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ABSTRACT: Objective: The relative fat mass (RFM) serves as an innovative
obesity indicator, offering enhanced precision in evaluating lean and fat mass.
This study aims to explore the correlation between RFM and suicidal ideation
among adults in the United States.

Methods: This cross-sectional study used data from the National Health and
Nutrition Examination Survey (NHANES) 2007-2018. A weighted baseline de-
scription of the population was performed. Logistic analysis and smoothed curve
fitting were employed to examine the relationship between RFM and suicidal
ideation. Besides, subgroup analysis and interaction tests were also conducted.

Results: A total of 22,820 participants were included, with a prevalence rate
of 3.81 % for suicidal ideation. In the multiple logistic regression model, com-
pared to the lowest RFM quartile (Q1), the highest quartile (Q4) was associated
with a respective increased risk of suicidal ideation (OR = 1.59, 95 % CI: 1.16
- 2.17). Smoothed curve fitting suggested a nonlinear association between RFM
and suicidal ideation. Subgroup analysis sustained the uniformity of this relation-
ship across various factors.

Conclusions: RFM levels are associated with suicidal ideation, highlighting
its potential as an effective and practical metric for evaluating risks of suicide
ideation.

Keywords: obesity, relative fat mass, suicidal ideation, cross-sectional study

Introduction

Suicidal ideation, recognized as a critical precursor to suicide, has emerged
as a global public health concern. According to the World Health Organization,
over 700,000 individuals succumbed to suicide each year . The evidence has in-
dicated a strong link between suicidal ideation, suicide attempts, and completed
suicides ). Tt was estimated that within a single year, 60% of individuals experi-
encing suicidal thoughts will attempt suicide . Data also suggeste that individ-
uals who entertain suicidal thoughts are at an elevated risk of suicide completion
compared to those who do not "\, However, many people who die by suicide fail
to communicate their suicidal ideation with others ¥, and non-specific treatments
may not be effective in addressing suicidal ideation . Consequently, understand-

ing of the risk factors associated with suicidal ideation is essential for the devel-
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opment and formulation of effective prevention strategies.

Obesity is characterized by an excessive body fat accumulation, and has a
serious negative impacts on health "', Obesity is not only associated with numer-
ous physical health conditions, but also with various mental disorders, such as

11-14

depression, anxiety, and bipolar disorder """, Body mass index (BMI) is a com-
monly utilized metric of obesity. Nevertheless, the validity of BMI has been con-
tested "'

mass, and fat locations !'”’. Relative fat mass (RFM), a novel simple indicator,

, given that it can not differentiate well between muscle mass, bone

which takes waist circumference and height into account to estimate whole-body
fat percentage among adult individuals "*. Compared to BMI, RFM has demon-
strated an enhanced accuracy of body fat-defined obesity and a reduced incidence
of obesity misclassifcation in both women and men. """, Researches have showed
that RFM is closely related to type-2 diabetes "', metabolic syndrome **, heart

I, venous thromboembolism **, and cardiovascular mortality . More-

[24]

failure '
over, a recent study has verified a connection between RFM and depression

However, to date, no studies have been conducted to investigate the rela-
tionship between RFM and suicidal ideation. The present study aims to explore
the potential association between RFM and suicidal ideation, employing data
from the National Health and Nutrition Examination Survey (NHANES) 2007-
2018.

Methods

Study design and participants

NHANES is a nationally representative study designed to evaluate the
health and nutritional status of the noninstitutionalized civilian population in
the United States. Written informed consent was obtained from all participants
before data collection, and all research protocols were approved by the National
Center for Health Statistics’ ethical review board (cdc.gov). NHANES data from
2007 to 2018 was gathered for our analysis. Following exclusion for age < 20
years (n = 25,072), missing data of suicidal ideation (n = 4,813), missing data of
RFM (n = 1,054), and missing data of other covariates (n = 6,083), there were
22,820 participants left for data analysis, as shown in Fig.1.

Assessment of suicidal ideation

PHQ-9 is a widely used method to evaluate mental health over the past two

weeks ). Suicidal ideation was assessed based on Item #9 of PHQ-9: “Over the

last two weeks, how often have you been bothered by the following problem:
Thoughts that you would be better off dead or of hurting yourself in some way?”.
Response of “not at all” was defined as “without suicidal ideation”, whereas re-

EEINT3

sponse of “several days”, “more than half the days”, and “nearly every day” were

defined as “suicidal ideation” %7,
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Assessment of relative fat mass (RFM)

The calculation equation of RFM is: RFM = 64 - (20 x (height/waist)) + (12
x sex), sex=0 for male and 1 for female "*. Weight and waist measurement data
were collected by certified health technicians at the mobile examination center.
In accordance with NHANES anthropometry procedures, height measurements
required participants to remove head ornaments and braids that could impact re-
sults accuracy. For waist circumference, participants were guided to cross their
arms in front of their chest, and at the end of one normal breathing, the circum-
ference of the midpoint line between the lowest point of the rib and the two hori-

zontal lines of the iliac crest was measured, accuracy up to 0.1 cm #*.

Assessment of covariates

We incorporated a set of covariates, including age (year), gender (male/
female), race (Mexican American/other Hispanic/non-Hispanic White/non-His-
panic Black/other races), education level (less than high school/high school/
above high school), marital status (never married/married or living with partner/
widowed or divorced or separated), ratio of family income to poverty (<1.3/1.3 -
3.5/>3.5). Smoking status is categorised as: never (smoked <12 cigarettes in the
past year), former (formerly smoked >12 cigarettes, currently not smoking), now
(smoked >12 cigarettes in the past year). Alcohol consumption is categorised as:
no (<12 drinks in the past year), yes (>12 drinks in the past). Additionally, sev-
eral diseases were considered as covariates, given their verified association with
suicidal ideation, including hypertension, diabetes, and cardiovascular disease
(.30 The classification of hypertension, diabetes, and cardiovascular disease is
based on a self-reported physician diagnosis, which is designated as either “yes”

or “nO 2

Statistical analysis

The data from 2007 to 2018 were weighted for baseline descriptive sta-
tistics, to explore general characteristics of the adults without or with suicidal
ideation in United States. Continuous variables were expressed as mean (95%
confidence interval (CI)) and categorical variables were expressed as percentag-
es (95% CI). Three separate logistic regression models were used to explore the
connection between RFM and suicidal ideation. Besides, RFM was divided into
quartiles, and the lowest quartile was for reference. In model 1, no covariates
were adjusted. Model 2 adjusted for age, gender, race. Model 3 adjusted for age,
gender, race, education, matital status, ratio of family income to poverty, smok-
ing status, alcohol consumption, hypertension, diabetes, cardiovascular disease.
Generalized additive models and smooth curve fittings were further applied to
uncover the non-linear association between RFM and suicidal ideation. Finally,
subgroup analysis and interactions testing were performed for age, gender, race,
education level, smoking status, drinking status, hypertension, diabetes, and car-

diovascular disease. EmpowerStats (version 4.0) and R (version 4.3.2) were used
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to perform data analysis. P < 0.05 was considered statistically significant.

Results

Baseline characteristics

The weighted baseline characteristics of 22,820 participants are shown in
Table 1. 21,951 participants were defined without suicidal ideation and 869 with
suicidal ideation. The incidence of suicidal ideation among all participants was
3.81%. The mean age of samples was 47.05 (95 % CI: 46.54, 47.55) years old, of
whom 50.98 % were men and 49.02% were women, 7.81% were Mexican Amer-
ican, 5.22 % were other Hispanic, 70.07 % were non-Hispanic white, 10.19 %
were non-Hispanic black, and 6.70 % were other races.

Significant differences were observed in RFM, height, BMI, race, education
level, marital status, ratio of family income to poverty, smoking status, hyperten-
tion, diabetes, and cardiovascular disease between without and with suicidal ide-
ation groups (all P < 0.05). In detail, participants with lower height (167.80 cm),
higher BMI (29.67 m/kg2), education levels of high school (24.12 %) or below
(24.59 %), never married (21.76 %) or widowed/divorced/separated (30.56%), in
poverty (38.83 %), current smoking (36.64 %), hypertension (43.73 %), diabe-
tes (16.79 %), cardiovascular disease (10.80 %) were more likely to experience
suicidal ideation. Importantly, the suicidal ideation group showed a higher RFM

level than non-suicidal ideation group (P < 0.001).

Association of RFM with suicidal ideation

The relationship between RFM and suicidal ideation is displayed in Table
2. Our findings indicated that a higher risk of suicidal ideation was connected
with a higher RFM. In model 1, RFM level were positively associated with sui-
cidal ideation risk in the highest RFM (Q4) compared with the first quartile (Q1)
[odds ratio (OR) = 1.65, 95 % CI: 1.36 - 2.00, P for trend < 0.0001 ]. The asso-
ciation between RFM and suicidal ideation was still robust after adjusting for
age, gender, and race in model 2 (OR = 2.00, 95 % CI: 1.48 - 2.71, P for trend <
0.0001 ). After further adjustment for ratio of family income to poverty, smoking,
drinking, hypertension, diabetes, and cardiovascular disease based on model 2 in
model 3, the association remained evident (OR = 1.59, 95 % CI: 1.16 - 2.17, P
for trend = 0.003). Additonally, the continuous RFM (OR = 1.02, 95 % CI: 1.00
- 1.03) appeared a stronger correlation with suicidal ideation than the continuous
BMI (OR = 1.01, 95 % CI: 1.00 - 1.02). The results of the smoothed curve fitting
using fully adjusted model demonstrated the nonlinear association between RFM

and suicidal ideation, as shown in Fig.2.

Subgroup analysis

The subgroup analysis of RFM and suicidal ideation is reported in Table 3,

with stratification
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factors including gender (male, female), age (20-40, 40-60, > 60), education
(< high school, high school, > high school), smoking (never, now, former), drink-
ing (no, yes), hypertension (no, yes), diabetes (no, yes), cardiovascular disease
(no, yes). In addition, an interaction test was also conducted. It is noteworthy that
the association between RFM and suicidal ideation existed across various factors,
including genders, education levels, smoking status, hypertension, diabetes, and
cardiovascular disease. Compared to those without diabetes, people with diabetes
have a stronger correlation between RFM and suicidal (P for interaction = 0.03).

However, individuals < 60 years old and no drinking had no positive association.

Discussion

This cross-sectional study was novel in investigating the association
between RFM and suicidal ideation of adults in US. There were several key
findings from this study. First, the RFM level increased in those with suicidal
ideation compared to those without. Second, the association between RFM and
suicidal ideation was nonlinear. Third, subgroup analysis revealed that the pre-
dictive validity of RFM for suicidal ideation remained consistent across various
subgroups, including genders, education levels, smoking status, hypertension,
diabetes, and cardiovascular disease. These findings indicate that RFM may be a
simple and effective predictor of suicidal ideation incidence.

Several studies have suggested the relationship between higher obesity lev-
les and increased incidence of suicidal ideation, however, these studies mainly

31-34

used BMI as a measure of obesity °'**. Although BMI is a most accepted meas-
ure of obesity, the obesity paradox has called into question the reliability of BMI
in certain cases. It has been proposed that BMI is not an accurate estimate of
body fat percentage on account of its unablity in differentiating between visceral
and subcutaneous fat, lean and fat mass "'”. A Korean research explored the cor-
relation between sarcopenic obesity with suicidal ideation, revealing that BMI
was without a significant connection with suicidal ideation **. Besides, evidence
suggested that BMI may be influenced by several demographic factors including

136

age, gender, and racial differences . Waist circumference (WC) is another com-

monly employed metric for evaluating obesity. However, the reliability of the
WC is compromised due to its tendency to be affected by body sizes 7.

RFM is a novel and simple indicator of whole-body fat percentage of
adults, which has been developed and validated through large cohorts"". In com-
parison to BMI, RFM exhibited superior accuracy in evaluating whole-body fat
percentage, as confirmed by dual-energy X-ray absorptiometry (DXA) results, in
both genders. Moreover, RFM reduced misclassifcation of body fat-defned obe-
sity among adult individuals, independent of gender and racial variations. In our
study, RFM (OR=1.02, 95 % CI: 1.00 - 1.03) showed a stronger correlation with
suicidal ideation when contrasted with BMI (OR = 1.01, 95 % CI: 1.00 - 1.02).
It has been demonstrated that RFM outperforms traditional metrics such as BMI

and WC in distinguishing individuals with diabetes, hypertention, hospitaliza-



Psycho-Oncologie.

tions, and arthritis”*. Similarly, a recent study revealed a more pronounced cor-
relation between RFM (OR = 1.033) and depression than BMI (OR = 1.023) .
Regarding the mechanism between obesity and suicidal ideation, several
potential explanations are involved. First, from a behavioral perspective, exces-
sive food consumption and sedentary lifestyles are commonly linked to mental
health disorders. A significant association has been proved between binge eating

[39

disorder (BED) and suicidal behaviours or ideation "*”. This dysfunctional eating

behavior may exacerbate obesity among people with mental disorders. A relat-
ed hypothesis is that individuals exhibiting low intrinsic dopamine activity in
brain regions associated with reward processing may try to compensate through

[40

| Physical in-

[41]

various reinforcing activities, including heightened food intake
activity is another factor linked to poor mental health and suicidal attempts
Second, some specific biochemical moleculars may play a key role in mediating
obesity and mental disorders. Elevated levels of inflammation have been found

to correlate with obesity > *”

, which is also considered as a potential risk to the
development of depression, anxiety, and other affective disorders “*. In obesi-
ty, macrophages in adipose tissue can release pro-inflammatory cytokines and
monocyte chemoattractant protein-1, and adipocytes may secrete tumour necrosis
factor-alpha, adipokines, and related hormones (e.g. increased secretion of leptin,
resistin and visfatin and decreased secretion of adiponectin), which together pro-
mote inflammation “**%, Cortisol, a recognized risk factor for assessing suicide

81 In short, the relationship between

risks ), is also associated with obesity
obesity and suicidal ideation is multifactorial, and our study showed that RFM
may be an effective indicator in estimating suicidal ideation risks.

The main strength of this study is the first cross-sectional investigation of
the association between RFM and suicidal ideation, with a large and represent-
ative sample size of US population. Besides, RFM is a more accurate estimator
of body fat percentage than BMI and a radiation-free and more practical method
than DXA. Nevertheless, there are several limitations of this study. First, since it
is a cross-sectional study, the causal relationship between RFM and suicidal ide-
ation is hardly to be concluded. For causality, larger-sample prospective cohort
studies are needed. Second, despite the inclusion of many relevant covariates in
our model, other unknown or unmeasured covariates might affect the precision
of results. Third, as the study population was limited to US adults, the findings of
this study cannot be generalized among other populations.

Conclusion

RFM level was signifcantly associated with increased suicidal ideation.
Compared to BMI, RFM displays superior predictive efficacy with regard to su-
icidal ideation, and maintaining RFM within the optimal range could be crucial
for mitigating suicidal risks. Nevertheless, further longitudinal studied are re-

quired to validate these preliminary findings.
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NHANES 2007-2018
N = 59,842
R Exclude age < 20 years
N = 25,072
N =34,770
,| Exclude missing data of suicidal ideation
v N =4,813
N = 29,957
N Exclude missing data of RFM
v N = 1,054
N = 28,903
Exclude missing data of covariant
! N = 6,083
N = 22,820

Fig. 1. Flowchart of participants selection. NHANES, National Health and Nutrition Examination Survey

Suicidal ideation
0.06 0.08 010
1 1 1

0.04
|

0.02
1

20 30 40 50

RFM

Fig. 2. Nonlinear relationship between the RFM and suicidal ideation. The red line represents the smooth curve fit be-
tween variables. Blue lines represent the 95 % CI from the fit. RFM: relative fat mass.
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Table 1. Weighted baseline characteristics of participants without or with suicidal ideation.

Variables Overall Without suicidal ideation ~ With suicidal ideation P-value
(N=22,820) (N=21,951) (N=869)

Age (year) 47.05 (46.54 ,47.55) 47.04 (46.52 ,47.55) 47.35 (45.85 ,48.85) 0.698

RFM 35.08 (34.91 ,35.26) 35.04 (34.86 ,35.22) 36.38 (35.68 ,37.08) <0.001

Weight (kg) 83.64 (83.13 ,84.15) 83.64 (83.13 ,84.16) 83.60 (81.83 ,85.37) 0.963

Height (cm) 169.33 (169.13,169.53)  169.38 (169.18 ,169.58)  167.80 (167.02,168.59)  <0.001

BMI (m/kg2 ) 29.09 (28.91 ,29.27) 29.07 (28.89 ,29.26) 29.67 (29.10 ,30.25) 0.047

Gender (%) 0.085

Male 50.98 (50.25 ,51.70) 51.10 (50.36 ,51.85) 47.19 (42.86 ,51.57)

Female 49.02 (48.30 ,49.75) 48.90 (48.15 ,49.64) 52.81 (48.43 ,57.14)

Race (%) <0.0001

Mexican American 7.81 (6.53 ,9.32) 7.78 (6.51 ,9.28) 8.65 (6.43 ,11.54)

Other Hispanic 5.22 (4.39,6.20) 5.08 (4.28 ,6.03) 9.39(7.17,12.21)

Non-Hispanic White 70.07 (67.38 ,72.64) 70.28 (67.59 ,72.83) 64.14 (59.13 ,68.86)

Non-Hispanic Black 10.19 (8.91,11.63) 10.18 (8.90,11.63) 10.38 (8.45,12.69)

Other Race 6.70 (6.03 ,7.44) 6.68 (6.01,7.42) 7.44(5.31,10.33)

Education (%) <0.0001

<High school 13.70 (12.61 ,14.88) 13.34 (12.23 ,14.52) 24.59 (20.63 ,29.02)

High school 22.72 (21.51,23.98) 22.68 (21.47 ,23.93) 24.12 (20.52 ,28.12)

>High school 63.57 (61.59 ,65.51) 63.99 (62.01 ,65.92) 51.30 (46.38 ,56.18)

Marital status (%) <0.0001

Never married 18.00 (16.77 ,19.30) 17.88 (16.62,19.21) 21.76 (18.88 ,24.94)

Married/Living with partner 63.85 (62.35,65.32) 64.40 (62.89 ,65.87) 47.69 (43.12,52.30)

Widowed/Divorced/Separated 18.15(17.33,19.00) 17.73 (16.93 ,18.56) 30.56 (26.96 ,34.40)

Ratio of family income to poverty (%) <0.0001

<13 19.95 (18.59 ,21.38) 19.31 (17.96 ,20.73) 38.83 (34.46 ,43.38)

1.3-35 35.00 (33.68 ,36.35) 34.97 (33.63 ,36.34) 35.97 (32.19,39.94)

>3.5 45.05 (42.99 ,47.13) 45.72 (43.66 ,47.79) 25.20(20.77 ,30.22)

Smoke at least 12 cigarettes per year (%) <0.0001

Never 51.58 (50.14 ,53.02) 52.04 (50.60 ,53.49) 37.90 (33.57 ,42.42)

Now 21.39(20.29 ,22.52) 20.87 (19.79 ,21.99) 36.64 (32.09 ,41.44)

Former 27.03 (25.95 ,28.14) 27.08 (25.99 ,28.20) 25.46 (22.07 ,29.19)

At least 12 drinks per year (%) 0.369

No 8.85 (8.04 ,9.75) 8.82 (8.02,9.68) 9.92 (7.36 ,13.25)

Yes 91.15 (90.25 ,91.96) 91.18 (90.32,91.98) 90.08 (86.75 ,92.64)

Hypertention (%) 0.003

No 62.56 (61.39 ,63.71) 62.77 (61.61 ,63.92) 56.27 (51.64 ,60.80)

Yes 37.44 (36.29 ,38.61) 37.23 (36.08 ,38.39) 43.73 (39.20 ,48.36)

Diabetes (%) <0.001

No 87.65 (86.97 ,88.30) 87.80 (87.12 ,88.45) 83.21 (80.18 ,85.87)

Yes 12.35(11.70,13.03) 12.20 (11.55,12.88) 16.79 (14.13,19.82)

Cardiovascular disease (%) <0.001

No 93.49 (93.03 ,93.91) 93.63 (93.16 ,94.08) 89.20 (85.69 ,91.93)

Yes 6.51 (6.09 ,6.97) 6.37 (5.92,6.84) 10.80 (8.07 ,14.31)




RFM: relative fat mass; BMI: body mass index.

Table 2. Association between RFM and suicidal ideation.

Psycho-Oncologie.

OR (95 % CI) p-value

Model 1

Model 2

Model 3

BMI

RFM

RFM quartiles
QI (<29.14)
Q2 (29.14-34.62)
Q3 (34.62-41.87)
Q4 (=41.87)

1.02 (1.01, 1.03)
1.02 (1.01, 1.03)

Reference

1.29 (1.05, 1.58)
1.23 (1.00, 1.51)
1.65 (1.36, 2.00)

1.02 (1.01, 1.03)
1.03 (1.02, 1.04)

Reference

1.30 (1.05, 1.61)
1.40 (1.09, 1.80)
2.00 (1.48,2.71)

1.01 (1.00, 1.02)
1.02 (1.00, 1.03)

Reference

1.31(1.06, 1.63)
1.30 (1.00, 1.68)
1.59 (1.16, 2.17)

P for trend <0.0001 <0.0001 0.003

RFM: relative fat mass.

Model 1: No covariates were adjusted.

Model 2: Adjust for age; gender; race.

Model 3: Adjust for age; gender; race; education; marital status; ratio of family income to poverty; smoking status;
alcohol consumption; hypertension; diabetes; cardiovascular disease.

Table 3. Subgroup analysis of the relationship between RFM and suicidal ideation.

Subgroup Number OR (95% CI) P for interaction
Gender 0.583
Male 12024 1.02 (1.00, 1.04)

Female 10796 1.04 (1.02, 1.06)

Age (year) 0.524
20-40 8189 1.01 (0.99, 1.03)

40-60 7847 1.01 (0.99, 1.04)

>60 6784 1.04 (1.00, 1.07)

Education 0.477
<High school 4877 1.03 (1.02, 1.05)

High school 5267 1.01 (1.00, 1.03)

>High school 12676 1.01 (1.00, 1.03)

Smoke at least 12 cigarettes per year 0.880
Never 11409 1.01 (1.00, 1.03)

Now 5270 1.03 (1.02, 1.04)

Former 6141 1.03 (1.01, 1.05)

At least 12 drinks per year 0.739
No 2049 1.00 (0.97, 1.03)

Yes 20771 1.02 (1.01, 1.03)

Hypertention 0.589
No 13169 1.02 (1.01, 1.03)

Yes 9651 1.02 (1.01, 1.03)

Diabetes 0.030
No 19014 1.01 (1.00, 1.02)

Yes 3806 1.04 (1.02, 1.06)

Cardiovascular disease 0.117
No 20940 1.02 (1.01, 1.02)

Yes 1880 1.05 (1.03, 1.08)

RFM: relative fat mass. Adjusted for age; gender; race; education; marital status; ratio of family income to pover-
ty; smoking status; alcohol consumption; hypertension; diabetes; cardiovascular disease except the stratification factor
itself.



