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SUMMARY

Introduction Menopause leads to the development of central adiposity, a more atherogenic lipid profile
and increased incidence of metabolic syndrome independent of age and other factors.

Objective The aim of the study was to investigate the relationships between anthropometric character-
istics, sex hormones, lipids and fasting glucose in menopausal women.

Methods The study included 87 menopausal women, who where divided into groups according to two
criteria: BMI>26.7 kg/m? and BMI>25 kg/m? Anthropometric characteristics and blood pressure were
measured. Blood was taken at 08.00 h for fasting glucose, triglycerides, cholesterol, HDL, LDL, apoli-
poprotein A, apolipoprotein B, lipoprotein(a) (Lp(a)), C-reactive protein, fibrinogen, follicle stimulating
hormone (FSH), luteinizing hormone (LH), prolactin (PRL), estradiol, progesterone, testosterone and sex
hormone binding globulin (SHBG).

Results Significant differences between groups were found for weight, BMI, waist, hips circumference,
waist/hip ratio (WHR), systolic and diastolic blood pressure, Lp(a), FSH, LH, PRL (for systolic blood pres-
sure p<0.05, for the rest p<0.01) and fasting glucose (p<0.05). In obese and overweight women with
BMI>26.7kg/m?significant negative correlations were found for FSH and glucose, SHBG and LDL, SHBG
and total cholesterol, SHBG and glucose, BMI and HDL, WC and HDL. In obese and overweight women
with BMI=25kg/m?significant negative correlations were found for BMI and HDL, waist circumference
(WC) and HDL, WHR and HDL, FSH and glucose, SHBG and glucose; significant positive correlations were
between BMI and glucose, WC and glucose and WHR with triglycerides.

Conclusion Gaining weight and decreased SHBG are related to dyslipidemia and increased fasting glu-

cose confirming increased incidence of metabolic abnormalities in the menopause.
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INTRODUCTION

The climacteric period is associated with grad-
ual reduction in the levels of estradiol, but also
DHEA and its sulphate (adrenopause), mela-
tonin and growth hormone. These endocrine al-
ternations may result in visceral obesity, insulin
resistance, lipid disorders, thrombotic risk and
increase in the prevalence of type 2 diabetes [1].
Menopause leads to the development of central
adiposity, a more atherogenic lipid profile and
an overall increase in the metabolic syndrome
(MetS) independent of age and other factors [2].
It is possible that the features of MetS are related
to estradiol deficiency. The metabolic syndrome
has been defined as a constellation of lipid and
non-lipid risk factors that increase subjects risk
for the development of cardiovascular disease
(CVD) [3]. The diagnosis of MetS was estab-
lished by the International Diabetes Federation
(IDF) from 2005, and based on the following
criteria: central obesity (waist circumference
294 cm for European men and 280 cm for Eu-
ropean women) plus any two of the following
four factors: serum triglyceride (TG) levels >1.7
mmol/L, serum high density lipoprotein (HDL)
cholesterol levels <1.04 mmol/L for man and
<1.29 mmol/L for women, systolic blood pres-

sure 2130 mmHg or diastolic 285 mmHg, and
fasting glucose >5.6 mmol/L or already diag-
nosed type 2 diabetes mellitus [4].

Sex steroids are involved in the regulation of
body fat distribution and adipose tissue metab-
olism. The increased prevalence of MetS with
menopause may be a direct result of ovarian
failure, or an indirect result of the metabolic
consequences of central fat redistribution with
estradiol deficiency [5]. Menopausal women
in comparison to premenopausal women have
a higher total cholesterol (TC), low density
lipoprotein (LDL) cholesterol, triglycerides
and lipoprotein(a) [Lp(a)] levels and lower
HDL cholesterol levels [6]. ApoB, the primary
apolipoprotein of LDL particles, and other Apo
B-containing particles are also higher in post-
menopausal women compared to premenopau-
sal women. LDL particle composition is also
changed in the menopause with the prevalence
of small, dense LDL which increases the risk of
cardiovascular diseases (CVD). Increasing TG
with menopause may be related to the fact that
TG levels are highly correlated with increased
abdominal fat content and insulin resistance.
Several studies have shown a significant rising
in Lp(a) levels with menopause, as well as the
risk of CVD independently of LDL levels [5].
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A high LDL cholesterol level is well established risk
factor for cardiovascular disease. However, most cardio-
vascular accidents happen to people with normal or bor-
derline high risk LDL cholesterol levels. Jeppesen et al. [7]
have shown that MetS, which does not include increased
LDL cholesterol level, is at least as powerful as high LDL
cholesterol in predicting the risk of cardiovascular dis-
ease. The Lipid Research Clinic study demonstrated dur-
ing follow-up period that a low HDL-cholesterol was the
most significant predictor of death from CVD in women,
after being adjusted for age [8]. Chamberlain et al. [9]
suggested that the decrease in endogenous estradiol as a
result of menopause may independently affect lipoprotein
concentrations. It is likely that age plays a significant role
in developing dyslipidemia. According to the study of Ma-
rina et al. [10], women in physiological menopause have
much higher levels of total cholesterol, LDL cholesterol,
triglycerides and Lp(a) and the risk of CVD than women
in early menopause. In the study of Weinberg et al. [11]
mean levels of estradiol, testosterone and free testoster-
one measured through free androgen index (FAI) were
higher, and SHBG was lower among women with MetS.
Low SHBG, considered as a marker of insulin resistance,
was associated with each of the individual components of
MetS, even after adjustment for Body Mass Index (BMI).

OBJECTIVE

The aim of this study is two-fold: a) to investigate the re-
lationships between anthropometric characteristics, sex
hormones, lipids and fasting glucose in obese, overweight
and normal weight postmenopausal women, and b) to dis-
close how previous relationships influence the incidence
of metabolic abnormalities in the menopause.

METHODS
Subject characteristics

This study was carried out at the Institute of Endocrinol-
ogy, Diabetes and Metabolic Diseases, Clinical Centre of
Serbia, from December 2004 till October 2006. The re-
search included 87 women, aged 50-65 years with hyper-
tension, diabetes and a different degree of increased body
mass (majority of women were on antihypertensive and
antihyperglicemic therapy), and none of them were on
hormone replacement therapy (HRT). The participants
were divided according to BMI in two groups: a) obese/
overweight women and b) controls — normal weight wom-
en. Two criteria for division of participants in groups were
BMI >25 kg/m?, as suggested by the World Health Organi-
zation [12, 13, 14] (63 obese and overweight women and
24 controls) and BMI 226.7 kg/m? suggested by Ridker et
al. [15] (50 obese and overweight women and 37 controls),
who found that value was critical for the emergence of
MetS in women. We had no data about weight gain for half
of the women; five of them have been always obese, and
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25 women gained weight during menopause. Women were
included in the study if they had stopped menstruating for
at least one year.

Anthropometric variables such as body weight, height,
waist and hip circumference were measured, as well as
blood pressure. Body weight (kg) was measured to the
nearest 0.01 kg using a balance scale. Height (m) was meas-
ured using a stadiometer to the nearest 0.01 m. Waist and
hip circumference were measured to the nearest 0.01 m us-
ing a flexible steel metric tape. Waist circumference (WC)
was defined as the horizontal distance around the abdo-
men at the umbilicus level. Hip circumference (HC) was
measured as the distance passing horizontally through the
two superior iliac bones. One of the indicators of abdomi-
nal obesity, waist/hip ratio (WHR), was also determined.
The value of more than 0.9 was considered abnormal, but
we had not used this indicator for determining abdomi-
nal obesity. Abdominal (central) obesity was defined as
WC >80 cm (for European women). Blood pressure was
measured on the right arm in the sitting position, taking
the average value of two consecutive measurements in the
interval of three minutes. The hypertension was diagnosed
by the value of blood pressure >130/85 mmHg or if the
patient was on antihypertensive therapy. BMI, as the main
method for body weight assessment was calculated using
the formula weight/height* (kg/m?). In order to collect
information about time when the menopause started and
possible therapies all women filled in the questionnaire
“Obesity and Menopause”

Biochemical analyses

Blood samples were taken via venipuncture at 08.00 h for
fasting glucose, triglycerides, total cholesterol, HDL cho-
lesterol, LDL cholesterol, apolipoprotein A (ApoA), apol-
ipoprotein B (ApoB), lipoprotein(a) (Lp(a)), C-reactive
protein (CRP), fibrinogen, follicle stimulating hormone
(FSH), luteinizing hormone (LH), prolactin (PRL), estro-
gen (E,), progesterone (P), testosterone (T) and sex hor-
mone binding globulin (SHBG). Plasma total cholesterol
(TC), triglycerides (TG), HDL and LDL were determined
by the method of chromatography (Boeringher Mannheim
kit). Plasma glucose concentrations were measured using
the glucose oxidase method (automated glucose analyzer
Beckman Coulter, Inc., Fullerton, CA), while ApoA, ApoB
and Lp(a) by nephelometry method (nephelometer BN-
100, Behring, Germany). Criterions for elevated levels of
triglycerides, fasting glucose and decreased HDL choles-
terol were TG >1.7 mmol/L, glycemia >5.6 mmol/L and
HDL <1.29 mmol/L, according to the diagnostic criterions
for MetS established by IDF in 2005. The referent value for
other parameters depends on the applied method.

Hormonal analyses

All hormones were determined by using RIA method (CIS
biointernational set, Filiale de/Subsidiary of Schering S.A.,
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France, for measuring FSH, LH, prolactin, E , testosterone
and SHBG; set INEP - Vinca, for progesterone). Referent
values for hormones are given by the suitable method.

Statistics

Results are expressed as mean value + standard deviation.
Linear correlation was used for estimating the relation
between parameters. The Pierson’s test of correlation was
applied for estimating the statistical significance of coef-
ficients of correlations between groups. Statistical signifi-
cance of differences between groups was examined by the
Student T test. Statistical analysis of data was done using
the SPSS 11.5 software.

RESULTS
Anthropometric characteristics

The baseline characteristics are presented in Table 1. In
regard to BMI >25 kg/m?, there was no statistically signifi-
cant difference between obese and overweight and controls
for age, time since menopause and height. The differences
in body weight, BMI, WC, hip circumference, waist/hip
ratio and diastolic blood pressure between obese and over-
weight and normal weight women were highly significant
(p<0.01), while in the case of systolic blood pressure they
were significant (p<0.05).

In regard to BMI >26.7 kg/m?, the results were the same
for all variables like that BMI >25 kg/m?, with exception
of systolic blood pressure for which there no statistically
significant difference.

Additionally, it was found that there was no statistically
significant difference between obese and overweight wom-

en selected in the groups using the above mentioned BMI
criteria, while in regard to controls significant difference
(p<0.05) was found for body weight and BMI (Table 1).

Biochemical parameters

Among biochemical parameters regarding BMI=25 kg/m?,
no significant differences were found between obese and
overweight women and controls. The mean values of TC,
HDL and LDL were found to be lower, while for the rest
of parameters the average values were higher in the obese
and overweight women.

Regarding BMI=26.7 kg/m?, the mean values of fast-
ing glucose were significantly higher in the obese than in
the normal-weight participants (6.22+2.26 vs. 5.49+2.43;
p<0.05). Concentrations of TC, HDL and LDL cholesterol
were higher in controls, while TG levels were higher in a
basic group. Nevertheless, the differences of those lipids
were not statistically significant. The obese and overweight
women had higher Apo A, Apo B and Lp(a) levels, but only
the difference for Lp(a) between the groups was significant
(0.50+0.36 vs. 0.11+0.03; p<0.01). Fibrinogen serum con-
centrations (one of inflammation markers) were higher in
the obese and overweight than in the normal-weight wom-
en, but without statistical significance between the groups.

Hormonal analyses

Hormone serum levels and their differences are presented
in Table 2. For BMI >25 kg/m?, the average values of all
hormones, except for testosterone, were higher in the nor-
mal-weight women. The difference for LH serum concen-
trations between the obese and overweight and controls
was statistically significant (p<0.05).

Table 1. Anthropometric characteristics and values of systolic and diastolic blood pressure

Obese and overweight women Normal weight women p
Variables

BMI>25.0 kg/m? | BMI=26.7 kg/m? | BMI=25.0 kg/m? | BMI>26.7 kg/m? | BMI=25.0 kg/m? | BMI>26.7 kg/m?
Age (years) 54.14+3.72 54.40+3.64 54.33+3.93 53.92+3.95 NS NS
Time since menopause (years) 5.80+5.60 5.90+5.46 6.26+4.06 5.96+4.92 NS NS
Height (cm) 164.47+5.63 164.10+£5.79 162.75+£5.50 163.83+5.45 NS NS
Weight (kg) 83.15+17.28 86.20+17.81 59.00+6.22 62.81+7.90 <0.01 <0.01
BMI (kg/m?) 30.65%5.77 31.92+5.83 22.28+1.59 23.50+2.13 <0.01 <0.01
Waist circumference (cm) 97.05+£15.17 99.96+14.65 77.16+6.26 79.90+8.78 <0.01 <0.01
Hip circumference (cm) 111.41£13.34 | 114.31£11.00 95.74+7.35 96.93+11.04 <0.01 <0.01
Waist/Hip ratio (cm) 0.87+0.09 0.87+0.09 0.81+0.05 0.83+0.08 <0.01 <0.01
Systolic blood pressure (mmHg) 147.87£27.03 | 148.23+24.37 | 134.96+18.85 | 139.14+26.62 <0.05 NS
Diastolic blood pressure (mmHg) 91.69+13.70 93.08+13.41 85.30+8.28 85.75+10.54 <0.01 <0.01

BMI - Body Mass Index; NS - no significance
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Regarding BMI >26.7 kg/m?, the difference for FSH,
LH and PRL was highly statistically significant (p<0.01).

Additionally, it was found that there was no a statisti-
cally significant difference either between the obese and
overweight women selected based on the above mentioned
BMI criteria, or in regard to the controls (Table 2).

Correlations
BMI =25 kg/m?

In obese and overweight women, BMI and WC negatively
correlated with HDL (r=0.29, r=0.31; p<0.05). On the oth-
er hand, BMI and WC positively correlated with glucose
(r=0.26, r=0.29; p<0.05). WHR positively correlated with
TG (r=0.29; p<0.05) and negatively with HDL (r=0.36;
p<0.01). We did not find significant correlations for the
mentioned variables among the controls.

Furthermore, in the obese and overweight women, FSH
negatively correlated with glucose (r=0.31; p<0.05), as
well as SHBG to glucose (r=0.57; p< 0.01). In the normal-
weight group estradiol was positively associated with LDL
(r=0.49; p< 0.05).

BMI >26.7 kg/m2

In the obese and overweight women FSH negatively cor-
related with glucose (r=-0.30; p<0.05), as well as SHBG
with LDL cholesterol, total cholesterol and glucose (r=-
0.51; r=-0.50; r=-0.53; p<0.05 respectively). In the controls,
significant positive correlation was observed between LH
and HDL cholesterol (r=0.34; p<0.05).

Regarding relationships between anthropometric char-
acteristics and lipids, in the obese and overweight women,
a significantly negative correlation (p<0.05) was found be-
tween BMI and HDL cholesterol (r=-0.31) and WC and
HDL cholesterol (r=-0.37).

We did not find significant correlations for the above
mentioned variables among the normal-weight group.

DISCUSSION

In the present study we tried to assess the influence of
gaining weight and hormonal changes on lipid profile as
well as fasting glycemia in the menopause. Systolic and
diastolic blood pressures were significantly higher in the
obese and overweight women than in the controls. These
results are in accordance with previous studies [16, 17, 18].
Increased BMI and increased proportion of visceral adi-
pose tissue were in strong correlation with hypertension
as well as the number of metabolic risk factors for CV dis-
eases [17]. Reckelhoff and Fortepiani [18] have found that
many postmenopausal women gain weight, which leads to
increased blood pressure and greater incidence of type II
diabetes. Moreover, overweight and obesity are associated
with increased activity of the sympathetic nervous system,
especially in kidneys, leading to increased secretion of ren-
nin which attributes to hypertension.

In our study fasting glucose was significantly higher in
the obese and overweight subjects. Similarly, fasting glu-
cose was significantly higher in post-menopausal women
with greater WC in the study of Ainy et al. [16]. Obesity
is related to ectopic accumulation of lipids in the muscles,
liver and B-pancreatic cells, leading to insulin resistance
(IR) in the muscles and liver and impairment of p-cells
function. Free fatty acids (FFA) are in competition with
glucose for oxidation, suggesting that increased lipid oxi-
dation worsen IR in obesity [19]. In the present study,
regarding BMI >26.7 kg/m?* 22% of normal-weight and
42% of obese and overweight women already had been
diagnosed diabetes mellitus or glucose intolerance, while
in regard to BMI >25 kg/m? 16% of normal-weight and
40% of obese and overweight women had mentioned this
diagnosis. Progressive increase in WC, decreased HDL
levels, increased TG concentration and blood pressure oc-
curred with changes of glucose homeostasis from normal
to impaired glucose tolerance, increased fasting glucose
and finally diabetes mellitus [20].

Furthermore, there was a statistically significant differ-
ence between the groups for Lp(a), but not for other lipids
and fibrinogen. Lipids and lipoproteins are important in

Table 2. Hormonal analyses of obese and overweight and normal weight women

Obese and overweight women Normal weight women p
Variables
BMI>25.0 kg/m? | BMI>26.7 kg/m? | BMI=25.0 kg/m? | BMI=26.7 kg/m? | BMI=25.0 kg/m? | BMI>26.7 kg/m?

FSH (IU/L) 60.00+27.91 54.35+27.16 67.93+33.85 72.32+30.17 NS <0.01

LH (1U/L) 21.58+11.52 20.33+11.08 30.15+15.11 28.77+14.16 <0.05 <001

E, (pmol/L) 0.090.12 0.090.11 0.11%0.16 0.1120.15 NS NS

T (nmol/L) 161+1.88 1.66+2.11 1.08+0.77 1.24+0.82 NS NS

P (nmol/L) 4.95+3.98 5.32+4.48 6.183.45 533291 NS NS

PRL (nmol/L) 260.24+166.96 | 251.52+142.60 | 365.60+252.89 | 370.27+237.74 NS <001
SHBG (nmol/L) 45.94+23.88 46.94+2568 63.12+43.11 55.05+36.03 NS NS

FSH - follicle stimulating hormone; LH - luteinizing hormone; E, - estrogen; T - testosterone; P — progesterone; PRL - prolactin; SHBG - sex hormone binding

globulin; NS - no significance
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the development of atheromatous disease. Lp(a) is ather-
ogenic largely because of its propensity for retention in
the arterial wall, but it may also compete with fibrinogen
and inhibit fibrinolysis. High levels of Lp(a) are associ-
ated with increased risk for CVD, but probably only when
LDL levels are also raised. The small, dense LDL particles
are particularly atherogenic because they are more likely
to become retained in the sub-endothelial space, and to
undergo oxidative damage. Studies [21, 22] have shown
significant relationship between BMI, abdominal obesity
and triglycerides that increase with ageing. Furthermore,
Torng et al. [23] showed that menopause was associated
with significant increases in TC, LDL cholesterol, TG and
Apo B levels. Total cholesterol, LDL cholesterol, TG and
Apo B levels increased consistently with BMI in the mid-
dle-aged women, regardless of menopausal status.

Regardless of non-significant difference between the
groups for fibrinogen, recent studies have demonstrated
that chronic subclinical inflammation is important in
pathogenesis of obesity and MetS [24, 25]. Estradiol dimin-
ished plasma concentrations of fibrinogen, plasminogen,
plasminogen activator inhibitor (PAI), homocistein and
antithrombin III, and disturbed the function of throm-
bocytes. Thus, estrogen deficit is related to coagulation
disorders, which increases the risk for CV diseases [1, 26].

Hormonal analyses of obese and overweight and nor-
mal weight women showed a significant difference for
FSH, LH and PRL between the groups when the criterion
for BMI 226.7 kg/m? was used. Only LH was significantly
different between the obese and overweight and controls
when BMI >25 kg/m?* was used as the criterion for divi-
sion. Namely, FSH and LH levels were significantly higher
in the controls, which could be explained by the fact that
due to a lower body fat mass in these women the synthe-
sis of estrone was also decreased, as well as suppression
of gonadotropin production in hypophysis. These results
are in accordance with those of Malacara et al. [27], who
have reported that obese and overweight postmenopausal
women have lower FSH concentrations because of higher
estradiol. They also disclosed that there was a relation-
ship between FSH and BMI, independent of age, smok-
ing or duration of menopause, but they did not find a
direct correlation between FSH and estrogens. Moreover,
we found that PRL values were significantly higher in
normal-weight women. There is opinion that the number
and size of lactotropic cells, as well as PRL secretion are
increased by estradiol [28]. It could be expected that obese
and overweight women have higher PRL values owing to
the increased synthesis of estrone, but in our study that
was the case with the normal-weight women. Taking into
account the fact that estrone levels were not measured in
this study, we could not determine whether it influenced
the obtained PRL values.

After these basic analyses, we tested if the correlations
existed between sex hormones and lipids, as well as be-
tween sex hormones and fasting glucose. We found a sig-
nificant positive correlation between LH and HDL in the
normal-weight women regarding BMI >26.7 kg/m?, and
negative one between FSH and fasting glucose in the obese

and overweight women (according to both BMI criteria). It
is possible that the relationship between FSH and glycemia
is influenced by gaining weight which, on the other hand,
influences metabolism of glucose and insulin, but we did
not find any suitable explanation for these results in the
literature available to us.

In the obese and overweight women we found signifi-
cant negative correlations between SHBG and LDL, TC
and blood glucose regarding BMI 226.7 kg/m* When we
selected women using BMI 225 kg/m? as the criterion,
FSH and SHBG negatively correlated with glucose in the
obese and overweight women.

One of the best proved metabolic effects of obesity on
circulating endogen hormones is a progressive decline of
SHBG levels with increasing BMI in both pre- and post-
menopausal women. Mechanism responsible for this is
related to the increase of insulin concentrations with in-
creasing BMI. Namely, insulin inhibits hepatic synthesis of
SHBG [29]. Moreover, Weinberg et al. [11] found a close
relationship between SHBG and MetS, as well as between
SHBG and individual components of MetS in postmeno-
pausal women. In the study of Mudali et al. [30] SHBG was
related to a favorable lipid profile including a lower total
LDL cholesterol, TG and a higher HDL cholesterol in post-
menopausal women with minimal atherosclerosis. Women
with significant atherosclerosis had SHBG levels related
only to lower TG and higher HDL cholesterol. Accord-
ing to one explanation, associations between sex steroids
and lipids are mediated by obesity and IR. However, the
relationship between SHBG and lipid parameters in these
postmenopausal women persisted even after adjustment
for obesity and IR. SHBG can positively influence the lipid
profile by regulating free androgen levels (testosterone).
Namely, SHBG binds testosterone with high affinity thus
regulating the way of its free levels, so that lower SHBG
concentrations mean higher androgenicity [30].

We did not find any correlations of estradiol, T, P and
PRL with lipids and fasting glucose. Some researches [30,
31] analyzed relationships between sex hormones, lipids
and glucose metabolism. In the study on relatively young
postmenopausal women, Kalish et al. [31] found that free
and bound estradiol levels were significantly correlated
with IR independently of central obesity measured by
WHR. After adjustment for BMI only free estradiol re-
mained in relationship with IR. Furthermore, high levels
of free testosterone were in relationship with IR inde-
pendently of BMI and WHR. Another study on over-
weight postmenopausal women [30] showed that estrone
was positively correlated with increased TG and TC in
women with significant atherosclerosis. These relation-
ships existed even after adjustment for obesity and IR. It
is supposed that estradiol influences enzymes involved in
lipid metabolism, like lipoprotein lipase, hepatic lipase and
hormone sensitive lipase.

Regarding the relationship between anthropometric
characteristics, lipids and fasting glucose, we found sig-
nificant negative correlations of BMI and WC with HDL
in the obese and overweight subjects of both groups. BMI
and WC positively correlated with fasting glucose, while
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WHR demonstrated positive association with TG but neg-
ative one with HDL in the subjects with BMI >25 kg/m?.
Feng et al. [32] showed that the post-menopausal women
had a significantly lower BMI but higher abdominal fat
percentage than the pre-menopausal women. Studies
showed that WC, rather than WHR can serve as index of
abdominal (visceral, central) obesity and in the assessment
of cardiovascular risk [33, 34].

In contrast to our results, Rendell et al. [22] did not find
significant correlation between abdominal (visceral) fat
mass (measured with computed tomography) and HDL
in early postmenopausal women. In a study the premeno-
pausal women [35] BMI and WHR were positively cor-
related with plasma lipids and lipoproteins (TG and LDL
cholesterol), whereas HDL was negatively correlated with
BMI. The presence of a significant correlation between
abdominal obesity and hyperinsulinemia, IR, increased
FFA in plasma, hypertension, tendency to thrombosis, in-
creased TG, small dense LDL particles, as well as decreased
HDL cholesterol has been well known for decades [36].

In conclusion, the results of the present research in-
dicate that obese and overweight women have higher
anthropometric characteristics, diastolic blood pressure,
fasting glucose, Lp(a), but lower FSH, LH and PRL plasma
concentrations than normal-weight women. These vari-
ables, as well as other lipids and hormones analyzed in

REFERENCES

1. Milewicz A, Demissie M. Metabolic and endocrine changes in
climacteric women. International Congress Series. 2002; 1229:
3-7.

2. McCarthy J. Gene by sex interaction in the etiology of coronary
heart disease and the preceding metabolic syndrome. Nutr Metab
Cardiovasc Dis. 2006; 17:153-61.

3. Chedraui P. Metabolic changes and the menopause in Ecuador.
Maturitas. 2009; 63(Suppl 1):519.

4. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome - a new world-
wide definition. A Consensus Statement from the International
Diabetes Federation. Diabetic Medicine. 2006; 23:469-80.

5. Carr M. The emergence of the metabolic syndrome with
menopause. J Clin Endocrinol Metab. 2003; 6:2404-11.

6. Stevenson JC. Metabolic profile and cardiovascular system through
menopause and ageing: impact on quality of life. Proceedings of
6th IMS Workshop: Menopause and Ageing, Quality of Life and
Sexuality; Pisa, Italy, Dec 1-4, 2006; 1-7.

7. Jeppesen J,Hansen TW, Rasmussen S, Ibsen H, Torp-Pedersen
C. Metabolic syndrome, low-density lipoprotein cholesterol,
and risk of cardiovascular disease: a population-based study.
Atherosclesrosis. 2006; 189:369-74.

8. Schenck-Gustafsson K. Risk factors for cardiovascular disease in
women. Maturitas. 2009; 63:186-90.

9. Chamberlain A, Folsom A, Schreiner P, Boerwinkle E, Ballantyne C.
Low-density lipoprotein and high-density lipoprotein cholesterol
levels in relation to genetic polymorphisms and menopausal
status: The Atherosclerosis Risk in Communities (ARIC) Study.
Atherosclerosis. 2008; 200:322-8.

10. Marina Lj, Vujovic S, Penezic Z, Stojanovic M, lvovic M, Drezgic
M. Lipids and women in early and physiological menopause.
Maturitas. 2006; 54(Suppl 1):549.

11. Weinberg M, Manson J, Buring J, Cook N, Seely E, Ridker P, et
al. Low sex hormone-binding globulin is associated with the
metabolic syndrome in postmenopausal women. Metabolism.
2006; 55:1473-80.

12. WHO. Physical status: the use and interpretation of anthropometry.
Report of a WHO Expert Committee. WHO Technical Report Series
854. Geneva: World Health Organization; 1995.

doi: 10.2298/SARH1302041S

this study are most likely influenced by gaining weight,
especially in abdominal obesity and menopause. Further-
more, we disclosed significant negative correlations among
SHBG, LDL, TC and fasting glucose, as well as among
BMI, WC and HDL in obese and overweight subjects. BMI
and WC were positively correlated with fasting glucose,
while WHR demonstrated a positive association with TG
but negative one with HDL in the subjects with BMI >25
kg/m?. This confirmed the finding of many studies that
BMI, WC, WHR as well SHBG are related to lipid and
glucose metabolism; however, underlying mechanisms are
incompletely understood.

CONCLUSION

Our study is limited by a small sample size which may
have limited us in a possible disclosure of other differences
between the groups. Moreover, a considerable number of
women had been on antihypertensive and antihypergli-
cemic therapy which could have changed the levels of
the measured variables. There is no doubt that further
studies are necessary to understand cellular and molecu-
lar mechanisms involved in relationships among obesity,
sex hormones and changes of overall metabolism in the
menopause.

13. WHO. Obesity: preventing and managing the global epidemic.
Report of a WHO Consultation. WHO Technical Report Series 894.
Geneva: World Health Organization; 2000.

14. WHO Expert Consultation. Appropriate body-mass index for
Asian populations and its implications for policy and intervention
strategies. Lancet. 2004; 363(9403):157-63.

15. Ridker P, Buring J, Cook N, Rifai N. C-reactive protein, the metabolic
syndrome, and risk of incident cardiovascular events: an 8-year
follow-up of 14,719 initially healthy American women. Circulation.
2003; 107:391-7.

16. Ainy E, Mirmiran P, Zahedi Asl S, Azizi F. Prevalence of metabolic
syndrome during menopausal transition Tehranian women:
Tehran Lipid and Glucose Study (TLGS). Maturitas. 2007; 58:

150-5.

17. Rosano G, Vitale C, Fini M. Hypertension in postmenopausal
women. European Endocrine Disease. 2006; 1-6.

18. Reckelhoff J, Fortepiani A. Novel mechanisms responsible
for postmenopausal hypertension. Hypertension. 2004; 43:
918-23.

19. Savage DB, Petersen KF, Shulman GI. Mechanisms of insulin
resistance in humans and possible links with inflammation.
Hypertension. 2005; 45:828-33.

20. Alexander C, Landsman P, Grundy S. Metabolic syndrome and
hyperglycemia: congruence and divergence. Am J Cardiol. 2006;
7:982-5.

21. Sarraf-Zadegan N, Mohammadifard N. The effect of menopause
on the relation between high triglyceride and low HDL-cholesterol
with obesity. Atherosclerosis. 2000; 151(1):203.

22. Rendell M, Hulthen UL, Tornquist C, Groop L, Mattiasson I.
Relationship between abdominal fat compartments and glucose
and lipid metabolism in early postmenopausal women. J Clin
Endocrinol Metab. 2001; 86:744-9.

23. Torng P-L, SuTC, Sung FC, Chien KL, Huang SC, Chow SN, et al.
Effects of menopause and obesity on lipid profiles in middle-aged
Taiwanese women: the Chin-Shan Community Cardiovascular
Cohort Study. Atherosclerosis. 2000; 153:413-21.

24. Das U. Obesity, metabolic syndrome X and inflammation. Nutrition.
2002; 5:430-2.



Srp Arh Celok Lek. 2013 Jan-Feb;141(1-2):41-47

25.

26.

28.

29.

30.

31.

Ritchie SA, Connell JMC. The link between abdominal obesity,
metabolic syndrome and cardiovascular disease. Nutr Metab
Cardiovasc Dis. 2007; 17:319-26.

Vujovic S. Menopauza. Beograd: Kosmos; 1998.

. Malacara J, Fajardo M, Nava L. Gonadotropins at menopause: the
influence of obesity, insulin resistance, and estrogens. Steroids.
2001; 66:559-67.

Slijepcevi¢ D, Vujovic¢ S, Nestorovi¢ Z. Humana klinicka
endokrinologija. Beograd: Obelezja; 2002.

Lukanova A, Lundin E, Zeleniuch-Jacquotte A, Muti P, Mure A,
Rinaldi S, et al. Body mass index, circulating levels of sex-steroid
hormones, IGF-1 and IGF-binding protein-3: a cross-sectional study
in healthy women. Eur J Endocrinol. 2004; 150:161-71.

Mudali S, Dobs A, Ding J, Cauley J, Szklo M, Golden S. Endogenous
postmenopausal hormones and serum lipids: the Atherosclerosis
Risk in Communities Study. J Clin Endocrinol Metab. 2005;
90(2):1202-09.

Kalish G, Barrett-Connor E, Laughlin G, Gulanski B. Association

of endogenous sex hormones and insulin resistance among

postmenopausal women: results from the Postmenopausal
Estrogen/Progestin Intervention Trial. J Clin Endocrinol Metab.
2003; 88(4):1646-52.

32. FengY, Hong X, Wilker E, Li Z, Zhang W, Jin D, et al. Effects of age
at menarche, reproductive years and menopause on metabolic
risk factors for cardiovascular diseases. Atherosclerosis. 2008;
196:590-7.

33. Wajchenberg B. Subcutaneous and visceral adipose tissue: their
relation to the metabolic syndrome. Endocr Rev. 2000; 21:697-738.

34, Wahrenberg H, Hertel K, Leijonhufvud B, Persson L, Toft E, Arner
P. Use of waist circumference to predict insulin resistance:
retrospective study. BMJ. 2005; 330:1363-4.

35. Lamon-Fava S, Barnett J, Woods M, McCormack C, McNamara JR,
Schaefer EJ, et al. Differences in serum sex hormone and plasma
lipid levels in caucasian and African-American premenopausal
women. J Clin Endocrinol Metab. 2005; 90(8):4516-20.

36. Genazzani A, Gambacciani M. Effect of climacteric transition and
hormone replacement therapy on body weight and body fat
distribution. Gynecol Endocrinol. 2006; 3:145-50.

Besa nsmehy rojasHocTi, AMnnaa U rukemuje y MeHonaysu

AnekcaHgpa CumoHuur HeTjacos!, CBetnaHa Byjosuh?, Mnomupa BoBuh? MunuHa TaHuuh-Tajuh?,

JburbaHa MapuHa?, Mapuja bapah?
'lom 3gpassba,[p JosaH JosaHuh 3maj’, Crapa Ma3osa, Cpbuja;

2KnuHuKa 3a eHfoKkpuHonorujy, Anjabetec n 6onectn MmeTabonnsma, Knunnukm uentap Cpbuje, beorpag, Cpbuja

KPATAK CALIP?KA)

YBopg MeHonay3a 4OBOAM A0 pa3Boja LieHTpanHe rojasHocTy,
aTeporeHor nunuaHor npodwuna u nosehaHe MHUMAEHUje MeTa-
60MYKOr CUHAPOMa HE3aBVCHO O CTapoCTy 1 ApYriX dakTopa.
v paga Linb papa je 61o fa ce ucnmta noBe3aHOCT aHTPO-
NOMETPUjCKKX obenesxja, MOMHUX XOPMOHa, IMnuaa v BpegHo-
CTU FIMKEMYje HaTaLlTe KOZ XXeHa Y MeHomnay3u.

Metopae papa Ctyavjom je obyxBaheHo 87 eHa y MeHonay3u
Koje Ccy CBpCTaHe y rpyre npema BpegHOCTMMa MHAEKCa Tene-
cHe mace (UTM): UITM=26,7 kg/m? n UTM=25 kg/m?. Vicnutanu-
Llama je n3MepeH KpBHY NPUTUCAK 1 YCTaHOB/bEHA Cy aHTPO-
nomeTpujcka obenexja. BeHcka KpB je y3MmaHa y ocam catu
yjyTpo 3a cnegehe napameTpe: rUKeMUjy HaTaluTe, TPUFN-
Lepwvae, yKynHu xonectepon, HDL-xonectepon, LDL-xonecte-
pon, anonnnonpoTenH A, anonnnonpoTenH b, nunonpotenH(a)
(Lp(a)), C-peakTnBHM NpoTeENH, dubpuHoreH, FSH, LH, nponak-
TVH (PRL), ecTpagmnon, nporecTepoH, TectoctepoH 1 SHBG.
PesynTaTtu YTBpheHe cy 3HavajHe pa3nuke namehy rpyna
3a: TenecHy TexuHy, ITM, obum cTpyka, 06mm KykoBa, OfHOC
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CTPYK-KYK, CUCTO/IHW U J1jacTONHW KPBHMW NpUTUCcak, Lp(a),
FSH, LH, PRL (3a cuctonHu KpBHU nputmncak p<0,05, 3a octano
p<0,01) n rnnkemujy HatawrTe (p<0,05). Kog rojasHux xeHa ca
UTM=>26,7 kg/m? 3HauajHe HeraTvBHe Kopenaumje Cy youeHe 3a
BpepHocTu: FSH v rnnkemuje HatawTe, SHBG n LDL-xonectepo-
na, SHBG v ykynHor xonectepona, SHBG v rnmkemmje HaTalTe,
WTM n HDL-xonectepona, Te obuma ctpyka n HDL-xonectepo-
na. Kog rojasHux xeHa ca UITM>25 kg/m? 3HauajHe HeraTnBHe
Kopenauumje cy ytBpheHe 3a BpegHoctu: UITM n HDL-xonecte-
pona, obuma cTpyka n HDL-xonectepona, ofHoOCa CTPYK—KyK
n HDL-xonectepona, Kao u FSH n SHBG ca rnyko3om; 3HavajHe
No3uTKBHe Kopenauuje cy youeHe namehy BpegHoctyi TM 1
rnyko3e, obmma CTpyKa 1 riyKose, Te OfHOCa CTPYK—KYK 1 Tpu-
ruuepuaa.

3aksbyuak [loBehame TenecHe TexunHe 1 cMarere SHBG cy
noBe3aHu ca ANCIMnuAeMujom 1 nosehaHom rMKEMIjOM Ha-
TalwTe, LWTO NoTBphyje noBehare NHLMAEHLMje METabONNUKIX
nopemehaja y meHonaysu.

KrbyuHe peun: rojasHOCT; nMnuau; rnkeMmnja; MeHonaysa
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