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Objective: This study aimed to explore the relationship between A Body Shape
Index (ABSI) and depressive symptoms, and to evaluate the moderating effects
of sociodemographic, lifestyle, and health factors.

Methods: We analyzed data from 19,659 participants in the 2011-2018 National
Health and Nutrition Examination Survey (NHANES). Depressive symptoms were
assessed using the Patient Health Questionnaire-9 (PHQ-9). ABSI was calculated
from waist circumference, height, and BMI. Multiple linear regression models
were employed to investigate the association between ABSI and depressive
symptoms, with subgroup analyses to examine potential associations within
specific populations.

Results: Higher ABSI was significantly associated with increased depressive
symptoms, after adjusting for covariates including age, sex, race, marital status,
poverty-income ratio, smoking, alcohol consumption, physical activity, diabetes,
and hypertension. Individuals in the highest ABSI quartile (Q4) had significantly
more depressive symptoms compared to those in the lowest quartile (Q1)
(f=0.22, 95% Cl =0.02-041, p = 0.0323). Subgroup analyses revealed that
marital status and hypertension significantly moderated the association between
ABSI and depressive symptomes.

Conclusion: This study provides the first comprehensive analysis of the
link between ABSI and depressive symptoms, suggesting that higher ABSI is
associated with greater depressive symptoms. These findings highlight the
potential importance of waist circumference and abdominal fat distribution in
assessing depression risk. Future research should explore the causal mechanisms
underlying this association and investigate the biological pathways involved, to
inform more effective strategies for depression prevention and intervention.
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1 Background

Depression is one of the most prevalent mental health disorders
globally, profoundly affecting individuals’ quality of life, social
functioning, and physical health (1). The World Health Organization
(WHO) estimates that over 264 million people worldwide suffer from
depression. Characterized by persistent low mood, loss of interest,
fatigue, and diminished self-esteem, depression not only increases the
risk of cardiovascular and metabolic diseases but is also closely linked
to higher mortality rates (2-4). As a leading contributor to the global
burden of disease, depression remains a critical public health concern.
While its etiology is complex, involving genetic, environmental, and
psychosocial factors, growing evidence suggests that body shape,
particularly fat distribution, may play an important role in the
predisposition to and development of depression (5, 6).

The A Body Shape Index (ABSI) has garnered increasing attention
in recent years as a novel measure of body shape and its associated
health risks (6). Traditionally, Body Mass Index (BMI) has been the
standard for assessing obesity and related risks. However, BMI cannot
differentiate between muscle mass and fat, and it fails to account for
fat distribution. Similarly, waist circumference, while widely used as a
measure of central obesity, has its limitations. It does not account for
differences in body size or proportions, and higher waist circumference
in taller individuals may not necessarily indicate increased health
risks. These limitations reduce the specificity of waist circumference
as a standalone measure of body composition and health outcomes.
In contrast, ABSI incorporates waist circumference, height, and BMI
to emphasize the independent contribution of abdominal fat to health
outcomes (7). Abdominal fat, particularly visceral fat, is strongly
linked to metabolic abnormalities, chronic inflammation, and
endocrine dysregulation—factors that may also serve as biological
triggers for depression (8). This growing understanding underscores
the need to further investigate the relationship between body fat
distribution and mental health.

The relationship between body shape and mental health,
particularly the link between body fat distribution and depressive
symptoms, has attracted growing research interest. An expanding
waist circumference is not only associated with a heightened risk of
metabolic disorders but may also adversely affect mental health by
impacting self-image, social interactions, and biological pathways
such as inflammation and hormonal dysregulation (9). As a specific
indicator of abdominal adiposity, ABSI may play a key role in assessing
the risk of depression. However, research on the association between
ABSI and depressive symptoms remains limited, and the precise
mechanisms linking the two are yet to be fully understood. To address
this gap, the present study aimed to explore the association between
ABSI
sociodemographic, lifestyle, and health-related factors contribute to

and depressive symptoms, while examining how
this relationship. By analyzing data from a large population sample,
we aim to provide fresh perspectives and evidence to deepen the
understanding of the complex interplay between body image and
mental health.

While numerous studies have explored the relationship between
body type and mental health, particularly the link between obesity and
depression, most continue to rely on Body Mass Index (BMI) as the
primary indicator of body composition (10-13). Although BMI is
widely used in epidemiological research, it has several limitations.

First, BMI cannot distinguish between muscle mass and fat mass,
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leading to potential misclassification of obesity in individuals with
high muscle mass but low body fat (14). Second, BMI does not capture
the specific distribution of body fat, particularly waist circumference,
a key indicator of abdominal adiposity that is closely linked to
metabolic disease, chronic inflammation, and endocrine dysfunction
(15, 16). These factors, critical to health outcomes, are not fully
accounted for by BMI alone. To address these limitations, the A Body
Shape Index (ABSI) has been proposed as a novel metric for body
shape assessment. ABSI offers a more refined measurement by
incorporating waist circumference, height, and BMI, thereby better
reflecting the independent contribution of abdominal fat to health
risks. It has been shown to predict metabolic abnormalities,
cardiovascular disease, and all-cause mortality more accurately than
BMI. Despite its potential value in predicting physical health
outcomes, however, research on the relationship between ABSI and
mental health remains limited. This gap leaves an incomplete
understanding of the connection between body shape and mental
health, particularly in assessing depression risk. Whether ABSI
provides unique predictive insights into mental health outcomes
remains unclear.

Studies investigating the relationship between body shape and
depression have often yielded conflicting results. Some have reported
a positive association between obesity and depression (17), while
others have found no significant link (18), with some even suggesting
that obesity may be associated with a lower risk of depression at
certain life stages (19). These inconsistencies may stem from the
different body shape indicators used. For example, studies relying on
BMI may overlook the impact of abdominal fat on depressive
symptoms. Specific indicators of abdominal obesity, such as waist
circumference, may provide more relevant insights into these
associations (20). As such, exploring the relationship between ABSI
and depression could not only address the limitations of BMI but also
offer a more refined tool for assessing body shape and its mental
health implications. This could open new perspectives on the
multidimensional risk factors for depression. In this context, the aim
of the present study is to investigate the potential association between
body shape, as measured by ABSI, and depressive symptoms, while
examining the influence of sociodemographic, lifestyle, and health
factors on this relationship. By addressing this research gap, we hope
to provide new evidence on the impact of body shape—particularly
abdominal fat distribution—on depression. Our findings could form
the basis for future clinical assessments and interventions aimed at
mitigating the mental health risks associated with body fat distribution.

2 Methods
2.1 Study population

This study utilized data from the 2011-2018 National Health and
Nutrition Examination Survey (NHANES), a nationally representative,
multistage, stratified survey designed to assess the health and
nutritional status of adults and children in the United States.
Conducted by the Centers for Disease Control and Prevention (CDC),
NHANES provides data that are widely extrapolated to represent the
health status of the non-institutionalized US population. The original
dataset included 39,156 participants. During data cleaning, 18,645
individuals were excluded due to missing depression scores (PHQ-9
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data), and an additional 852 participants were excluded due to
incomplete body shape index (ABSI) data. Ultimately, a total of 19,659
participants were included in the final analysis (see Figure 1). This
sample had complete information on key covariates, including marital
status, physical activity, alcohol consumption, smoking, diabetes,
poverty income ratio (PIR), and hypertension.

2.2 Measurement of depression levels

Depression levels in this study were assessed using the Patient
Health Questionnaire-9 (PHQ-9), a widely used self-report tool in
clinical and epidemiological research for measuring the severity of
depressive symptoms. Participants rated nine items—including low
mood, sleep disturbances, fatigue, and self-reported mood and
behavioral functioning over the past 2 weeks—on a scale of 0 to 3,
where 0 corresponds to “never” and 3 to “almost every day” The total
PHQ-9 score ranges from 0 to 27. Depressive symptoms were
categorized based on the total PHQ-9 score: 0—4 as no depressive
symptoms, 5-9 as mild depression, 10-14 as moderate depression,
15-19 as moderately severe depression, and 20 and above as severe
depression (21). For the purposes of this study, the PHQ-9 score was
treated as a continuous variable to capture the full spectrum of
depressive symptom severity and assess its potential association with
ABSI. The PHQ-9 was chosen as the primary outcome measure in this
study due to its ability to comprehensively reflect the breadth and
severity of depressive symptoms. Its simplicity and ease of use make it
an ideal tool for epidemiological research (22).

2.3 Measurement of ABSI

A Body Shape Index (ABSI) is a novel metric for assessing body
shape and health risk, offering a more refined prediction of health
outcomes by integrating waist circumference, height, and weight (23).
Unlike the traditional Body Mass Index (BMI), which does not
account for fat distribution, ABSI evaluates health risks by considering
the relative proportions of waist circumference to other body
dimensions. By employing isochronous growth regression, ABSI
addresses the limitations of BMI, particularly its failure to capture the
risks associated with abdominal fat. Research has demonstrated that
higher ABSI values are strongly correlated with increased mortality

39156 Participants from
NHANSE 2011-2018
18645 participants with missing
depression indicators were excluded
A\

20511 Participants
852 participants with missing ABSI
indicators excluded

\

19659 participants
were included in the
study

FIGURE 1
Flowchart.
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from various chronic conditions, such as cardiovascular disease and
diabetes, as well as all-cause mortality. As a result, ABSI serves as a
more precise tool for assessing health risks related to body shape. In
this study, ABSI was treated as a continuous variable to evaluate its
potential relationship with depressive symptoms, as measured by
PHQ-9 scores. The formula for ABSI is as follows:

ABSI = (Waist Circumference(m)) / (BMI2 /3% Height(m)1/ 2)

2.4 Assessment of covariates

To control for potential confounders and ensure an accurate
assessment of the association between A Body Shape Index (ABSI)
and depressive symptoms (measured by the PHQ-9 score), several
covariates were included in this study. These covariates were selected
based on theoretical relevance and empirical evidence from prior
studies, encompassing sociodemographic, lifestyle, and health factors.
Each covariate was adjusted to mitigate potential confounding effects
on the observed associations.

2.4.1 Sociodemographic factors

o Ageand sex:

Age and sex were included as fundamental demographic variables
due to their well-established associations with both body composition
and depressive symptoms (24). For example, age has been linked to
changes in body fat distribution and depressive symptom prevalence,
while sex differences influence both body shape and mental health
outcomes. Age was treated as a continuous variable, while sex was
included as a dichotomous variable (male, female).

o Race/ethnicity:

Race/ethnicity was included to account for potential differences in
genetic, cultural, and socioeconomic factors that may influence ABSI
and depressive symptoms. Self-reported race/ethnicity was categorized
into five groups: Non-Hispanic White people, Non-Hispanic Black
people, Mexican American, other Hispanic people and other race/
ethnicity.

o Marital status:

Marital status was selected due to its potential impact on social
support and mental health. Studies have shown that individuals who are
married or cohabiting may experience better mental health outcomes
compared to those who are widowed, divorced, separated, or never
married (25). Marital status was categorized into three groups: married
or cohabiting, widowed/divorced/separated, and never married.

« Poverty income ratio (PIR):

PIR serves as a proxy for socioeconomic status, which is a known
determinant of both physical and mental health (26). Low income has
been associated with higher stress levels and limited access to
healthcare, potentially influencing depressive symptoms. PIR was
categorized into three groups: low income (PIR < 1), medium income
(I < PIR < 2), and high income (PIR > 2).

o Educational attainment:

Educational attainment reflects an individual’s socioeconomic
and health literacy status, which can influence health behaviors
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and mental health. This variable was categorized into five levels:
less than primary school, middle school, high school graduate/
GED, some college or associate’s degree, and college graduate
or higher.

2.4.2 Lifestyle factors

 Smoking status:

Smoking behavior was included as a potential confounder because
smoking has been linked to both body composition and mental health
outcomes, including depressive symptoms (27). Smoking status was
categorized as never smoker, ever smoker, and current smoker based
on self-reports.

« Drinking status:

Alcohol consumption can influence both physical health and
mental well-being (28). Participants’ drinking history was categorized
into never, ever, and current drinkers to account for its potential
confounding effects.

o Physical activity:

Physical activity was considered due to its well-documented
effects on body composition and mental health (29). Self-reported
leisure-time physical activity was used to classify participants into four
categories: inactive, moderately active, vigorously active, or both
moderately and vigorously active. Classification was based on
responses to two NHANES questionnaire items: Moderate-intensity
activities: Participants were asked, “In a typical week, do you do any
moderate-intensity sports, fitness, or recreational activities that cause
a small increase in breathing or heart rate such as brisk walking,
bicycling, swimming, or volleyball for at least 10 min continuously?
“Vigorous-intensity activities: Participants were asked, “In a typical
week, do you do any vigorous-intensity sports, fitness, or recreational
activities that cause large increases in breathing or heart rate like
running or basketball for at least 10 min continuously? “Participants
who answered “no” to both questions were classified as inactive. Those
who answered “yes” only to moderate-intensity activities were
classified as moderately active, and those who answered “yes” only to
vigorous-intensity activities were classified as vigorously active.
Participants who answered “yes” to both questions were classified as
both moderately and vigorously active.

2.4.3 Health factors
« Diabetes and hypertension status:

Chronic health conditions like diabetes and hypertension were
included because they can influence both body composition and
depressive symptoms, potentially confounding the association
between ABSI and depressive symptoms. These variables were treated
as dichotomous (present or absent) based on self-reports or
physician diagnoses.

2.4.4 Consideration of residual confounding
Although this study included a comprehensive set of covariates,
residual confounding factors might still exist. For instance:

o Unmeasured psychological variables: Variables such as
personality traits, stress levels, and access to mental health
were not included but influence

resources may

depressive symptoms.
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« Dietary habits: Detailed dietary patterns were not adjusted due
to data limitations, which might affect both body shape and
mental health.

o Genetic predisposition: Genetic factors influencing body shape
and mental health outcomes were not accounted for in
this analysis.

These unmeasured factors may have introduced residual
confounding. Future studies incorporating more granular data on
psychological, dietary, and genetic factors are needed to validate and
refine the findings of this study.

2.5 Statistical analysis

All analyses were conducted using Stata software (Stata Corp,
College Station, TX). The analyses accounted for the complex
sampling design of the NHANES data, including stratification,
clustering, and weighting, to ensure that the results were nationally
representative. All p-values were two-tailed, with statistical
significance set at p < 0.05. First, descriptive statistics were performed
for all variables. Means and standard deviations were reported for
continuous variables, while frequencies and percentages were
presented for categorical variables. Analysis of variance (ANOVA) and
chi-squared tests were used to evaluate initial associations between the
four ABSI subgroups and PHQ-9 scores. Multiple linear regression
models were employed to assess the association between ABSI and
depressive symptoms (PHQ-9 scores) in three steps:

1 Unadjusted model: This model examined the direct association
between ABSI and PHQ-9 scores without adjusting
for covariates.

2 Adjusted Model I: This model controlled for sociodemographic
variables, including age, sex, and race/ethnicity.

3 Adjusted Model II: This fully adjusted model controlled for all
covariates, including marital status, educational attainment,
poverty income ratio (PIR), smoking status, alcohol
consumption, physical activity, diabetes, and hypertension.

Subgroup analyses further explored the association between ABSI
and depressive symptoms within specific populations. These analyses,
fully adjusted for all covariates, stratified the association by sex and
age to identify potential group-specific trends or idiosyncratic effects.
Additionally, smoothed curve fitting was employed to explore
potential non-linear associations between ABSI and PHQ-9 scores,
allowing for the identification of more complex patterns. All analyses
were adjusted for NHANES sample weights to ensure that the results
could be generalized to the U.S. adult population.

3 Results

The findings are presented across three key tables, each addressing
distinct aspects of the analysis:

o Table 1 summarizes the baseline characteristics of the study

population, including depressive symptoms (PHQ-9 scores) and
ABSI, stratified by ABSI quartiles. These descriptive statistics
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provide an overview of the sample distribution and highlight
group-level differences.

Table 2 details the association between ABSI quartiles and

depressive symptoms, assessed using linear regression models.

This analysis examines the overall relationship, focusing on the

population-wide impact of ABSL

o Table 3 presents subgroup analyses, exploring the association
between ABSI (as a continuous variable) and depressive
symptoms within specific subgroups. These analyses aim to
identify potential interaction effects, offering a more granular

across and

understanding of variations demographic

clinical characteristics.

Together, these tables provide a comprehensive framework for
understanding the relationship between ABSI and depressive
symptoms, progressing logically from descriptive population
characteristics to inferential analyses and subgroup-specific insights.

3.1 Baseline situation

A total of 19,659 participants were included in this study. Baseline
characteristics revealed significant differences between groups when
stratified by ABSI quartiles. As ABSI increased, the mean age rose
from 35.53 years in the lowest quartile (Q1) to 59.17 years in the
highest quartile (Q4). The proportion of men also increased, from
43.35% in QI to 51.83% in Q4. In terms of race/ethnicity, the
proportion of Non-Hispanic White people was highest in Q4 (75.34%)
compared to 56.18% in Q1. Educational attainment showed a slight
decline with increasing ABSI, with the proportion of participants
holding a college degree or higher falling from 34.75% in QI to
27.35% in Q4. Marital status also shifted, with the proportion of
married individuals rising from 44.60% in Q1 to 58.09% in Q4.
Regarding smoking and alcohol consumption, the proportion of
former smokers increased significantly from 15.57% in QI to 34.54%
in Q4, while the proportion of current drinkers remained relatively
constant across the groups. In terms of physical activity, the proportion
of inactive participants rose from 32.43% in Q1 to 56.73% in Q4, with
a corresponding decrease in those engaging in vigorous exercise.

The prevalence of hypertension and diabetes also increased
markedly with higher ABSI, reaching 47.89 and 19.15% in Q4,
respectively, compared to 17.97 and 3.39% in QI. These findings
indicate significant differences in health status and lifestyle across
ABSI quartiles, providing important context for subsequent analyses
(see Table 1).

3.2 Association between a body shape
index and depressive symptoms

This study examined the association between A Body Shape Index
(ABSI) and depressive symptoms, as measured by PHQ-9 scores.
Higher ABSI values were positively correlated with greater severity of
depressive symptoms. In the multiple linear regression analysis, no
significant differences were observed between groups in the
unadjusted model. However, after stepwise adjustment for covariates—
including age, sex, race, marital status, poverty income ratio, smoking
status, alcohol consumption, physical activity, diabetes, and
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hypertension—higher ABSI was significantly associated with a greater
risk of depressive symptoms. In the fully adjusted model (Adjusted II),
participants in the third quartile (Q3) exhibited a significant increase
in depressive symptoms compared with those in the first quartile (Q1)
(f=0.87,95% CI = 0.68-1.06, p < 0.0001). This indicates that higher
ABSI values were closely linked to greater depressive symptom
severity. Similarly, the highest ABSI group (Q4) showed a significant
association with depressive symptoms ( = 0.22, 95% CI = 0.02-0.41,
p =0.0323), as presented in Table 2. These findings underscore the
increased risk of severe depressive symptoms in individuals with
higher ABSI.

Moreover, the smoothed curve fitting revealed a generally linear
relationship between ABSI and PHQ-9 scores, with some non-linear
tendencies observed at the extremes of ABSI values, as shown in
Figure 2.

Depressive symptoms showed a steady increase with rising ABSI,
particularly in the higher ABSI range. This suggests a strong
association between an abnormally large waist circumference relative
to height and BMI and the severity of depressive symptoms, especially
in individuals with elevated ABSI. In conclusion, this study
demonstrates that individuals with higher ABSI had significantly
more severe depressive symptoms, even after adjusting for potential
confounders such as sociodemographic and lifestyle factors. These
results suggest that ABSI may serve as a useful indicator for assessing
the risk of depressive symptoms and point to a complex interplay
between body shape and mental health.

3.3 Subgroup analyses and interaction tests

Subgroup analyses were conducted to explore the variability of the
association between ABSI and depressive symptoms across different
populations, considering interactions with variables such as sex, race,
age, educational level, poverty income ratio (PIR), smoking status,
alcohol consumption, hypertension, diabetes, and marital status. After
adjusting for all covariates, these analyses revealed patterns of
association and potential interaction effects across subgroups
(Table 3).

In the Crude model, no covariates were included, allowing for an
unadjusted examination of the raw association between ABSI and
depressive symptoms. In contrast, Model II adjusted for all covariates
except for the subgroup variable of interest. For example, in the gender
subgroup analysis, the model included covariates such as Age, Race,
Education level, Marital status, High blood pressure, Diabetes,
Physical activity, Smoking status, Alcohol status, and PIR, while
excluding gender. This approach ensured that the observed
associations reflected the independent effect of ABSI within each
subgroup while accounting for potential confounding factors.

3.3.1 Gender and ethnicity

In the gender subgroup analysis, both men (#=29.24, 95%
CI = 4.82-53.65, p = 0.0189) and women (f = 22.16, 95% CI = 3.03-
41.30, p = 0.0232) showed significant positive associations between
ABSI and depressive symptoms. However, the interaction effect of
gender was not significant (p = 0.6509), indicating a minimal influence
of gender on this association. Similarly, by race, higher ABSI was
significantly associated with depressive symptoms in Non-Hispanic
White people (f=30.07, 95% CI=6.18-53.96, p=0.0136) and
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TABLE 1 Characteristics of study population.

10.3389/fnut.2024.1510218

MET Q1 Q2 Q3 Q4 P-value

N 4,922 4,922 4,922 4,923

Age (years) 35.53 + 14.40 43.08 +15.49 49.31 +£15.75 59.17 +15.28 <0.0001

Standing height (cm) 167.79 £ 9.84 168.73 £ 9.95 169.04 +10.03 168.64 + 10.29 <0.0001

BMI, (kg/m?) 28.51 +£7.60 28.96 £ 6.90 29.64 £ 6.86 29.53 +£6.21 <0.0001

Waist Circumference (cm) 90.29 + 15.25 97.28 +15.39 102.92 + 15.97 108.31 + 15.48 <0.0001

PIR 2.88 +1.69 3.07 £ 1.66 3.07 £ 1.65 2.89 +£1.62 <0.0001

Gender (%) <0.0001

Male 43.35% 48.57% 52.86% 51.83%

Female 56.65% 51.43% 47.14% 48.17%

Race <0.0001

Mexican American 8.71% 9.99% 9.80% 6.27%

Other Hispanic people 7.56% 6.48% 6.44% 4.37%

Non-Hispanic White People 56.18% 63.61% 66.90% 75.34%

Non-Hispanic Black people 18.48% 10.77% 8.53% 6.45%

Other Race - Including Multi-Racial 9.06% 9.15% 8.32% 7.56%

Education level <0.0001

Less than 9th grade 2.62% 3.56% 4.92% 5.99%

9-11th grade 7.53% 8.48% 9.88% 10.56%

High school graduate/ GED or

cquivalent 20.94% 20.92% 23.56% 25.05%

Some college or AA degree 34.16% 32.82% 31.75% 31.01%

College graduate or above 34.75% 34.19% 29.89% 27.35%

Marital status <0.0001

Married 44.60% 55.10% 58.94% 58.09%

Widowed 1.75% 3.32% 4.97% 11.02%

Divorced 7.69% 9.74% 11.16% 12.80%

Separated 2.36% 2.76% 2.10% 2.39%

Never married 32.47% 19.32% 14.86% 9.80%

Living with partner 11.11% 9.74% 7.96% 5.87%

Smoking status <0.0001

Never smoking 66.70% 60.81% 52.53% 45.29%

Former smoking 15.57% 19.80% 27.23% 34.54%

Current smoking 17.72% 19.39% 20.24% 20.17%

Alcohol status <0.0001

Never drinking 12.68% 10.01% 10.63% 10.55%

Former drinker 2.52% 3.23% 3.24% 5.08%

Current drinker 84.80% 86.76% 86.13% 84.37%

Physical activity <0.0001

Inactive 32.43% 41.14% 46.80% 56.73%

Moderate 22.54% 26.18% 30.71% 31.26%

Vigorous 14.74% 10.28% 6.19% 3.05%

Both moderate and vigorous 30.29% 22.41% 16.31% 8.96%

High blood pressure <0.0001

Yes 17.97% 26.49% 35.02% 47.89%

No 81.93% 73.45% 64.96% 51.93%

(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2024.1510218

MET (@)} Q2 (@K Q4 P-value
Diabetes <0.0001
Yes 3.39% 5.70% 11.95% 19.15%

No 95.34% 92.19% 85.51% 77.19%

Depression 0.0003
Yes 7.55% 7.42% 7.50% 9.45%

No 92.45% 92.58% 92.50% 90.55%

BMI, body mass index; PHQ-9, Patient Health Questionnaire-9.

TABLE 2 The association between a body shape index (ABSI) and depressive symptoms.

Model Q1 Q2p (95% Cl) Q3p (95% Cl) Q4p (95% CI)
Non-adjusted —0.06 (—0.22,0.10) p = 0.4619 0.09 (=0.07, 0.26) p = 0.2700 —0.01 (~0.18, 0.16) p = 0.9034
Adjust I Reference 0.13 (=0.03, 0.29) p = 0.1213 0.42 (0.25, 0.59) p < 0.0001 0.10 (=0.08, 0.28) p = 0.2577
Adjust II Reference —0.01 (~0.18, 0.16) p = 0.9034 0.87 (0.68, 1.06) p < 0.0001 0.22 (0.02, 0.41) p = 0.0323

Adjust I, Adjusted for Gender, Age and Race; Adjust II, Adjusted for Gender, Age, Race, Education level, Marital status, High blood pressure, Diabetes, Physical activity, Smoking status,

Alcohol status, PIR.

non-Hispanic Black (=31.14, 95% CI = 0.32-61.95, p = 0.0477)
populations, with no significant interaction effect by race (p = 0.8767).

3.3.2 Age and educational attainment

The association between ABSI and depressive symptoms was most
pronounced among participants under 40 years of age (§ = 27.07, 95%
CI = 1.34-52.80, p = 0.0392), while no significant associations were
observed in the 40-60 or 60+ age groups. Interaction analyses
suggested a non-significant effect of age on the overall ABSI-
depression association (p =0.7608). For educational attainment,
although the interaction effect was not significant (p = 0.4355),
individuals with a college or associate’s degree demonstrated a
stronger association (f = 46.01, 95% CI = 19.50-72.52, p = 0.0007),
suggesting that higher educational levels may heighten sensitivity to
the association between ABSI and depressive symptoms.

3.3.3 Poverty income ratio, smoking, and drinking
status

In the PIR subgroup, significant associations were found among
individuals with PIR >1 and <2 (f = 36.61, 95% CI = 7.72-65.50,
p=0.0130) and PIR >2 (f = 29.67, 95% CI = 8.24-51.11, p = 0.0067),
while no associations were observed for PIR <1. Among current
smokers (ff = 53.40, 95% CI = 19.27-87.54, p = 0.0022) and current
drinkers (f = 28.45, 95% CI = 11.48-45.42, p = 0.0010), ABSI was
significantly associated with depressive symptoms, whereas weaker
associations were observed among non-smokers and non-drinkers.
Interaction analyses showed no significant interaction effects for
smoking and drinking status (p = 0.1658 and p = 0.6898, respectively).

3.3.4 Hypertension, diabetes, and marital status
For hypertension, the association between ABSI and
depressive symptoms was significant in those without
hypertension (f = 38.20, 95% CI = 18.94-57.45, p = 0.0001), but
no significant association was observed in hypertensive
individuals (p = 0.6379). Interaction analyses indicated a
significant moderating effect of hypertension on this association
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(p = 0.0417), suggesting that hypertension may attenuate the
relationship between ABSI and depressive symptoms. Diabetes
status, however, did not show a significant interaction effect
(p=0.7883). Marital status analyses revealed significant
associations among divorced (8 = 79.80, 95% CI = 34.78-124.82,
p =0.0005), separated (f=145.26, 95% CI =67.77-222.74,
p =0.0002), and never married ( = 40.92, 95% CI = 6.78-75.07,
p =0.0188) individuals, while no significant differences were
found for married or widowed participants. Interaction tests
showed a significant moderating effect of marital status on the
ABSI-depressive symptom relationship (p = 0.0004).

These subgroup analyses demonstrate that while gender, race, age,
PIR, smoking/drinking status, hypertension, and marital status were
evaluated for their potential moderating roles in the association
between ABSI and depressive symptoms, only hypertension and
marital status showed statistically significant interaction effects. This
suggests that the relationship between ABSI and depressive symptoms
may be more complex in these specific subgroups. These findings
highlight the importance of a more nuanced understanding of ABSI’s
effects on depressive symptoms across different populations, which
could have implications for developing personalized interventions.

4 Discussion

4.1 Main findings

The aim of this study was to investigate the association between A
Body Shape Index (ABSI) and depressive symptoms. The findings
indicate that individuals with higher ABSI scores were more likely to
exhibit more severe depressive symptoms. Higher ABSI was
significantly associated with increased PHQ-9 depression scores after
adjustment for covariates such as sociodemographic, lifestyle, and
health factors, while the association was not significant in the
unadjusted model. In the fully adjusted model (Model IT), individuals
in the Q3 and Q4 groups demonstrated a significantly higher risk of
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TABLE 3 Subgroup analysis of the association between ABSI and depressive symptoms.

10.3389/fnut.2024.1510218

Character Crude Model lIf (95%Cl) P [P Giteesms
Gender 0.6509
Male Reference 29.24 (4.82, 53.65) 0.0189

Female Reference 22.16 (3.03, 41.30) 0.0232

Race 0.8767
Mexican American Reference 17.31 (—27.00, 61.63) 0.4438

Other Hispanic people Reference 3.85 (—45.45, 53.15) 0.8782

Non-Hispanic White People Reference 30.07 (6.18, 53.96) 0.0136

Non-Hispanic Black people Reference 31.14 (0.32, 61.95) 0.0477

Other Race - Including Multi-Racial Reference 31.15(—9.42,71.72) 0.1324

Education level 0.4355
Less than 9th grade Reference 12.02 (—45.16, 69.21) 0.6803

9-11th grade Reference 22.95 (—20.07, 65.98) 0.2958

High school graduate/GED or equivalent Reference 8.01 (-23.11, 39.13) 0.6139

Some college or AA degree Reference 46.01 (19.50, 72.52) 0.0007

College graduate or above Reference 23.04 (=7.42, 53.50) 0.1383

Age 0.7608
<40 Reference 27.07 (1.34, 52.80) 0.0392

> 40, <60 Reference 24.66 (—1.41, 50.73) 0.0637

> 60 Reference 14.50 (—10.32, 39.32) 0.2523

PIR 0.1776
<1 Reference —1.38 (—33.20, 30.43) 0.9321

>1,<2 Reference 36.61 (7.72, 65.50) 0.0130

>2 Reference 29.67 (8.24,51.11) 0.0067

Alcohol status 0.6898
Never drinking Reference 10.33 (—28.41, 49.07) 0.6012

Former drinker Reference 31.98 (—35.40, 99.36) 0.3522

Current drinker Reference 28.45(11.48, 45.42) 0.0010

Smoking status 0.1658
Never smoking Reference 23.53 (3.73,43.32) 0.0199

Former smoking Reference 9.04 (—23.54,41.62) 0.5866

Current smoking Reference 53.40 (19.27, 87.54) 0.0022

Physical activity 0.3750
Inactive Reference 13.40 (—7.64, 34.44) 0.2119

Moderate Reference 45.37 (15.60, 75.14) 0.0028

Vigorous Reference 34.23 (—24.71,93.18) 0.2550

Both moderate and vigorous Reference 28.64 (—9.67, 66.95) 0.1428

Diabetes 0.7883
Yes Reference 28.04 (—12.77, 68.85) 0.1781

No Reference 27.71 (11.13, 44.30) 0.0011

High blood pressure 0.0417
Yes Reference 5.89 (—18.63, 30.40) 0.6379

No Reference 38.20 (18.94, 57.45) 0.0001

Marital status 0.0004
Married Reference 13.31 (-8.61, 35.23) 0.2339

(Continued)
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TABLE 3 (Continued)

10.3389/fnut.2024.1510218

Character Crude Model lIp (95%Cl) P P interaction
Widowed Reference —17.26 (—68.90, 34.38) 0.5123
Divorced Reference 79.80 (34.78, 124.82) 0.0005
Separated Reference 145.26 (67.77, 222.74) 0.0002
Never married Reference 40.92 (6.78, 75.07) 0.0188
Living with partner Reference —20.26 (—72.91, 32.39) 0.4508
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FIGURE 2
Association between ABSI and PHQ-9 scores with smoothed curve fitting.

depressive symptoms, further validating the potential role of ABSI in
assessing depressive symptoms. Subgroup analyses revealed variations
in the association between ABSI and depressive symptoms across
different populations. Distinct moderating effects were observed
based on sex, race, age, income level, smoking and drinking status,
marital status, and hypertension. Notably, hypertension and marital
status showed particularly strong interactions with ABSI in relation to
depressive symptoms, suggesting that complex mechanisms may
underlie the relationship between physical form and mental health in
specific groups. These findings, particularly in light of the growing
focus on abdominal fat distribution and its influence on mental health,
underscore the potential value of ABSI as a tool for assessing an
individual’s risk of depression. They also provide a foundation for
future studies aimed at further elucidating the relationship between
body shape and mental health.

The results of this study align with previous research on the
relationship between body mass index (BMI) and mental health (30,
31). Previous studies have demonstrated that waist circumference and
abdominal obesity are strongly associated with negative mental health
outcomes, including anxiety, depression, and heightened psychological
stress (32, 33). ABSI, by better capturing the independent effects of
waist circumference on health than traditional BMI, offers a novel
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perspective on the relationship between body shape and depressive
symptoms. Unlike earlier studies that focused on BMI, this study
extends the literature by analyzing the association between the
emerging metric of ABSI and depressive symptoms.

Many previous studies have identified a positive relationship
between higher BMI and depression (34, 35), but BMI is limited in its
ability to distinguish between muscle and fat mass and fails to
adequately reflect waist circumference, a key factor in health
outcomes. In contrast, ABSI incorporates waist circumference, height,
and BMI, offering a more nuanced measure of body shape and fat
distribution. This study highlights the advantages of ABSI by
demonstrating its stronger association with depressive symptoms
compared to BMI, particularly in individuals with larger waist
circumferences. Higher ABSI values may reveal hidden risks for
depression, providing a more comprehensive assessment of mental
health risks associated with abdominal obesity. Compared to waist
circumference alone, ABSI adjusts for height and BMI, reducing
potential confounding effects and offering a standardized
representation of abdominal fat distribution. Unlike weight-adjusted
waist indices, ABSI emphasizes the unique contribution of waist
circumference to health outcomes while accounting for overall body
size and proportions. This makes ABSI particularly valuable in
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identifying individuals at risk for depression, even when their BMI or
raw waist circumference measurements fall within normal ranges.
Consistent with prior research, this study also suggests that abdominal
obesity may adversely affect mental health through mechanisms such
as body dissatisfaction, social stigma, and endocrine dysfunction. The
significant association between higher ABSI and depressive symptoms
supports the hypothesis that an excessive increase in waist
circumference, relative to height and BMI, may be a potential trigger
for depressive symptoms.

Unlike studies that have primarily focused on overall adiposity
(i.e., BMI) or isolated measures like waist circumference, this study
underscores the unique role of ABSI in capturing the health impacts
of abdominal fat distribution. These findings position ABSI as a
valuable complementary indicator in mental health assessment,
aligning with recent research trends that emphasize the importance
of waist circumference and abdominal obesity in understanding
mental health risks. Future research should explore the potential of
ABSI in predicting other mental health outcomes, further elucidating
the relationship between body shape and psychological well-being.

This study found a significant association between ABSI and
depressive symptoms, with a notable increase in the severity of depressive
symptoms, particularly in individuals with high ABSI. Several biological
mechanisms and psychosocial factors may underlie this association,
offering important avenues for further exploration.

First, abdominal fat and endocrine dysfunction likely play a
crucial role. Visceral fat, in particular, is a key contributor to metabolic
disorders such as insulin resistance and metabolic syndrome, as well
as chronic inflammation (36). These conditions may affect the
hypothalamic-pituitary-adrenal (HPA) axis, leading to increased
secretion of stress hormones, such as cortisol (37). Chronic elevations
in cortisol levels are strongly associated with depressive symptoms and
are thought to contribute to the development of mood disorders,
anxiety, and depression (38). Thus, the physiological basis for
increased depressive symptoms may be linked to the association
between increased waist circumference (high ABSI) and endocrine
dysregulation. Second, chronic low-grade inflammation is another
potential mechanism in the association between ABSI and depression.
Visceral adipose tissue is a significant source of pro-inflammatory
cytokines, including tumor necrosis factor-alpha (TNF-alpha) and
interleukin-6 (IL-6) (39, 40). These inflammatory factors are not only
linked to metabolic diseases but also to the onset and exacerbation of
depressive symptoms. Chronic inflammation may impair mood
regulation by altering neurotransmitter levels in the brain, a process
that may be more pronounced in individuals with high ABSI.

Psychosocial factors also contribute to the relationship between
ABSI and depressive symptoms. Individuals with larger waist
circumferences often face greater social stigma and body size
discrimination. Studies suggest that obese individuals may experience
negative social evaluations, leading to body image dissatisfaction,
lowered self-esteem, and social isolation—all of which are potential
triggers for depression (41). Body image dissatisfaction is particularly
influential in mental health outcomes, especially among women and
adolescents (42). Larger waist circumferences may have a greater
impact on emotional well-being in these populations. Additionally,
physical discomfort and reduced mobility associated with a higher
ABSI may contribute to depressive symptoms. A larger waist
circumference can limit physical activity and reduce quality of life (43).
Physical inactivity is not only associated with poor physical health but
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can also affect mental health by reducing the release of endorphins,
thereby increasing the risk of depressive symptoms (44). Finally, a
negative feedback loop may exist between ABSI and depressive
symptoms, exacerbated by psycho-physical interactions. Depressive
symptoms can lead to unhealthy eating habits and decreased physical
activity, contributing to the accumulation of abdominal fat and further
increasing ABSI. This vicious cycle of worsening depressive symptoms
and deteriorating body shape may intensify mental health challenges.

Notably, hypertension showed a particularly strong interaction with
ABSI in relation to depressive symptoms, suggesting that this condition
may amplify the relationship between physical form and mental health
through complex mechanisms. Chronic hypertension is associated with
systemic inflammation and dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis, both of which have been implicated in the
pathogenesis of depression (45). Elevated levels of pro-inflammatory
cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a), may exacerbate the adverse psychological effects of body
composition (46). Furthermore, hypertension imposes a psychological
burden, including heightened stress and anxiety, which could further
contribute to depressive symptoms (47). Behaviorally, individuals with
hypertension often experience reduced physical activity levels,
diminishing a key protective factor against depression and potentially
compounding the effects of ABSI.

In conclusion, multiple biological mechanisms and psychosocial
factors likely interact to form the association between ABSI and
depressive symptoms. Future studies should further investigate the
specific pathways underlying these mechanisms and consider the
bidirectional effects of body shape and mental health in developing
interventions aimed at preventing and managing depressive
symptoms more effectively.

4.2 Strengths and limitations

This study has several strengths. First, the use of ABSI as an
indicator of body shape offers a novel approach, distinct from the
traditional reliance on BMI. ABSI more accurately reflects the unique
impact of waist circumference relative to height and BMI, effectively
capturing health risks associated with visceral fat distribution. This
makes it particularly valuable for assessing the relationship between
body shape and mental health, enabling a more targeted analysis.
Second, the study draws on data from the National Health and
Nutrition Examination Survey (NHANES), a nationally representative
survey with a large and diverse sample that encompasses a wide range
of sociodemographic characteristics. This ensures that the findings are
generalizable to the broader U.S. population. Moreover, the study
employed a multivariate adjustment model to control for potential
confounders, including sociodemographic factors, lifestyle, and health
status, enhancing the robustness of the results.

However, there are limitations to this study. First, the cross-sectional
design precludes the establishment of a causal relationship between
ABSI and depressive symptoms. While we identified a significant
association, we cannot infer whether elevated ABSI directly causes
depressive symptoms. Future longitudinal studies or randomized
controlled trials are needed to validate the causality of this relationship.
Second, depressive symptoms were assessed using the self-reported
PHQ-9 scale. Although widely used, self-report measures can introduce
bias and may underestimate the severity of depression. Similarly, the
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calculation of ABSI relies on accurate measurements of waist
circumference, height, and BMI. Although NHANES provides high-
quality anthropometric data, potential measurement errors in other
datasets or self-reported data could affect the accuracy and consistency
of ABSI assessments. Another limitation is the study’s focus on a single
body shape indicator—abdominal fat. While ABSI provides a more
nuanced assessment of waist circumference, it does not account for other
body fat distributions (e.g., hip circumference, waist-to-hip ratio), which
may also influence mental health. Future research should incorporate
multiple body shape indicators to offer a more comprehensive evaluation
of their potential roles in depressive symptoms. Lastly, despite adjusting
for several covariates, there may still be unmeasured confounders, such
as dietary habits, sleep quality, and social support, that could influence
the association between ABSI and depressive symptoms. Future studies
could further refine the analysis by accounting for these factors.

In conclusion, this study provides new evidence for the association
between ABSI and depressive symptoms. However, the aforementioned
limitations should be considered when interpreting the results. Future
research should incorporate a broader range of body image indicators
and longitudinal designs to further explore the complex relationship
between body shape and mental health.

5 Conclusion

This study systematically examined the association between A
Body Shape Index (ABSI) and depressive symptoms, revealing that
higher ABSI scores were significantly associated with more severe
depressive symptoms after adjusting for a range of sociodemographic,
lifestyle, and health-related covariates. These findings suggest that the
independent contribution of waist circumference relative to height
and BMI may be an important predictor of depressive symptoms. By
employing ABSI as a tool for body shape assessment, we were able to
gain deeper insights into the potential impact of abdominal fat
distribution on mental health.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

References

1. Smith K. Mental health: a world of depression. Nature. (2014) 515:181.

2. Freitas PHB, Meireles AL, Ribeiro I, Abreu MNS, Paula W, Cardoso CS. Symptoms
of depression, anxiety and stress in health students and impact on quality of life. Rev Lat
Am Enfermagem. (2023) 31:e3884. doi: 10.1590/1518-8345.6315.3886

3. Thapar A, Eyre O, Patel V, Brent D. Depression in young people. Lancet. (2022)
400:617-31. doi: 10.1016/S0140-6736(22)01012-1

4. Swetlitz N. Depression's problem with men. AMA ] Ethics. (2021) 23:E586-9. doi:
10.1001/amajethics.2021.586

5. Coryell WH, Butcher BD, Burns TL, Dindo LN, Schlechte JA, Calarge CA. Fat
distribution and major depressive disorder in late adolescence. J Clin Psychiatry. (2016)
77:84-9. doi: 10.4088/JCP.14m09169

6. Milaneschi Y, Simonsick EM, Vogelzangs N, Strotmeyer ES, Yaffe K, Harris TB,
et al. Leptin, abdominal obesity, and onset of depression in older men and women. J Clin
Psychiatry. (2012) 73:1205-11. doi: 10.4088/JCP.11m07552

Frontiers in Nutrition

11

10.3389/fnut.2024.1510218

Ethics statement

Ethical approval was not required for the study involving humans
in accordance with the local legislation and institutional requirements.
Written informed consent to participate in this study was not required
from the participants or the participants’ legal guardians/next of kin
with  the the
institutional requirements.

in accordance national legislation and

Author contributions

ZZ: Formal analysis, Methodology, Writing — original draft,
Writing - review & editing. X-YR: Data curation, Software, Writing —
original draft. WM: Conceptualization, Data curation, Formal
analysis, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Gazarova M, Gal$neiderova M, Meciarova L. Obesity diagnosis and mortality risk
based on a body shape index (ABSI) and other indices and anthropometric parameters
in university students. Rocz Panstw Zakl Hig. (2019) 70:267-75.

8. Nagayama D, Fujishiro K, Watanabe Y, Yamaguchi T, Suzuki K, Saiki A, et al. A
body shape index (ABSI) as a variant of Conicity index not affected by the obesity
paradox: a cross-sectional study using arterial stiffness parameter. ] Pers Med. (2022) 12.
doi: 10.3390/jpm12122014

9. Bleich SN, Vercammen KA, Zatz LY, Frelier JM, Ebbeling CB, Peeters A.
Interventions to prevent global childhood overweight and obesity: a systematic review.
Lancet Diabetes Endocrinol. (2018) 6:332-46. doi: 10.1016/52213-8587(17)30358-3

10. Binnewies J, Nawijn L, van Tol MJ, van der Wee NJA, Veltman D], Penninx B.
Associations between depression, lifestyle and brain structure: a longitudinal MRI study.
Neuroimage. (2021) 231:117834. doi: 10.1016/j.neuroimage.2021.117834

11. Mansoor B, Rengasamy M, Hilton R, Porta G, He ], Spirito A, et al. The
bidirectional relationship between body mass index and treatment outcome in

frontiersin.org


https://doi.org/10.3389/fnut.2024.1510218
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1590/1518-8345.6315.3886
https://doi.org/10.1016/S0140-6736(22)01012-1
https://doi.org/10.1001/amajethics.2021.586
https://doi.org/10.4088/JCP.14m09169
https://doi.org/10.4088/JCP.11m07552
https://doi.org/10.3390/jpm12122014
https://doi.org/10.1016/S2213-8587(17)30358-3
https://doi.org/10.1016/j.neuroimage.2021.117834

Zhang et al.

adolescents with treatment-resistant depression. J Child Adolesc Psychopharmacol.
(2013) 23:458-67. doi: 10.1089/cap.2012.0095

12. Cameron N, Godino JG, Skipper T, Dillon L, Waalen J, Hill L, et al. Associations
between reliable changes in depression and changes in BMI, total body fatness and
visceral adiposity during a 12-month weight loss trial. Int ] Obes. (2019) 43:1859-62.
doi: 10.1038/s41366-018-0272-1

13. He K, Pang T, Huang H. The relationship between depressive symptoms and BMI:
2005-2018 NHANES data. J Affect Disord. (2022) 313:151-7. doi: 10.1016/j.
jad.2022.06.046

14.Wu Y, Li D, Vermund SH. Advantages and limitations of the body mass index
(BMI) to assess adult obesity. Int ] Environ Res Public Health. (2024) 21. doi: 10.3390/
ijerph21060757

15. Buss J. Limitations of body mass index to assess body fat. Workplace Health Saf.
(2014) 62:264. doi: 10.1177/216507991406200608

16. Bray GA. Beyond BMI. Nutrients. (2023) 15. doi: 10.3390/nul15102254

17. Zhao G, Ford ES, Dhingra S, Li C, Strine TW, Mokdad AH. Depression and anxiety
among US adults: associations with body mass index. Int ] Obes. (2009) 33:257-66. doi:
10.1038/ij0.2008.268

18. Lotfi K, Hassanzadeh Keshteli A, Saneei P, Afshar H, Esmaillzadeh A, Adibi P. A
body shape index and body roundness index in relation to anxiety, depression, and
psychological distress in adults. Front Nutr. (2022) 9:843155. doi: 10.3389/
fnut.2022.843155

19. Cortese S, Falissard B, Angriman M, Pigaiani Y, Banzato C, Bogoni G, et al. The
relationship between body size and depression symptoms in adolescents. ] Pediatr.
(2009) 154:86-90. doi: 10.1016/j.jpeds.2008.07.040

20. Dregan A, Rayner L, Davis KAS, Bakolis I, Arias de la Torre J, Das-Munshi J, et al.
Associations between depression, arterial stiffness, and metabolic syndrome among
adults in the UK biobank population study: a mediation analysis. JAMA Psychiatry.
(2020) 77:598-606. doi: 10.1001/jamapsychiatry.2019.4712

21. Levis B, Benedetti A, Thombs BD. Accuracy of patient health Questionnaire-9
(PHQ-9) for screening to detect major depression: individual participant data meta-
analysis. BMJ. (2019) 365:11476. doi: 10.1136/bmj.11476

22. Costantini L, Pasquarella C, Odone A, Colucci ME, Costanza A, Serafini G, et al.
Screening for depression in primary care with patient health Questionnaire-9 (PHQ-9):
a systematic review. J Affect Disord. (2021) 279:473-83. doi: 10.1016/j.jad.2020.09.131

23. Christakoudi S, Tsilidis KK, Evangelou E, Riboli E. A body shape index (ABSI),
hip index, and risk of cancer in the UK biobank cohort. Cancer Med. (2021) 10:5614-28.
doi: 10.1002/cam4.4097

24. Kuehner C. Why is depression more common among women than among men?
Lancet Psychiatry. (2017) 4:146-58. doi: 10.1016/52215-0366(16)30263-2

25. Williams K. Has the future of marriage arrived? A contemporary examination of
gender, marriage, and psychological well-being. ] Health Soc Behav. (2003) 44:470-87.
doi: 10.2307/1519794

26. Reiss E Socioeconomic inequalities and mental health problems in children and
adolescents: a systematic review. Soc Sci Med. (2013) 90:24-31. doi: 10.1016/j.
socscimed.2013.04.026

27.Pasco JA, Williams L], Jacka FN, Ng F, Henry M]J, Nicholson GC, et al. Tobacco
smoking as a risk factor for major depressive disorder: population-based study. Br J
Psychiatry. (2008) 193:322-6. doi: 10.1192/bjp.bp.107.046706

28. Hendriks HFJ. Alcohol and human health: what is the evidence? Annu Rev Food
Sci Technol. (2020) 11:1-21. doi: 10.1146/annurev-food-032519-051827

29. Fossati C, Torre G, Vasta S, Giombini A, Quaranta F, Papalia R, et al. Physical
exercise and mental health: the routes of a reciprocal relation. Int ] Environ Res Public
Health. (2021) 18. doi: 10.3390/ijerph182312364

Frontiers in Nutrition

12

10.3389/fnut.2024.1510218

30. Forster LJ, Vogel M, Stein R, Hilbert A, Breinker JL, Bottcher M, et al. Mental
health in children and adolescents with overweight or obesity. BMC Public Health.
(2023) 23:135. doi: 10.1186/512889-023-15032-z

31.van den Broek N, Treur JL, Larsen JK, Verhagen M, Verweij KJH, Vink JM. Causal
associations between body mass index and mental health: a Mendelian randomisation
study. J Epidemiol Community Health. (2018) 72:708-10. doi: 10.1136/jech-2017-210000

32. Zhang L, Yin ], Sun H, Dong W, Liu Z, Yang J, et al. The relationship between body
roundness index and depression: a cross-sectional study using data from the National
Health and nutrition examination survey (NHANES) 2011-2018. ] Affect Disord. (2024)
361:17-23. doi: 1041016/j.jad.2024.054153

33. Zhang H, Chen R, Ma A, Li W, Zhao X, Pang T, et al. The association between
abdominal obesity and depressive symptoms among Chinese adults: evidence from national
and regional communities. ] Affect Disord. (2024) 365:49-55. doi: 10.1016/j.jad.2024.08.075

34. Wang H, Fu ], Lu Q, Tao E Hao J. Physical activity, body mass index and mental
health in Chinese adolescents: a population based study. J Sports Med Phys Fitness.
(2014) 54:518-25.

35. Lin WY, Chang CK, Tung FI, Lin TY, Lin YK. Interpreting the evidence of body
mass index in relation to mental health status in community-dwelling older adults.
Gerontology. (2022) 68:1311-20. doi: 10.1159/000524450

36. Kade AK, Chabanets EA, Zanin SA, Polyakov PP. Sick fat (adiposopathy) as the
main contributor to metabolic syndrome. Vopr Pitan. (2022) 91:27-36. doi:
10.33029/0042-8833-2022-91-1-27-36

37. Adam TC, Epel ES. Stress, eating and the reward system. Physiol Behav. (2007)
91:449-58. doi: 10.1016/j.physbeh.2007.04.011

38. Weinstein AA, Deuster PA, Francis JL, Bonsall RW, Tracy RP, Kop WIJ.
Neurohormonal and inflammatory hyper-responsiveness to acute mental stress in
depression. Biol Psychol. (2010) 84:228-34. doi: 10.1016/j.biopsycho.2010.01.016

39. Rancourt RC, Ott R, Ziska T, Schellong K, Melchior K, Henrich W, et al. Visceral
adipose tissue inflammatory factors (TNF-alpha, SOCS3) in gestational diabetes
(GDM): epigenetics as a clue in GDM pathophysiology. Int ] Mol Sci. (2020) 21. doi:
10.3390/ijms21020479

40. Grohmann M, Sabin M, Holly J, Shield J, Crowne E, Stewart C. Characterization
of differentiated subcutaneous and visceral adipose tissue from children: the influences
of TNF-alpha and IGF-I. ] Lipid Res. (2005) 46:93-103. doi: 10.1194/jlr.M400295-JLR200

41. Ratcliffe D, Ellison N. Obesity and internalized weight stigma: a formulation
model for an emerging psychological problem. Behav Cogn Psychother. (2015)
43:239-52. doi: 10.1017/S1352465813000763

42. Mannan M, Mamun A, Doi S, Clavarino A. Prospective associations between
depression and obesity for adolescent males and females- a systematic review and Meta-
analysis of longitudinal studies. PLoS One. (2016) 11:€0157240. doi: 10.1371/journal.
pone.0157240

43. Rao WW, Zong QQ, Zhang JW, An FR, Jackson T, Ungvari GS, et al. Obesity increases
the risk of depression in children and adolescents: results from a systematic review and meta-
analysis. ] Affect Disord. (2020) 267:78-85. doi: 10.1016/j.jad.2020.01.154

44. Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BW. Depression and
obesity: evidence of shared biological mechanisms. Mol Psychiatry. (2019) 24:18-33. doi:
10.1038/s41380-018-0017-5

45. Hassamal S. Chronic stress, neuroinflammation, and depression: an overview of
pathophysiological mechanisms and emerging anti-inflammatories. Front Psych. (2023)
14:1130989. doi: 10.3389/fpsyt.2023.1130989

46. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-
analysis of cytokines in major depression. Biol Psychiatry. (2010) 67:446-57. doi:
10.1016/j.biopsych.2009.09.033

47. Kretchy IA, Owusu-Daaku FT, Danquah SA. Mental health in hypertension:
assessing symptoms of anxiety, depression and stress on anti-hypertensive medication
adherence. Int ] Ment Health Syst. (2014) 8:25. doi: 10.1186/1752-4458-8-25

frontiersin.org


https://doi.org/10.3389/fnut.2024.1510218
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1089/cap.2012.0095
https://doi.org/10.1038/s41366-018-0272-1
https://doi.org/10.1016/j.jad.2022.06.046
https://doi.org/10.1016/j.jad.2022.06.046
https://doi.org/10.3390/ijerph21060757
https://doi.org/10.3390/ijerph21060757
https://doi.org/10.1177/216507991406200608
https://doi.org/10.3390/nu15102254
https://doi.org/10.1038/ijo.2008.268
https://doi.org/10.3389/fnut.2022.843155
https://doi.org/10.3389/fnut.2022.843155
https://doi.org/10.1016/j.jpeds.2008.07.040
https://doi.org/10.1001/jamapsychiatry.2019.4712
https://doi.org/10.1136/bmj.l1476
https://doi.org/10.1016/j.jad.2020.09.131
https://doi.org/10.1002/cam4.4097
https://doi.org/10.1016/S2215-0366(16)30263-2
https://doi.org/10.2307/1519794
https://doi.org/10.1016/j.socscimed.2013.04.026
https://doi.org/10.1016/j.socscimed.2013.04.026
https://doi.org/10.1192/bjp.bp.107.046706
https://doi.org/10.1146/annurev-food-032519-051827
https://doi.org/10.3390/ijerph182312364
https://doi.org/10.1186/s12889-023-15032-z
https://doi.org/10.1136/jech-2017-210000
https://doi.org/10.1016/j.jad.2024.05.153
https://doi.org/10.1016/j.jad.2024.08.075
https://doi.org/10.1159/000524450
https://doi.org/10.33029/0042-8833-2022-91-1-27-36
https://doi.org/10.1016/j.physbeh.2007.04.011
https://doi.org/10.1016/j.biopsycho.2010.01.016
https://doi.org/10.3390/ijms21020479
https://doi.org/10.1194/jlr.M400295-JLR200
https://doi.org/10.1017/S1352465813000763
https://doi.org/10.1371/journal.pone.0157240
https://doi.org/10.1371/journal.pone.0157240
https://doi.org/10.1016/j.jad.2020.01.154
https://doi.org/10.1038/s41380-018-0017-5
https://doi.org/10.3389/fpsyt.2023.1130989
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1186/1752-4458-8-25

	The association between a body shape index and depressive symptoms: a cross-sectional study using NHANES data (2011–2018)
	1 Background
	2 Methods
	2.1 Study population
	2.2 Measurement of depression levels
	2.3 Measurement of ABSI
	2.4 Assessment of covariates
	2.4.1 Sociodemographic factors
	2.4.2 Lifestyle factors
	2.4.3 Health factors
	2.4.4 Consideration of residual confounding
	2.5 Statistical analysis

	3 Results
	3.1 Baseline situation
	3.2 Association between a body shape index and depressive symptoms
	3.3 Subgroup analyses and interaction tests
	3.3.1 Gender and ethnicity
	3.3.2 Age and educational attainment
	3.3.3 Poverty income ratio, smoking, and drinking status
	3.3.4 Hypertension, diabetes, and marital status

	4 Discussion
	4.1 Main findings
	4.2 Strengths and limitations

	5 Conclusion

	References

