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ABSTRACT

Background: Body composition changes become evident in women as they pass through the
transition phase of their life where their reproductive phase ends up at menopause. Women at
menopause often experience redistribution of body fat particularly around the abdomen.
Redistribution of body fat among postmenopausal women leads to various metabolic syndromes
which lead to cardiovascular diseases even with controlled BMI.

Material and Method: For the present cross-sectional study, 530 women (300 pre- and 230
postmenopausal) ranging in age from 30-60 years were personally interviewed and their
anthropometric and physiological parameters were measured with standardized methods. Their
height, weight, waist circumference, biceps, triceps, sub scapular and suprailiac measurements
were taken and blood pressure was noted down. From these values, their waist-hip ratio, waist-
stature ratio, percent body fat, total body fat, pulse pressure, mean arterial pressure were
calculated. Pearson’s correlation was computed to find out the association of BP with various
anthropometric parameters.

Results and Conclusion: Positive association of waist circumference, waist hip ratio, percent
body fat and total body fat was observed with systolic and diastolic blood pressure. Present
observations support the notion that hormonally-induced redistribution of adipose tissue at
menopause in the intra-abdominal depots in post-menopausal women might be leading to adverse
changes in the metabolic profile.
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INTRODUCTION

The body undergoes many changes as it ages whether it begins as an apple or a pear, the
overall body shape probably shifts with time. The rate at which body shape changes
occur is closely connected to lifestyle factors like exercise, smoking and diet. Generally,
fat increases, and muscle mass or lean tissue, and mineral bone density decrease with age.
Among women, menopause appears as a very important factor which brings so many
changes along with it. Body composition changes become evident in women as they pass
through the transition phase of their life where their reproductive phase ends up at
menopause. In females, in our culture, menopause is frequently seen as a negative
milestone and is sometimes viewed as a disease or medical condition requiring a cure.
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Women at menopause often experience weight gain, particularly around the abdomen.
These changes include an increase in overall and central adiposity, especially visceral
adipose tissue and a decrease in total and central lean tissue mass (Poehlman and
Tchernof, 1998). Obesity or adiposity has been recognized as a potential risk factor for
cardiovascular diseases (CVD), diabetes mellitus (DM), and cancer (Berghofer et al.,
2008). Studies indicate that even with a normal body mass index (BMI), those with an
elevated waist circumference (WC) can have a two fold increase in CVD risk (Pischon et
al., 2008). BMI may not indicate the level of central adiposity. At present, WC has been
recommended as a measure of abdominal obesity. Studies have revealed an independent
effect of WC on CVD risk factors (Ardern et al., 2003; Zhu et al., 2004). Body fat
distribution is an important contributor to the association between obesity and high blood
pressure (BP) (Johnson et al., 1992; Okosun et al., 1999).

Studies using dual-energy X-ray absorptiometry showed increased trunk fat in
postmenopausal women. Moreover, studies using computed tomography and magnetic
resonance imaging show that postmenopausal women have greater amounts of intra-
abdominal fat compared to premenopausal women. Collectively, these studies suggest
that the menopause transition is associated with an accumulation of central fat and, in
particular, intra-abdominal fat (Ley et al., 1992). Whether menopause-related differences
in trunk or intra-abdominal fat are independent of age and/or adiposity, however, is
unclear. It is evident from different studies that early postmenopausal status is associated
with a preferential increase in intra-abdominal fat that is independent of age and total
adiposity (Toth et al., 2000; Kanaley et al., 2001).

The physiological changes associated with menopause have a significant impact on total
body fat and adipose tissue distribution. Several cross-sectional studies that have used
waist-to-hip (WHR) ratio or WC as estimates of relative or absolute accumulation of
abdominal fat respectively have failed to link abdominal adipose tissue accumulation and
menopause (Razay et al., 1992; Troisi et al., 1995). However, by using DEXA to measure
abdominal adipose tissue, several investigators have noted that menopause has an
independent effect on adipose tissue distribution even after controlling for age
(Tremollieres et al., 1996) and BMI (Ley et al., 1992). Several studies have reported
increases in total body fat mass with age. In a six-year longitudinal study, Bjorkelund et
al. (1996) found that abdominal adipose tissue accumulated selectively in women who
became post-menopausal when compared to women who remained pre-menopausal over
the same period. Changes in adipose tissue distribution were observed using
anthropometric measurements such as WHR ratio and WC. In addition, BMI remained
similar between post-menopausal and pre-menopausal women.

It is well established that increasing intra-abdominal adipose tissue is one of the most

prevalent manifestations of a cluster of abnormalities referred to as the metabolic
syndrome, which predicts an increased CVD risk (Despres et al., 2006). Postmenopausal
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women have higher total cholesterol (TC), increased low density lipids (LDL) cholesterol
and triglyceride (TG) as well as lower high density lipids (HDL) cholesterol levels than
pre-menopausal women (Stevenon et al., 1993, Kaur et al., 2014). Substantial changes in
LDL concentrations occur early in the transition from pre-menopause to post-menopause
(Matthew et al., 2001). On comparison between pre- and postmenopausal women, higher
mean values of TC, TG, LDL-C and lower HDL-C were observed in non-obese and
obese hypertensive postmenopausal women as compared to premenopausal women (Kaur
et al., 2014). The reduction in intra-abdominal adipose tissue deposition observed with
hormone replacement therapy in post-menopausal women is associated with a
corresponding improvement in fasting lipid levels (Sumino et al., 2003). Several studies
have noted a reduction in LDL cholesterol and a rise in HDL cholesterol levels following
hormone replacement therapy (Tikkanen et al., 1982; Wilson et al., 1985).

Our own studies and many previous studies have observed higher rate of obesity,
hypertension and diabetes among postmenopausal women as compared to their
premenopausal counterparts. It is further reported in literature that redistribution of body
fat among postmenopausal women leads to various metabolic syndromes which leads to
CVD even with controlled BMI. Present study was designed to assess the differences in
the anthropometric and physiological variables of premenopausal women and
postmenopausal women. If significant differences would exist, these could have been due
to the menopausal redistribution of the body fat and might be the culprit for deteriorated
status of lipid profile and higher prevalence of CVD among postmenopausal women.

MATERIAL AND METHOD

For the present cross-sectional study, 530 women (300 pre- and 230 postmenopausal)
ranging in age from 30-60 years were personally interviewed and their anthropometric
body parameters like weight, height, WC, Hip circumference (HC), biceps, triceps, supra
iliac, sub scapular were taken with standardized methods (Weiner and Lourie, 1981). The
blood pressure (BP) readings were taken as per recommendations of Rose and Blackburn
(1968). The data was noted on a predesigned questionnaire proforma. From the
anthropometric variables, the derived variables like WHR, waist-stature ratio (WSR),
Percent body fat (PBF) total body fat (TBF) and lean body mass (LBM) were derived.
From physiological variables like systolic blood pressure (SBP) and diastolic blood
pressure (DBP), the mean arterial pressure (MAP) and pulse pressure (PP) were derived.
Pre- and postmenopausal women were compared for different parameters and
conclusions were drawn.

Statistical Analysis

Data analysis was performed using SPSS 16.0. The results were presented as meant
standard deviation (SD). The statistical significance for intergroup differences was
analyzed by the Student’s t-test. Pearson’s correlation analysis was performed to compute
the degree of relationship between the variables. For all statistical tests, a p-value <0.05
was considered statistically significant. Additionally the multiple linear regression was
performed to find out the best suitable predictor of SBP and DBP which are the key
factors related to CVD.
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RESULTS:

Table 1 presents the distribution in mean values of various anthropometric variables of
pre- and postmenopausal women. Pre-and postmenopausal women differed from each
other with respect to age which is obvious (p<0.001). The difference of 0.25 kilogram
between the weights of two groups was statistically non-significant. So, pre-and
postmenopausal women were matching for weight. Insignificant differences were
observed in height of pre- and postmenopausal women. Similarly, the differences
between the hip circumference values were also insignificant. The pre- and
postmenopausal women were observed as having the same mean values of biceps.
Similarly, insignificant difference of 0.42 mm was observed in the mean values of
triceps. Statistically insignificant differences were observed in the mean values of
suprailiac. Not much difference was observed in the mean values of subscapular in pre-
and postmenopausal women.

Table 1: Mean values of anthropometric variables of Premenopausal (Pre-M) and
Postmenopausal (Post-M) women

Pre-M Post-M Difference

Variables Mean | SD SEM | Mean | SD SEM | between P-
Pre-M & | value
Post-M

Age (yrs.) 4242 599 |0.34 |5250 |4.20 0.29 |10.08 <0.001

Weight (kg) 65.16 |11.40 | 0.64 |65.41 |11.73 |0.81 |0.25 NS

Height (cm) 156.80 | 5.60 |0.31 | 154.61 | 5.94 041 |2.19 NS

Waist 88.63 |11.35 | 0.64 |93.15 |1144 |0.79 |4.52 <0.001

Circumference

(cm)

Hip 101.01 | 10.23 | 0.58 | 101.58 | 11.20 |0.78 | 0.57 NS

Circumference

(cm)

Biceps (mm) | 20.07 |7.08 |0.40 |19.80 |6.97 0.48 |0.27 NS

Triceps (mm) |24.65 |836 |0.47 |25.07 |9.18 0.64 |0.42 NS

Supra iliac | 24.62 |7.83 |0.44 |22.07 |5.60 0.39 |255 NS

(mm)

Sub scapular | 23.11 | 7.77 |0.44 (2494 |9.14 0.63 |1.83 NS

(mm)

But the mean value of WC was observed much higher in postmenopausal women as
compared to premenopausal subjects. Statistically significant difference of 4.52 cm
(p<0.001) was observed in the mean values of WC in pre- and postmenopausal women.

62




Changes in body parameters at menopause: Kaur (2015) pp. 59-73

Table 2: Differences between derived anthropometric variables of pre- (Pre-M) and
postmenopausal (Post-M) women

Pre-M Post-M Difference

Variables Mean | SD SEM | Mean | SD SEM | between P-
Pre-M & | value
Post-M

BMI (kg/m?) |26.64 |4.45 [0.25 |[27.52 |4.62 0.32 |0.88 NS

Waist-Hip 0.88 0.07 |0.01 |0.92 0.07 0.01 |0.04 <0.001

Ratio

Waist-Stature | 0.57 0.08 |0.00 |0.60 0.07 0.00 |0.03 <0.001

Ratio

Percent Body | 38.79 |4.64 |0.26 |40.50 |5.66 039 |1.71 <0.001

Fat

Total Body |25.61 |6.74 |0.38 |27.20 |7.19 049 |1.59 <0.001

Fat (kg)

Lean Body | 39.54 |523 |0.29 |38.20 |5.29 037 |1.34 NS

Mass (kg)

Table 2 presents the mean values of the derived variables. Insignificant difference of 0.88
kg/m? was observed in the mean values of BMI between the groups. Postmenopausal
women took the lead over premenopausal women in the mean value of WHR. The
difference between the groups was statistically significant (P<0.001). The mean value of
WSR was observed 0.03 higher in postmenopausal women as compared to
premenopausal women and the difference was statistically significant (p<0.001). It is
visible from Table 2 that the postmenopausal women had more PBF as compared to
premenopausal women. There was statistically significant differences of 1.71%
(p<0.001). Postmenopausal women led the premenopausal women in the mean values of
TBF. There was net difference of 1.59 kg. in the mean value of TBF which was
statistically significant (p<0.001).

It is reflected from Table 3 that pre- and postmenopausal women differed significantly
(p<0.001) from each other in the mean values of SBP. Higher value of SBP was observed
in postmenopausal women as compared to their premenopausal counterparts. The
difference of 7.83 mmHg was observed in their mean values. Similarly, higher mean
value of DBP was observed in postmenopausal women as compared to premenopausal
women although the difference was statistically insignificant.
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Postmenopausal women took an edge over premenopausal women in the mean value of
PP. The difference of 5.39 mmHg in their mean values was statistically significant
(p<0.001). Similarly, statistically higher (P<0.001) mean value of MAP was observed in
postmenopausal women.

Table 3: Status of Physiological variables of pre- (Pre-M) and postmenopausal (Post-M)

women
Pre-M Post-M Difference

Variables Mean | SD SEM | Mean | SD SEM | between P-
Pre-M & | value
Post-M

SBP (mm/Hg) | 121.08 | 17.45 | 0.98 |128.91 | 19.14 |1.33 |7.83 <0.001

DBP 80.19 |11.81 [0.66 |82.26 |13.72 [0.95 |2.07 NS

(mm/Hg)

Pulse 41.36 [9.49 |056 |46.75 |1250 |0.87 |5.39 <0.001

Pressure

(mm/Hg)

Mean Arterial | 93.43 | 12.68 | 0.71 |97.40 |13.70 |0.95 |3.97 <0.001

Pressure

(mm/Hg)

Table 4: Pearson’s correlation co-efficient (r) of WC, WHR, TBF and PBF with SBP and
DBP among Premenopausal Women

SBP DBP
Variable R 0 ] P
Age 0.243 <0.001 0.202 <0.001
wC 0.301 <0.001 0.368 <0.001
WHR 0.296 <0.001 0.288 <0.001
PBF 0.203 <0.001 0.286 <0.001
TBF 0.245 <0.001 0.345 <0.001

SBP-systolic blood pressure; DBP-diastolic blood pressure ;WC-waist circumference;
WHR-waist-hip ratio; PBF- percent body fat; TBF-total body fat
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Table 5: Pearson’s correlation co-efficient (r) of WC, WHR, TBF and PBF with SBP and
DBP among Postmenopausal Women

SBP DBP
Variable R 0 ] 0
Age 0.071 NS 0.047 NS
wC 0.234 <0.001 0.291 <0.001
WHR 0.235 <0.001 0.327 <0.001
PBF 0.111 NS 0.131 <0.05
TBF 0.168 <0.02 0.183 <0.01

SBP-systolic blood pressure; DBP-diastolic blood pressure; WC-waist circumference;
WHR-waist-hip ratio; PBF- percent body fat ; TBF-total body fat

Tables 4 and 5 present the Pearson’s correlation of BP with age, WC, WHR, PBF and
TBF among pre- and postmenopausal women. It is evident from the tables that both SBP
and DBP are positively correlated with WC, WHR, PBF and TBF among both pre- and
postmenopausal women. Correlation of SBP and DBP with age was observed as
significant in premenopausal women, whereas it was non-significant in case of
postmenopausal women.

Table:6 Linear Regression Co-efficient (B) and Standard Error (S.E.) with test statistic (t)
and probability (P) values for different variables in Multiple Regression Model for
Systolic and Diastolic Blood Pressure (SBP, DBP) in premenopausal WWomen

Variable SBP DBP
B SE t P B SE t P
Age 0.509 | 0.180 2.830 0.005 0.154 0.120 1.284 0.202
wC -0.230 | 0.291 | -0.822 | 0.412 | -0.239 | 0.291 | -0.822 | 0.412
WHR 7772 | 29.72 2.622 0.009 77.72 28.72 2.622 0.009
PBF -1.05 | 0.506 -2.07 0.039 | -1.054 | 0.506 -2.07 0.039
TBF 1.040 | 0.469 2.21 0.027 1.044 0.469 2.211 0.027
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Table:7 Linear Regression Co-efficient (B) and Standard Error (S.E.) with test statistic (t)
and probability (P) values for different variables in Multiple Regression Model for
Systolic and Diastolic Blood Pressure (SBP, DBP) in postmenopausal Women

Variable SBP DBP
B SE t P B SE t P
Age 0.330 0.313 1.053 0.293 0.136 0.219 0.622 0.536
wC 0.286 0.397 0.720 0.472 0.233 0.278 0.840 0.401
WHR 36.54 35.61 1.026 0.306 | 44.349 | 24.87 1.78 0.07
PBF -0.852 | 0.649 -1.31 0.191 | -0.610 | 0.453 | -1.345 0.18
TBF 0.36 0.64 0.56 0.54 0.186 0.447 0.417 0.677

Additionally, multiple regression was performed to find the best suitable predictor of
SBP and DBP. It is evident from Tables 6 and 7 that in case of premenopausal women,
age, WHR, PBF as well as TBF came out as best suitable predictor of SBP and WHR,
PBF and TBF as best predictors of DBP. But in case of postmenopausal women only
WHR came as the best suitable predictor of DBP only.

DISCUSSION

In the present study, both the pre- and postmenopausal groups were almost matching for
their mean BMIs (26.64+0.25 kg/m? and 27.52 +0.32 kg/m? respectively). In spite of it,
there was statistically significant difference in the WC of the two groups. The significant
higher values of WHR, WSR, PBF and TBF were observed among the postmenopausal
women. Physiological variables like SBP, DBP, PP and MAP also have higher values in
postmenopausal women.

WC is an indicator of health risk associated with excess fat around the waist. A waist
circumference of 85 cm for men and 80 cm for women is associated with health problems
such as type 2 diabetes, heart disease and high blood pressure in Asian population
(Snehalatha et al., 2003). WC is a convenient measure of abdominal adipose tissue (Hans
et al., 1995) and correlates closely with BMI (Lean et al., 1995) and TBF (Lean et al.,
1996) and is associated with CVD risk factors independent of BMI (NIH, 2000).
Accordingly, WC may be an effective clinical tool for assessing the risk of CVDs (Lean
et al., 1998; Okosun et al., 2000). Women have a greater relative risk of CVD at lower
WCs than do men (WHO, 1997). Lack of exercise, smoking, alcohol abuse, low
economic and education levels and postmenopausal status were all associated with a
significantly increased risk of diabetes and other chronic diseases, even after adjustment
for BMI (Han et al., 1998; Toth et al., 2000; Hu et al., 2001). Central obesity and high BP
frequently cluster with metabolic complications such as hyperinsulinemia/insulin
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resistance and dyslipidemia, popularly considered as “metabolic syndrome” (DeFronzo
and Ferrannini, 1991).

It has been reported that WC is a better predictor of cardiovascular risk factors than BMI,
although the findings have not been consistent. It has been suggested that WC, WHR, and
WSR ratio are better measures of obesity than BMI in predicting cardiovascular risk
factors (Ho et al., 2003; Menke et al., 2007; Huxley et al., 2010). In the present study,
statistically higher mean values of SBP, DBP, PP and MAP were observed in
postmenopausal women as compared to their premenopausal counterparts. Tables 4 and 5
further reflect positive association of WC, WHR, PBF and TBF with SBP and DBP.
Higher mean values of WC, WHR, PBF and TBF among postmenopausal women might
be responsible for higher mean values of SBP and DBP among postmenopausal women.
Higher SBP and DBP along with abdominal obesity lead to metabolic syndromes which
include CVD and diabetes.

High BP is a classical feature of the metabolic syndrome, and it has been reported that the
metabolic syndrome is present in up to one third of hypertensive patients (Cuspidi et al.,
2004; Schillaci et al., 2004). According to World Health Organization (WHO), the
National Cholesterol Education Program (NCEP), the International Diabetes Federation,
and the American Heart Association/National Heart, Lung, and Blood Institutes, the high
BP and dyslipidemia is included in the definition for the metabolic syndrome (WHO,
1999; NCEP, 2001; Guerrero-Romero et al., 2005; Grundy et al., 2004). Higher rate of
obesity, hypertension and diabetes among postmenopausal women has been reported in
literature (Khokhar et al., 2010 a; Khokhar et al., 2010 b; Khokhar et al., 2013). More
than 25% women adult world population is hypertensive. Elevations in BP are related to
cardiovascular risks with prevalence high in population > 60 years in age (Vasan et al.,
2001). In US approximately 75% of postmenopausal women are hypertensive (Ong et al.,
2007). During menstruation BP levels are inversely related to estrogen levels (Dubey et
al., 2002). Estrogen levels fall in postmenopausal women (Khokhar et al., 2010 b). First
decade after menopause is accompanied by increase in BP (Burt et al., 1995).

Fat cells in the hip, thigh and buttock areas have receptors for estrogen. Estrogen, in most
women, drives most fat storage to the lower part of the body. As estrogen levels begin to
decline, however, estrogen loses its hold on fat storage below the waist and instead, fat
starts to show up in the area of the waistline. In conclusion, the above observations
support the notion that hormonally-induced redistribution of adipose tissue in the intra-
abdominal depots in post-menopausal women might be leading to adverse changes in the
metabolic profile. So the postmenopausal phase should be strictly taken care of.
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It is also evident from this work that all the variables studied play some significant role in
deciding the metabolic profile of a woman. So, Effort should be made to focus of
controlled diet coupled with regular exercise. Little negligence in this phase of life may
cost a lot.

Further biochemical research with mechanistic approach may enhance understanding of
the influence of estrogens and hormone replacement therapy on fat tissue distribution and
CVD risk factors.

Limitations

Ours is a cross-sectional study. A longitudinal study in this regards may come up with
concrete conclusions.
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