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Abstract

Postmenopausal women often experience hormonal changes and shifts in fat composition,
affecting weight gain and obesity. Understanding the link between hormones, especially
estrogen and leptin, is key to managing weight and lowering disease risk in menopausal
women. The aim of this study was to compare the levels of leptin and estrone in
menopausal women with normal weight and obesity. A cross-sectional study was
conducted on menopausal women, either normal body mass index (BMI) or obese, at H.
Adam Malik General Hospital, Medan, Indonesia. Blood samples were collected to
measure leptin and estrone levels using the enzyme-linked immunosorbent assay (ELISA)
method. The differences in leptin levels between groups were analyzed using the Wilcoxon
test, while the correlation between BMI and leptin was examined using the Pearson
correlation test. The disparity in estrone levels in both groups was analyzed using the
Mann-Whitney test and the correlations between variables were assessed using the
Spearman or Pearson correlation tests as appropriate. The mean leptin levels in normal
BMI and obesity groups were 17.73+4.96 and 25.46+12.95 ng/mL, respectively, and were
statistically different (p=0.006). The mean estrone levels in menopausal women with
normal BMI and obesity were 943.23+391.79 and 851.38+282.23 ng/mol, respectively
and were not statistically different (p=0.564). A significant positive correlation was found
between BMI and leptin level (r=0.59; p<0.001), while BMI and estrone were not
significantly correlated (r=0.083; p=0.559). In conclusion, leptin level was significantly
different between BMI groups and had a strong positive correlation with BMI. This finding
could be an important insight in body weight management and disease risk prevention in
menopausal women.
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Introduction

M enopause, as defined by the World Health Organization (WHO), refers to the permanent
cessation of the menstrual cycle in women who have previously experienced monthly
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menstruation, with amenorrhea occurring consistently for the last 12 months and not attributable
to a pathological condition [1-3]. Menopausal women experience shifts in muscle mass and
estrogen levels due to follicle loss, leading to a decrease in ovarian estrogen secretion and
dominance of estrone from theca cells and adrenal androgens [4]. These changes increase
susceptibility to obesity compared to premenopausal women, as the disappearance of the
menstrual cycle alters calorie intake and lowers metabolism, often resulting in weight gain [4].
Menopausal symptoms significantly affect women's quality of life and are influenced by various
risk factors, including body mass index (BMI), nutritional status, and knowledge. The
relationship between BMI and menopausal symptoms yields varied outcomes. A study suggests
that advanced age contributes to increased obesity rates, persisting into later stages of life, such
as at 60 years of age [3].

According to WHO report, post-menopausal women have a higher prevalence of obesity
compared to the general female population, and overweight and obesity are significantly
associated with increased risk of morbidity and mortality [5]. The WHO also reported that obesity
affects over 10% of the world adult population, with nearly 300 million cases reported among
women alone [5]. Based on the result of Indonesian Riset Kesehatan Dasar (Riskesdas) 2018,
from 2007 to 2018, there was an increase in the prevalence of overweight (from 8.6% to 13.6%)
and obesity (from 10.5% to 21.8) [6]. The prevalence is slightly higher among adult women
compared to other groups in the country, with approximately 15.1% classified as overweight and
29.3% falling into the obese category [7].

The longitudinal relationship between leptin and the development of menopause has
previously been investigated in several studies, showing that body adiposity is a major contributor
to leptin levels [8-11]. Leptin has a central role in energy homeostasis and high leptin level
(hyperleptinemia) is found in obese patients, where leptin concentrations are strongly correlated
with BMI and body fat percentage [8]. Increased obesity in postmenopausal women increases
leptin, contributing to insulin resistance [12].

Contrasting estrone and estradiol provides insight into postmenopausal estrogen
production. Estrone partly arises from androstenedione conversion, while estradiol may derive
from estrone conversion. It is suggested that androstenedione aromatization to estrone is
associated with body weight, especially excess fat, in postmenopausal women [8]. Therefore, the
aim of this study was to compare the leptin and estrone levels in menopausal women with normal
BMI and obesity.

Methods

Study design and patients

A cross-sectional study was conducted on menopausal women at H. Adam Malik General
Hospital, Medan, Indonesia, in August 2023. Non-probability sampling was employed along with
the consecutive sampling strategy. The minimum sample size of 26 was determined for each
group (normal and obese). This study included menopausal women (spontaneous cessation of
menstruation for at least 12 consecutive months) with either a normal body mass index (BMI:
18.5—-22.9 kg/m2) or obese (BMI: >25 kg/mz2). Patients should not have any history of
cardiovascular disease, chronic kidney disease, hepatitis, malignancy, diabetes mellitus,
hypothyroidism, hyperthyroidism, autoimmune disease, insulin or corticosteroid uses, ongoing
hormonal therapy, oophorectomy, or hysterectomy. Patients who withdrew and those with
damaged blood samples were excluded from the study.

Data collection

Anamnesis was carried out on the patients to obtain the patient’s characteristic data, such as age,
parity, and duration of menopause. Anthropometric measurements (weight and height) and
blood samples were performed individually by doctors and laboratory officers at the patient’s
house or workplace. A total of 6 mL of blood was drawn from the median cubital vein and the
blood sample was then divided in half and put into two tubes to measure leptin and estrone levels.
Leptin and estrone level examination employed the enzyme-linked immunosorbent assay
(ELISA) method conducted at H. Adam Malik General Hospital, Medan, Indonesia.
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Statistical analysis

Data were analyzed descriptively to display the frequency distribution of the patient’s
characteristics. Differences in leptin and estrone levels between the two groups (normal and
obese) were assessed using the independent t-test for normally distributed data or the Mann-
Whitney test for non-normally distributed data. Correlation analysis between leptin and estrone
levels in the normal and obese groups involved using the Pearson test for normally distributed
data and the Spearman test for non-normally distributed data. A p-value of <0.05 was considered
statistically significant. All statistical analyses were performed on SPSS version 25 (SPSS Inc.,
Chicago, USA).

Results

Characteristics of the patients

A total of 52 menopausal women (26 normal and 26 obese) were included in the study, as
presented in Table 1. The average age of the women was 57 years old (Table 1). Among the
groups, the majority had a menopause duration of less than five years and were multiparous. The
BMI of the normal and obese groups were 21.99+1.22 and 28.78+3.36 kg/m2, respectively. No
significant differences were observed among the characteristics (p>0.05).

Table 1. Characteristics of menopausal women

Characteristics Menopausal women p-value
Normal Obese
Age (mean+SD) 57.46+7.14 54.53+3.82 0.127
Duration of menopause 0.212
<5 years 10 (43.5%) 13 (56.5%)
5—10 years 11 (47.8%) 12 (52.2%)
>10 years 5(83.3%) 1(16.7%)
Parity 0.353
Nulliparous o0 (0%) 1 (100%)
Primiparous 3 (75%) 1(25%)
Multiparous 16 (44.4%) 20 (55.6%)
Grand multiparous 7 (63.6%) 4 (36.4%)
Body mass index (BMI) (mean+SD), kg/m?2 21.99+1.22 28.78+3.36 0.392

Comparison of leptin and estrone levels between normal and obese menopausal
women

The normal group had a mean leptin level of 17.73+4.96 ng/mL, which was significantly lower
than the mean of 25.46+12.95 ng/mL observed in the obesity group (p=0.006). However, estrone
levels did not significantly differ between the two groups, with the mean values reported in the
normal and obese groups being 943.23+391.79 ng/mol and 851.38+282.23 ng/mol (p=0.564),
respectively (Table 2).

Table 2. Comparison of leptin and estrone levels between study groups

Group Leptin serum (ng/mL) p-value _Estrone serum (ng/mol) p-value
Mean+SD Mean+SD

Normal 17.734£4.96 0.0062  043.23+391.79 0.564>

Obese 25.46+12.95 851.38+282.23

a Analyzed with independent Student t-test
b Analyzed with Mann-Whitney test

Correlation between leptin and estrone levels with normal BMI and obesity in
menopausal women

The analysis revealed a moderate positive correlation between leptin and BMI, which was
statistically significant (p<0.05). Additionally, there was a very weak positive correlation between
estrone levels and BMI; however, this relationship was not statistically significant (Table 3).
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Table 3. Correlation between BMI with leptin and estrone levels

Variable Leptin serum (ng/mL) Estrone serum (ng/mlL)
r p-value r p-value
Body mass index (BMI) 0.590 <0.0012 0.083 0.559P

a Analyzed with Pearson test
b Analyzed with Spearman test

Leptin and estrone levels based on the duration of menopause

The group with a menopause period of more than 10 years exhibited the lowest mean leptin levels
(18.17+3.87), while the highest levels were observed in the 5-10 years group (22.74+11.67).
Meanwhile, the average estrone levels were based on the length of menopause. The lowest estrone
levels were in the group with a menopause duration of 5-10 years and the highest were in the
group with a menopause duration of less than five years (931.00+416.67). However, the duration
of menopause did not have any significant impact on the difference between leptin and estrone
levels (p>0.05) (Table 4).

Table 4. Mean of leptin and estrone levels based on duration of menopause

Duration of menopause Leptin (ng/mL) p-value Estrone (ng/mol) p-value

<5 years 21.35+10.48 0.637 931.00+416.67 0.749

5—10 years 22.74+11.67 856.26+291.74

>10 years 18.17+3.87 925.50+188.17
Discussion

Our study revealed that the mean leptin levels in menopausal women with normal BMI
(17.73+4.96 ng/mL) was significantly lower compared to the menopausal women with obese BMI
(25.46+12.95 ng/mL). This aligns with a previous study that found a notable distinction in leptin
levels between normal and abnormal BMI groups (p<0.0001), with higher levels observed in the
obese group compared to the non-obese, thereby establishing a significant association between
leptin levels and obesity [10]. The result was also similar to a study that found the levels of leptin
and free leptin had a significant relationship with body weight, and the leptin levels were different
between obese and the non-obese groups [11]. However, a study on postmenopausal women with
osteoporosis showed that plasma leptin levels were correlated with BMI in both the control and
patient groups, but the mean plasma leptin concentration in both groups was not significantly
different [14]. Leptin secretion is directly proportional to the amount of body fat and it is
synthesized as a marker of adequate energy production. Leptin will act on the
infundibulum/arcuate nucleus by modulating the expression of various anorexigenic
neuropeptides such as pro-opiomelanocortin and cocaine- and amphetamine-regulated
transcript (CART) and binding to soluble leptin receptor (sOBR) to maintain bioavailability and
reduce its concentration [8]. The sOBR plays an important role in optimizing leptin function and
has been known to be associated with adiposity and obesity [8]. This is due to the proportional
distribution of subcutaneous fat [8]. While leptin decreases appetite and body weight, the
paradoxical relationship of obesity will lead to leptin resistance. Post-menopause hormonal
activity is believed to have an effect on leptin resistance as part of the aging process, affecting
energy homeostasis in the hypothalamus, which is mediated by various neurons such as
orexigenic agouti-related peptide (AgRP), neuropeptide Y (NPY), and anorexigenic pro-
opiomelanocortin as well as the long isoform of the leptin receptor (LERP-B) [13,15]. Apart from
that, a sedentary lifestyle can also increase the incidence of obesity [16].

This present study found no significant differences in serum estrone levels between normal
and obese groups. The findings are supported by a different study that reported there was no
significant correlation between estrone and BMI in patients receiving letrozole therapy [17].
Letrozole, an aromatase inhibitor, is utilized to treat estrogen receptor-positive breast cancer in
postmenopausal women. However, in cases of obesity or metabolic syndrome, standard doses of
letrozole (2.5 mg/day) may not effectively suppress estradiol and estrone due to increased levels
of free estrogen from peripheral aromatization of fatty tissue, highlighting the potential
limitations of aromatase inhibitors in patients with excessive BMI [17]. Our study result differ
from those of Silva et al. [18] and Oh et al. [19], which showed that increasing BMI had a
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significant correlation with estrone. Our data indicated that the estrone level was higher in the
obese group, although it was not correlated with BMI. This may be due to estrone's ability to act
as a compensatory mechanism to protect organ systems that cause metabolic changes [18,19].
Following menopause, when the ovaries stop producing estrogen, adipose tissue becomes the
primary site for estrogen synthesis through aromatization, converting androstenedione into
estradiol and estrone [20]. Consequently, the correlation between BMI and the levels of
circulating total estradiol and free estradiol in postmenopausal women can be attributed to the
higher fat mass, which promotes increased estrogen production. Estrone continues to be
produced through peripheral aromatization, while the levels of estradiol, typically produced by
the ovaries, decline [21,22].

This study revealed that the highest mean of leptin levels was observed in women with a
menopause duration of 5-10 years. However, the duration of menopause did not have any
significant impact on the difference between leptin and estrone levels. A study examining the
correlation between menopausal symptoms with ghrelin and adipokines in women categorized as
early post-menopause (<10 years since menopause) and late post-menopause (>10 years since
menopause) found no association between adipokine levels (leptin, adiponectin, and resistin) and
menopause duration [23]. The study divided leptin levels into three groups (9.7-16 ng/mL, 17—
26.5 ng/mL, and >26.5 ng/mL) and revealed no significant relationship with the duration of
menopause (<10 years, p=0.33; >10 years, p=0.35) [23]. Another study also showed that serum
leptin levels were not related to estradiol and estrone levels [24]. Leptin plays a role in improving
menopausal symptoms by causing changes in the brain's appetite and energy expenditure.
Elevated leptin levels also have a role in increasing core body temperature and the symptoms of
hot flashes in post-menopausal women worsen as a result of this rise in temperature [25].

Based on menopause duration, we found that the mean estrone levels were 931.00+416.67
ng/mol for under five years, 856.26+291.74 ng/mol for 5—10 years, and 925.50+188.17 ng/mol
for over 10 years. Although there is no previous study similar to these findings, a study in 2021
analyzed estrogen (estradiol) levels based on menopause duration [26]. The study found that the
median estradiol level in the early menopause group (less than six years of menopause) was 46.0
pg/mL, whereas in the late menopause group (more than 10 years of menopause), it was 45.0
pg/mL and there was no significant difference between the groups [26]. Menopause is associated
with various hormonal changes, most notably a decrease in circulating estrogen levels. This
decline leads to several physiological changes, such as genital atrophy, loss of urogenital tissue
support, and bone loss [27,28]. However, while estradiol levels produced by the ovaries decrease,
estrone production continues through peripheral aromatization [21,22].

Conclusion

Our study found that BMI was associated with the levels of leptin and estrone in menopausal
women. Future research should explore additional factors that may contribute to obesity in
menopausal women to help identify prevention and treatment strategies and reduce the impact
of obesity-related morbidity and mortality.
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Underlying data

Data derived to support the conclusions of this study can be obtained by contacting the
corresponding author upon request.
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