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Abstract

We sought to examine the relationship between BMI, sweat rate (SR) and sweat volume (SV) in
pre-, peri- and postmenopausal women during a moderate exercise. Based on their ages and men-
strual cycle history, thirty healthy women were divided into three groups: pre- (22.5 + 0.8 yrs, n =
10), peri- (46.5 * 1.1 yrs, n = 10) and post- (52.2 * 0.9 yrs, n = 10). Participants underwent a 15-
minute walk on a treadmill at a constant speed of 4.2 km/h at 27°C. Sweat was collected and
measured with a suction apparatus around a confined area of 120 cm? outlined on the skin of the
face and neck of the participants during the exercise. SR and BMI were determined using the formulae:

volume of sweat collected WT, kg
and ——=

exercise time HT, m?’
BMI: pre-, peri- and post- (23.7 + 1.3 kg/m?2 vs 28.0 * 1.2 kg/m2 vs 28.4 + 0.7) (p < 0.05). Although
there was no significant difference in SV (1.3 + 0.4 ml vs 1.7 * 0.2 ml vs 0.9 * 0.1 ml) between the
groups, the peri-women showed a significantly higher SR (0.07 + 0.02 ml/min vs 0.12 * 0.01 ml/min
vs 0.06 * 0.01 ml/min) (p < 0.05). A significant and positive correlation existed between BMI and SR
(p < 0.05); SV (p < 0.01). Our findings support the conclusions that increased menopausal sweating is
associated with weight gain/increased BMI especially during the perimenopausal transition period.

respectively. The older women had a significantly higher
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1. Introduction

Menopause refers to the complete stoppage of menstruation of >12 months after the final menstrual cycle. It is
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indicated by the absence of ovarian follicular function and a decline in estrogen secretion by the ovaries [1]. It is
associated with a variety of symptoms including: hot flushes, night sweats, weight gain, vaginal dryness, sexual
dysfunction, decreased libido and sleep disturbance [2]-[5]. Others include: depression, anxiety, fatigue, mem-
ory loss, headache, joint pain, bone loss, urogenital atrophy, urinary tract infections and incontinence, increased
cardiovascular risk, somatic symptoms and loss of elasticity [4] [6].

The onset of menopause varies between 40 - 50 years with a mean age of 51.4 years [7] [8]. Of the meno-
pausal symptoms, the most common ones are the vasomotor symptoms (VMS) i.e. hot flushes and night sweats
[9]-[11] and these are the symptoms for which women seek treatment most often during menopause [12]. Up to
80% of women experience the classic menopausal VMS [13], and even higher in perimenopausal women
[14]-[16]. These symptoms which are capable of disrupting a woman’s overall quality of life [17] [18], have
been linked to several risk factors such as age, race/ethnicity, education and social class, alcohol use, low estro-
gen levels, menopausal status, use of hormone replacement therapy, chronic disease status, perceived stress,
poor consumption of dairy products, physical activity and BMI [19]-[25].

Weight gain and change in overall body shape are a foremost menopausal symptom with about 90% of
menopausal women gaining some weight in their middle-age (35 - 55 years). Again this commences during pe-
rimenopause—the transition years preceding menopause marked with significant hormonal fluctuation. Ageing
and life style factors are also implicated [26].

A positive relationship exists between high BMI (increased adiposity) and endogenous estrogen levels. It has
been reported that women with high BMI have higher estrogen levels compared to women with low BMI. This
is attributed to the increased peripheral aromatization of estrone and conversion of androgens to estrogens by
adipocytes [27]-[31]. Hence, weight gain could be protective against menopausal symptoms since the severity of
the VMS is associated with a decline in estrogen levels [27] [32] [33]. This hypothesis was true among post-
menopausal women but there are suggestions that these associations may differ among perimenopausal women
[19].

Antithetical to the above assertions, more reports have shown that increased BMI is a potential risk factor for
menopausal VMS. High BMI (overweight and obesity) is positively associated with an increased risk of hot
flushes among women in the menopausal transition stage [18] [34]-[36] as women with normal BMI reported
better health related quality of life and less hot flushes and night sweats than heavier women [37]. For instance,
den Tonkelaar et al. [34] showed that women with a BMI > 25 kg/m? were approximately 2 times more likely to
experience VMS compared to those with a BMI < 22 kg/m?. Gallicchio et al. [19] and Schilling et al. [38],
found a significantly lower estrogen level in obese women (BMI > 35 kg/m® and > 30 kg/m?, respectively)
compared with their normal weight counterparts (BMI < 25 kg/m?) in midlife and hence, a greater risk of ex-
periencing any or more severe hot flushes and night sweats. This could be due to premature onset of ovarian in-
sufficiency [39]. Premenopausal obese women have lower estradiol levels and early onset of hot flushes, but
higher estradiol levels postmenopause compared to non-obese women [40]-[42]. Another mechanism involved
in the BMI associated increase in hot flushes is that overweight and obese women have more body fat with the
attendant insulation preventing heat loss and resulting in an increase in core body temperature and hence high
levels of VMS [31] [43]-[45]. Also, the thermoneutral zone of obese women tends to be narrowed predisposing
them to increased sweating [35] [46] [47]. The thermoregulatory dysfunction in obese women could also be due
to alterations in leptin levels [38] [48]. Leptin decreases the formation of estrogen from circulating androgen
precursors and causes thermodysregulation [38] [48] [49], by increasing core body temperature [50]. Serum
leptin levels are increased in obese middle-age women and are associated with the occurrence and duration of
hot flushes.

Other explanations are that obesity is linked to hot flushes through a decrease in androstendione, dehydroxye-
piandrosterone sulphate (DHEA-S) [23], estradiol, estrone, progesterone [19] [38] and sex hormone binding
globulin (SHBG) [23] [38].

Given the contrasting views regarding the relationship between body weight/BMI and menopausal sweating,
it is pertinent to further investigate this association in women across various reproductive or menopausal stages.
Therefore, we sought to examine the relationship between body mass index (BMI), sweat rate (SR) and sweat
volume (SV) in premenopausal (pre-), perimenopausal (peri-) and postmenopausal (post-) women during a
moderate exercise. We hypothesize that increased BMI/weight gain is related to increase menopausal sweating
which could be more pronounced during the perimenopausal transition stage.
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2. Materials and Methods
2.1. Subject Selection

Approval for this study was obtained from the University of Benin ethical committee. An informed consent was
obtained from each participant prior to recruitment. Based on their ages and menstrual cycle history, thirty
healthy women were divided into three groups: premenopausal (n = 10), perimenopausal (n = 10) and post-
menopausal (n = 10). Women with age > 50 years who had not menstruated for more than 12 months were clas-
sified as postmenopausal; women between the ages of 40 - 50 years with regular or fluctuating menstrual cycles
were placed in the perimenopausal group; while those between the ages of 18 - 39 years with regular menstrual
cycles were grouped as premenopausal. None of these women was a competitive athlete nor involved in any
regular exercise prior to the experiment. Pregnant women, contraceptive users, hormone therapy users, smokers,
diabetics, hypertensives and musculoskeletal disease patients were excluded.

All experimental procedures were conducted in the early hours of the day (8 - 10 am). This was done to re-
cruit participants in their basal body temperature and hydration status. They had no prior knowledge of the level
of exercise they were to undergo and were instructed not to engage in any form of physical exercise on the
morning of the experiment. This was in order to standardize their prehydration status. In our previous study, the
thirst perception ratings of all participants were reported [51].

2.2. Experimental Procedure

Participants were allowed to acclimatize to the laboratory conditions for about 30 minutes. During this period
their medical and menstrual histories were obtained for subject recruitment. Height and body weight were
measured with the aid of a meter rule and digital weighing scale respectively. From these parameters, the BMI
of each participant was calculated with the formula [52]:

WT, kg

BMI = >
HT, m

Participants’ peripheral body temperature was measured from the axilla using mercuryin glass thermometer
before the exercise, while the room temperature was obtained using a white wall 215 mm thermometer. Blood
pressures and pulse rate were also measured.

2.3. Exercise Protocol

A suitable and convenient moderate exercise protocol was designed for the study. Participants underwent a 15
minute walk on a treadmill calibrated with the Bruce Treadmill protocol [53] at a constant speed of 4.2 km/h at
27°C. This design was also used in our previous studies [51].

2.4. Sweat Collection

Sweat was collected with a sweat suction apparatus around a confined area of 120 cm? outlined on the skin of
the face and neck of the participants during the exercise [54]. The volume of sweat collected (SV) was measured
and the rate of sweat secretion (SR) calculated using the formula [55]-[57]:

_volume of sweat collected
exercise time

SR

The samples were then stored in a collection bottle at —4°C.

2.5. Data Analysis

Data were analysed using Graphpad Prism 5 statistics software. The student’s t-test and one way ANOVA were
performed to determine differences in skin temperature, SR, SV and BMI. Possible correlations between BMI,
SR and SV were determined by linear regression plots and correlation. p-values < 0.05 were deemed statistically

significant.
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3. Results

As expected the peri- and postmenopausal women had a significantly higher BMI (p < 0.05) compared to the
premenopausal women (Figure 1).

As reported in our previous study [51], the perimenopausal women exhibited a statistically significant higher
SR than women in the other groups (p < 0.05). However, there was no statistically significant difference in the
SV between the groups, even though the postmenopausal women had the lowest values.

Linear regression plots revealed a statistically significant and positive correlation between BMI, SR and SV
as shown in Figure 2(a) and Figure 2(b), respectively. SR and SV are interdependent, hence a perfect correla-
tion between both (not shown).These data show that there is a concomitant increase in SR and SV with an in-
crease in BMI with other confounding factors closely regulated. In addition, the peri- and postmenopausal
women also reported history of discomforting hot flushes and night sweats which had necessitated previous vis-
its to the hospital and some lifestyle modifications.

4. Discussion

The relationship between BMI and menopausal VMS has been investigated by several researchers. The hy-
pothesis that high BMI is positively associated with the occurrence and severity of hot flushes and night sweats
in midlife women has dominated the arguments [19] [20] [23] [35] [58] [59].

In this study, the relationship between BMI, SR and SV in young women (premenopausal) and middle-age
women (peri and postmenopausal) (Table 1) was examined. As expected the older (peri and postmenopausal)
women had a significantly higher BMI compared with the younger women. BMI increases with age [60]-[64].

Although the differences in SV between the groups were not statistically significant, we observed that the rate
of sweat secretion was significantly higher in the perimenopausal women. This observation was also reported in
our previous study [51], indicating that this transition stage is crucial in a woman’s life. Around this period, it
has also been shown that the VMS are more frequent and tend to reach peak values [13] [15] [16] [65] [66].
Women within this stage of menopause have been identified to be at a higher risk of experiencing hot flushes
[21]. Though these symptoms may subside [67] [68], which may account for the low SR and SV recorded by the
postmenopausal women in our study, some women contend with them for the rest of their lives [66] [69]. The
lower SR observed in the postmenopausal women could also be due to dehydration prior to exercise as older
people are more prone to dehydration and decreased thirst sensation [70]-[72].

Although the BMI of our study participants ranged from normal to overweight, a significant and positive cor-
relation was observed between BMI and the rate and volume of sweat secreted. Studies involving obese women
(i.e. BMI > 30 kg/m?), could reveal a better correlation. Increase in BMI was identified as a risk factor for in-
creased menopausal sweating especially during perimenopause. This is also supported by reports of increased
heat (hot flushes) and discomforting night sweats gathered from these women. This confirms existing reports
that overweight and obese middle-age women stand a greater chance of experiencing hot flushes and night
sweats compared to normal weight women [18] [24] [31] [36] [59] [73] [74]. These studies were cross sectional
[31] [75], longitudinal [45] as well as case control in nature.

Changes in body weight are linked to the occurrence and frequency of VMS as weight gain increases the se-
verity of menopausal sweating and weight loss decreases it [20] [24] [76] [77]. Many explanations ranging from
the insulator action of adipose tissue, hormonal disequilibrium, narrow thermoneutral zone and high leptin and
TNF—a concentration, have been postulated.

None of our study participants was a trained athlete nor involved in any regular physical exercise. This could

Table 1. Participants’ anthropometric data.

Subjects Age, years Peripheral body temperature (before exercise), °C
Pre- (n = 10) 225+0.8 36.9+0.2
Peri- (n = 10) 465+1.1 36.2+0.1
Post- (n = 10) 52.2+09 36.2+0.2

Participants’ age and peripheral body temperature measured prior to the exercise represented as mean + SEM. The body temperature values were
within the normal range, a prerequisite for comparison of rate and amount of sweat produced during the exercise. Pre-: Premenopausal; Peri-: Peri-

menopausal; Post-: Postmenopausal.
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Figure 1. Differences in BMI between the groups.
The BMI values of the pre- and postmenopausal wo-
men were similar but significantly higher than that of
their premenopausal counterparts. p < 0.05 statisti-
cally significant. The error bars represent the stan-
dard error of the mean (SEM).
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Figure 2. Relationship between BMI and (a) Sweat
rate (p < 0.05, r = 0.394, Y = 29.01x + 24.35), (b)
Sweat volume (p < 0.01, r = 0.537, Y = 2.536x +
23.39). Increased sweat rate and volume of sweat
produced were associated with high BMI.

also be a contributory factor to our findings. Interestingly, regular physical exercise reduces the risk of not just
general symptoms as reported by McAndrew et al. [78], but particularly the frequency of psychological and
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VMS. Sedentary women report more psychological and VMS than physically active women [24], and such ac-
tive women with severe VMS are fewer than sedentary women [79]. This is because habitual physical exercise
stabilizes thermoregulation leading to diminished vasodilatation and sweating [80]. This is achieved through the
release of S-endorphin (opiods) in the hypothalamus or through a decrease in calcitonin gene-related peptide
(CGRP). Opiods in the CNS inhibit the synthesis and release of peripheral CGRP [81].

Despite the promising observations recorded in this present study, one weakness identified is our inability to
design the exercise protocol in relation to the maximum oxygen consumed or aerobic capacity (VO, max) of
each participant. The work load may have been higher for the postmenopausal women considering their age and
perhaps a lower aerobic capacity compared to their younger counterparts. Though the Bruce protocol varies
speed, participants were subjected to a constant speed on the treadmill in order to maintain the same treatment
for each subject. This may have affected the results obtained. Also, there could be the limitation of using one re-
gion to represent the whole body sweating. Exploring a combination of other body sites and post-exercise
sweating could be outstanding.

5. Conclusions

During menopause, the frequency of hot flushes, night sweats and other VMS tends to increase as BMI increases.
There is a linear relationship between BMI and rate and amount of sweat secreted during menopause. BMI in-
creases with age. Increase in body weight and sweating (VMS) are critical symptoms of menopause reaching
significant (highest) levels at perimenopause. These symptoms may remain throughout the woman’s lifetime.

Our findings support the conclusion that increased menopausal sweating is associated with weight gain/high
BMI especially during the perimenopausal transition period.
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