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Abstract

Background Amidst growing evidence of the intricate link between physical and mental health, this study aims to dissect
the relationship between the waist-to-weight index (WWI) and suicidal ideation within a representative sample of the US
population, proposing WWTI as a novel metric for suicide risk assessment.

Methods The study engaged a sample of 9500 participants in a cross-sectional design. It employed multivariate logistic and
linear regression analyses to probe the association between WWI and suicidal ideation. It further examined potential nonlin-
ear dynamics using a weighted generalized additive model alongside stratified analyses to test the relationship's consistency
across diverse demographic and health variables.

Results Our analysis revealed a significant positive correlation between increased WWI and heightened suicidal ideation,
characterized by a nonlinear relationship that persisted in the adjusted model. Subgroup analysis sustained the association's
uniformity across varied population segments.

Conclusions The study elucidates WWT's effectiveness as a predictive tool for suicidal ideation, underscoring its relevance
in mental health evaluations. By highlighting the predictive value of WWI, our findings advocate for the integration of body
composition considerations into mental health risk assessments, thereby broadening the scope of suicide prevention strategies.

Keywords Waist-to-weight index - Suicidal ideation - Mental health assessments - Cross-sectional analysis - Predictive
accuracy

Introduction

There is a genuinely severe philosophical problem, and
Shijie Guo and Guangwei Qing have contributed equally to this that is suicide [1], a profound societal crisis. Annually,
article. approximately 700,000 individuals end their own lives [2].
According to the US Centers for Disease Control and Pre-
vention (CDC), in 2021, there were 48,183 suicides in the
US, a figure that escalated to 49,449 in 2022, indicating a
2.6% increase [3]. The complexity of suicide prevention is
attributed to its multifaceted causes, including societal (e.g.,
familial responsibilities), political (e.g., policies on mini-
mum wage), cultural (e.g., stereotypes of masculinity), and
economic factors (e.g., unemployment, lower socioeconomic
status) [4]. Identified risk factors encompass mental health
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disorders, substance abuse, chronic pain, a history of suicide
in the individual or family, experiences of aggression, access
to firearms at home, and recent discharge from incarceration
[5-9]. Additionally, witnessing suicidal behaviors in others
can heighten suicide risk [10]. Despite demographic vari-
ances among groups such as adolescents, sexual minorities,
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and adults, research consistently shows that individuals har-
boring suicidal thoughts face a greater risk of suicide com-
pletion than those without such thoughts [11-14]. Despite
efforts across medical, socioeconomic, and political domains
to mitigate and prevent suicide, a significant reduction in
the prevalence of suicidal ideation remains elusive [15],
highlighting the critical need for an in-depth examination
of suicidal ideation.

Obesity represents a widespread, severe, and financially
burdensome chronic condition affecting both adults and chil-
dren. In 2022, the CDC reported that the prevalence of adult
obesity in the US had escalated, with 22 states having an
adult obesity prevalence at or above 35%, an increase from
19 states in 2021[16]. Obesity is a significant risk factor for
a variety of severe health conditions, including hypertension,
cardiovascular diseases, diabetes mellitus, asthma, joint dis-
orders, cholelithiasis, as well as gallbladder disease. [5, 17,
18]. Doctors believe that obesity is a complex, heteroge-
neous chronic disease that manifests differently in patients
and, therefore, requires individualized long-term manage-
ment [19]. Consequently, identifying accurate and reliable
metrics for evaluating obesity is critically essential.

Body mass index (BMI) has long been a widely accepted
standard for identifying levels of obesity. However, BMI
cannot distinguish excess fat, muscle, or bone mass. BMI
cannot differentiate between locations of fat [20, 21]. It is
generally accepted that abdominal (visceral) fat is more
closely associated with health risks than fat in other body
parts [22-25]. The weight-adjusted-waist index (WWI) rep-
resents a novel metric for obesity assessment, demonstrating
enhanced precision in quantifying lean muscle and adipose
tissue mass when juxtaposed with traditional measures such
as BMI and waist circumference (WC) [26, 27]. The lit-
erature suggests that WWI is associated with a variety of
conditions, including fatty liver, cognitive function, hyper-
uricemia, diabetes mellitus, kidney stones, dyslipidemia, and
urinary incontinence [28, 27, 29-33]. It may serve as a more
accurate predictor of risk.

Several studies identified associations between obesity
and suicide risk, depressive symptoms, and mood prob-
lems [34-37], and they have all used BMI as an indicator
for determining obesity. Notwithstanding, the relationship
between WWI and the prevalence of suicidal ideation has
not yet been investigated. Consequently, the present study
seeks to elucidate the potential correlation between WWI
and suicidal ideation within the representative sample of the
US population, employing data sourced from the National
Health and Nutrition Examination Survey (NHANES) from
2013 to 2018.
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Methods
Data source and study participants

Our investigation leveraged datasets obtained from
NHANES, a project spearheaded by the National Center
for Health Statistics (NCHS) in the United States. This
comprehensive survey collates physical assessments and
interview responses to gather extensive data on demo-
graphics, socioeconomic status, and health-related infor-
mation. Focused on the NHANES data from 2013 to 2018,
our study sought to secure a current and emblematic sam-
ple of the US population. The data acquisition process
was governed by stringent ethical protocols, including the
endorsement from the NCHS's Research Ethics Review
Board and the acquisition of informed, written consent
from all contributors. This groundwork enables our
examination of health patterns and supports formulating
informed health policy recommendations.

In this investigation, we employed a stratified, multi-
stage probability sampling approach to ensure the com-
prehensive inclusion of participants. The initial partici-
pant pool comprised 29,400 individuals enrolled in the
NHANES from 2013 to 2018. After excluding participants
with incomplete data sets (N =19,900), the analytical sam-
ple was refined to 9500 individuals (Fig. 1).

Definition of exposure variable

WWI is an anthropometric measure to assess central
obesity. It derives from an individual’s WC and body
weight. Each participant’s WWI is calculated using a
specific formula: WC divided by the square root of body
weight, with the outcome rounded to two decimal places
(WWI=WC(C/ \/ body weight, where WC is measured in cm
and body weight in kg).

Assessment of suicidal ideation

Within the context of the survey’s Mental Health—
Depression Screener segment, participants responded to
a critical inquiry aimed at evaluating the presence of sui-
cidal ideation: “Over the last two weeks, how often have
you been troubled by thoughts of being better off dead,
or by thoughts of self-harm?” Responses indicating such
thoughts on “Several days”, “More than half the days”, or
“Nearly every day” were interpreted as markers of suicidal
ideation.
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Fig. 1 Flowchart of participants selection. NHANES, National Health and Nutrition Examination Survey

Covariates

We incorporated a comprehensive set of covariates: age,
sex, race, education, marital status, smoking status, alco-
hol consumption, hypertension, diabetes, angina pectoris,
arthritis, cancer, and asthma. Education was divided into
two categories: individuals with qualifications higher than
high school. Smoking status encompassed those who have
smoked at least 100 cigarettes in their lifetime. Alcohol
consumption was defined as having at least 12 alcoholic
beverages annually.

Statistical analysis

We meticulously analyzed the demographic characteristics
of participants, differentiated by the presence of suicidal ide-
ation, employing weighted Chi-square tests for categorical
variables and z-tests for continuous ones. The relationship
between WWI and suicidal ideation was explored through
multivariate logistic regression analyses. In contrast, the cor-
relation between WWI and the level of suicidal ideation was
examined using multivariate linear regression analyses. To
uncover any potential nonlinear dynamics between WWI and
suicidal ideation, we applied a weighted generalized additive
model complemented by smooth curve fitting techniques.

Additionally, stratified analyses and interaction tests were
conducted to investigate the consistency of the WWI—sui-
cidal ideation relationship across various subgroups. On a
two-tailed basis, a p-value of less than 0.05 indicated sta-
tistical significance. All statistical analyses were performed
using R Statistical Software (Version 4.2.2, available at
http://www.R-project.org, developed by The R Foundation)
and the Free Statistics analysis platform (Version 1.8, based
in Beijing, China).

Results
Characteristics of the study participants

A total of 9500 participants were included in our research,
with 9173 not exhibiting suicidal ideation and 327 reporting
suicidal ideation. The overall prevalence of suicidal idea-
tion was 3.44% (weighted proportion) (Table 1). A key find-
ing from Table 1 is the statistically significant difference in
WWI between groups (p <0.001), with individuals exhibit-
ing SI having a higher mean WWTI than those without. This
suggests that WWI may be a relevant factor in understanding
suicidal ideation. Conversely, BMI does not significantly dif-
fer between groups (p =0.401).
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Table 1 Basic characteristics of participants

Table 2 Association between WWI and suicidal ideation

Variables Without ST* With ST* Characteristics Model 1 Model 2
(n=9173) (n=327) [OR (95% CI)] [OR (95% CD)]
Age, years 47.55+16.94 47.72+17.29 0.903 Continuous WWI 1.521 (1.324, 1.747) 1.679 (1.532, 1.969)
Sex 0.100 p-value <0.001 <0.001
Male 49.06 54.79 Quartile
Female 50.94 4521 Ql Reference Reference
Race/ethnicity, n (%) 0.405 Q2 1.653 (1.154, 2.370) 1.653 (1.154, 2.370)
Mexican American 15.02 17.37 Q3 1.798 (1.122, 2.884) 1.798 (1.122, 2.884)
Other Hispanic 11.10 8.29 Q4 2.761 (2.062, 3.698) 2.761 (2.062,3.698)
Non-Hispanic White 39.32 43.28 p for trend <0.001 <0.001
I;?;;Hrl:f:smc Black ?g;; ri(; Model 1: not adjusted for covariates
Ficaion . oavn o s s e o el i s
<High school 43.44 44.10 cancer, and asthma
> High school 56.56 55.90
Marital status, n (%) 0267 Association between WWI and suicidal ideation
Married 51.90 54.05
Widowed 650 775 Table 2 details the results from multivariate logistic regres-
Divorced 1091 1372 sion analyses conducted using two distinct models. These
Separated ) 343 240 analyses identified a strong and statistically significant posi-
N.e\fer mémed 18.78 1249 tive association between WWI and the likelihood of suicidal
LIVI?g with partner 8.48 957 ideation, consistent across both models. After comprehen-
Smoking, n (%) 0.945 sive adjustment, individuals with a one-unit increase in
No >4.71 54.38 WWI were found to have a 67.9% heightened risk of expe-
Yes 29 .62 riencing suicidal ideation [OR: 1.679, 95% CI 1.532-1.969].
Aleohol, 7 (%) 0.683 Moreover, when analyzing WWI by quartiles, those in the
No 29.02 27.64 highest quartile of WWI faced a risk increase of 1.761 times
Yes ) 7098 72.36 compared to individuals in the lowest quartile [OR: 2.761,
Hypertension. n (%) 0506 950, CI 2.062-3.698], as shown in Table 2. A generalized
No 6441 62.63 model incorporating smooth curve fitting was also utilized
?es 33.24 34.59 to validate the nonlinear association between WWI and sui-
Diabetes, n (%) 03215 cidal ideation. The analysis confirmed a nonlinear positive
No 8695 84.86 relationship between WWI and suicidal ideation (Fig. 2),
Ye.s . 13.05 15.14 with the observed patterns remaining consistent across both
Angina pectoris, n (%) 0.532 genders (Fig. 3).
No 97.53 96.74
Yes 247 3:26 Association between WWI and the level of suicidal
Arthritis, n (%) 0917 ideation
No 74.03 73.66
C:cser, %) 2597 2634 0.501 Table 3 elucidates tllle. sign.iﬁcar.lt associaFion between .WWI
No 00,34 48.7 and thg level of s'u.lcldal 1'deat10n, treating bf)th variables
Yes 066 1108 as continuous. Initial ﬁndlngs frq@ the unadjusted Model
Asthma, 7 (%) 0,053 1 reveal an ex;')one.ntle}ted coefflleent of 2..770 (95% .CI
No 84.60 00.88 1.01 '1—1 .0'28), hlghh.ghtlng a statlstlcall}/ 51gn1ﬁ.cant positive
Yes 15.40 912 relationship. Thfe adjusted Mo.d.el 2, which considers a range
WWI 11.02-40.83 11314086 20,001 of health behaviors and conditions, presents an exponenti-
) - - ated coefficient of 1.023 (95% CI 1.012-1.035), indicating a
BMI (kg/m~) 29.22+6.92 29.60+6.99 0.401

481 suicidal ideation, WWI weight-adjusted-waist index
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significant link between higher WWI and increased suicidal
ideation levels (p <0.01). Quartile analysis further corrobo-
rates these findings, with the highest WWI quartile (Q4)
demonstrating a notably elevated risk (p for trend <0.001).
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Fig.2 The association between WWI and suicidal ideation. The
solid red line represents the smooth curve fit between variables. The
shadow area represents the 95% confidence interval from the fit:
weight-adjusted-waist index, WWI
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Fig.3 The association between WWI and suicidal ideation of dif-
ferent genders. The solid red line represents the smooth curve fit of
females between variables. The solid blue line represents the smooth
curve fit of males between variables. The shadow area represents the
95% confidence interval from the fit: weight-adjusted-waist index,
WWI

These insights underscore the vital connection between
WWI and the severity of suicidal thoughts.
Subgroup analyses

To assess the uniformity of the association between WWI
and suicidal ideation across the representative sample of the

Table 3 Association between WWI and the level of suicidal ideation

Characteristics Model 1 Model 2
[Exponentiated coef- [Exponentiated
ficients (95% CI)] coefficients (95%
CD)]
Continuous WWI 2.770 (1.011, 1.028) 1.023 (1.012, 1.035)
p <0.001 <0.01
Quartile
Q1 Reference Reference
Q2 1.017 (1.003, 1.033) 1.021 (1.002, 1.040)
Q3 1.025 (1.002, 1.049) 1.031 (0.002, 1.061)
Q4 1.048 (1.028, 1.068) 1.057 (1.031, 1.082)
p for trend <0.001 <0.001

Model 1: not adjusted for covariates

Model 2: adjusted for age, sex, race, education level, marital status,
smoking, alcohol, hypertension, diabetes, angina pectoris, arthritis,
cancer, and asthma

US population and to pinpoint any parameters specific to
subpopulations, we undertook a detailed subgroup analysis
alongside interaction tests. Table 4 examines the odds ratio
(OR) for suicidal thoughts across different demographics
and health conditions, indicating no significant interaction
effects based on sex, age, education level, smoking status,
alcohol consumption, hypertension, diabetes, angina pec-
toris, arthritis, cancer, or asthma. The odds ratios suggest a
relatively consistent association across these subgroups, with
variations in the magnitude of risk but no statistically sig-
nificant differences in the pattern of association. In parallel,
Table 5 explores the exponentiated coefficient for the level of
suicidal ideation across similar subgroups, again showing no
significant interaction effects, which implies a uniform rela-
tionship between WWI and the severity of suicidal ideation
across different demographic and health-related categories.

Discussion

We sought to elucidate the association between WWI and
the propensity for suicidal ideation within the representative
sample of the US population. Conducting a comprehensive
cross-sectional analysis with 9500 participants, we discerned
a significant correlation that elevated WWI was significantly
associated with increased suicidal ideation and increased
levels of suicidal ideation. This study unveiled a nonlinear
positive correlation between WWI and the incidence of
suicidal thoughts, a relationship that persisted even after
complete adjustments in our model. Subsequent subgroup
analyses revealed that the predictive validity of WWI for
suicidal ideation remained unaffected across various demo-
graphic and health-related factors, including smoking status,
alcohol intake, and the presence of chronic conditions such

@ Springer
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Table 4 Subgroup analysis of the relationship between WWI and sui-

cidal ideation

Table 5 Subgroup analysis of the relationship between WWI and the

level of suicidal ideation

Subgroup OR (95% CI) p for interaction

Sex 0.585
Male 1.53 (1.27, 1.85)
Female 1.54 (1.25, 1.88)

Age, years 0.497
20-44 1.35 (1.08, 1.68)
45-59 2.12 (1.57,2.84)
>60 1.44 (1.15, 1.81)

Education level 0.944
<High school 1.45 (1.18, 1.78)
> High school 1.61 (1.33, 1.94)

Smoking 0.277
No 1.71 (1.42,2.06)
Yes 1.35 (1.08, 1.68)

Alcohol 0.248
No 1.56 (1.19, 2.04)
Yes 1.53 (1.30, 1.80)

Hypertension 0.502
No 1.61 (1.35,1.92)
Yes 1.41 (1.13, 1.77)

Diabetes 0.118
No 1.50 (1.28, 1.76)
Yes 1.71 (1.25, 2.33)

Angina pectoris 0.346
No 1.56 (1.35, 1.80)
Yes 0.73 (0.25, 2.15)

Arthritis 0.688
No 1.58 (1.33,1.87)
Yes 1.43 (1.13, 1.83)

Cancer 0.624
No 1.58 (1.36, 1.83)
Yes 1.20 (0.75, 1.92)

Asthma 0.711
No 1.51 (1.30, 1.76)
Yes 1.80 (1.19, 2.73)

Subgroup Exponentiated coefficients p for interaction
(95% CI)

Sex 0.271
Male 1.030 (1.010, 1.041)
Female 1.020 (1.010, 1.030)

Age, years 0.685
20-44 1.010 (1.000, 1.030)
45-59 1.041 (1.020, 1.062)
>60 1.020 (1.010, 1.030)

Education level 0.928
<High school 1.020 (1.010, 1.030)
> High school 1.020 (1.010, 1.030)

Smoking 0.591
No 1.030 (1.020, 1.041)
Yes 1.010 (1.000, 1.030)

Alcohol 0.673
No 1.020 (1.010, 1.030)
Yes 1.020 (1.010, 1.030)

Hypertension 0.24
No 1.030 (1.020, 1.030)
Yes 1.010 (1.000, 1.030)

Diabetes 0.094
No 1.020 (1.010, 1.030)
Yes 1.030 (1.010, 1.051)

Angina pectoris 0.264
No 1.020 (1.010, 1.030)
Yes 0.970 (0.905, 1.030)

Arthritis 0.863
No 1.020 (1.010, 1.030)
Yes 1.020 (1.000, 1.030)

Cancer 0.614
No 1.020 (1.010, 1.030)
Yes 1.010 (0.990, 1.030)

Asthma 0.625
No 1.020 (1.010, 1.030)
Yes 1.020 (1.000, 1.030)

as hypertension, diabetes, and asthma. These insights collec-
tively affirm the potential of WWI as an efficacious predictor
for suicidal ideation, underscoring its utility in mental health
assessments.

Several studies documented that the prevalence of sui-
cidal ideation or depressive symptoms increases with BMI
[34, 35, 38, 39]. However, due to BMI's limitations, includ-
ing its inability to differentiate between excess fat, muscle,
or bone mass, and its failure to discern body fat distribu-
tion across different locations, some studies are beginning
to experiment with other indicators. A study showed a sig-
nificant relationship between WC, waist-height ratio, and
suicidal ideation among US adult women. A Korean survey
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showed that BMI, WC, waist-to-hip ratio, and percent body
fat were not significantly associated with suicidal ideation.
In contrast, sarcopenia was strongly associated with an
increased risk of suicidal ideation in older men [40]. It has
also been shown that sarcopenic obesity is significantly asso-
ciated with suicidal ideation [40]. Low height and perceived
obesity are associated with suicidal ideation in Korean ado-
lescents [41]. These studies also imply WWI's potential
as a novel index of obesity. However, the validity of these
indicators needs to be confirmed by more extensive clinical
studies. In recent years, it has been found that WWI is a
superior predictor of non-alcoholic fatty liver disease [33],
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low cognitive performance [27], hyperuricemia [28], dia-
betic kidney disease [42], kidney stones [30], stress urinary
incontinence [31], and depressive symptoms [43]. WWTI has
excellent potential as an anthropometric indicator because
of its easy computation and strong ability to forecast disease
onset [44].

There may be multiple mechanisms for the interaction
between obesity and suicidal ideation. First, the coexistence
of obesity with other medical diseases may exacerbate the
situation, or chronic health challenges may lead to increased
mental stress, which in turn produces higher levels of sui-
cidal ideation. It has been established that the coexistence
of overweight or obesity and depression exacerbates the
inflammatory response, leading to a worse prognosis and
increased risk of suicide in adolescents with major depres-
sive disorder [37]. In the setting of fibromyalgia and con-
comitant obesity, prior research points to a distinct (i.e.,
irrespective of depressive symptomatology and sleep qual-
ity) relationship between pain catastrophizing and suicidal
thoughts [45]. Another research found that BMI is a risk
factor for the development of severe anxiety symptoms in
patients with severe anxiety disorder with comorbid dys-
lipidemia [46]. In addition, in patients with bipolar disorder,
elevated BMI is associated with worsening clinical features,
including higher rates of suicide, comorbidities, and core
depressive symptoms. Second, obesity is associated with
biochemical changes in the body, which may impact mood
and behavior. It has been shown that obesity is associated
with elevated levels of inflammation in the body [47-49],
and inflammation is thought to be a possible mechanism that
leads to depression and other mood disorders [50]. Some
researchers believe that obesity may lead to insulin imbal-
ance, and insulin resistance has been linked to depression
[51]. There is also evidence that adipose tissue produces and
releases various chemicals called adipokines, which directly
affect other body parts, including the brain [52]. As a result,
evaluating obesity is essential to estimating the likelihood of
suicidal thoughts, and this study’s results suggest that WWI
may be an effective indicator of obesity.

WWI combines body weight and waist measurements
for a nuanced overview of fat distribution, offering advan-
tages over BMI and WC, which overlook crucial aspects
of body composition and total weight. From a pathophysi-
ological perspective, WWI might provide a more explicit
link to metabolic and cardiovascular risks associated with
obesity. Abdominal fat, as measured by WC, is a known
risk factor for metabolic syndrome, type 2 diabetes, and
cardiovascular disease, which may be due to adipose gene
expression of the effector genes [53], its proximity to vital
organs and its role in producing inflammatory adipokines
[54, 55]. However, incorporating the weight component
could enhance the predictive power by indicating the over-
all load on the body, including the strain on bones, joints,

and organs [56, 57]. Furthermore, the integrated approach
of WWI better reflects the adiposity-related biochemical
stress on the body. This includes the effects of fat mass on
cytokine production [58], insulin resistance [59], and lipid
metabolism [60], all of which are crucial for understanding
the physiological basis for depression and suicidal ideation
linked to obesity.

Social workers can effectively utilize WWI in their prac-
tice to identify individuals more accurately at high risk
of suicide. By providing psychological support and coun-
seling, establishing support systems, promoting education
on healthy lifestyles, assisting in accessing medical and
nutritional resources, and providing crisis intervention and
referrals, social work can not only help the obese population
improve their mental health but also improve their quality of
life, thus playing a pivotal role in suicide prevention.

Despite its contributions, our study is not without limi-
tations. First, the cross-sectional nature of our analysis
precludes us from elucidating the causal mechanisms and
effects underlying the observed associations. Second, the
potential for inaccuracies in the covariates included may
impact the results' precision. Third, it is essential to note
that the results of this study may not necessarily translate
into clinical implications, mainly due to the large sample
size, which can amplify minor variations. Fourth, our analy-
sis does not account for the potential influence of weight
reduction treatments [61] on WWI due to data constraints,
which could affect the associations observed. Nonetheless,
our research is strengthened by its foundation on a substan-
tial and representative dataset derived from the NHANES,
providing a robust basis for our findings. Moreover, we are
the first to investigate the relationship between WWI and
suicidal ideation, including a variety of subgroup analyses.

Conclusion

Elevated WWI was significantly associated with increased
suicidal ideation. Relative to BMI, WWI demonstrates
enhanced predictive efficacy for suicidal ideation. This
facilitates the timely identification of suicide risk by social
workers. Nonetheless, additional studies are necessary to
validate these preliminary outcomes.
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