Zadeh-Vakili et al., J Diabetes Metab 2012, S:2
DOI: 10.4172/2155-6156.52-008

Journal of Diabetes and Metabolism

ISSN: 2155-6156

Research Article Open Access

Relationship between Sex Hormone Binding Globulin, Thyroid Stimulating
Hormone, Prolactin and Serum Androgens with Metabolic Syndrome
Parameters in Iranian Women of Reproductive Age

Azita Zadeh-Vakili', Fahimeh Ramezani Tehrani?*, Somayeh Hashemi?, Atieh Amouzegar® and Fereidoun Azizi®

'Obesity Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Iran
2Reproductive Endocrinology Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Iran
SEndocrine Research Center, Research Institute for endocrine sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Abstract

Background: In spite of increasing evidence that hormonal change might play a relevant role in the development
of metabolic syndrome (MetS) in women, results are still controversial. Most studies examining this relationship have
focused on women who carry an altered hormonal milieu. In this study we aimed at examining the association between
androgens, prolactin, Thyroid Stimulating Hormone (TSH) and Sex Hormone Binding Globulin (SHBG) and MetS
parameters in non-hyperandrogenic eumenorrheic reproductive aged women.

Methods: Subjects were 1126 women, 18-45 years old, selected randomly (using the stratified, multistage
probability cluster sampling method) from among reproductive aged women of different geographic regions of Iran.
Serum levels of hormones were measured and after implementation of exclusion criteria, complete data for 423
eumenorrheic non hirsute women remained for analysis.

Results: Androstendion (A4) was positively correlated with HDL-C (p < 0.01) while this correlation was negative
in case of TSH (p<0.005). A positive correlation was also detected between TSH and triglycerides (p<0.01) while
SHBG, prolactin and A4 were found to be negatively correlated with waist circumference (WC) (p < 0.02, p < 0.001
and p < 0.001 respectively). In logistic regression analyses, after adjustment for age and body mass index, SHBG and
prolactin remained associated with WC (p < 0.04, p < 0.01, respectively). The association between A4 and HDL-C was
weakened but still marginally significant (p=0.05).

Conclusions: These hormonal derangements suggest the involvement of metabolic risk factors and necessitate
identification of high risk individuals, to facilitate treatment in order to improve their clinical status and prevent long term
complications.
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. development of hypertension [17].
Introduction

The majority of the above mentioned results are from studies on
postmenopausal, obese or women with polycystic ovary syndrome,
who carry an altered hormonal milieu. In the present study we
aimed to investigate the relationship between metabolic syndrome
parameters, as a risk factor for development of CVD, and hormones
in women with no signs or symptoms of hyperandrogenemia (non-
hirsute, normoovulatory) and also to assess the effect of extreme limits
of normal measures on MetS parameters.

Cardiovascular disease (CVD) has emerged as a major health
problem worldwide. Based on current World Heart Federation
guidelines[http://www.world-heart-federatio.org], the major CVD
risk factors are obesity, hypertension, poor lipid profile parameters,
and diabetes [1]. In the recent decades, many studies have been
conducted to evaluate the relationship between hormones and
cardiovascular risk factors [1-3,]. Prolactin has been reported as a
potent lipogenic and diabetogenic factor [4,5], that affecting energy
balance and fuel metabolism [6]. A study in postmenopausal women
showed an association between BMI, an indicator of abdominal fat,
and serum prolactin levels [7]. Steroid sex hormones also exert effects
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Materials and Methods

Subjects

The subjects of this study was selected from the Iranian PCOS
Prevalence Study, a population based cross-sectional study of 1126
women, aged 18-45 years, was undertaken in 2009-2010 [18]. The
eligible women were invited for a comprehensive interview and blood
pressure, anthropometric, hormonal, and metabolic measurements.
These data were completed for all except for 97 women who did not
come to the clinics and 19 participants whose hormonal and metabolic
profiles were not available. We also excluded women with PCOS
using Rotterdam definition (n= 136), an ovulation (n=77), polycystic
ovaries (n=74), hirsutism (n=205), hypothyroid (n=10) and women
with hyperprolactinemia (n=>5). Furthermore those women who were
pregnant at the time of study (n=43), menopausal women (n=37) were
also excluded from the present study. For the purpose of the present
study, all women aged 18-45 who don’t meet our exclusion criteria
were included. Finally 423 eumenorrheic non hirsute women were
enrolled for the study.

All participants underwent clinical examinations, where body
weight, height, waist and hip circumferences and blood pressure were
measured by trained staff. Height and weight were measured with
subjects in light clothes and without shoes, using standard apparatus.
Weight was measured to the nearest 0.1 kg on a calibrated beam scale.
Height and waist circumference (WC) were measured to the nearest 0.5
cm with a measuring tape. Waist was measured midway between the
lower rib margin and the iliac-crest, at the end of a gentle expiration.
Body mass index was calculated as weight in kilograms divided by the
height in meters squared (kg/m?).

A blood sample for biochemical measurements was taken from
each subject on the second or third day of their menstrual cycles, after
12 hours overnight fasting. Blood samples were collected in EDTA-
treated test tubes. Informed consent was obtained from all participants
before study entry.

Laboratory measurements

Plasma was separated in a refrigerated centrifuge at 3000 rpm
for ten minutes and sera were stored at -80° C until tested. Fasting
Blood Sugar (FBS) was measured using an enzymatic colorimetric
method with Glucose Oxidase. Lipid measurements including Total
Cholesterol (TC), Triglycerides (TG) and High Density Lipoprotein
Cholesterol (HDL-C) were used by commercial assay kits (Pars
Azmoon Inc.,Tehran, Iran). TC and TG were assayed using enzymatic
colorimetric tests with cholesterol esterase and cholesterol oxidase,
and glycerol phosphate oxidase, respectively. HDL-C was measured
after precipitation of the apolipoprotein B containing lipoproteins
with phosphotungstic acid. All samples were analyzed when internal
quality control met the acceptable criteria. In all biochemical analyses,
the intra- and inter-assay coefficients of variation (CV) were less
than 2.5% and 3.2% respectively. Androstendion (A4) was measured
by enzyme immunoassay (EIA), (Diagnostic Biochem Canada Co.
Ontario,Canada), and Sex Hormone Binding Globulin (SHBG) was
measured by Immunoenzymometric assay (IEMA), (Mercodia,
Uppsala, Sweden). All ELISA tests were performed using the Sunrise
ELISA reader (Tecan Co. Salzburg, Austria). Prolactin (PRL), and
Thyroid stimulating hormone (TSH) was measured by immunora
diametric assay (IRMA), (Izotop, Budapest, Hungary) using gamma
counter Wallac Wizard, Turku, Finland). The intra- and inter-assay
coefficients of variation were: DHEAS: 2.0% and 5.1%; SHBG: 1.2% and
5.7%; A4: 2.2% and 3.5%; TSH: 1.7%, 3.4%, and PRL: 2.1% and 4.1%.

Definition

Metabolic syndrome, based on the joint interim statement (JIS)
definition, was considered to be the presence of any 3 of 5 risk factors of
the following [19]: WC 295 (country-specific cutoff point for Iranians
[20]), HDL <50, SBP >130 or DBP >85, TG >150 and FBS >100.

Statistical analysis

Statistical analysis: Continuous variables were checked for
normality using the one-sample Kolmogorov-Smirnoff test, and
expressed as mean * standard deviation and/ or median (IQ 25-
75), as appropriate. Correlation between hormones concentrations
and metabolic parameters were checked using the Pearson and the
Spearman correlation coeflicients for normal and non-normal values
respectively. Logistic regression was used to identify the association
between each MS component and hormonal parameters, after
adjustment for other variables.

The hormonal concentrations were categorized to 4 quartiles,
following which the mean or median of metabolic parameters were
compared between 1st and 4th quartiles using the T and Mann-
Whitney tests for normal and non-normal values respectively.

Results

Clinical and metabolic characteristics of the women participants
are presented in Table 1. Table 2 shows the correlation coefficients

Variable :II\:::\s £5D)
Age (Years) 35.3+7.4
Systolic blood pressure (mmHg) 109.01£13.7
Diastolic blood pressure (mmHg) 68.8+10.9
Total cholesterol (mg/dl) 185.7+43.2
LDL cholesterol (mg/dl) 112.6437.3
HDL cholesterol (mg/dl) 44.6x13
Triglycerides (mg/dl) 142.09+96.4
Weight (kg) 66.7+12.3
Height (m) 158.246.1
BMI (kg/m?) 26.7+5.02
Waist (cm) 84.6+11.9
Hip (cm) 104.8+11.1
Fasting blood sugar (mg/dl) 88.4+21.3
Prolactin(ug/ml) 16.05+10.4
SHBG (nmol/l) 72.6+24.1
Testosterone (nmol/l) 0.5+0.2
A4(ng/ml) 1.29+0.49

BMI: Body Mass Index; SHBG: Sex Hormone Binding Globulin; A4: Androstendion

Table 1: Clinical and metabolic characteristics of the study subjects (n=423).

\ | | HDL.c TG SBP DBP FBS WC
) r 0.1 -0.04 -003 -0.01 -0.01 -0.16
Prolactin(ug/ml)
P 0.02 0.37 0.5 0.8 0.7  0.001
r 0.06 -0.09 -0.01 -0.005 0.12 -0.11
SHBG(nmol/l)
P 0.18 0.05 0.8 0.9 0.01 0.02
r 0.04 -0.08 0.02 -0.05 -0.02 -0.08
Testosterone(nmol/l)
P 0.41 0.07 0.04 0.3 0.5 0.07
r 0.12 -0.07 -0.04 -0.08 -0.05 -0.19
A4(ng/ml)
P 0.01 0.13 036 0.07 0.3 0.00
r -0.13 0.12 0.08 0.14 0.1 0.09
TSH(mMIU/)
P 0.005 0.01 0.09 0.02 0.05 0.07

Table 2: Correlation coefficients (r) serum hormone concentrations with metabolic
syndrome parameters.
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of the serum hormones concentrations and metabolic syndrome
parameters. All of the measured hormones except testosterone and
TSH were correlated with WC. In addition, A4 was significantly
correlated with HDL-C and DBP. Also TSH was correlated with SBP.
Our results have shown that FBS was significantly correlated with TSH
and SHBG concentrations. Clinical and metabolic characteristics of
subjects are presented in table 1.

Logistic regression analyses were performed to investigate the
association between serum hormones concentration with metabolic
syndrome risk factors after adjustment for age and BMI (Table 3).
Inverse associations between SHBG and prolactin with WC were
revealed. A significant positive association was seen between SHBG
and A4 with FBS and HDL respectively. We also found an association
between TSH concentration and TG.

Serum hormones concentrations were classified into four groups
and MS parameters were compared in lower and higher quartiles.
Our analyses revealed that DBP, HDL, FBS and WC are significantly
different between quartiles 1 and 4 of TSH concentration. Also, FBS
and WC differed in the two groups of SHBG concentration values
(Figure 1).

SHBG A4 prolactin

Our results have also shown that the prevalence of MS in subjects
with lower PRL are significantly greater than those with higher PRL,
however prevalence of MS in groups with high and low TSH, A4 and
SHBG were not significantly different.

There were 54 women who use oral contraceptive pill, excluding
those women from data was not changed the results.

Discussion

The results of our study provide evidence showing the correlation
between serum hormones concentration and parameters of metabolic
syndrome. An association was found between serum TSH, prolactin,
and SHBG and waist circumferences, data which suggest that extreme
limits of these hormones are accompanied with higher cardio metabolic
risks.

Central obesity is associated with reduced serum SHBG and in
our study this association remained significant even after adjustment
for age and BMI. Reinecke et al. [21] showed that hyperandrogenemia
and low sex hormone binding globulin (SHBG) are frequently found
in patients with metabolic syndrome .The results of our study is also
concordant with those of a recent systematic review by Brand et al. [22]

TSH

BMI age
B(SE) P B(SE) P B(SE) P B(SE) P B(SE) P B(SE) P
HDL-C 0.004(0.005) 0.3 0.4(0.2) 0.05 -0.002(0.01) 0.8 -0.1(0.04) 0.1 -0.1(0.02) 0 0.01(0.01) 0.3
TG 0.005(0.005) 0.2 0.1(0.2) 0.6 0.008(0.01) 0.4 -0.08(0.03) 0.02 -0.09(0.02) 0 -0.01(0.01) 0.2
HBP 0.006(0.007) 0.4 -0.1(0.3) 0.7 -0.01(0.01) 0.6 0.06(0.04) 0.1 0.09(0.03) 0.004 0.1(0.03) 0.001
FBS 0.01(0.006) 0.01 -0.1(0.3) 0.7 -0.02(0.01) 0.2 0.04(0.04) 0.3 0.1(0.03) 0 0.03(0.02) 0.1
WC -0.01(0.06) 0.04 -0.3(0.2) 0.1 -0.04(0.01) 0.01 0.02(0.03) 0.5 0.07(0.02) 0
Table 3: Association between concentrations of serum hormones with metabolic syndrome risk factors.
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Figure 1: Association of MetS parameters with lower and higher quartile of TSH and SHBG concentration [1].
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concluding that, in both men and women, MetS$ is associated with lower
SHBG levels. In fact, serum hormones level influence the development
of CVD both indirectly, by developing secondary metabolic changes
such as increased WC , obesity, hypertension, insulin resistance, or
dyslipidemia, and directly, by inducing significant changes in cellular
pathways that promote the process of atherogenesis, and thrombosis.

Based on our results, there is an inverse association between
serum prolactin, and waist circumferences. Although contrary to our
findings Kok et al. showed enhanced secretion of prolactin in obese
patients, they evaluated only 11 patients with morbid obesity and dose
not coincide with the population of this study [5]. In contrast to our
results, Ernst B et al., found neither any significant association between
basal serum PRL levels and the degree of obesity or related metabolic
disturbances nor any systematic changes in basal concentrations of
the hormone after massive weight loss, they also showed that excess
energy primarily toward the visceral fat depot is promoted directly by
prolactin [23]. It should be noted that study of Ernst B et al. included
a mixed population (men and women) with an age range involving
postmenopausal women, therefore it is hoped that the results do not
match.

Our data confirmed a significant difference on metabolic
syndrome’s components such as low HDL-cholesterol and waist
circumference between women whose serum TSH level is in 1* quartile
in comparison to those in 4" quartile (Figure 1). Ruhla S et al. [24] also
confirmed significant positive correlations between TSH in euthyroid
subjects and obesity, high triglycerides, and an increased likeliness for
the metabolic syndrome, suggesting therefore that TSH level below
2.5 mU/I are associated with a favorable metabolic profile. Recent
investigation in Korean population [25] showed that higher levels of
TSH may predict the MetS. Thyroid hormones have many effects on
metabolic changes in the body, through stimulating basal metabolic
rate.

Our findings showed a favorable association between FBS with
TSH and SHBG concentration that remained after adjustment for
age and BML Park SB et al. [25] also found higher levels of TSH to
be associated with increased insulin resistance, even after adjustment
for the confounding factors. Carbohydrate metabolism, both in skeletal
muscle and adipose tissue seems to be affected by thyroid hormones
through the action of insulin. The results of our study indicates that
insulin probably plays active roles for modulation of serum SHBG
levels and increasing insulin level suppresses SHBG production [26];
this is more enhanced in patients with obesity, and a reduced level
of SHBG may be an indication of an hyper androgenic state, and a
marker for prediction of insulin resistance. Suppressed level of SHBG
accompanied by high serum androgen level may be a marker for
endocrine and metabolic risk factors.

One of the strengths of our study was that the analyses based on
a large cross-sectional community based sample. Further we were
able to investigate a broad range of anthropometric parameters and
hormone levels and able to determine the independent association
between endogenous hormones and metabolic parameters in
multivariate analyses. Certain limitations should be kept in mind in
interpreting our data. The cross-sectional design of the present study
allows no conclusion regarding causality and a prospective cohort
study is suggested to investigate the causality direction. Our study was
conducted among a narrow age range (reproductive period) therefore
our results are not be generalizable to other age or sex subjects.

Our data suggests that extreme limits of hormonal levels could be

associated with metabolic syndrome components and cardiovascular
risk. The results of the present study may be useful for better
understanding of the path physiology of metabolic syndrome
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