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Evaluation of the relations between reproduction-related pituitary
and ovarian hormones and abdominal fat area-related variables
determined with computed tomography in overweight or obese
women who have undergone bariatric surgery: a cross-sectional
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Background: An understanding of the associations between midregion fat depots and systemic hormone
levels will be crucial for developing health-promotion messages aimed at overweight or obese women.
However, related research in this area is rare. The present study was performed to identify and quantify fat-
related reproduction pituitary and ovarian hormones in overweight or obese women.

Methods: A total of 250 eligible overweight or obese women scheduled to undergo laparoscopic sleeve
gastrectomy (LSG) from a single center were retrospectively included in this study. Computed tomography
(CT) images at the level of the umbilicus were selected, and abdominal fat areas were measured and
calculated. The reproduction-related pituitary and ovarian hormones were also measured. The correlations
among the parameters were examined using Spearman correlation test. Multiple linear regression analysis
was performed after log and p-transformation of the hormone levels and fat area-related variables.

Results: Positive correlations were detected for prolactin (PRL) with total fat area (TFA) [B=0.045;
P=0.029; 95% confidence interval (CI): 0.004-0.085] and subcutaneous fat area (SFA) (=0.066; P=0.023;
95% CI: 0.009-0.123), whereas estradiol showed a negative correlation with visceral fat area (VFA) (=-0.056,
P=0.005; 95% CI: -0.096 to —0.017) and relative VFA (rVFA) (=-0.068; P=0.001; 95% CI: -0.109 to
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-0.027) and a positive correlation with SFA ($=0.036; P=0.042; 95% CI: 0.001-0.071). Progesterone (PROG)
was negatively correlated with both VFA (=-0.037; P=0.002; 95% CI: -0.061 to -0.013) and rVFA (B=-0.039;
P=0.002; 95% CI: -0.063 to -0.014). The final results revealed that TFA was increased by 3.1% and SFA was
increased by 4.7% with a doubling of PRL concentration; VFA was reduced by 2.5% and rVFA was reduced
by 2.6% with a doubling of PROG concentration; and VFA was reduced by 3.8%, rVFA was reduced by 4.6%,

and SFA was increased by 2.5% with a doubling of estradiol concentration.

Conclusions: There exist certain associations between some reproduction-related pituitary and ovarian

hormones and fat areas. Our findings provide new insights into the associations between midregion fat

depots and systemic hormone levels in overweight or obese women.
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Introduction

A rise in the prevalence of individuals who are overweight
or obese is a major public health problem around the world
(1,2). Obesity is associated with a number of adverse health
conditions, including metabolic syndrome, type II diabetes,
and cancer (2,3). Recent studies have shown that obesity has
both population-specific and sex-specific effects (4,5). In
general, women tend to have greater hormonal fluctuations
and effects. This is manifested as body composition and fat
distribution varying with hormone concentration. Follicle-
stimulating hormone (FSH) stimulates the growth and
development of ovarian follicles in females, and it is released
by the gonadotropes in the anterior pituitary gland. FSH
levels increase due to decreased negative feedback from
estrogen and inhibin during menopause. Some researchers
have reported that older postmenopausal women with
higher FSH levels have a lower weight, lower visceral
adipose tissue (VAT), and lower fat mass independent of
estradiol (E2) and testosterone (TEST) levels (6). Prolactin
(PRL) is primarily secreted by the lactotroph cells in the
anterior pituitary gland and stimulates milk production.
It also plays a role in breast development and fertility
regulation. A study showed that spontaneous PRL release
was considerably enhanced in obese women in proportion
to the size of their visceral fat mass (7). Estrogens act
synergistically with adipose tissue (AT) genes to increase
gluteofemoral subcutaneous AT (SAT) mass and decrease
central AT mass in reproductive-age women (8). These
data demonstrate the important role of hormones in
regulating the distribution pattern of accumulated fat. The
variations of fat distribution in females have been found
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to be associated with specific physical and physiological
challenges in overweight or obese women (9,10). Estrogen
is effective in modulating lipogenesis, which may be
related to the expression of estrogen in AT and monocyte
infiltration and macrophage activity induced by estrogen, as
revealed by 2 animal studies (11,12). Obesity affects ovarian
function through several pathways (13), which can lead to
a cascade of abnormal conditions such as polycystic ovary
syndrome (PCOS), low menstruation, or amenorrhea (14).
However, the specific mechanisms underlying these
sex-specific effects have yet to be elucidated. Leptin,
which is secreted by AT, may be involved in maintaining
normal ovarian function (15). These findings illustrate
the complex interactions of AT and hormones across
diverse populations. However, there have been few reports
providing quantitative clinical data on this topic. Previous
studies on obesity have shown that fat distribution provides
a better definition of obesity than does body mass index
(BMI) (4,5). AT is not homogeneous throughout the body,
and different AT depots exhibit distinct characteristics that
influence their functional roles and their impact on health.
SAT is generally considered to be a metabolically benign
depot, as it releases fatty acids slowly and is less prone
to insulin resistance and inflammation than is VAT (16).
VAT is considered to be a metabolically active and harmful
depot, as it releases fatty acids rapidly and promotes
insulin resistance, inflammation, and other metabolic
disturbances (16). Computed tomography (CT) is
considered the gold standard for measuring body
composition and fat distribution by virtue of its high
accuracy and reproducibility (5,17,18). Therefore, we
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conducted CT-based abdominal fat measurements in
overweight or obese women undergoing laparoscopic
sleeve gastrectomy (LSG) to determine the correlations
between AT and reproductive-related pituitary and ovarian
hormones. The results of this study represent initial
clinical data for understanding the underlying mechanisms
of the population-specific and sex-specific effects of fat.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-1283/rc).

Methods

This retrospective, single-center cross-sectional study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013) and was approved by the Ethics Committee
of Yantai Yuhuangding Hospital (No. 2021-398). Individual

consent for this retrospective analysis was waived.

Patients

Abdominal CT images were analyzed from the picture
archiving and communication system (PACS) of Yantai
Yuhuangding Hospital between January 2018 and July
2021. Overweight/obese women (BMI >25 kg/m’) who
underwent LSG were screened for inclusion in the study.
The hormone dataset that we analyzed were collected
during the late follicular phase (239 sets out of 250
total sets; 3-7 days after cessation of menstruation), and
a portion of the hormone data were collected at any
time in the menstrual cycle in perimenopausal women
(11 sets out of 250 total sets). Perimenopause refers to the
period of a woman’s life characterized by physiological
changes associated with the end of reproductive capacity,
terminating with the completion of menopause (19). An
electrochemiluminescence immunoassay (Elecsys 2010,
Roche Diagnostics, Basel, Switzerland) was used to
analyze the serum hormone concentrations of the enrolled
patients. The lower detection limit (specificity) of Roche
analyzer (cobas e601) for hormone concentration was as
follows: antimullerian hormone (AMH) =0.01 ng/mL,
PRL =1 mIU/L, follicle-stimulating hormone (FSH)
=0.1 mIU/mL, luteinizing hormone (LH) =0.1 mIU/mL,
TEST =0.087 nmol/L, progesterone (PROG) =0.159 nmol/L,
E2 =18.4 pmol/L. The exclusion criteria were a lack of
available preoperative CT images free of artifacts; any
congenital defects, endocrine diseases (metabolic syndrome,
type 1I diabetes, hyperprolactinemia, infertility, or insulin
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resistance status), or tumors; long-term medication (e.g., all
any-time contraceptive/hormone replacement therapy users
or current users); individuals with a history of drinking; and
significant recent weight changes (more than 3% change
in body weight over the previous 3 months). Based on
the above criteria, 250 female obese or overweight (BMI
>25 kg/m?) patients (Chinese Han women) were
retrospectively enrolled in this study (Figure 1). The data
collected for each participant included age, height, weight,
BMI, waistline (the level of the umbilicus), hipline (the
maximum circumference over the buttocks), and waist: hip
ratio; the measured hormones were AMH, PRL, FSH, LH,
TEST, PROG, and E2 (Table I).

Fat measurement and calculation

Preoperative abdominal CT images were extracted and
subsequently imported into Image]J 1.51 software (National
Institutes of Health, Bethesda, MD, USA) for analysis and
measurement (Figure 2). The images at the level of the
umbilicus were selected as the most representative of body
fat mass according to a previous report (20). First, we drew
a complete continuous line along the abdominal wall. Fat
regions inside and outside of this line were classified as a
subcutaneous fat area (SFA) or a visceral fat area (VFA),
respectively, according to standard Hounsfield unit (HU)
threshold ranges (-150 to -50). The SFA and VFA were
then summed to determine the total fat area (TFA). Relative
VFA (rVFA) was calculated by the following formula: rVFA
= (VFA/TFA) x100%. All measurements and calculations
were conducted in a blinded manner by 2 well-trained
radiologists (radiologist 1: 14 years of diagnostic radiology
experience; radiologist 2: 16 years of diagnostic radiology
experience). Within-group correlation coefficients were
calculated separately for abdominal fat area-related variables
to evaluate the reliability of the values measured by the
2 radiologists.

Statistical analysis

The Shapiro-Wilk test was used to test the normality of
the data distribution, where P>0.05 was taken to indicate a
normal distribution. For continuous variables, data with a
normal distribution are presented as the mean + standard
deviation (SD) or otherwise as the median with interquartile
range. The correlations among the parameters (serum
hormone levels, abdominal fat area-related variables, and
clinical characteristics) were examined using Spearman
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296 overweight/obese women who
underwent bariatric surgery

Excluded cases (n=46)
¢ Patients with unavailable preoperative CT images
(n=17)
e Patients with hyperprolactinemia (n=2), type 2

Y

\

diabetes (n=4), and tumors (n=1)
* Patients with long-term medication (n=8)
¢ Patients with a history of drinking (n=6)
® Patients with significant recent weight changes (n=8)

Eligible cases
(n=250)

A

Y

Collection of clinical
characteristics

Recording of hormone
levels

Y

Correlation analysis

Figure 1 Flowchart of patient enrollment. CT, computed tomography.

correlation coefficient. After adjusting for age and BMI,
we assessed the correlations between reproductive-related
pituitary and ovarian hormones and abdominal fat area-
related variables. Multiple linear regression analysis was
performed after log and B-transformation {{(2") - 1] x 100}
of the hormone levels and fat area-related variables.

All statistical analyses were performed using R v. 4.0.2
statistical software (R Foundation for Statistical Computing,
Vienna, Austria), and P<0.05 was taken to indicate statistical
significance.

Results

A total of 250 overweight or obese women with a mean age
of 32.480+7.490 years and a BMI of 38.508+5.187 kg/m’
were enrolled in this study. The age of the patients ranged
from 15 to 58 years. The clinical characteristics of the
participants are shown in Table 1.
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Consistency of observers

The test-retest reliability was evaluated using an intraclass
correlation coefficient (ICC). Interobserver agreement
between the 2 radiologists was high for TFA (ICC =0.997),
VFA (ICC =0.992), SFA (ICC =0.995), and rVFA (ICC
=0.991). The results indicated that the evaluations from the
2 independent radiologists were highly consistent.

Analysis of the relations between clinical characteristics
and serum reproductive-velated pituitary and ovarian
bhormones and abdominal fat area-related variables

The variables negatively correlated with age were AMH
(r=-0.442; P<0.001), PRL (r=—0.314; P<0.001), PROG
(r=-0.154; P=0.015), TEST (r=-0.357; P<0.001), TFA
(r=-0.129; P=0.042), and SFA (r=-0.205; P=0.001), while the
variables positively correlated with age were FSH (r=0.249;
P<0.001), VFA (r=0.147; P=0.02), and rVFA (r=0.272;
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Table 1 The clinical characteristics of overweight or obese women

Characteristics Values

General features, mean = SD

Age, year 32.480+7.490
Height, cm 164.772+5.263
Weight, kg 104.488+15.575
BMI, kg/m® 38.508+5.187

Waistline, cm 114.060+£12.217

Hipline, cm 122.659+10.535
Waist to hip ratio 0.929+0.073

Biological values, median (IQR)

AMH, ng/mL 3.000 (1.820-4.880)
PRL, mIU/L 272.632 (185.076-387.600)
FSH, mIU/mL 5.650 (4.110-6.830)
LH, miU/mL 6.720 (3.990-10.300)
PROG, nmol/L 0.509 (0.254-1.018)

E2, pmol/L 167.700 (111.385-275.947)
TEST, nmo/L 1.284 (0.850-1.770)
TFA, cm? 648.521 (545.175-771.505)
VFA, cm® 169.908 (137.933-203.762)
SFA, cm? 482.541 (369.509-587.087)
VFA, % 26.816 (21.401-32.356)

SD, standard deviation; BMI, body mass index; IQR,
interquartile range; TFA, total fat area; VFA, visceral fat area;
SFA, subcutaneous fat area; rVFA, relative VFA. Reference
limits (follicular phase), Electrochemiluminescence (Elecsys
2010, Roche Diagnostics, Basel, Switzerland) immunoassay.
AMH, antimullerian hormone (0.89-9.85 ng/mL); PRL, prolactin
(102.00-496.00 mlIU/L); FSH, follicle-stimulating hormone (3.50-
12.50 mlU/mL); LH, luteinizing hormone (2.40-12.60 mIU/mL);
PROG, progesterone (0.181-2.840 nmol/L); E2, estradiol (45.40-
854.00 pmol/L); TEST, testosterone (0.101-1.670 nmo/L).

P<0.001) (Figure 3). BMI was negatively associated with
PROG (r=-0.166; P=0.009) and rVFA (r=-0.295; P<0.001)
but was positively associated with TFA (r=0.757; P<0.001),
VFA (r=0.307; P<0.001), and SFA (r=0.706; P<0.001)
(Figure 3 and Table S1).
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Correlations between serum reproductive-related pituitary
and ovarian bormones and abdominal fat area-related
variables

Reproductive-related pituitary and ovarian hormones
and fat area-related variables were log-transformed for
inclusion into multiple linear regression models. VFA was
inversely correlated with PROG (r=-0.249; P<0.001) and
E2 (r=-0.229; P<0.001) and positively correlated with
FSH (r=0.137; P=0.03). rVFA was positively correlated
with FSH (r=0.133; P=0.03) and negatively correlated with
PRL (r=—0.184; P=0.004), PROG (r=—0.144; P=0.02), and
E2 (r=-0.205; P=0.001) (Figure 4). After adjustment for
age and BMI (Tuble 2), PRL was positively correlated with
both TFA (B=0.045; P=0.029) and SFA (B=0.066; P=0.023),
and PROG was negatively correlated with VFA (f=-0.037;
P=0.002) and rVFA (B=-0.039; P=0.002). E2 was negatively
correlated with both VFA (B=-0.056; P=0.005) and rVFA
(B=-0.068; P=0.001) but was positively correlated with SFA
(B=0.036; P=0.042); apart from these, no other correlations
between other fat variables and hormones remained. Finally,
p-transformation showed that TFA was increased by 3.1%
[95% confidence interval (CI): 0.311-6.044%; P=0.029] and
that SFA was increased by 4.7% (95% CI: 0.633-8.929%;
P=0.023) with doubling of PRL concentration; VFA was
reduced by 2.5% (95% CI: 0.928-4.115%; P=0.002), and
rVFA was reduced by 2.6% (95% CI: 0.956-4.287%
P=0.002) with doubling of PROG concentration; VFA was
reduced by 3.8% (95% CI: 1.184-6.407%; P=0.005), rVFA
was reduced by 4.6% (95% CI: 1.879-7.269%; P=0.001),
and SFA was increased by 2.5% (95% CI: 0.090-5.055%;
P=0.042) with doubling of E2 concentration (Zable 2).

Discussion

In this study, we examined reproduction-related pituitary
and ovarian hormones in relation to fat area-associated
variables in overweight or obese women. VFA showed a
negative relationship with PROG and E2, and SFA was
positively associated with PRL and E2. The visceral and
subcutaneous fat types exhibited wide variability in their
correlation with reproductive-related pituitary and ovarian
hormones.

The increasing prevalence of obesity has become
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Figure 2 Fat measurements on CT images. Blue area: SFA; red area: VFA; yellow line: a linear structure drawn along the abdominal skeletal
muscle. (A) CT image of a 32-year-old woman with a rVFA of 22.9% and a BMI of 48.9 kg/m’. (B) CT image of a 43-year-old woman with
a rVFA of 55.2% and a BMI of 32.0 kg/m’. CT, computed tomography; SFA, subcutaneous fat area; VFA, visceral fat area; rVFA, relative

visceral fat area; BMI, body mass index.

AMH
PRL
FSH
LH
PROG

Age

Height

Weight

BMI

Waistline

Hipline

Waist/hip

E2

TEST
TFA
VFA
SFA
FFA

1.0

0.8

0.6

0.4

0.0

-1.0

Figure 3 The correlation of general characterizations with reproductive-related pituitary and ovarian hormones and abdominal fat area-

related variables. Circles with “*” represent a significant difference (P<0.05). A blue color indicates a positive correlation, and a red color

indicates a negative correlation (the circle size indicates the absolute value of the correlation coefficient, with the color representing the

direction and degree of correlation). AMH, antimullerian hormone; PRL, prolactin; FSH, follicle-stimulating hormone; LH, luteinizing

hormone; PROG, progesterone; E2, estradiol; TEST, testosterone; TFA, total fat area; VFA, visceral fat area; SFA, subcutaneous fat area;

rVFA, relative VFA; BMI, body mass index.

a global health problem (1,2). It was found that PRL
release was enhanced in proportion to excess visceral fat
in obese women, and this may be attributable to the lack
of dopamine D2 receptor (D2R)-binding sites in their
brain, which is the main inhibitory factor for pituitary PRL

release (7). In this study, we found that PRL concentration
was positively correlated with SFA; meanwhile, VFA and
the concentration reduction of PROG and E2 also had
positive correlation coefficients. Therefore, it appears that
the possible synergistic effects between these hormones
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Figure 4 The association between reproductive-related pituitary
and ovarian hormones and abdominal fat area-related variables.
Circles with “*” represent a significant difference (P<0.05). A blue
color indicates a positive correlation, and a red color indicates a
negative correlation (the circle size indicates the absolute value of
the correlation coefficient, and the color indicates the direction
and degree of correlation). AMH, antimullerian hormone; PRL,
prolactin; FSH, follicle-stimulating hormone; LH, luteinizing
hormone; PROG, progesterone; E2, estradiol; TEST, testosterone;
TFA, total fat area; VFA, visceral fat area; SFA, subcutaneous fat
area; rVFA, relative VFA.

may be a nonnegligible contributor to fat distribution.
For females, endocrine or metabolic disorders associated
with obesity may also have adverse effects on fertility (21).
Increasing evidence suggests that the outcomes in women
are different before and after menopause (6,22). The effect
of being obesity or overweight on breast cancer incidence
differs before and after menopause (22). Other research
has shown that postmenopausal women have an increased
risk of breast cancer, and the risk is more significant among
postmenopausal women not receiving hormone therapy (22).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

An analysis of 5,373 women from China aged >40 years
suggested that the risk of visceral obesity may be higher in
postmenopausal than in premenopausal women (23). Taken
together, it is important to identify the hormones associated
with fat distribution to explore both obesity-specific
mechanisms and therapeutic interventions.

A recent multicenter study showed that increased BMI
was related to a reduction of AMH (24); however, there
have also been contradictory reports. Gorkem ez /. found
no significant differences in ovarian reserve parameters
between groups with differences in BMI (25). The impact
of obesity on ovarian reserve remains inconclusive based on
current evidence. Indeed, we did not detect any associations
between fat area-related variables and AMH in the present
study. In addition, BMI does not accurately reflect the
distribution of accumulated fat, and fat distribution has
been shown to be more predictive of obesity-related
disorders than has BMI (4,5). One study reported that
visceral fat accumulation, but not BMI, was associated with
cardiovascular disease (CVD) in individuals with type II
diabetes (26). Another study in adolescents concluded that a
high level of AT or stored fat in midadolescence is associated
with a high risk of arterial stiffness, while BMI indicates no
such predictive capability (27). The fat distribution pattern
varies across sexes, age groups, and races (28). Women
tend to accumulate more subcutaneous fat, while men store
more visceral fat. Notably, individual fat distribution varies
continuously with age throughout life (29), and BMI does
not accurately describe all of these changes. Therefore,
we examined obesity-related reproductive pituitary and
ovarian hormones using CT-based abdominal fat area
measurements. Our results provided insights into the sex-
specific effects of obesity.

As mentioned above, we found that increased VFA
was associated with decreased concentrations of E2 and
PROG in overweight or obese women. Furthermore,
these relationships persisted after adjusting for potential
confounders, such as age and BMI. Additionally, there
is also increasing evidence that obesity affects ovarian
function (13). This may be a result of ovarian inflammation
due to obesity (13). Conversely, in a study by Frank et 4l.,
estrogen was found to affect the pattern of adipocyte tissue
distribution and facilitate the accumulation of visceral
fat in menopausal women (30). In the present study, this
inverse association between visceral fat and E2/PROG
persisted even with the inclusion of all age groups. This
point is especially important for premenopausal women.
The accumulation of visceral fat will precipitate a cascade
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Table 2 The association between serum ovarian hormone levels and abdominal fat area-related variables after adjustment for age and BMI

Analysis Fat variables Parameter AMH PRL FSH LH PROG E2 TEST
Multiple linear  TFA B ~0.009 0.045 0.006 0.005 0.001 0.012 0.015
r;irl‘;zzon P 0516 0.029* 0.739 0.697 0.843 0.348 0.421
Low ~0.035 0.004 ~0.031 ~0.022 ~0.013 0013 -0.022

Up 0.018 0.085 0.044 0.033 0.016 0.036 0.052

VFA B 0.021 ~0.001 0.042 0.018 ~0.037 ~0.056 0.000

P 0.349 0.968 0.172 0.417 0.002* 0.005* 0.988

Low ~0.023 ~0.067  -0.018 ~0.026 ~0.061 ~0.096  -0.061

Up 0.064 0.064 0.102 0.063 ~0.013 ~0.017 0.060

SFA B ~0.020 0.066 0.004 0.003 0.014 0.036 0.027

P 0.307 0.023* 0.893 0.890 0.194 0.042* 0.310

Low ~0.059 0.009 ~0.057 ~0.037 -0.007 0.001 ~0.026

Up 0.019 0.123 0.050 0.042 0.035 0.071 0.080

FVFA B 0.030 ~0.046 0.036 0.013 ~0.039 _0.068  -0.016

P 0.211 0.185 0.268 0.586 0.002* 0.001* 0.623

Low ~0.017 ~0.114  -0.028 ~0.034 ~0.063 0109  -0.079

Up 0.076 0.022 0.099 0.059 ~0.014 ~0.027 0.047

B transformation TFA B ~0.608 3.138 0.441 0.379 0.104 0.819 1.062
P 0516 0.029* 0.739 0.697 0.843 0.348 0.421

Low —2.425 0.311 —2.136 1524 ~0.925 0889  -1513

Up 1.243 6.044 3.086 2.319 1.144 2.556 3.705

VFA B 1.447 ~0.091 2.946 1.281 —2.535 ~3.831 ~0.031

P 0.349 0.968 0.172 0.417 0.002* 0.005* 0.988

Low -1.570 —4511  -1264 ~1.794 —4.115 6407  —4.112

Up 4.557 4533 7.336 4.452 ~0.928 ~1.184 4.223

SFA B ~1.388 4.699 ~0.254 0.193 0.975 2543 1.917

P 0.307 0.023* 0.893 0.890 0.194 0.042* 0.310

Low ~4.007 0.633 3.885 —2.506 -0.497 0.090 -1.765

Up 1.302 8.929 3.515 2.967 2.470 5.055 5.737

FVFA B 2.068 ~3.131 2.494 0.898 —2.636 4612 -1.082

P 0.211 0.185 0.268 0.586 0.002* 0.001* 0.623

Low ~1.165 7594 1893 —2.306 —4.287 7269  -5.300

Up 5.406 1.547 7.077 4.208 ~0.956 1.879 3.324

P<0.05 is indicated by asterisk (*). The percent difference was calculated by the following formula: [(2") - 1] x 100, where p is the
coefficient from linear regression models in which both the abdominal fat area-related variables and ovarian hormone levels were natural
log-transformed. Models were adjusted for age (continuous) and BMI (continuous). BMI, body mass index; AMH, antimullerian hormone;
PRL, prolactin; FSH, follicle-stimulating hormone; LH, luteinizing hormone; PROG, progesterone; E2, estradiol; TEST, testosterone; TFA,
total fat area; VFA, visceral fat area; SFA, subcutaneous fat area; rVFA, relative VFA; low, lower 95% confidence interval; up, upper 95%
confidence interval.
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of complex endocrine changes or even infertility. One
animal experimental study showed that obesity caused by
a high-fat diet could promote the development and loss
of ovarian follicles, which could further contribute to
premature ovarian failure (POF) (31). In addition, there is
evidence that PCOS is related to VAT (32). Adipokines and
inflammatory cytokines produced by adipocytes are involved
in several physiological processes, including inflammatory
reactions (33). As mentioned above, chronic inflammation
was shown to degrade the quality of oocytes (13).
Therefore, the impact of visceral fat on fertility should
not be underestimated in women of childbearing age.
Our findings not only shed light on the relationship
between visceral fat and E2 or PROG but also quantifies
these changes. It is important to focus on the variation of
visceral fat for women desiring bariatric surgery or other
avenues to lose weight. Modest weight loss can generate a
preferential loss of VAT, but with greater weight loss, this
effect may be attenuated (34). In other words, weight loss
progression should also ensure the loss of visceral fat to
reduce inflammation (and thus create a good environment
for ovarian health). Our results could help develop more
personalized intervention strategies for overweight or obese
women. By closely observing and quantifying visceral fat
and hormone levels, it would be possible to formulate a
rational, scientific method for weight loss that also benefits
the ovaries.

Recent studies have clearly shown that there are
functional discrepancies between visceral fat and
subcutaneous fat (35). In comparison with visceral fat,
subcutaneous fat shows a poor correlation with aberrant
metabolism (35). An experimental study in mice showed that
fibroblast growth factor 21 (FGF21) can improve insulin
resistance by increasing the accumulation of subcutaneous
fat (36). Such a mechanism is likely to be relevant to
subcutaneous fat-mediated adiponectin release (36). In
addition, the is a well-known inverse relationship between
adiponectin and insulin resistance (37). In one animal
study, inflammation was less prominent in subcutaneous
fat relative to visceral fat, which may be attributable to the
increased expression of the protein inhibitor of activated
STAT 1 (PIASI) in subcutaneous fat (38). However, the
precise role of subcutaneous fat is controversial. It was also
reported that people with more subcutaneous fat do not
exhibit more dyslipidemia and inflammation (39). Although
the possible beneficial effect of subcutaneous fat remains
controversial, it is clear that its mechanisms differ from
those of visceral fat. The level of a-2A adrenergic receptors
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in subcutaneous fat could be increased by increasing
estrogen-mediated ERa, while the lipolytic response could
be suppressed by increasing o-2A adrenergic receptors (40).
These observations suggest that there may be positive
feedback between estrogen and subcutaneous fat,
speculation which was supported by findings of the present
study. Moreover, we found that FSH levels are weakly
positively correlated with VFA, meaning that as FSH levels
increase, so does the VFA. The exact mechanism behind this
correlation is not yet fully understood, but it is thought to
be related to the fact that FSH receptors are present in AT,
including visceral fat, as indicated in an animal study (41).
One theory is that FSH may stimulate adipogenesis, the
process by which new fat cells are formed, in visceral fat.
Another theory is that FSH may affect the expression of
genes involved in lipid metabolism, leading to an increase in
visceral fat accumulation in women during menopause (42).
Nevertheless, the correlation between FSH and visceral fat
is weak. We hope that the slope of the linear relationship
between AT and reproductive-related pituitary and ovarian
hormones presented will provide the basis for further
studies aimed at clarifying the mechanism behind this
association.

"This study had some limitations. First, we recruited only
overweight or obese women with available abdominal CT
images, not all women. Second, the days of the follicular
phase during which the hormones were measured were
not accurately recorded, and the results could not be fully
applied to postmenopausal women. A more standardized
approach would have involved measuring the hormone
levels at days 1-3 during the cycle, when the menstrual
cycle-related hormones are more stable. In addition, we
employed a single-center, retrospective study design, and a
center-specific effect was unavoidable. Finally, postoperative
recovery results were not analyzed because the long-term
postoperative follow-up is still underway. Overall, we
believe that this exploration of quantitative relationships is
productive for further exploring their associations.

Conclusions

The results of the present study reveal an association
between reproduction-related pituitary and ovarian
hormones and abdominal fat area-related variables, with
this relation being quantifiable to a degree. VFA is inversely
associated with PROG and E2, while SFA is positively
correlated with PRL and E2. The close monitoring of
the gradual changes in fat mass and reproduction-related
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pituitary and ovarian hormones is important for overweight
or obese women. Further research is needed to elucidate the
potential underlying mechanisms related to sex stratification
and individualized fat quantification.
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