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Association between a body shape index 2
and female infertility: a cross-sectional study
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Abstract

Background The relationship between A Body Shape Index (ABSI) and female infertility is not well understood.
ABSI, a novel anthropometric measure, is gaining recognition for its ability to more accurately capture visceral fat
characteristics than traditional metrics like BMI. This study aims to explore the association between ABSI and female
infertility, considering its potential applications in medical screening and risk assessment.

Methods This cross-sectional study analyzed data from the NHANES from 2013 to 2020. Female infertility was
assessed through reproductive health questionnaires, and ABSI was calculated using waist circumference, BMI, and
height. Weighted logistic regression models and trend tests were used to evaluate the association between ABSI and
female infertility. Restricted cubic splines (RCS) were employed to explore potential nonlinear relationships. Subgroup
analyses were conducted to examine the consistency of the association across various demographic and health-
related factors. Sensitivity analyses were also performed, including the exclusion of participants with missing covariate
data, the application of propensity score matching, and restricting the analysis to women aged 20-45 years.

Results The study included 3,718 participants, 433 of whom were diagnosed with infertility. Higher ABSI was
associated with an increased risk of female infertility (OR=1.56, 95% Cl: 1.21-2.00, P=0.001), as demonstrated by
weighted logistic regression and trend tests. Women in the highest ABSI quartile had a significantly higher prevalence
of infertility compared to those in the lowest quartile (OR=1.73,95% Cl: 1.27-2.37, P=0.001). RCS curves indicated

a linear positive relationship between ABSI and infertility risk, with a critical value at 0.079. Subgroup and sensitivity
analyses confirmed the stability of these findings.

Conclusion This study demonstrates a positive linear relationship between ABSI and the risk of female infertility.

The use of a simple, non-invasive ABSI measurement could facilitate the early identification of high-risk individuals in
large-scale screenings, potentially helping to prevent or reduce the incidence of infertility.
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Introduction

Infertility is a significant public health issue that affects
women’s health and quality of life globally, impacting
approximately 10-15% of women of reproductive age
[1, 2]. Infertility imposes substantial psychological and
emotional stress on women and has profound social and
economic implications. The etiology of infertility is mul-
tifaceted, involving genetic, environmental, lifestyle, and
metabolic factors, which create considerable challenges
for effective prevention and treatment [3]. Therefore,
identifying new and reliable markers for the prevention
and management of infertility is crucial for improving the
prognosis and quality of life for affected women.

Obesity has been shown to influence reproductive
health through various mechanisms [4]. Specifically, vis-
ceral fat is considered more detrimental to reproductive
health than subcutaneous fat [5, 6] due to its association
with metabolic syndromes such as insulin resistance,
hormonal imbalance, and immune dysfunction. These
factors collectively impact women’s reproductive health
through multiple pathways. Traditional measures like
body mass index (BMI) are commonly used to assess obe-
sity; however, they fail to accurately distinguish between
visceral and subcutaneous fat [7, 8]. Metrics such as
waist-to-hip ratio (WHR) and visceral adiposity index
(VAI) are also used to evaluate visceral fat. While these
measures address some limitations of BMI, they still have
drawbacks. For instance, WHR is not highly precise in
assessing visceral fat [9], and VAI, despite incorporat-
ing several metabolic parameters, is relatively complex
to calculate and has limited applicability in large-scale
screenings [10].

A Body Shape Index (ABSI) is a novel anthropometric
measure designed to address the limitations of traditional
obesity metrics [11]. ABSI is calculated using the for-
mula: ABSI=WC / (BMI"(2/3) * Height"(1/2)). This cal-
culation standardizes waist circumference by accounting
for height and weight, providing a more precise estimate
of abdominal obesity and visceral fat. Research has dem-
onstrated that ABSI is a robust predictor of cardiovascu-
lar disease [12, 13], diabetes [14, 15], cognitive decline
[16, 17], metabolic syndrome [18, 19], and mortality [14,
20]. By isolating the effects of central obesity from over-
all body fat, ABSI is particularly valuable in identifying
individuals at high risk for metabolic conditions that BMI
might overlook. Additionally, ABSI is straightforward
to calculate and non-invasive, making it especially suit-
able for large-scale epidemiological screenings and clini-
cal settings where rapid and accurate assessments are
required. Nevertheless, no studies to date have systemati-
cally evaluated the relationship between ABSI and female
infertility.

This study aims to utilize data from the National Health
and Nutrition Examination Survey (NHANES) from
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2013 to 2020 to assess the relationship between ABSI
and female infertility and to explore ABSI’'s potential as
an independent predictor of infertility. By investigating
this relationship, we aim to uncover the potential value
of ABSI in assessing infertility risk, aiding healthcare pro-
fessionals in better identifying and managing women at
high risk of infertility, and providing a basis for future
research on the relationship between visceral fat and
women’s reproductive health.

Methods

Survey description

NHANES is a biennial survey conducted in the United
States using a multistage probability sampling design to
ensure a nationally representative sample. Data collection
involves in-home interviews to gather demographic and
health information, along with physical examinations and
laboratory tests conducted in mobile examination centers
to collect biological samples and clinical data. This study
was approved by the Ethics Review Board of the National
Center for Health Statistics (NCHS), and informed con-
sent was obtained from all participants.

Study population

The NHANES survey from 2013 to 2020 included 44,960
participants. We excluded 22,173 male participants,
14,525 participants without infertility diagnosis data
(those who answered “Refused;, “Don’t know;, or had
“Missing” responses were excluded), 297 participants
with missing ABSI data, 2,734 participants with missing
weight data, and 1,513 participants aged over 50 or under
20. The final sample consisted of 3,718 female partici-
pants aged 2050 years (Fig. 1).

Infertility assessment

Infertility was assessed during NHANES interviews
based on the reproductive health question RHQO074:
“Have you ever tried to get pregnant for a year or longer
without success?” Participants who answered “yes” were
classified as having infertility.

ABSI assessment

In this study, ABSI was the exposure variable. ABSI is cal-
culated using BMI, waist circumference, and height. BMI
is derived by dividing weight (kg) by height squared (m?).
The formula for calculating ABSI is as follows [21, 22]:

ABSI =

Waist Circumference (m)
1
2

(BMI%) * (Heig?t(m) )
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NHANES 2013-2020
(n = 44,960)
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A4

Excluded:

Male participants (n=22,173)

NHANES 2013-2020

22,787 subjects included

A4

NHANES 2013-2020

Excluded:
Missing data infertility (n=14,525)
Missing data ABSI (n=297)
Missing weight data (n=2,734)

Age <20 or age > 50 (n=1,513)

3,718 subjects included

Fig. 1 Inclusion and exclusion criteria flowchart

Covariates

The covariates considered in this study included age
(recorded in years), poverty-income ratio (PIR), age at
menarche (recorded in vyears), infertility status (yes/
no), race (categorized as White, Mexican, Black, and
Other), alcohol use (yes/no), education level (less than
high school, high school, and above high school), smok-
ing status (yes/no), hypertension (yes/no), diabetes (yes/
no), marital status (married, never married, and sepa-
rated), and pregnancy history (yes/no). These data were
collected through standardized questionnaires and inter-
view procedures administered by NHANES. PIR was
calculated by dividing household income by the poverty
threshold, adjusted for family size [23, 24]. Smoking was
defined as having smoked at least 100 cigarettes in a life-
time, and alcohol use was defined as having consumed at
least 12 alcoholic drinks in a lifetime. Hypertension and
diabetes were determined through self-report. Detailed
information on the procedures for obtaining these
covariates is available at www.cdc.gov/nchs/nhanes/.

Statistical analysis

To ensure national representativeness, appropriate
weighting methods were applied. Baseline characteris-
tics for continuous variables were expressed as means
(standard errors), while categorical variables were pre-
sented as N (weighted percentage). Multiple imputation
was used to address missing covariate data. Weighted
logistic regression models were employed to examine the
association between ABSI and infertility, with restricted
cubic splines (RCS) used to explore potential nonlin-
ear relationships. Subgroup analyses were conducted to
evaluate the consistency of the association across vari-
ous demographic and health-related factors, including

race, education, marital status, pregnancy history, smok-
ing status, alcohol use, diabetes, and hypertension. To
assess the robustness of the relationship between ABSI
and female infertility, three sensitivity analyses were
performed. First, the association was re-evaluated using
weighted logistic regression after excluding participants
with missing covariate data. Second, propensity score
matching (PSM) with 1:1 nearest neighbor matching
was applied to further assess the significance of the asso-
ciation. Third, the analysis was restricted to participants
aged 20-45 years to examine the association within this
specific age group. Statistical significance was defined
as P<0.05, and all analyses were conducted using R
software.

Results

Characteristics of study population

This study included 3,718 participants, of whom 433
were diagnosed with female infertility. Table 1 presents
the weighted baseline characteristics of the study popula-
tion, stratified by ABSI quartiles. Participants with higher
ABSI scores tended to be older and had lower PIR. They
also experienced menarche at a later age and had a higher
prevalence of infertility. Significant racial differences
were observed across ABSI quartiles, with a greater pro-
portion of White and Mexican American women in the
highest ABSI quartile. These participants also had lower
education levels, lower rates of alcohol consumption,
higher smoking rates, and a higher prevalence of hyper-
tension and diabetes. Additionally, participants with
higher ABSI scores were more likely to be married and
have no history of pregnancy. These findings underscore
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Table 1 Weighted baseline characteristics of study participants stratified by quartiles of ABSI score
Variables Q1 (n=990) Q2 (n=961) Q3 (n=870) Q4 (n=897) Pvalue
Age 3297 (042) 34.53 (0.44) 35.48 (0.35) 36.66 (0.32) <0.001
PIR 2.83 (0.09) 2.84(0.08) 2.87 (0.09) 2.53(0.08) 0.003
Menarche 1244 (0.07) 12.68 (0.07) 12.63 (0.06) 12.65 (0.07) 0.07
Infertility <0.001
No 895 (90.70) 860 (89.58) 776 (87.20) 754 (82.45)
Yes 95 (9.30) 101 (1042) 94 (12.80) 143 (17.55)
Race <0.001
White 317 (55.33) 318(5841) 299 (59.18) 321 (59.15)
Mexican 127 (9.25) 158 (10.84) 171(12.77) 65 (1247)
Black 292 (17.91) 209 (12.98) 150 (10.04) 157 (10.00)
Other 254 (17.51) 276 (17.77) 250 (18.00) 254 (18.38)
Alcohol user 0.02
No 149 (11.85) 153 (11.13) 139(11.34) 184 (15.47)
Yes 841 (88.15) 808 (88.87) 731 (88.66) 713 (84.53)
Education <0.001
Less high school 118 (8.67) 140 (9.76) 144 (11.74) 202 (17.17)
High school 178 (18.63) 176 (17.52) 163 (18.44) 194 (22.20)
Above high School 694 (72.70) 645 (72.72) 563 (69.81) 501 (60.63)
Smoke <0.001
No 722 (71.67) 690 (69.56) 592 (64.04) 592 (60.19)
Yes 268 (28.33) 271 (30.44) 278 (35.96) 305 (39.81)
Hypertension <0.001
No 826 (86.25) 819 (87.73) 715 (85.33) 701 (78.00)
Yes 164 (13.75) 142 (12.27) 155 (14.67) 196 (22.00)
Diabetes <0.001
No 966 (98.24) 932 (97.96) 818 (94.99) 804 (91.88)
Yes 24.(1.76) 29 (2.04) 52 (5.01) 93(8.12)
Marital status <0.001
Married 509 (55.77) 557 (60.09) 550 (64.36) 565 (65.59)
Never married 353 (33.86) 275 (26.95) 214 (24.47) 200 (20.44)
Separated 128(10.37) 129 (12.96) 106 (11.17) 132(13.97)
Pregnancy <0.001
No 108 (10.01) 119 (14.25) 137 (16.73) 186 (23.36)
Yes 882 (89.99) 842 (85.75) 733 (83.27) 711 (76.64)

ABSI, a body shape index; PIR, poverty-income ratio

the substantial differences in demographic, socioeco-
nomic, and health-related variables across different ABSI
quartiles.

Association between ABSI and female infertility

We assessed the relationship between ABSI and female
infertility using weighted logistic regression (Table 2).
In the fully adjusted model (Model 3), where ABSI was
treated as a continuous variable, a significant positive
association emerged between ABSI and female infertil-
ity (OR=1.56, 95% CI: 1.21-2.00, P=0.001). This indicates
that higher ABSI is correlated with an increased risk of
infertility. Further analysis by ABSI quartiles reinforced
this finding, as the highest quartile exhibited a signifi-
cantly greater prevalence of infertility compared to the
lowest quartile (OR=1.73, 95% CI: 1.27-2.37, P=0.001).
Trend analyses also demonstrated that women with

higher ABSI had a significantly elevated risk of infertil-
ity (P<0.001). Moreover, RCS curves depicted a linear
positive relationship between ABSI and infertility risk,
with a critical threshold at 0.08 (Pfor overall <0.001, Pfor
nonlinearity=0.42) (Fig. 2). Additionally, the RCS curves
illustrated a linear positive relationship between ABSI
and infertility risk, with a critical value at 0.079 (Pfor
overall <0.001, Pfor nonlinearity=0.42) (Fig. 2).

Subgroup analysis

In subgroup analyses, we further investigated the influ-
ence of various demographic and health-related factors
on the association between ABSI and female infertility
(Fig. 3). The findings indicated that the positive asso-
ciation between ABSI and female infertility remained
consistent across different subgroups, including race,
education, marital status, pregnancy history, smoking
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Table 2 Association between ABSI and female infertility
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Exposures Model 1

Model 2

Model 3

**ABSI (continuous) 1.80(1.43,2.28)<0.001

ABSI (quartiles)

Q1 ref

Q2 1.13(0.78,1.64) 0.50

Q3 1.43 (1.00,2.05) 0.05

Q4 2.08(1.57,2.75) < 0.001
Pfor trend <0.001

1.65(1.29,2.11)<0.001

ref

1.07 (0.74,1.55) 0.72
1.32(091,1.91)0.13
1.86(1.37,2.51)<0.001
<0.001

1.56 (1.21,2.00) 0.001

ref

1.07 (0.73,1.56) 0.72
1.27(0.88,1.83) 0.20
1.73(1.27,2.37) 0.001
<0.001

Model 1: Non-adjusted
Model 2: Adjusted for age, race, education and PIR

Model 3: Further adjusted for pregnancy, marital status, menarche, smoke, alcohol user, hypertension and diabetes based on model 2

** Continuous variable: ABSI was scaled by a factor of 100, and the OR represents the change in female infertility risk for each 0.01 increase in ABSI

1.0

P for overall <0.001
P for nonlinear = 0.42

log odds

=1.0 1

0.070 0.075

Fig. 2 Non-linear relationship between ABSI and female infertility

status, alcohol use, hypertension, and diabetes. However,
the interaction effects were not statistically significant.
These subgroup analyses underscore the consistency
and generalizability of the association between ABSI and
female infertility risk across diverse populations.

Sensitivity analysis

To assess the robustness of the association between ABSI
and female infertility, we conducted three sensitivity anal-
yses: excluding participants with missing covariate data,
applying PSM, and restricting the analysis to women aged
20-45 years. First, after excluding participants with miss-
ing covariate data, 3,286 participants remained, includ-
ing 398 with infertility (Supplementary Table 1). The
weighted multivariable regression confirmed a signifi-
cant association between ABSI and infertility (OR=1.51,

0.080 0.085 0.090

ABSI

95% CI: 1.16-1.98, P=0.004) (Supplementary Table 2).
Second, we applied PSM to balance covariates between
groups (Supplementary Table 3). Even after matching,
women in higher ABSI quartiles continued to show a sig-
nificantly increased risk of infertility (2<0.05). Finally,
in a subset of women aged 20-45 years, weighted mul-
tivariable regression analysis demonstrated that the risk
of infertility increased with higher ABSI (OR=1.82, 95%
CI: 1.34-2.48, P<0.001) (Supplementary Tables 4 and 5).
These findings collectively reinforce ABSI as a reliable
and independent predictor of infertility risk.

Discussion

This study is the first to investigate the relationship
between A Body Shape Index (ABSI) and female infertil-
ity using NHANES data. Our results indicate that higher
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Character OR (95% CI) P value P for interaction
Race 0.26
White §——————— 1.76 (1.28,2.42) <0.001
Mexican o 1.04 (0.52,2.08) 0.91
Black . = 1.58 (0.95,2.64) 0.08
Other ' ° 1.20 (0.56,2.55) 0.63
Education 0.34
Less high school = 1.78 (0.88,3.61) 0.11
High school ° 1.19 (0.59,2.41) 0.62
Above high school ———————— 1.65(1.14,2.40) 0.01
Marital status 0.70
Never married ' ° 1.47 (0.69, 3.14) 0.31
Married —— 1.56 (1.19,2.05) 0.002
Separated o 1.43 (0.78,2.64) 0.24
Pregnancy 0.26
No ' ° 1.18 (0.60,2.30) 0.63
Yes ————— 1.63 (1.20,2.22) 0.003
Smoke 0.62
No ———————— 1.49(1.02,2.19) 0.04
Yes —————— 1.75 (1.25,2.45)  0.002
Alcohol user 0.88
No " ° 1.59 (0.90,2.78) 0.1
Yes —— 1.55(1.17,2.07) 0.004
Diabetes 0.68
No — 1.55(1.18,2.03) 0.003
Yes ' ° 1.13 (0.42,3.38) 0.81
Hypertension 0.20
No ——— 1.71 (1.30,2.26) <0.001
Yes —t————— 1.06 (0.62,1.79) 0.84
0 0.5 1 ;i 54 2 2D 3 3:0 4

Fig. 3 Forest plot of stratified analysis and interaction effects for the association between ABSI and female infertility

ABSI is associated with an increased risk of female infer-
tility, as demonstrated by weighted multivariable logis-
tic regression analysis and trend tests. The RCS curves
reveal a linear positive correlation between ABSI and
infertility risk. Subgroup and sensitivity analyses further
confirm the robustness of these findings, supporting the
potential of ABSI as a risk predictor for female infertility.

Our study is the first to describe the association
between ABSI and female infertility, further supporting
the link between visceral obesity and an increased risk of
infertility. We found that participants with higher ABSI
scores exhibited several characteristics, including older
age [14, 25], lower poverty-income ratio (PIR) [25, 26],
lower education levels [27], higher smoking rates [28,
29], and a higher prevalence of hypertension and diabetes
[30-32]. These findings are consistent with other studies
on abdominal obesity. Additionally, a higher proportion

of White and Mexican American women were in the
higher ABSI quartiles, possibly due to racial suscepti-
bility. The literature supports the association between
these characteristics and infertility risk, as advanced age
[33, 34] and metabolic disorders like hypertension and
diabetes [35-37] are recognized as high-risk factors for
female infertility. Furthermore, limited access to health-
care, often linked to poverty and low education levels,
increases the difficulty in managing infertility, thereby
raising the risk [38, 39]. Unhealthy lifestyle choices, such
as smoking, are also associated with infertility [40, 41],
which our study further corroborates. However, while
these risk factors aligned with higher ABSI scores, the
relationship between these factors and infertility did
not consistently align in our study, particularly with
alcohol consumption. This suggests that more complex
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interactions may need to be considered when interpret-
ing the relationship between ABSI and infertility.

Weighted multivariable logistic regression analysis
indicates that high ABSI is an independent risk factor for
female infertility, whether ABSI is treated as a continu-
ous variable or divided into quartiles. The RCS analysis
reveals a significant positive linear relationship between
ABSI and female infertility, with a marked increase in
risk when ABSI exceeds 0.079. This threshold is clinically
significant, suggesting that early intervention in women
with high ABSI may effectively reduce infertility risk.
Subgroup and sensitivity analyses further demonstrate
the robustness of these results, validating ABSI’s poten-
tial as a predictor of infertility risk.

Although several studies have explored the association
between visceral obesity and female infertility [5, 6], our
research highlights the potential of ABSI as a predictive
tool for female infertility and emphasizes its unique clini-
cal application value. Compared to other visceral obe-
sity indices such as VAI, ABSI maintains accuracy while
offering non-invasiveness and ease of acquisition, making
it particularly suitable for large-scale screening initia-
tives. Current research indicates that visceral obesity is
closely related to various metabolic syndromes and more
directly impacts female reproductive health than general
obesity, through mechanisms such as insulin resistance,
chronic inflammation, and hormonal imbalances [42—
44]. Abnormal vascularization of adipose tissue often
leads to local hypoxia, triggering insulin resistance—an
important mechanism in the development of polycys-
tic ovary syndrome (PCOS) [45-48]. PCOS is one of
the most common causes of female infertility [49-51].
In PCOS patients, abnormal fat distribution leads to
reduced quality of oocytes and the endometrium, sig-
nificantly impairing fertility [52, 53]. Insulin resistance
may also increase insulin and insulin-like growth fac-
tor-1 (IGF-1) levels, which excessively stimulate andro-
gen production, disrupting normal follicle development
and ovulation processes [54]. Additionally, the accumu-
lation of visceral fat triggers systemic chronic low-grade
inflammation, increasing the release of pro-inflammatory
cytokines such as TNF-a and IL-6. These cytokines not
only disrupt the microenvironment of the endometrium
but also impair ovarian function, ultimately affecting
embryo implantation and pregnancy outcomes [55, 56].
Simultaneously, the increase in visceral fat often accom-
panies elevated estrogen levels, which further disrupt
menstrual cycles and ovulation, thereby diminishing fer-
tility [57]. This study provides new evidence supporting
the use of ABSI in screening applications for women’s
reproductive health, highlighting its potential in the early
identification of high-risk individuals. However, further
research is needed to fully understand the specific rela-
tionship between ABSI and infertility. In particular, there

Page 7 of 9

is currently a lack of strong evidence to suggest that
weight loss can effectively improve endometrial quality
and reproductive outcomes in PCOS patients.

This study has several strengths, including the use of
nationally representative samples and the application of
multiple statistical methods to validate the robustness
of the results. However, there are also limitations. First,
the cross-sectional design of the study cannot estab-
lish causality between ABSI and female infertility. Sec-
ond, the diagnosis of infertility in NHANES is based on
self-reports rather than a clinical gold standard, which
may introduce information and recall biases. Addition-
ally, despite adjusting for multiple covariates, unmea-
sured confounding factors may still influence the results.
Therefore, future research should consider longitudinal
designs to further verify the causal relationship between
ABSI and female infertility and explore deeper biological
mechanisms.

Conclusions

This study demonstrates a significant positive associa-
tion between ABSI and female infertility, suggesting that
ABSI, as a non-invasive indicator of visceral fat, holds
potential value in identifying women at high risk for
infertility. Incorporating ABSI into large-scale screening
programs could aid in the early identification of high-risk
individuals, thereby enabling timely interventions that
may enhance reproductive outcomes and overall health.
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