disease, hypertension [blood pressure (BP) of 130/85 mm of Hg], current or last 3 month usage of oral contraceptives, antiandrogens, antidiabetics, statins, glucocorticoids or hormone/vasoactive medication, diabetes mellitus [75 gm oral glucose tolerance test (OGTT)], abnormal thyroid function test, hyperprolactinemia and dyslipidemia were excluded from the study. All participants provided written and informed consent.

After enrolment, history and clinical examination was done. Age at menarche, menstrual pattern, recent or rapid weight gain, excessive hair growth, family history of PCOS, diabetes mellitus, hypertension, cardiovascular disease and obesity, waist-hip ratio (WHR), body mass index (BMI), clinical evidence of hyperandrogenemia like hirsutism, acne, androgenic alopecia and acanthosis nigricans were recorded.
A pelvic USG by LOGIQ™ 500 MR Plus Version 4.2 (Wipro GE) using 5.0 MHz abdominal transducer or transvaginal sonography using a 7.0 MHz was done on cycle day 2/3 in menstruating or on any day in amenorrheic women to look for ultrasound evidence of PCOS.
The endocrinological work-up was done after an overnight fast on day 2/3 of cycle or on any day in amenorrheic women including lipid profile, fasting serum insulin / fasting blood glucose, 75 g OGTT, follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin levels, free triiodothyronine (FT3), free thyroxine (FT4), thyroid stimulating hormone (TSH) levels and total testosterone were done in the hospital laboratory using the available commercial kits. Women detected to have hyperprolactinemia, abnormal thyroid function test or diabetes mellitus diagnosed after OGTT were excluded.

Insulin resistance was also estimated by Quantitative insulin sensitivity check index and Homeostatic model assessment (HOMA-IR) as - QUICKI = 1 / [log {fasting insulin (µU/mL)} + log {fasting glucose (mg/dL)}] and HOMA-IR = fasting glucose (mmol/L) × fasting insulin (μIU/ml)/22.5.
Endothelial function was assessed by FMD of the brachial artery and measurement of CIMT in the early follicular phase (within 5 days) in women with normal menstrual cycles and after progesterone induced withdrawal bleeding in amenorrheic women. After an overnight fast, pulse and BP were recorded with the subjects in supine position in a quiet, temperature controlled room after 10 minutes of rest. A 7-12 MHz linear phased array ultrasound transducer was used to image the dominant brachial artery longitudinally, just above the antecubital fossa. After recording the baseline images of the diameter of the brachial artery (D0), limb flow occlusion was done by inflating a standard sphygmomanometer cuff on the upper arm to 50mmHg above systolic BP for 5 min. The cuff was deflated and 1 min post-deflation (D1) diameter was measured. The mean of the three consecutive measurements was taken. FMD was expressed as the percentage change in the diameter, compared with the baseline values [(D1-D0 / D0) × 100]. 

Simultaneously, longitudinal ultrasonography with a 10 MHz transducer of the distal portion of both the CCA, 1-2 cm proximal to the carotid bulb was done in the supine position with the hyperextended head turned away from the side being scanned. Intima media thickness of the posterior wall was measured as the distance between the junction of the lumen and the intima and the junction of the media and the adventitia. A mean of three measurements was taken as the CIMT. Areas of focal thickening were excluded from these measurements; however details of plaque and luminal narrowing were documented.

Statistical analysis
Data was analyzed by SPSS version (17) of the statistical software (IBM Corporation). All the three groups were compared for the quantitative parameters by one way ANOVA followed by Tukey’s test. P<0.05 was considered significant. All the values were expressed as mean ± standard deviation. 

Pearson correlation and multiple linear regression analysis were performed to assess the relationship of FMD and CIMT with the clinical, metabolic, and hormonal parameters. Subsequently, variables whose correlation with the FMD and CIMT achieved statistical significance (P < 0.05) were entered into a stepwise regression model to assess the magnitude of their individual effects on FMD.

RESULTS 

The study group of 60 PCOS women was divided into Group I (30 obese PCOS women with BMI ≥23 kg/m2) and Group II (30 non-obese PCOS women with BMI <23 kg/m2) and 30 control women, age matched with normal menstrual cycles with BMI <23 kg/m2 and no evidence of clinical hyperandrogenism or dyslipidemia.

When calculating the contribution of each Rotterdam criteria, Group I and II (60 women) were clubbed as they were all PCOD patients so the denominator was 60. Rest everywhere it was 30 women.

The mean age of the women in all the three groups was comparable with 58 (65%) women being in the age group of 21-30 years. Adolescents accounted for 13 (43%), 14 (46%) and 10 (33%) in the obese, non-obese and control group respectively. The mean values of anthropometric parameters like BMI, waist circumference and WHR were significantly higher in the obese PCOS as compared to the non-obese PCOS women and normal controls (Table 1).
53 (88.3%) Group I and 9 (27%) Group III exhibited an ovarian volume of >10 ml. Combined USG features and oligo/anovulation contributed to the diagnosis of PCOS in 33 (55%) women and all the three features were seen in 12 (20%) women.

The baseline brachial artery diameter was comparable among all the groups. A decreasing trend of FMD and an increasing trend of CIMT was seen from normal control to non-obese to obese PCOS women (Table 2).

The difference in the mean FMD was not significant between the PCOS sub-groups (p=0.053), though was significantly different between the normal controls and the PCOS subgroups (p<0.001). However, the intergroup increasing trend of CIMT was not statistically significant.

Levels of FBG, fasting insulin, fasting glucose: fasting insulin ratio and OGTT were comparable between the obese and non-obese PCOS groups (Table 3). Obese PCOS women exhibited significantly higher OGTT values and higher serum fasting insulin levels as compared to the normal controls. 

Values of total cholesterol (TC) were significantly higher in Group I than Groups II and III. Triglycerides (TG) and low density lipoprotein (LDL) were comparable between Groups I and II but were significantly lower in Group III. HDL levels were comparable in the all three groups (Table 3).

Clinical hyperandrogenism was noted in 14 (46%) in obese and 11 (36%) non-obese PCOS women which was not statistically significant (p=0.432). FMD negatively and CIMT positively correlated with clinical and biochemical hyperandrogenism though not statistically significant.
Insulin resistance expressed as HOMA-IR was significantly higher in the obese PCOS compared to controls (Table 5). QUICKI was similar in all the three groups.
Pearson correlation of variables with FMD and CIMT revealed that FMD negatively correlated with BMI, waist circumference and WHR and the correlations were statistically significant (Table 4). However, no significant correlation of CIMT was observed.

A significant linear and negative correlation of FMD was observed with fasting insulin and OGTT and TC. CIMT significantly correlated with HOMA-IR (Table 5). TG significantly correlated with both FMD and CIMT though the correlation was negative with FMD and positive with CIMT.
Stepwise regression analysis of statistically significant (p<0.05) variables like BMI, waist circumference, WHR, TC, LDL, triglyceride, OGTT and serum fasting insulin was done. FMD was found to be affected most by BMI, triglyceride, OGTT and waist circumference (Table 6) wherein FMD = 19.012 + 0.18 × WC – 0.49 × OGTT – 0.32 × TG – 0.467 × BMI.
BMI accounted for 24% variance of FMD while, TG, OGTT and waist circumference accounted for an additional 6%, 4% and 3% variance of FMD respectively.

DISCUSSION

In the present study, 60 PCOS women {30 obese (group I) and 30 non-obese (group II)} and 30 non-obese controls (group III) were evaluated for macrovascular function by FMD and arterial structural characteristics using CIMT.
While the baseline brachial artery diameters were comparable in all the three groups, FMD was lowest in obese PCOS (11.31%) with an increasing trend from non-obese PCOS (13.6%) to control women (18%), an impaired FMD of 38.8% in the obese and 27.7% in the non-obese PCOS women.  Group I and II were comparable (p=0.053), suggesting that FMD is largely independent of obesity. Statistically significant difference of FMD (p<0.001) between group II and group III suggest PCOS to be an independent predictor of endothelial dysfunction. 

An approximate 50% reduction in FMD has been reported by Kravariti et al2 in both the obese and lean PCOS groups while Orio et al4 demonstrated impaired FMD by approximately 20% in lean women with PCOS. In contrast, Mather et al5 reported no impairment of endothelium-dependent function in obese PCOS compared with age-matched, non-obese healthy women despite marked differences in BMI, insulin resistance, hyperandrogenism, blood pressure, and TC and LDL cholesterol. 

Shokeir and El-Kannishy6 in a prospective pilot trial reported effects of laparoscopic ovarian drilling (LOD) on flow mediated dilatation in 34 infertile women with PCOS and found a significant decrease in percentage FMD in PCOS. After LOD, 24 women had increased percentage FMD whereas 10 had decreased or unchanged FMD. Arikan et al7 found no significant difference in terms of endothelial function as determined by FMD.
Sprung et al8 in their meta-analysis reported that pooled mean FMD was 3.4% lower in PCOS compared with control women and concluded that endothelial function is compromised in PCOS women even if young and non-obese.
Beckman et al9 reported abnormal endothelial function only in patients with type 2 diabetes and not with PCOS, stating that endothelial dysfunction is dependent on type of insulin resistance.

Though a decreasing trend of CIMT was noted from normal controls (0.493mm) to non-obese PCOS (0.473mm) to obese PCOS women (0.446mm), differences were not statistically significant which is in congruence with the study by Talbott et al10 who observed a difference in CIMT between PCOS women and controls only in women ≥ 45 years and not in the younger age group (30-44 years).
Vryonidou et al11 found increased CIMT values in PCOS patients associated with hyperglycemia, dyslipidemia and WHR >0.85 and a family history for type 2 diabetes. Meyer et al12 reported no increase in CIMT in the young overweight PCOS, despite higher HDL and triglycerides levels, probably suggesting that measurable vascular abnormalities in PCOS women may not be evident before middle age.

Alexandraki et al13 reported that early macrovascular changes (FMD) do not accompany early arterial structural changes (CIMT). Though, Orio et al4 reported an early impairment of endothelial structure using CIMT in young, normal weight, nondyslipidemic, nonhypertensive women with PCOS.
Meyer et al14 conducted a meta-analysis to determine if CIMT, a marker of subclinical atherosclerosis was higher in women with PCOS. The summary mean difference in CIMT among women with PCOS compared with controls was 0.072 mm for good quality studies, 0.041 for fair quality and 0.045 mm for lower quality studies.
A significant linear and negative correlation was observed between FMD and BMI, waist circumference and WHR, in our study. Karvariti et al2, reported that dyslipidemia and central adiposity were important determinants of endothelial dysfunction in obese PCOS. Total cholesterol and waist circumference accounted for 31% and 22% variance in FMD respectively. Bayram et al15 reported that insulin resistance, dyslipidemia, endothelial dysfunction and oxidative stress might contribute to excess risk of cardiovascular disease in PCOS women.
In the present study, fasting glucose: fasting insulin <4.5 was seen in 30% of obese and 20% of non-obese PCOS women.

In the present study, fasting insulin and OGTT significantly negatively correlated with FMD but no correlation with CIMT was observed. On the other hand, there was a significant positive correlation between HOMA-IR and CIMT but no correlation with FMD was noted.

Kravariti et al2 reported that insulin resistance accounted for 21% and total cholesterol for 9% variance in FMD. Shokeir and El-Kannishy6 in their simple regression analysis and found that percentage change of FMD had a negative correlation with LDL-C, but not with IGF-1 or testosterone in responders. In congruence with Kalra et al16, both obese and non-obese PCOS patients had significantly higher dyslipidemia compared to controls.

In our study, a significant negative correlation of triglycerides and total cholesterol was found with FMD.

In the present study, 4 (13%) obese PCOS and 8 (27%) non-obese PCOS women had 2 components of metabolic syndrome though none in the control group had 2 or more components of metabolic syndrome. All the 3 components of metabolic syndrome were present in 5 (16.6%) obese PCOS women.
Coveilo et al17 reported metabolic syndrome in 11% overweight women and none in lean PCOS. However this was much lower than 46% as reported by Glueck et al18 and 47% by Dokras et al19. None of these studies reported hypertension as an exclusion criterion. 
CONCLUSIONS
Endothelial dysfunction is seem to exist even in young PCOS women suggesting an increased predisposition to future adverse cardiovascular events, possibly inherent to the PCOS condition per se and seem largely independent of BMI status.
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Table 1: Age and anthropometric parameters in three groups

	Variable
	Group I

(Obese)

(n = 30)
	Group II

(Non-obese)

(n = 30)
	Group III

(Control)

(n = 30)
	
	Post hoc Tukey,s test

	
	
	
	
	P value(one way ANOVA test)
	Group I vs group II
	Group I vs group III
	Group II vs group III

	Age (years)

Mean®
	25.1 ± 4.8
	23.9 ± 4.7
	23.5 ± 4.4
	0.38
	0.33
	0.18
	0.73

	BMI (kg/m2)

Mean®
	28.32 ± 3.67*
	20.99 ± 1.49
	20.99 ± 1.21
	<0.001
	<0.001
	<0.001
	0.915

	Waist circumference (cm)

Mean®
	85.70 ± 8.44*
	76.30 ± 4.01
	79.03 ± 2.23
	<0.001
	<0.001
	<0.001
	0.143

	Waist Hip Ratio

Mean®
	0.86 ± 0.05*
	0.81 ± 0.03
	0.81 ± 0.02
	<0.001
	<0.001
	<0.001
	0.986


®Expressed as Mean ± 1 Standard Deviation,                          * p < 0.05 obese PCOS vs non-obese PCOS and control

Table 2: FMD and CIMT in the three groups and intergroup comparison
	Parameter
	Group I

(Obese PCOS)
	Group II

(Non-obese PCOS)
	Group III

(Control)
	Groups
	Mean±SD
	p-value (one-way ANOVA test)
	Post-hoc Tukey’s test

	FMD% (Mean ± SD)
	11.31 ± 2.91
	13.06 ± 2.31
	18.01 ± 3.30
	Group I

Group II
	11.31±2.91

13.06±2.31
	<0.001
	0.053

	
	
	
	
	Group I

Group III
	11.31±2.91

18.01±3.30
	
	<0.001

	
	
	
	
	Group II

Group III
	13.06±2.31

18.01±3.30
	
	<0.001

	Mean CIMT (mm) (mean±SD)
	0.493 ± 0.08
	0.473 ± 0.07
	0.446 ± 0.07
	Group I

Group II
	0.493±0.08

0.473±0.07
	0.074
	0.585

	
	
	
	
	Group I

Group III
	0.493±0.08

0.446±0.07
	
	0.059

	
	
	
	
	Group II

Group III
	0.473±0.07

0.446±0.07
	
	0.388


FMD (%): change in flow mediated dilation in percentage

Table 3: Distribution of metabolic parameters in the three groups

	Variables
	Group I

(Obese PCOS)

(mean±SD)
	Group II

(Non-obese PCOS)

(mean±SD)
	Group III

(Control)

(mean±SD)
	
	Post hoc Tukey’s test

	
	
	
	
	p-value (one-way ANOVA test)
	Group I vs Group II
	Group I vs Group III
	Group II vs Group III

	Fasting Glucose (mg/dl)
	85.04 ± 9.34
	82.6  ± 14.55
	82.83  ± 10.7
	0.675
	0.701
	0.748
	0.997

	Fasting Insulin (µlU/ml)
	14.48 ± 17.41
	10.91 ±  5.62
	7.61 ±  3.54
	0.038
	0.337
	0.029
	0.463

	Fasting glucose : fasting insulin
	12.80 ± 11.56
	10.81 ±  8.09
	13.24 ±  6.31
	0.534
	0.665
	0.980
	0.544

	Oral glucose tolerance test (mg/dl)
	106.97 ± 19.3
	104.57 ± 17.96
	96.4 ± 12.53
	0.044
	0.846
	0.045
	0.152

	Total Cholesterol (mg/dl)
	175.97 ±  40.40
	158.47 ±  20.34 
	157.20 ±  11.05
	0.013
	0.036
	0.022
	0.982

	Triglyceride (mg/dl)
	129.1 ± 57.43
	115.5 ± 29.2
	81.86 ± 13.38
	<0.001
	0.356
	<0.001
	0.003

	Low density lipoprotein-cholesterol (mg/dl)
	97.20 ±  15.53
	91.13 ± 17.18
	79.90 ± 10.11
	<0.001
	0.247
	<0.001
	<0.001

	High density lipoprotein-cholesterol (mg/dl)
	45.7 ± 7.18
	47.43 ± 5.91
	0. 46.33 ± 2.93
	0.487
	0.461
	0.901
	0.731

	Homeostatic model assessment – Insulin resistance (HOMA-IR)
	1.61 ± 1.28
	1.43 ± 0.64
	0.98 ± 0.44
	0.022
	0.739
	0.021
	0.120

	Quantitative insulin sensitivity check index (QUICKI)
	0.35 ± 0.04
	0.35 ± 0.03
	0.36 ± 0.03
	0.202
	0.999
	0.274
	0.260

	
	
	
	
	0.202
	
	
	


P<0.05 = statistically significant

Table 4: Correlation of anthropometric variables with FMD and Mean CIMT

	Variable
	FMD (%)
	CIMT (mm)

	
	r
	p
	r
	p

	Body mass index (kg/m2)
	-0.492
	<0.001
	0.199
	0.061

	Waist Circumference (cm)
	-0.320
	0.002
	0.124
	0.245

	Waist Hip Ratio
	-0.296
	0.005
	0.020
	0.850


Table 5: Correlation of insulin resistance indices and lipid profile with FMD and Mean CIMT

	Variable
	FMD (%)
	CIMT (mm)

	
	r
	p
	r
	P

	Fasting insulin >20µlU/ml
	-0.280
	0.008
	0.021
	0.842

	Fasting glucose: fasting insulin <4.5
	0.050
	0.639
	0.033
	0.759

	Oral glucose tolerance test (mg/ml)
	-0.329
	0.002
	0.036
	0.735

	Homeostatic model assessment – Insulin resistance (HOMA-IR)
	-0.189
	0.085
	0.257
	0.018

	Quantitative insulin sensitivity check index (QUICKI)
	0.173
	0.103
	-0.046
	0.669

	Triglyceride
	-0.491
	<0.001
	0.252
	0.17

	Low density lipoprotein-cholesterol (mg/dl)
	-0.135
	0.308
	-0.048
	0.720

	High density lipoprotein-cholesterol (mg/dl)
	0.134
	0.207
	0.107
	0.314

	Total cholesterol (mg/.d)
	-0.284
	0.007
	0.183
	0.084


P <.05 significant

Table 6: Stepwise regression analysis of statistically significant variables with FMD

	Model
	Unstandardized coefficients
	Standardized coefficients
	

	
	B
	Std. Error
	Beta
	t
	Significance

	Constant
	19.012
	5.065
	
	3.753
	<0.001

	Body mass index (Kg/m2)
	-0.467
	0.143
	-0.494
	-3.273
	0.002

	Triglyceride (mg/dl)
	-0.032
	0.010
	-0.333
	-3.154
	0.002

	Oral glucose tolerance test (post prandial)
	-0.049
	0.021
	-0.209
	-2.368
	0.020

	Waist circumference
	0.180
	0.087
	0.303
	2.070
	0.042


Dependent variable: FMD%
23

