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Abstract

Purpose To explore the relationships between second-trimester anthropometric obesity indicators and cesarean
section (CS).

Methods A retrospective study was conducted at West China Second University Hospital, utilizing electronic health
records from 15,304 pregnant women who received routine prenatal care and delivered between January 2021 and
June 2022. Second-trimester anthropometric indicators, including body roundness index (BRI), body mass index (BMI),
body fat percentage (BFP), and waist circumference (WC), were measured using bioelectrical impedance analysis
(BIA). Logistic regression models were employed to assess the associations between these indicators and CS risk, with
additional subgroup analyses based on maternal age and fetal sex.

Results The mean maternal age was 30.13 years. After adjusting for covariates, BRI (OR 1.22, 95%Cl 1.15-1.30), BMI
(OR 1.07,95%Cl 1.05-1.08), BFP (OR 1.03, 95%Cl| 1.02-1.04), and WC (OR 1.02, 95%Cl 1.01-1.03) were all significantly
associated with CS. Stratified analyses based on maternal age and fetal sex further confirmed these independent
associations.

Conclusion Second-trimester BRI, BMI, BFP, and WC were all significantly associated with CS risk, with BRI potentially
demonstrating the strongest independent correlation. An integrated approach incorporating BMI and WC is
recommended for CS risk, particularly in time-sensitive or resource-limited settings. The effect of anthropometric
changes during pregnancy on CS may be explored in the future.
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Introduction

Cesarean section (CS) is required in some circumstances
to protect the health of women and babies [1, 2]. Glob-
ally, 21.1% of women give birth by CS and the rates con-
tinue to increase [3, 4]. In China, the CS rate remains
notably high, reaching 49.76% between 2016 and 2019
[5]. However, the overuse of CS without a medical indi-
cation has shown no benefit and may result in harm and
waste of human and financial resources [6]. Studies have
shown that CS has short-term and long-term effects on
the health of both women and children [7]. Short-term
risks of CS include reduced neonatal gut microbiome
diversity [8], asthma [9], maternal uterine rupture [10],
and severe acute morbidity [7]. Long-term risks involve
increased risk of subsequent fertility [9], pelvic adhesions
[11], higher hazard of anal incontinence and pelvic organ
prolapse [12], and later childhood obesity [9]. Therefore,
reducing unnecessary CS is a global concern and a chal-
lenge in public health, and finding simple anthropometric
indicators related to CS is of great significance for opti-
mizing the overuse of CS.

It is estimated that 4.28 million pregnant women in
China are affected by overweight and obesity [13, 14].
Maternal obesity during the second trimester, includ-
ing its early phase, has been strongly associated with an
increased risk of CS, highlighting the need for reliable
obesity indicators for prenatal risk assessment as preg-
nancy progresses. Several key obesity indicators have
been frequently discussed in the context of preventable
CS. Body mass index (BMI), the standard measure of
general obesity (weight[kg]/height{m?]) [15], has been
widely studied, with previous studies demonstrating an
increased risk of CS in individuals with abnormal BMI
[16, 17]. However, BMI does not account for abdominal
obesity or fat distribution [18]. Subcutaneous fat thick-
ness (SCFT), a surrogate measure of central obesity [19],
has demonstrated superior predictive value over BMI in
CS risk assessment in large prospective and retrospec-
tive cohort studies [20, 21], yet its clinical utility is con-
strained by the complexity of measurement [22]. Waist
circumference (WC) provides a simpler alternative for
assessing central obesity [23, 24], but its relationship
with CS risk remains underexplored. Similarly, body fat
percentage (BFP) offers a more comprehensive measure
of adiposity [25, 26], though its predictive superior-
ity over BMI and WC is uncertain. The body roundness
index (BRI), a novel metric estimating visceral and total
body fat distribution [27, 28], has not yet been investi-
gated in relation to CS risk. Given the unique character-
istics of each anthropometric indicator and the limited
research on their associations with CS, a comprehensive

evaluation is warranted to identify an optimal predic-
tor that can compensate for the limitations of individual
measures.

This study aims to assess the associations between
early-second-trimester BRI, BMI, BFP, and WC, mea-
sured using bioelectrical impedance analysis (BIA), and
CS risk in Chinese pregnant women. Additionally, con-
sidering the established influence of maternal age and
fetal sex on CS incidence [29, 30], stratified analyses were
performed to evaluate their potential modifying effects
on these associations.

Methods

Study design and setting

This was a retrospective study utilizing data extracted
from the information system in West China Second Uni-
versity Hospital at Chengdu, Sichuan Province, China.
Chengdu is the most densely populated area in Sichuan
Province with a 100% urbanization rate [31]. The targeted
hospital is the industry-leading West China Women’s and
Children’s Hospital, where the Department of Obstet-
rics has been rated as the National Key Development of
Clinical Specialty responsible for maternal delivery from
Chengdu to southwest China [32], ensuring a representa-
tive sample of pregnant women.

Participants

A total of 25,515 mothers who completed regular prena-
tal care and gave birth at the targeted hospital between
January 2021 to June 2022 were screened for eligibility.
Detailed inclusion criteria of our study were as follows:
pregnant women completed regular antenatal care in the
targeted hospital; aged 18 years or over; singleton preg-
nancy; underwent a body composition assessment in the
second trimester; and gave birth at the targeted hospi-
tal. Cases with the following conditions were excluded:
clearly defined medical indications for CS, such as fetal
distress, contracted pelvis, malpresentation, placenta
previa, etc [33, 34].; pre-existing diseases and conditions
that would potentially influence delivery, for example,
diabetes mellitus, hypertension, thyroid disorders, virus
infection, and tuberculosis; delivery gestation<37 weeks
or >42 weeks; presence in any mental disorders; with
missing data. Finally, 14,381 participants were included
in our data analysis with 9780 cases undergoing vaginal
delivery (VD) and the other 4673 undergoing CS. Fig-
ure 1 is an overview of the flow of our participants. No
significant difference was found in obesity indices and
obstetric variables between women included in the study
and those who were not.
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Total singleton pregnancies delivered
n = 25515
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Exclusions
(1) clearly defined medical indications for CS (n=270)

(2) with pre-existing diseases and conditions that
would potentially influence delivery (n = 5098)

(3) delivery gestation < 37 weeks or > 42 weeks (n = 1930)
(4) presence in any mental disorders (n = 208)

(5) missing data (n = 3628)

y

14381 eligible deliveries

Vaginal delivery

n=9708 n=4673

Caesarean delivery

Fig. 1 Participants'flowchart. Note: CS, cesarean section

Data extraction and definition of variables

We retrieved data from electronic medical records
(EMRs) in the hospital information system (HIS) [35,
36], following a structured process to ensure data integ-
rity and accuracy. First, our research team defined the
study variables based on the research objectives. A des-
ignated team of hospital information technology (IT)
engineers then extracted these variables from the HIS
according to the predefined criteria. Once extracted, our
research team integrated and standardized the dataset,
rigorously reviewing the completeness and consistency
of the records. Cases with missing or implausible values
were flagged and removed based on predefined exclusion
criteria. To further ensure data accuracy, we performed
random sampling checks, cross-verifying the extracted

records against the original EMRs. All data were securely
stored in a protected database, ensuring that maternal
privacy information was excluded to maintain confiden-
tiality. The final dataset was used exclusively for statistical
analyses related to this study.

Data extracted included basic information, delivery
mode, anthropometric information, and clinical obstet-
ric and neonatal information. The delivery mode was
classified into VD and CS. Basic information included
maternal age (years), ethnicity (categorized as Han or
Minorities), height (cm), weight (kg), gravidity (times),
and parity (times). Anthropometric information mea-
sured during the early-second trimester (13-15 weeks
of gestation), involving BMI, BFP, and WC. And BRI
was calculated using height and WC [27, 28]. Clinical
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obstetric and neonatal data encompassed gestational
weight gain (kg), birthweight (g), and fetal sex (divided
into boy or girl).

Ethic consideration

The study was approved by the Medical Ethics Commit-
tee of West China Second University Hospital, Sichuan
University (Approval Code: 2015122; Approval Date:
April 15, 2015).

Statistical analyses

Statistical analyses were conducted using SPSS 25.0 (IBM
Corp., Armonk, NY, USA), with statistical significance set
at p<0.05 (two-tailed). Continuous variables were sum-
marized using mean and standard deviation (SD), while
categorical variables were presented as proportions.

To examine the associations between obesity indices
and CS, we performed the following analyses: First, uni-
variate analyses using independent samples ¢-test (for
continuous variables) and x> test (for categorical vari-
ables) were used to compare differences between VD and
CS groups; Second, four separate multivariable logistic
regression models were constructed, each using one of
the obesity indices (BRI, BMI, BFP, or WC) as the pri-
mary exposure variable. These models estimated odds
ratios (ORs) with 95% confidence intervals (Cls) for the
association between each obesity index and CS, adjusted
for covariates, including variables with a p-value<0.1 in
the univariable analysis and clinically relevant factors
identified in the literature. To address multicollinear-
ity, the obesity indices were not adjusted for one another
(e.g., the BMI model excluded WC, BRI, and BFP as
covariates); To further support the multivariable findings,
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subgroup analyses were performed by maternal age and
fetal sex.

Results

Demographic and clinical characteristics

Mean+SD, or n (%) for participant characteristics are
presented in Table 1. Of all the 14,381 women, 9708
(67.51%) underwent VD, and 4673 (32.49%) opted for CS.
The mean age of mothers in the sample was 30.13 (SD:
3.37) years, with 291 (2.02%) identifying as ethnic minor-
ities. The average value of BRI, BMI, BFP, and WC were
3.14 (SD:0.77), 21.71 (SD: 2.63), 31.14 (SD: 4.97), and
78.30 (SD: 6.87), respectively. Women who underwent
CS exhibited higher BRI, BMI, BFP, and WC were more
likely to give birth to larger babies.

Univariable analysis of delivery mode (VD vs. CS)

Univariable analysis revealed significant differences
between VD and CS groups for all variables except eth-
nicity and weight (Table 1). The CS group comprised
older women (30.24 +3.36 vs. 30.08 +3.38 years, p<0.01)
with shorter stature (160.00+4.86 vs. 160.81+4.85 cm,
p<0.01), along with reduced gravidity (1.77+1.09 vs.
1.87+1.11 times, p<0.001) and parity (0.79+0.55 vs.
1.02+0.66 times, p<0.001) compared to those who had
VD. In terms of neonatal characteristics, CS-delivered
infants exhibited higher birthweight (3390.12 +408.60 vs.
3279.28+355.10 g, p<0.001), with male predominance
(56.69% vs. 43.31%, p<0.001). Notably, the CS group
presented elevated obesity indicators, including BRI
(3.25+0.79 vs. 3.11+0.76, p<0.001), BMI (21.92+2.72
vs. 21.61 +2.58 kg/m?, p<0.001), BEP (31.64% vs. 30.91%,
p<0.001), and WC (78.65+7.01 vs. 78.15+6.80 cm,

Table 1 Comparison of participants’ characteristics according delivery mode

Characteristic Overall VD cs p value
(n=14381) (n=9708, 67.51%) (n=4673, 32.49%)
Maternal age, years 30.13£3.37 30.08+3.38 30.24+3.36 0.007**
Ethnicity, % 0.66
Han 14,090 (97.98%) 9504 (97.90%) 4586 (98.14%)
Minorities 291 (2.02%) 204 (2.10%) 87 (1.86%)
Height, cm 160.56 £4.87 160.81+£4.85 160.00£4.86 rx
Weight, kg 55.99+7.48 5591+7.38 56.15+7.70 0.066
Gravidity, times 1.84£1.10 1.87+1.11 1.77£1.09 Frx
Parity, times 095+0.64 1.02+£0.66 0.79+0.55 orx
Birthweight, g 3313.74+376.64 3279.28+355.10 3390.12+408.60 Frx
Fetal sex, % xrx
Male 6618 (46.02%) 3969 (40.88%) 2649 (56.69%)
Female 7763 (53.98%) 5739 (59.12%) 2024 (43.31%)
BRI 3.14+0.77 3.11+£0.76 3254079 rx
BMI, kg/m? 21.71+£263 21.61+£258 21.92+2.72 Frx
BFP, % 31.14+£497 30.91+4.97 31.64+4.92 rrx
WC, cm 7830+6.87 78.15+6.80 78.65+7.01 xxx

Note: VD, vaginal delivery; CS, cesarean section; BRI, body roundness index; BMI, body mass index; BFP, body fat percentage; WC, waist circumference; **, p<0.01;

**% n<0.001
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Table 2 Associations of BMI, WC, and BFP with CS from regression analysis

cs Crude results Adjusted results

vs. BRI BMI BFP wcC BRI BMI BFP wc

vb OR (95%Cl) OR (95%(Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%(Cl)

Overall 1.24*%(1.17,1.32) 1.06 *** 1.04 *** 1.02 *** 1.22%%* 1.077%** 1.03 *** 1.02 %%
(1.04,1.08) (1.03,1.05) (1.01,1.02) (1.15,1.30)  (1.05,1.08) (1.02,1.04) (1.01,1.03)

Notes: CS, cesarean section; VD, vaginal delivery; BRI, body roundness index; BMI, body mass index; BFP, body fat percentage; WC, waist circumference; ***, p<0.001;
covariates adjusted: maternal age, height, weight, gravidity, parity, birthweight, fetal sex; height and weight excluded from the BMI model; height excluded from

the BRI model

Table 3 Associations of BMI, WC and BFP with CS from regression analysis stratified by maternal age and fetal sex (stratified analyses)

cs Crude results Adjusted results

vs. BRI BMI BFP wcC BRI BMI BFP wcC

Vb OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%(Cl) OR (95%Cl) OR (95%Cl)

Maternal age

18-34 1.24%%%(1.16,1.32) 1.06 *** 1.04%%* 1.02 *** 1.22%%% 1.05%%* 1.03 *** 1.02 ***

(1.04,1.08) (1.03,1.05) (1.01,1.03) (1.14,1.29) (1.03,1.07) (1.02,1.04) (1.01,1.03)

>35 1.24%%* 1.0 ** 1.05 ** 1.03 ** 1.23%** 1.06%** 1.03 ** 1.02 **
(1.17,1.32) (1.03,1.18) (1.01,1.09) (1.00, 1.05) (1.16,1.31) (1.04,1.08) (1.02,1.04) (1.01,1.03)

Fetal sex

Male 1.30%** 1.08 *** 1.04 *** 1.02 *** 1.28%%* 1.07 *** 1.04%** 1.03 ***
(1.16,1.45) (1.05,1.12) (1.02,1.06) (1.01,1.04) (1.15,1.44) (1.04,1.11) (1.02,1.06) (1.01,1.04)

Female 1.22%** 1.06 *** 1.04 *** 1.01 *** 1.20%** 1.05 *** 1.03 *** 1.02 ***
(1.14,1.31) (1.04,1.08) (1.02,1.05) (1.01,1.02) (1.11,1.29) (1.03,1.07) (1.02, 1.04) (1.01,1.03)

Notes: CS, cesarean section; VD, vaginal delivery; BRI, body roundness index; BMI, body mass index; BFP, body fat percentage; WC, waist circumference; ***, p<0.001;
covariates adjusted: maternal age, height, weight, gravidity, parity, birthweight, fetal sex; height and weight excluded from the BMI model; height excluded from
the BRI model. Additionally, the stratification variable was not adjusted for within subgroups

p<0.001). Additionally, women who underwent CS
tended to have a higher body weight compared to those
who had VD (56.15+7.70 vs. 55.91 £7.38, p =0.066), sug-
gesting a potential association despite not reaching sta-
tistical significance.

Associations between maternal BMI, WC, BFP, and CS of
women in second trimester

Table 2 presents the results of the multivariable regres-
sion analysis. BRI, BMI, BFP, and WC were associated
with CS (BRI: OR 1.24, 95CI% 1.17-1.32; BMI: OR 1.06,
95%CI 1.04—1.08; BFP: OR 1.04, 95%CI 1.03-1.05; WC:
OR 1.02, 95%CI 1.01-1.02). After adjusting for covari-
ates, BRI continued to exhibit a stronger correlation
with CS (BRL OR 1.22, 95CI% 1.15-1.30; BMI: OR 1.07,
95%CI 1.05-1.08; BFP: OR 1.03, 95%CI 1.02-1.04; WC:
OR 1.02, 95%CI 1.01-1.03).

Stratified analyses

The results of the regression analysis stratified by mater-
nal age and fetal sex are shown in Table 3. After adjusting
for covariates, BRI, BMI, BFP, and WC were the signifi-
cant estimators of CS in both normal age group (18-34
years) and advanced maternal age group (>35 years), as
well as in both male and female groups (all p < 0.001).

Discussion

This retrospective study examined the association
between adiposity indices (BRI, BMI, BFP, WC) and CS
risk in the second trimester, with stratified analyses by
maternal age and fetal sex. Our findings highlight three
key insights: (1) BRI outperformed traditional obesity
metrics in relation to CS; (2) second-trimester BRI, BMI,
BFP, and WC were interchangeable anthropometric indi-
cators for CS risk assessment; (3) integrating BMI (gen-
eral obesity) and WC (central obesity) may offer a simple
yet effective approach to reflect CS risk.

Associations between BRI, BMI, BFP, WC, and CS

This study establishes significant associations between
BRI, BEP, WC, and CS risk in the second trimester. Our
findings showed a significant correlation between WC
and the risk of CS, aligning with prior research suggest-
ing that central obesity indicators, such as SCFT, contrib-
ute to an elevated CS risk [18, 20] and further supporting
earlier evidence that pre-pregnancy WC independently
predicts CS likelihood [37]. Given the limited evidence on
second-trimester WC, our findings reinforce the impor-
tance of monitoring central adiposity during pregnancy,
and support reinforce recommendations from the IAS
and ICCR Working Group on Visceral Obesity regarding
the routine inclusion of WC in obesity assessments [38].
Importantly, both BRI and BFP emerged as independent
indicators of CS risk even after adjusting for covariates.
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To our knowledge, no previous studies have explored the
relationships between second-trimester BRI, BFP, and
CS, highlighting the originality of our findings.

Consistent with previous studies, our results con-
firm that higher second-trimester BMI correlates with
increased CS risk. For instance, an analysis of 4,455 preg-
nant women enrolled for Care at Freestanding Birth Cen-
ters in the United States revealed that women with higher
BMI in the second trimester had significantly higher CS
rates [39], which is similar to the findings of published
retrospective studies in Sweden and Australia [40, 41],
and a prospective cohort study including 997 women
[18]. However, our findings contrast with an online sur-
vey suggesting that high BMI does not influence women’s
decision-making regarding CS [42], this discrepancy may
stem from subjective underestimation of weight status
among participants [43].

Among all indices, BRI showed the strongest indicator
for CS risk in this study, followed by BMI, BFP, and WC.
However, its complex computation may limit its clinical
applicability. Similarly, BFP also poses practical measure-
ment challenges in obstetric settings despite its high rel-
evance to CS [44]. And although BMI being the second
strongest indicator, previous research has shown that
concentrated fat distribution is associated with a higher
risk than BMI itself [45], while WC is a more accurate
measure of visceral adipose tissue than BMI and can cap-
ture the risks associated with both general and central
obesity [46, 47]. However, other studies have suggested
that the incidence of high WC always peaks later than
BMI, and WC may not suitable for estimating obesity
based on weight gain [48, 49]. Therefore, an integrated
approach combining BMI and WC may better assess CS
risk comprehensively.

Overall, our study advances the understanding of
obesity-related CS risk by integrating multiple anthro-
pometric indicators, including BMI (general obesity),
WC (central obesity), BFP (total body fat), and BRI (fat
distribution). This multi-indicator approach compensates
for the limitations of individual measures, as each met-
ric captures distinct aspects of body composition. Nota-
bly, our findings reveal a differential association strength
among these indicators, with BRI showing the strongest
association with CS risk, followed by BMI, BFP, and WC.
This comprehensive comparison not only enhances risk
stratification but also provides a nuanced perspective on
the role of fat distribution in CS risk assessment, offering
valuable insights into an understudied area.

Associations between BRI, BMI, BFP, WC, and CS stratified
by maternal age and fetal sex

Stratification by maternal age revealed stronger associa-
tions between adiposity indices (BRI, BMI, BFP, WC) and
CS in the advanced maternal age (AMA) group, with the
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risk increasing further after adjusting for covariates. This
aligns with prior research showing that CS rates nearly
double with increasing maternal age [50, 51], potentially
due to diminished uterine contractility in AMA women
[50]. Regarding fetal sex, male infants were associated
with higher CS risk than female infants, even after adjust-
ment [29]. This consolidates the findings of a study esti-
mating the association between fetal sex and adverse
birth outcomes in a large cohort of women in Taiwan,
China [52], possibly due to the greater birthweight and
head circumference of male fetuses than that of female
[53].

Associations between sociodemographic and clinical
characteristics and CS

Consistent with the findings of African Demographic and
Health Survey with a large sample [54], we found that
shorter maternal height was associated with an increase
in CS. Unlike previous research suggesting no associa-
tion between parity and CS [55], increasing parity were
associated with lower CS rates in our study, which differs
from a study on obstetric outcomes of singleton women
showing that parity is not associated with CS [56]. This
may be related to the different statistical methods and
participants of the two studies, and further research on
the relationship between parity and CS is needed. Addi-
tionally, higher birthweight was also correlated with the
elevated CS risk, which reinforces previous findings [57],
possibly due to obesity-induced risk of macrosomia [58].

Clinical implications

Our findings highlight the value of integrating multiple
anthropometric indicators (BRI, BMI, BFP, WC) for CS
risk assessment, rather than relying solely on BMI. Given
the varying strengths of these indicators, a multi-metric
approach may refine risk stratification and enhance indi-
vidualized perinatal care. For practical clinical applica-
tions, we suggest combining BMI (general obesity) and
WC (central obesity) for CS risk assessment, especially in
settings where advanced measurements like BRI or BFP
are less accessible.

Additionally, our results highlight the importance of
early identification of high-risk subgroups, such as older
mothers and those carrying male fetuses. By incorporat-
ing maternal age, fetal sex, and obesity-related indica-
tors into routine prenatal care, clinicians could optimize
delivery planning and develop targeted interventions,
which would lead to a more personalized and evidence-
based approach. Future research should explore how
these obesity indices can be integrated into clinical
decision-making and preventive frameworks to improve
maternal and neonatal outcomes [59].
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Strengths and limitations

This study is the first to comprehensively examine the
associations between BRI, BFP, WC, and CS risk during
the second trimester using a large sample and multiple
obesity-related metrics. Notably, our results indicated the
relative strength of association with CS risk, from high-
est to lowest: BRI, BMI, BEP, and WC, providing valuable
initial evidence for the potential predictive power of these
metrics and contributing to a comprehensive assessment
of the adverse effects of maternal obesity on CS.

Certain limitations should be considered when inter-
preting the findings. First, the study was conducted at a
single center, and our study population consisted almost
exclusively of Han women, which may limit the gener-
alizability of our findings. Second, our study was based
on hospital database records, which included only a lim-
ited set of sociodemographic variables. Due to the large
sample size, additional participant characteristics such
as socioeconomic status, lifestyle factors, and detailed
medical history could not be further assessed, which may
have influenced the stability of our findings and should
be considered when interpreting the results. Third,
anthropometry during pregnancy is constantly chang-
ing, so the findings need to be further supported by long-
term longitudinal studies. Fourth, observational design
cannot establish causality and provide clear mechanisms
to explain our findings, thus further research is required
to deepen understanding of the role of anthropometry
in CS. Finally, our dataset did not distinguish between
elective and emergency CS, which could have provided
further insights into the relationship between BMI and
delivery mode decisions. Future research could explore
this distinction to better understand its influences.

Conclusion

BRI, BMI, BFP, and WC in the second trimester were per-
formed similarly in estimating CS, and BRI was a better
indicator of CS risk, followed by BMI, BFP, and WC, even
after adjusting for covariates and conducting stratified
analyses. Given the practical limitations of certain met-
rics, an integrated approach incorporating BMI and WC
is recommended as a feasible and effective strategy for
CS risk assessment in clinical settings. Future research
should explore the longitudinal impact of maternal adi-
posity changes on delivery outcomes and develop acces-
sible clinical tools for integrating these anthropometric
indicators into routine obstetric care to enhance peri-
natal risk stratification and improving maternal health
outcomes.

Abbreviations

BIA Bioelectrical impedance analysis
cS Cesarean section

VD Vaginal delivery

BRI Body roundness index

Page 7 of 9

BMI Body mass index
BFP Body fat percentage
WC Waist circumference

SCFT Subcutaneous fat thickness
EMRs  Electronic medical records
HIS Hospital information system
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