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Abstract

Background The relationship between obesity and mental health has attracted attention. However, large sample
studies on the relationship between visceral fat obesity and depression are lacking. This study aimed to explore
the relationship between visceral fat obesity and depression by using visceral adiposity index (VAI) and lipid accu-
mulation product (LAP). Additionally, it sought to explore the potential mediating role of sleep duration in these
associations.

Methods The data used in the current cross-sectional investigation are from the National Health and Nutrition
Examination Survey (NHANES) spanning from 2005 to 2020, including 19,659 participants. Depression was measured
using the nine-item Patient Health Questionnaire. Weighted multivariable regression analysis was used to evaluate
the correlation of VAl and LAP with depression. The potential non-linear relationship was determined using smooth
curve fitting and threshold effect analysis. Additionally, mediation analysis was performed to investigate the potential
mediating role of sleep duration. The stability of the relationship was assessed through sensitivity analysis.

Results VAl and LAP were closely related to depression. In the fully adjusted model, VAl and LAP in the highest
quartile increased the association of depression by 52% (OR=1.52,95% Cl 1.20-1.92, P<0.001) and 51% (OR=1.51,
95% Cl 1.19-1.91, P<0.001), respectively, compared with the lowest quartile. Specific saturation effects for VAI, LAP,
and depression were identified by smoothed curve fitting, with inflection points of 3.81 and 98.55, respectively.
Additionally, mediation analysis revealed that 5.1% and 2.8% of the associations between VAl and LAP with depression
were mediated through sleep duration. The results of the sensitivity analysis showed interactions between hyperten-
sion and cardiovascular disease in the associations of VAI, and depression (P< 0.05).

Conclusion VAl and LAP are associated with depression in US adults. The associations between VAl and LAP
with depression are non-linear, which may be mediated through sleep duration. The study highlights the potential
of VAl and LAP as valuable tools for the prevention and management of depression.
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Introduction

Depression is a prevalent mental health disorder within
a wide community, and it ranks as one of the top three
contributors to the global disability-adjusted life-years
[1, 2]. In the report on the prevalence of mental disor-
ders among children and adolescents, the prevalence
of depressive disorders reached 1.84%, accounting for
46.29 million participants [3]. Depression is a risk factor
for cognitive impairment, cardiovascular diseases, and
suicidal behavior [4—6]. Depression-related suicides are
a major cause of death among individuals with mental
disorders [7]. Despite the high prevalence and remark-
able influence of depressive symptoms, they are often
overlooked, underdiagnosed, and undertreated [8]. Iden-
tifying risk factors for depression is crucial for the moni-
toring and treatment of affected patients [9, 10].

Obesity is widely acknowledged as a risk factor for
developing depression [11]. Traditional studies have
used body mass index (BMI) as the standard measure of
obesity, but in recent years, the effectiveness of BMI in
predicting depression has been debated [12, 13]. The pri-
mary limitation of BMI is that it focuses on overall body
weight without distinguishing fat distribution and tissue
composition [14, 15]. With increasing attention to central
obesity, weight-adjusted-waist index (WWTI) has gained
attention as a new measure of obesity [16]. WWI is rec-
ognized for its ability to reflect individual fat, muscle,
and bone characteristics [17, 18]. WWI showed a closer
association with depression than BMI [9, 10]. However,
previous studies on WWI and depression have yielded
inconsistent results. Shen Yun et al. [19] found that the
association between WWI and depression became sig-
nificant only after WWI reached a certain threshold
(OR=1.024, 95% CI: 1.001-1.049, P=0.045). Conversely,
other researchers have not observed this threshold effect.
The relationship between WWI and depression remains
consistent even after adjusting for various subgroups [9,
10]. These inconsistent findings raise questions about the
precise relationship between WWI and depression. Addi-
tionally, WWT has limitations, including its focus on cen-
tral obesity related to abdominal fat and an inability to
distinguish between visceral fat, which restricts further
exploration of the biochemical factors related to obesity
and depression [16, 20]. Therefore, comprehensive meta-
bolic indicators of visceral fat are needed to elucidate this
relationship. Visceral Adiposity Index (VAI) and Lipid
Accumulation Product (LAP), which combine individual
fat distribution and blood biochemical characteristics,
are promising new tools for exploring the potential of fat
metabolism in the context of depression [21].

As novel indices for assessing adult visceral fat distri-
bution and functional impairment, VAI and LAP have
been widely utilized in research [22, 23]. Compared with
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gold-standard imaging techniques for evaluating vis-
ceral fat obesity, such as magnetic resonance imaging
and computed tomography, VAI and LAP offer an eco-
nomical, efficient, and non-invasive approach [24]. VAI
is calculated based on waist circumference and BMI,
combined with biochemical parameters, including tri-
glycerides (TGs) and high-density lipoprotein (HDL).
VAI considers the differences in adipose tissue distribu-
tion, particularly the accumulation of visceral fat [22].
It focuses on evaluating the distribution and functional
impairment of visceral fat, effectively identifying meta-
bolic disorders associated with visceral fat obesity, such
as cardiovascular diseases, diabetes, and other compli-
cations [22, 25]. The LAP index is derived from WC and
TG, aiming to assess and display the excessive accumu-
lation of lipids in the abdomen and emphasizing overall
lipid metabolism. Compared with traditional indices like
BMI and waist-to-height ratio, LAP demonstrates supe-
rior predictive capabilities in metabolic syndrome [26].
LAP also serves as a widely utilized predictor for meta-
bolic disorders, including adult-onset diabetes mellitus,
blood rheological abnormality, osteoarthritis (OA), and
hyperuricemia [27-31]. Combining the advantages of
both has become a popular trend in assessing visceral
fat obesity. VAI and LAP demonstrate excellent predic-
tive performance in examining insulin resistance, cardio-
vascular diseases, the metabolically obese normal weight
(MONW) phenotype, obstructive sleep apnea, and other
disorders related to visceral fat metabolism dysfunction
[21, 24, 25, 32, 33].

The relationship between lipid metabolism and men-
tal health may involve multivariable potential mecha-
nisms[34—36]. Disruptions in lipid metabolism may
negatively impact mental health through pathways such
as inducing neuroinflammation, oxidative stress, and
affecting neurotransmitter function [37-39]. The close
association between lipid metabolism and the synthe-
sis of steroid hormones, as well as vascular health, may
also play a significant role in the development of men-
tal health issues [40]. However, this relationship may be
bidirectional [41]. Lifestyle changes in individuals with
depression and their biological mechanisms (such as
inflammatory responses and hypothalamic-pituitary-
adrenal (HPA) axis dysregulation) may further lead to
lipid metabolic abnormalities [42-44]. Some prospec-
tive studies have suggested that there may be a complex
causal network between lipid metabolism and mental
health, and further exploration of the underlying mecha-
nisms and directionality is needed[45, 46].

Sleep is essential for physical, mental, and emotional
well-being, yet sleep disturbances are increasingly com-
mon, with both insufficient and excessive sleep linked to
obesity, metabolic disorders, and depression [24, 47-49].
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Studies suggest a bidirectional relationship between
sleep and depression, involving HPA axis dysregulation,
neurotransmitter imbalances, and chronic inflamma-
tion[50]. Sleep disturbances also contribute to visceral
obesity through metabolic dysregulation, altered circa-
dian rhythms, and hormonal changes[51, 52]. Emerging
evidence indicates that sleep duration may mediate the
relationship between visceral obesity and depression via
mechanical and biochemical pathways, yet few studies
have examined these interactions comprehensively[45,
53, 54]. This study addresses these gaps by investigating
the modifying and mediating effects of sleep duration on
the association between VAI, LAP, and depression in a
nationally representative cohort, highlighting non-linear
dynamics often overlooked in previous research.

Existing research has demonstrated that visceral fat is
significantly associated with an increased odds of depres-
sion prevalence using different fat indicators[55]. How-
ever, most existing studies lack a non-linear analysis,
often treating the relationship between visceral fat and
depression as linear without examining potential thresh-
old or saturation effects. Additionally, limited attention
has been given to mediating factors, such as sleep which
could provide a deeper understanding of the mechanisms
underlying the association between visceral fat obesity
and depression. Therefore, this study aims to utilize data
from the National Health and Nutrition Examination
Survey (NHANES) to examine the associations between
VAI, LAP and depression, and to assess the mediat-
ing effect of sleep duration, thereby filling a gap in the
current literature. This report adheres to the STROBE
statement for cross-sectional studies, ensuring a compre-
hensive and transparent presentation of the study design,
implementation, analysis, and interpretation[56].

Subjects and methods

Data and sample sources

The data originated from NHANES conducted by Cent-
ers for Disease Control and Prevention (CDC). Detailed
information regarding data collection is available on
website. The cross-sectional research data spans seven
periods from NHANES 2005 to 2020. Participants were
included if they had complete data for PHQ-9 and meas-
urements necessary for calculating VAI and LAP. VAI
was calculated using waist circumference (WC), body
mass index (BMI), and triglycerides (TG), while LAP was
calculated using WC and TG levels. The NHANES Eth-
ics Review Board supervised and supported the research
program.

Among 92,065 participants in the NHANES 2005-
2020, individuals were excluded if they were (1) minors
under the age of 20; (2) participants with missing VAI or
LAP measurement data, or those with VAI exceeding 40
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or LAP exceeding 700; (3) participants with incomplete
PHQ-9 questionnaire data, or those with a full PHQ-9
score indicating severe depression; (4) pregnant women;
and (5) participants with missing covariates. Ultimately,
A total of 19,659 participants participated in the final
analysis (Fig. 1).

Assessment of variables

Depression

The “Mental Health—Depression Screener” module
in the “Questionnaire Data” section of the NHANES
database was the source of the depression-related data
for this study. These data are typically collected at the
Mobile Examination Center (MEC) through Computer
Assisted Personal Interview (CAPI) system. Depres-
sion was assessed with PHQ-9, which was used to assess
mental health over the past 2 weeks. The questionnaire
has a total of nine questions with answers in different
levels, ranging from “not at all” to “nearly every day”
[57]. To ensure the independence of "sleep duration" as
a mediator in this study, the sleep disturbance items in
the PHQ-9 were removed to avoid interference from the
relationship between sleep disturbances and sleep dura-
tion[58]. This approach ensures the independent assess-
ment of the relationship between sleep duration, VAI,
LAP, and depression. Meanwhile, sleep disturbance will
be analyzed as an independent subgroup. The total score
of PHQ-9 is calculated by summing the responses to the
remaining eight items (possible range: 0—24). Accord-
ing to the MHP reinterview (criterion standard), when
the PHQ-9 total score >9, the sensitivity for depression
is 95%, and the specificity is 84% [57]. Therefore, partici-
pants’ PHQ-9 scores in this study were divided into two
groups: <9 (no depression) and > 9 (depression) [59].

VAI

VAL a gender-specific measure, assesses visceral fat accu-
mulation through anthropometric data (height, weight,
and WC) and blood biochemical parameters (TGs and
HDL-cholesterol). Anthropometric data are captured
electronically by health technicians from the measuring
instruments, avoiding potential data entry errors. The
formula for VAI is shown in Fig. 2. The VAI formula con-
sists of WC in centimeters, BMI in kilograms per square
meter, TGs in millimoles per liter, and HDL in millimoles
per liter [22].

LAP

LAP is an indicator of obesity that combines WC and
TG, reflecting the total body fat, especially the accumula-
tion of fat around the waist [23, 60]. The formula for LAP
is shown in Fig. 2. The LAP formula consists of WC in
centimeters and TG in millimoles per liter [24].
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Participants from NHANES 2005-2020
(N=92,056)
> < 20 years old (n= 39,412)
Y
Participants (N=52,644)
Missing data of VAl and LAP (n=31,023),
> VAl over 40 (n=12),
Y LAP over 700 (n=6)
Participants (N=21,603)
. Missing data of PHQ-9 (n=1,499),
v ” full PHQ-9 score (n=9)
Participants (N=20,095)
> Pregnancy (n=333)
Y
Participants (N=19,762)
Missing covarieties:marriage (n=8),
> education level (n=11), smoke(n=15),
Y CVD (n=1), sleep time (n=68)
Analytic sample (N=19,659)
Fig. 1 Flowchart of sample selection from NHANES 2005-2020
LAP . = (WC-65)%xTG

LAPfemate = (WC - 58) xTG

wC
VALpae =
le™ 739,68 + (1.88 x BMI)
wC
VAIfemale =

x (TG/1.03) x (1.31/HDL)

36.58 + (1.89 x BMI)

Fig. 2 Formulas for VAl and LAP according to gender

Sleep duration and sleep disturbance

Participants self-reported their typical sleep dura-
tion on workdays or weekdays[61]. Sleep duration was
measured using the following questions: "How many
hours did you sleep?” (for the 2005—2016 period) and
"How many hours do you usually sleep on workdays or
weekdays?" (for the 2017—2020 period).

x (TG/0.81) x (1.52/HDL)

Sleep disturbance was assessed based on a question
from the sleep disturbance questionnaire in PHQ-9: "In
the past two weeks, how often have you been bothered
by the following: difficulty falling asleep or staying asleep,
or sleeping too much?" If participants answered "more
than half of the days" or "nearly every day," they were
considered to have a sleep disturbance. If they answered
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"several days" or "not at all," they were considered to have
no sleep disturbance. Participants who answered "refuse”
or "don’t know" were coded as missing and excluded from
the analysis [62].

Covariables

Various demographic and health-related factors were
considered as confounders, including age, gender, race,
marital status, family-PIR, education level, BMI, smok-
ing, excessive alcohol, hypertension, diabetes[63], and
Cardiovascular Disease (CVD). Blood samples col-
lected at the MEC laboratory were analyzed at the Johns
Hopkins University Lipoprotein Analysis Laboratory.
Quality control processes for NHANES data, including
data collection and laboratory analysis, are detailed on
the NHANES website. The selection of covariates was
based on a theoretical basis, considering the complex
relationship between obesity and depression involving
demographic factors [24, 64], behavioral factors, and
health-related factors[65-67]. Additionally, the selection
of covariates was supported by existing literature on key
variables recognized as potentially influencing this rela-
tionship [24, 6265, 65-68].

Statistical analysis

The sample was analyzed following the NHANES weight-
ing analysis guidelines. Continuous variables were
described using mean+SD and compared across per-
centile populations by using weighted linear regression
models. Categorical variables were described in weighted
percentages, and differences between groups were eval-
uated using weighted chi-square tests. Weighted chi-
square tests and weighted t-tests were employed to assess
baseline differences between categorical and continuous
variables. VAI and LAP scores were treated as continu-
ous variables or transformed into quartiles. For VAI, the
quartiles were as follows: Quartile 1 (Q1): 0.09 to 0.83;
Quartile 2 (Q2): 0.83 to 1.37; Quartile 3 (Q3): 1.38 to
2.33; Quartile 4 (Q4):>2.33; For Log LAP, the quartiles
were as follows: Quartile 1 (Q1): —0.46 to 1.36; Quartile 2
(Q2): 1.36 to 1.62; Quartile 3 (Q3): 1.62 to 1.86; Quartile
4 (Q4): > 1.86.

In the multivariable and sensitivity analyses, the miss-
ing data for covariates were addressed as follows: Miss-
ing data on excessive alcohol status (31.12%) were treated
as a separate category and filled using multiple imputa-
tion methods; missing data on Family ratio of income to
poverty (PIR) (9.3%) were imputed using mean values.
In terms of data presentation, when VAI and LAP were
included as continuous variables in the multivariable
regression model, we applied a logl0 transformation to
these variables where appropriate, ensuring that the
results are more interpretable and statistically robust. To
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assess the potential multicollinearity among covariates,
the variance inflation factor (VIF) was examined[69]. A
VIF value greater than 10 was considered indicative of
serious multicollinearity, and the results indicate that no
severe multicollinearity was detected. The results of the
multicollinearity assessment are presented in the Supple-
mentary Material (Supplement 3).

The association among VAI, LAP scores, and depres-
sion was investigated using weighted multivariable
regression models. Three different models were designed
for the study: model I without covariate adjustment,
model 2 adjusted for demographic variables, and model
3 adjusted for additional covariates based on model 2.
Generalized additive models (GAMs) were used to assess
nonlinear relationships, and threshold effect analysis was
applied to examine relationships on either side of inflec-
tion points. Mediation analysis was conducted to assess
the mediated effect of sleep duration on the association
between VAI and LAP and depression using the prod-
uct of coefficients method [65]. This method evaluated
the ratio of the indirect effect to the total effects of VAI
and LAP on depression. The mediation effect was deter-
mined by calculating the percentage of the total effect
attributable to the mediator. Subgroup stratification was
performed to examine differences in the associations of
VAI and Log LAP with depression across various factors.
Interaction tests were employed to examine the consist-
ency of associations between the subgroups. Analyses
were conducted using R software and Empower Stats,
and statistical significance was set at 2 <0.05.

Results

Baseline characteristics of participants

A total of 19,659 participants were enrolled in the
research, comprising 1,458 participants diagnosed with
depression and 18,201 participants without depres-
sion diagnosis. The average age of the participants with
depression was 47.40+15.45 years, and the average age
of those without depression was 48.00+16.89 vyears.
The male-to-female ratio was almost equal, with 49.87%
males and 50.13% females. The individuals with depres-
sion were more likely to be less than 60 years old, female,
non-Hispanic white, or higher educational level (>high
school). Further details regarding characteristics of other
study populations can be found in Table 1.

Association between VAl and depression

Three multivariable regression model were performed
to explore the connection between depression and VAI
(Table 2). When VAI was treated as a continuous variable,
significant positive associations were found in the unad-
justed model 1 (OR=1.07, 95% CI: 1.05-1.09, P<0.001)
and model 2 (OR=1.08, 95% CI: 1.05-1.10, P<0.001).
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Table 1 Weighted characteristics of the study population by depression

Characteristics Total (N=19,659) Depression P-value
Yes (N=1,458) No(N=18,201)
Age, (year) 47.97+16.80 47401545 48.00+£16.89 0227
Age, (%) 0.020
<60 72.66 1,012 (75.55) 11,851 (72.47)
>60 27.34 446 (24.45) 6,350 (27.53)
Gender, (%) <0.001
Male 49.87 529 (36.67) 9,317 (50.73)
Female 50.13 929 (63.33) 8,884 (49.27)
Race, (%) <0.001
Mexican American 8.41 215(8.11) 2,710 (8.43)
Other Hispanic 5.70 215(8.98) 1,771 (5.48)
Non-Hispanic White 68.30 560 (62.53) 7,607 (68.68)
Non-Hispanic Black 10.17 342 (13.73) 3,886 (9.93)
Other races 742 126 (6.65) 27227 (7.47)
Marital status, (%) <0.001
Married/living with partner 64.22 643 (48.30) 11,192 (65.27)
Widowed/divorced/ separated 23.17 638 (37.45) 4,953 (22.23)
Never married 1261 117 (14.25) 2,056 (12.50)
Education level, (%) <0.001
< High school 15.13 491 (25.52) 3,978 (14.45)
High school 2358 362 (26.18) 4,208 (23.417)
> High school 61.29 605 (48.31) 10,015 (62.15)
Smoking, (%) <0.001
Yes 45.96 635 (61.27) 10,116 (44.96)
No 54.04 823 (38.73) 8,085 (55.04)
Excessive alcohol, (%) <0.001
Yes 9.84 191 (13.50) 1,744 (9.60)
No 59.04 768 (55.62) 10,839 (65.37)
NA 31.12 499 (30.88) 5,618 (25.03)
Diabetes, (%) <0.001
Yes 13.79 374(19.39) 14,837 (13.42)
No 86.21 1,084 (80.61) 3,364 (86.58)
Hypertension, (%) <0.001
Yes 37.88 778 (49.49) 7,675(37.12)
No 62.12 680 (50.51) 10,526 (62.88)
CVD, (%) <0.001
Yes 8.06 250 (13.62) 1,717 (7.69)
No 91.94 1,208 (86.38) 16,484 (92.31)
Sleep disturbance, (%) <0.001
Yes 14.75 964 (67.57) 2,115 (11.28)
No 85.25 494 (32.43) 16,086 (88.72)
Family PIR 3.06+1.63 2.14+1.56 3.12+1.61 <0.001
BMI, (kg/m?2) 29.09+6.84 30.73+7.93 28.98+6.75 <0.001
WG, (cm) 99.52+16.59 102.70£17.74 99.31+£16.49 <0.001
TG, (mmol/l) 1.39+1.03 1.54+1.06 1.38+£1.03 <0.001
HDL-C, (mmol/I) 1.40+0.42 1.36+0.41 1.41£0.42 <0.001
LDL-C, (mmol/l) 2934091 2.96+0.96 2.93+0.91 <0.001
Sleep time, (hour) 715143 6.81+1.96 7174139 <0.001

VAI 1.95£2.05 2.33%2.28 1.92+£2.03 <0.001
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Table 1 (continued)

Characteristics Total (N=19,659) Depression P-value
Yes (N=1,458) No(N=18,201)

LAP 56.58+53.14 68.81£62.13 55.77+52.39 <0.001

Log LAP 1.60+0.38 1.69+0.39 1.59+0.38 <0.001

Values are presented as weighted means (standard deviation) or number of participants (weighted percentages), unless otherwise specified. For continuous variables,
the mean + SD and P-value were calculated using a weighted linear regression model. For categorical variables, percentages and P-values were calculated using a
weighted chi-square test. Among the 19,659 subjects, the missing value of the covariate of excessive drinking was 6,117 (31.12%), and the missing value of the family
PIR was 1,839 (9.3%)

Abbreviation: NA Not Applicable, CVD Cardiovascular disease, PIR The ratio of income to poverty, BMI Body mass index, WC Waist circumference, TG Triglyceride, HDL-C
High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, VA/ Visceral adiposity index, LAP Lipid accumulation product

Table 2 Weighted multivariate logistic regression of VAl and Log LAP in depression

Depression Crude model (Model 1) Partly adjusted model (Model 2) Fully adjusted model (Model 3)
OR (95% CI) P-value

VAI

Continuous 1.07 (1.05, 1.09) <0.001 1.08 (1.05, 1.10) <0.001 1.04 (1.00, 1.07) 0.034

Categories

Q1 (0.091t00.83)
Q2(0.83t01.37)
Q3(1.38t0233)
Q4 (=2.33)

Pfor trend

Log LAP

Continuous

Categories
Q1 (-046 10 1.36)
Q2(136t01.62)
Q3 (1.621t01.86)
Q4 (=1.86)

Pfor trend

1.0 (ref)
1.15(0.97,1.36) 0.097
1.28(1.09, 1.51) 0.003
2.00(1.72,2.33) <0.001
<0.001

1.98 (1.71, 2.30) <0.001

1.0 (ref)
0.99(0.83,1.17) 0.862
1.33(1.13, 1.56) <0.001
1.96 (1.69, 2.28) <0.001
<0.001

1.0 (ref)

1.14(0.96, 1.35) 0.133
1.29(1.09, 1.52) 0.003
2.07 (1.77,242) <0.001
<0.001

2.14(1.84,2.50) <0.001

1.0 (ref)

1.01 (0.85, 1.20) 0.902
1.38(1.17,1.62) <0.001
2.10(1.80, 2.45) <0.001
<0.001

1.0 (ref)

1.08 (0.86, 1.37) 0.505
1.08 (0.85, 1.38) 0.527
1.52(1.20,1.92) <0.001
<0.001

148 (1.18,1.86) <0.001

1.0 (ref)

0.96 (0.75,1.23) 0.746
1.23(0.97, 1.56) 0.087
1.51(1.19,1.91) <0.001
<0.001

Model 1: no covariates were adjusted. Model 2: age, gender, and race were adjusted. Model 3: age, gender, race, educational level, Marital status, family-PIR, smoking,
excessive alcohol, diabetes, hypertension, Cardiovascular disease (CVD), sleep disturbance. VAl and Log LAP scores were continuous variables, grouped according to

quartiles (Quartile 1(Q1): lowest 25%, Quartile 4(Q2): highest 25%)

A significant association was found (OR=1.04, 95% CI:
1.00-1.07, P=0.034) after adjusting for all covariates in
model 3. When VAI was categorized into quartiles, the
positive correlations between VAI and odds of depression
prevalence remained stable. In model 3, the participants
in Quartile 4 (Q4) exhibited a 52% increased correlation
of depression (OR=1.52, 95% CI: 1.20-1.92, P<0.001)
compared with those in Quartile 1 (Q1) (Table 2).

Association between Log LAP and depression

Three multivariable regression models were developed
to investigate the relationship between LAP and depres-
sion. When LAP was a continuous variable, the results
were significant for the relationship in each model:
model 1 (OR=1.98, 95% CI: 1.71-2.30, P<0.001); model
2 (OR=2.14, 95% CI: 1.84-2.50, P<0.001); model 3
(OR=1.48, 95% CI: 1.18-1.86, P<0.001). The stable

positive association between Log LAP and depression
was maintained when Log LAP was categorized by quar-
tiles. In model 3, the participants in Quartile 4(Q4) had a
51% increased odds of depression prevalence (OR=1.51,
95% CI: 1.19-1.91, P<0.001) compared with those in the
lowest quartile (Q1) (Table 2).

Non-linear association between VAl and LAP

with depression

Smoothed curve fitting was performed on the basis of
model 3 to visualize the association among LAP, VA,
and depression (Figs. 3 and 4). The results showed a non-
linear relationship among these variables. Threshold
effect analyses were performed (Table 3), and an inflec-
tion point of 3.82 was found for the VAI score (log-likeli-
hood ratio <0.001). When the VAI score was below 3.82,
the odds of depression prevalence increased by 15.6%
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Fig. 4 Weighted non-linear relationship between LAP and depression by generalized additive model

for each unit increase. However, when the VAI score  For the LAP score, similar results showed an inflection
exceeded 3.82, the odds of depression prevalence no point of 98.55 (log-likelihood ratio=0.028), suggesting
longer changed significantly with increasing VAI score.
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Table 3 Weighted threshold effect analysis of VAl or LAP on
depression by two-piecewise linear regression model

VAI OR (95% ClI) P-value LAP OR (95% Cl)
P-value

Outcome

Fitting by the two-piecewise linear model
Inflection point (K) 3.82 98.55

< K-segment effect 1.156(1.067,1.253) <0.001  1.005 (1.003, 1.008)

<0.001
> K-segment effect 0.983(0.930, 1.038) 0.527  1.001 (0.991, 1.000)
0.589
Log-likelihood ratio <0.001 0.028

Age, gender, race, educational level, Marital status, family-PIR, smoking,
excessive alcohol, diabetes, hypertension, Cardiovascular disease (CVD), sleep
disturbance were adjusted
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that the effect of LAP on the odds of depression preva-
lence varies above and below different thresholds.

Mediation effects of sleep duration on VAI/LAP

and depression

The figures (Table 4, Figs. 5 and 6) displayed the media-
tion analysis of sleep duration on the association between
VAL LAP, and depression. The results showed significant
indirect effects of VAI and LAP on depression through
sleep duration, P=0.004 and P<0.001, respectively. Spe-
cifically, sleep duration was found to mediate 5.1% of the
association between VAI and depression, and 2.8% of the
association between LAP and depression[65].

Association between depression and VAl or Log LAP

in sensitivity analysis

Weighted sensitivity analysis (Figs. 7 and 8) included
major categorical covariates such as age, sex, race, dia-
betes, hypertension, cardiovascular disease (CVD), and
sleep disturbance. No significant statistical differences
were observed in the interaction results for VAI (All P
for interaction>0.05). However, significant interaction

Table 4 Weighted mediation analysis for the association of VAl and LAP with depression

Independent Mediator Total effect Indirect effect Direct effect Proportion of
variable mediation (%)
P-value
Coefficient (95% Cl) P-value
VAI Sleep duration 0.0036 (0.0012, 0.0060) 0.0002 (0.0001, 0.0003) 0.0035 (0.0010, 0.0058) 5.1
0.004 0.004 0.004 0.008
LAP 0.0092 (0.0059, 0.0123) 0.0003 (0.0001, 0.0005) 0.0090 (0.0056, 0.0120) 2.8
<0.001 <0.001 <0.001 <0.001

The mediation analysis was adjusted for age, gender, race, educational level, Marital status, family-PIR, smoking, excessive alcohol, diabetes, hypertension,

Cardiovascular disease (CVD)

TE: OR (95% CI) = 0.0036 (0.0012, 0.0060), P = 0.004
IE: OR (95% CI) = 0.0002 (0.0001, 0.0003), P = 0.004

Sleep duration

Proportion of mediation: 5.1%, P = 0.008

w |

)

}{ Depression

DE: OR (95% CI) =0.0035 (0.0010, 0.0058), P = 0.004

Fig. 5 Mediation effect of Sleep duration on the association of VAl and depression
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TE: OR (95% CI) = 0.0092 (0.0059, 0.0123), P < 0.001
IE: OR (95% CI) = 0.0003 (0.0001, 0.0005), P <0.001

Sleep duration

Proportion of mediation: 2.8%, P < 0.001
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LAP W

)

>{ Depression

DE: OR (95% CI) = 0.0090 (0.0056, 0.0120), P < 0.001

Fig. 6 Mediation effect of Sleep duration on the association of LAP and depression

Subgroup OR 95%C1 P for interaction
Age 0.482
<=60 —_— 1.02 (0.95, 1.09)

>60 —_—— 1.04 (1.00, 1.09)

Gender 0.522
male —_ 1.03 (0.98, 1.07)

female . 1.15 (1.00, 1.11)

Race 0.733
Mexican American 1.00 (0.91, 1.10)

Other Hispanic 0.99 (0.86, 1.13)

Non—Hispanic White —_— 1.04 (1.00, 1.09)

Non—Hispanic Black 1.06 (0.98, 1.14)

Other races 0.97 (0.81, 1.16) 0.112
Diabetes

Yes —_—— 1.00 (0.94, 1.06)

No —_— 1.06 (1.02, 1.10) 0.433
Hypertension

Yes —_— 1.05 (1.01, 1.09) 0.163
No _— 1.02 (0.95, 1.08)

CVD

Yes —_— 1.08 (1.01, 1.16) 0.210
No —_—— 1.02 (0.98, 1.06)

Sleep disturbance

Yes —_— 1.02 (0.97, 1.06)

No —_— 1.06 (1.01, 1.11)

071

Fig. 7 Weighted sensitivity analysis of the association between VAl and depression

statistical differences were found in the results for Log
LAP, with hypertension (P for interaction=0.022) and
CVD (P for interaction =0.003).

Additionally, although no interaction was observed for
sleep disturbance (P for interaction=0.210), a significant
positive association between VAI and depression was
found in the non-sleep disturbance group (OR=1.06,
95% CI: 1.01—1.11, P=0.010), while this association was
not significant in the sleep disturbance group (OR=1.02,
95% CI: 0.97—1.06, P=0.480). Similar results were
observed for Log LAP: in the non-sleep disturbance
group (OR=1.95, 95% CI: 1.36—2.79, P<0.001) and the
sleep disturbance group (OR=1.25, 95% CI: 0.93—1.67,
P=0.134), with the P for interaction being 0.553.

Discussion

This cross-sectional study involving a representative
sample of 19,659 American adults identified a signifi-
cant positive correlation among VAI, LAP, and depres-
sion. The analysis revealed that as the VAI and LAP levels
increased, the association with depression increased even
after adjusting for all covariates. The study observed a
non-linear relationship among these variables, indicating
a complex pattern. Specifically, within certain thresholds
(VAI reaching 3.82 and LAP reaching 98.55), a significant
increase can be observed in depression with increasing
VAI and LAP. However, beyond these thresholds, this
association was no longer significant. Sleep duration
mediated 2.8% and 5.1% of the relationship between VAL,
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Subgroup OR 95%CI P for interaction
Age 0.560
<=60 1.73 (0.99, 3.02)
>60 —.— 1.44 (1.12, 1.85)

Gender 0.357
male —_— 1.63 (1.18,2.25)

female — 132 (0.96, 1.82)

Race 0.609
Mexican American 1.74 (0.85,3.55)

Other Hispanic 1.57 (0.75, 3.30)

Non—-Hispanic White _— 1.57 (1.11,2.22)

Non—Hispanic Black _— 1.26 (0.79, 1.99)

Other races 0.85 (0.39, 1.83) 0.187
Diabetes

Yes 227 (1.21,4.23)

No —_—— 1.45 (1.13, 1.85) 0.022
Hypertension

ol - S 2.11 (1.46, 3.05) 0.003
No —_— 121 (0.90, 1.63)

CVD

Yes 4.56 (2.07,10.07) 0.553
No — 1.35 (1.06, 1.72)

Sleep disturbance

Yes —_ 1.25 (0.93, 1.67)

No —_— 1.95 (1.36,2.79)

050 10 20

40 80

Fig. 8 Weighted sensitivity analysis of the association between Log LAP and depression

LAP, and depression, respectively, and interaction tests
confirmed the robustness of these findings. Additionally,
significant differences were observed in subgroups based
on the presence or absence of hypertension and CVD.

This study contributes to the existing body of cross-
sectional research on the association between visceral
fat obesity and depression in a large cohort. Previous
research has established a correlation between central
obesity and depression [67, 12, 70]. For instance, stud-
ies on WWI and BMI have demonstrated positive asso-
ciations between central obesity metrics and depression
[71-73]. However, these studies have primarily relied on
central obesity indicators that do not fully capture the
metabolic and visceral fat-specific components of obe-
sity. To address this limitation, this study incorporates
VAI and LAP, which reflect visceral fat distribution and
related metabolic abnormalities, offering a more precise
assessment of the relationship between visceral obesity
and depression[24, 32, 33]. By utilizing these two novel
indicators, this study bridges a critical gap in under-
standing the association between visceral fat obesity and
depression within a large-scale cohort.

VAI and LAP, have been widely studied as indicators of
visceral fat metabolism in clinical settings, demonstrating
strong predictive capabilities [60, 74]. The measurement
of these two indicators features of body fat distribution
and biochemical markers, allowing for a more compre-
hensive assessment of visceral fat accumulation and lipid
metabolic abnormalities in individuals [30, 74]. Com-
pared with individual visceral fat indicators, VAI and
LAP offer significant advantages in predicting multivari-
able symptoms, such as cardiovascular metabolic risks,
hyperuricemia, and diabetic retinopathy, with a notably

strong correlation [32, 33, 75]. The present study found
significant positive correlations among VAI, LAP, and
depressive symptoms. This finding aligns with the results
of Wang Ying et al. In middle-aged and older adults over
45 years, the ROC curve analysis indicated that LAP is
an effective predictor of depressive symptoms [55]. Nota-
bly, the results showed that VAI failed to predict this
association. This discrepancy may be attributed to eth-
nic differences and variations in the assessment scales
for depressive symptoms. Similar positive correlations
between VAI and depression were found by Lei et al. in
their analysis of American adults [73]. Overall, the find-
ings showed that both visceral fat obesity indicators are
associated with depression, and some studies have con-
firmed this result. The comprehensive consideration of
both indicators in the clinical management of depression
could be beneficial for a comprehensive assessment of
patients’ conditions.

The relationship between depression and abdominal
obesity is complex, with its underlying mechanisms yet
to be fully elucidated. Possible explanatory mechanisms
primarily involve immune stress and metabolic dysregu-
lation [76, 77]. First, inflammatory processes originating
from visceral adipose tissue may increase the odds of
depression prevalence [77, 78]. Excess adipocytes secrete
free fatty acids (FFAs) and inflammatory cytokines, such
as CRP, TNF-q, and IL-6, leading to systemic inflamma-
tion and oxidative stress [78]. This inflammatory state
activates microglia in the central nervous system, affect-
ing serotonin synthesis and neuronal apoptosis, thus
increasing the correlation of depression [79]. Simultane-
ously, neuroinflammation affects hypothalamic insulin
signaling pathways that are related to depression [80].
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Specifically, neuroinflammation further leads to insulin
resistance, disrupting insulin’s ability to inhibit gluconeo-
genesis and regulate adipocyte metabolism, thus causing
metabolic dysregulation and increasing the association of
depression [81, 82]. Second, abnormalities in HPA axis in
individuals with abdominal obesity contribute to depres-
sion [40, 83]. High levels of cortisol attach to receptors
in visceral fat, triggering lipoprotein lipase and prevent-
ing lipid mobilization, and this phenomenon leads to
the retention of triglycerides within visceral fat, thereby
increasing visceral fat accumulation [76, 84, 85]. The
interaction of these mechanisms complicates the rela-
tionship between depression and obesity.

This study is the first to reveal the saturation effect
between VAI, LAP, and depression. When visceral fat
obesity reached a certain threshold, the association with
depression was no longer significant. This phenomenon
requires further explanation. One possible reason is that
individuals excessive visceral fat often exhibit general-
ized obesity and abdominal obesity, thereby complicat-
ing this relationship [86]. Similar to obesity, depression
is influenced by multivariable factors, and it can exhibit
varying degrees of severity and irregularity [87-89].
Additionally, the negative effects of pro-inflammatory
cytokines secreted by visceral fat can be counteracted
by the protective effect of subcutaneous fat mass [90,
91]. The “obesity paradox” may provide strong evidence
for the findings of the present study [92]. “Obesity para-
dox” refers to the protective effects of higher fat levels,
initially observed in obese patients with Heart Failure
with Reduced Ejection Fraction (HFrEF) who had better
clinical outcomes [93]. Depression is related to “obesity
paradox,” with studies showing that underweight indi-
viduals have higher levels of depression than those with
obesity [94, 95]. A possible explanation is that excessive
obesity can increase antioxidant defense, store protective
energy, exhibit a protective profile of fatty factors, and
interact with endotoxin-lipoprotein, providing a survival
advantage [90, 96-98]. Understanding these non-linear
dynamics is crucial for developing effective interventions.
Although previous studies have identified an association
between VAIL, LAP, and depression, most of these stud-
ies have used linear models and failed to uncover the
non-linear relationships between variables [99, 73]. In
contrast, this study employed smooth curve fitting and
threshold effect analysis to reveal the non-linear rela-
tionship between VAI, LAP, and depression, a relation-
ship that had not been explored in previous research.
Additionally, to enhance the reliability of the results and
accommodate the stratified design of NHANES data, this
study applied weighted analysis methods and incorpo-
rated more relevant covariates and a longer time span,
thereby improving statistical power and stability.
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Sleep duration plays a mediating role in the relation-
ship between VAI, LAP, and depression, providing a new
perspective for understanding the complex relationship
between visceral obesity and depression. First, visceral
obesity may influence sleep duration through multivari-
able mechanisms [51]. The increase in pro-inflammatory
cytokines and adipokines in individuals with visceral
obesity can interfere with the nocturnal peak of mela-
tonin and the diurnal rhythm of cortisol, disrupting the
normal sleep cycle [51, 52, 100]. At the same time, the
accumulation of abdominal fat increases intra-abdominal
pressure, which may compress the diaphragm and sub-
sequently increase the risk of obstructive sleep apnea
(OSA) [24, 49]. The repeated apneas and hypoxemia
associated with OSA can disrupt sleep continuity and
reduce sleep quality [49]. On the other hand, both insuf-
ficient and excessive sleep are closely associated with
depression. A meta-analysis of prospective studies found
that adults with short and long sleep durations had a rela-
tive odds of depression prevalence 1.31 and 1.42 times
higher, respectively, compared to adults with normal
sleep duration [101]. There is a neurobiological overlap
between depression and sleep disturbance, where insuf-
ficient or excessive sleep may alter hormone levels, par-
ticularly an abnormal increase in cortisol, through the
hypothalamic-pituitary-adrenal axis, thus activating the
"obesity-inflammation-depression” interaction mecha-
nism [102, 103]. Mediation analysis in this study further
quantified this effect: the mediating effect of sleep dura-
tion between VAI and depression was estimated to be
5.1% (P=0.004), while the mediating effect between LAP
and depression was 2.8% (P <0.001). Subgroup analysis of
sleep disturbance supported the results of the mediation
analysis. For individuals without sleep disturbance, the
association between VAI, LAP, and depression was more
direct and significant; whereas, in individuals with sleep
disturbance, sleep duration as a mediator modified the
relationship between VAI, LAP, and depression.

The Sensitivity analysis revealed significant differences
in the association between VAI, LAP, and depression in
individuals with cardiovascular disease (CVD) or hyper-
tension compared to those without CVD or hyperten-
sion. This finding is consistent with previous studies
[42, 104]. Cardiovascular disease is closely associated
with inflammatory processes, with pro-inflammatory
cytokines such as IL-6 and TNF-«a remaining active in
the body [42, 105]. The increased inflammatory factors
associated with visceral fat obesity can activate endothe-
lial cells, promoting the formation of atherosclerosis [66].
Endothelial dysfunction, by affecting the release of bioac-
tive substances from endothelial cells, can further disrupt
neurotransmitter metabolism, including inducing insu-
lin resistance and hypothalamic-pituitary-adrenal (HPA)
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axis abnormalities, which may ultimately increase the
risk of depressive symptoms [66, 106]. In contrast, indi-
viduals without cardiovascular disease typically exhibit
lower overall inflammation levels [104, 107]. In the pres-
ence of visceral fat obesity, the body may compensate by
increasing the secretion of anti-inflammatory factors,
such as adiponectin, to maintain physiological balance
[108].

In summary, this study comprehensively examined
the non-linear relationships between visceral adipos-
ity indicators, LAP and VAI, and depression, uncover-
ing the significant mediating role of sleep duration in
this association. These findings offer valuable insights
for the clinical management of visceral fat obesity and
its related mental health challenges, enabling healthcare
providers to better address visceral fat levels to mitigate
the odds of depression prevalence. From a community
health perspective, the results emphasize the importance
of monitoring and managing visceral adiposity indicators
like VAI and LAP due to their strong connection with
residents’ overall health, including mental well-being.
Community-based interventions focused on promoting
healthy weight management can play a pivotal role in
reducing the prevalence of mental health disorders, eas-
ing the burden on healthcare systems, and enhancing the
overall quality of life [109]. By providing evidence-based
guidance, this study supports policymakers in optimizing
resources and implementing effective public health strat-
egies, ultimately fostering sustainable improvements in
community health.

Advantages and limitations
This study has several advantages. First, the study utilized
cross-sectional data from NHANES to explore the poten-
tial association between VAI, LAP, and depression, and
further examined the impact of sleep duration on this
relationship, demonstrating a high degree of innovation.
Second, VAI and LAP combine anthropometric meas-
urements with laboratory biochemical data as tools for
assessing visceral biomarkers, which are more efficient,
simpler, and cost-effective than the expensive, complex,
and radiation-intensive abdominal CT and MRI scans.
Therefore, this approach is more suitable for routine clin-
ical practice and large-scale screening. Third, the satura-
tion effects and mediating role observed between visceral
fat indicators and depression provide valuable guidance
for clinical practice. When developing intervention strat-
egies for individuals with visceral obesity, considering
sleep quality can help improve patients’ overall health
more comprehensively.

Some of the limitations in this study are inher-
ent. First, the evaluation of depression depended on
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self-reported questionnaires, which could be influenced
by recall or reporting biases, potentially affecting the
data’s accuracy. Second, individuals with severe obe-
sity and/or depression are often institutionalized for
medical care, which may result in their disproportion-
ate exclusion from the study. Third, the study design
is cross-sectional, which means causality cannot be
inferred. Cross-sectional studies collect data at a single
point in time, so associations between variables can be
observed without determining the direction of causal-
ity. Although the study found a significant association
among VAI, LAP, and depression, whether changes in
VAI and LAP lead to depression or whether depression
affects these indicators due to simultaneous data col-
lection cannot be determined. Future research should
use longitudinal designs to track individuals over time
and explore the causal relationship among VAI, LAP,
and depression to obtain more robust evidence, thus
better assessing the application value of these indica-
tors in the prevention and intervention of depression.

Conclusion

This study found the connections of VAI and LAP with
depression. VAI and LAP may be useful in assessing
depression association. In addition, sleep duration is
a mediator connecting VAI and LAP with depression.
Incorporating these two easily accessible indicators of
visceral fat obesity in community health needs assess-
ments may provide more targeted interventions for
depressive symptoms and improve patient outcomes.
Although the results of this study provide some thresh-
olds as reference indicators, further large-scale follow-
up studies are needed to refine their application and
validate the findings.

Abbreviations

VAI Visceral adiposity index

LAP Lipid accumulation product

NHANES  National Health and Nutrition Examination Survey
WwiI Weight-adjusted-waist index

CDC Centers for Disease Control and Prevention
MEC Mobile Examination Center

CAPI Computer Assisted Personal Interview

cT Computed Tomography

MRI Magnetic Resonance Imaging

BMI Body mass index

WC Waist measurement

PIR The ratio of family income to poverty

TG Triglyceride

HDL-C High Density Lipoprotein cholesterol
LDL-C Low-Density Lipoprotein Cholesterol

FFA Free fatty acids; CRP: C-reactive protein
TNF-a Tumor necrosis factor-alpha

IL-6 And interleukin-6

HPA Hypothalamic—pituitary—adrenal axis
HFrEF Heart failure with reduced ejection fraction
VIF Variance inflation factor



Huang et al. BMC Psychiatry ~ (2025) 25:228

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512888-025-06631-8.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.

Acknowledgements

In addition to the contributions of all team members to this study, we would
also like to thank the reviewers, editors, and language experts for their review
and revisions of this article. With the invaluable feedback and support from all
of you, this article had been successfully completed.

Clinical trial number
Not applicable.

Authors’ contributions

HYQ, ZD, and YZF wrote the first draft. HYQ, YZF, and WCN analyzed the results
and provided graphs. ZD and QXCH provided the methodology and assisted
with data organization. QXCH provided insights and suggestions during con-
ceptualization, supervised, reviewed, and edited the manuscript. HYQ, WCN,
and QXCH revised the manuscript. All authors reviewed the manuscript.

Funding

This study was funded by the following grants:

1. Guangdong Science and Technology Programs Youth Fund (No.
2022A1515110777)

2. Starting Fund of Top-Level Talents of Shenzhen (No. RC00314)

3. Shenzhen Science and Technology Innovation Bureau Project - Basic
Research  (N0.202408133003346)

4. National Natural Science Foundation of China (NSFC) Youth Fund
(No.72404193)

Data availability

The datasets generated and/or analyzed during the current study are available

in the NHANES database, [https://www.cdc.gov/nchs/nhanes/irba98.htm].

Declarations

Ethics approval and consent to participate

This study complies with the ethical principles set forth in the Declaration of
Helsinki. The data used in this study were obtained from the National Health
and Nutrition Examination Survey (NHANES), which is a publicly available
and de-identified dataset. The data collection process of NHANES adheres
to the Declaration of Helsinki, including obtaining informed consent from

all participants and ensuring the confidentiality of their information. As this
study involves secondary analysis of the NHANES data, no additional ethical
approval or consent was required. This study was approved by the Ethics
Review Board (ERB) of the National Center for Health Statistics (NCHS).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Medical School, Shenzhen University, No.1066, Xueyuan Avenue, Nanshan
District, Shenzhen, Guangdong Province 518060, People’s Republic of China.
2Centre for Health Management and Policy Research, School of Public Health,
Cheeloo College of Medicine, Shandong University, Jinan, Shandong, China.
3School of Nursing, Fudan University, 305 Fenglin Road, Shanghai 200032,
China. *School of Tech X Academy, Shenzhen Polytechnic University, Shenz-
hen, China. *Rory Meyers College of Nursing, New York University, New York,
NY 10010, USA.

Page 14 of 17

Received: 31 October 2024 Accepted: 19 February 2025
Published online: 11 March 2025

References

1. Ferrari AJ, Santomauro DF, Aali A, Abate YH, Abbafati C, Abbastabar H,
et al. Global incidence, prevalence, years lived with disability (YLDs),
disability-adjusted life-years (DALYs), and healthy life expectancy (HALE)
for 371 diseases and injuries in 204 countries and territories and 811
subnational locations, 1990-2021: a systematic analysis for the global
burden of disease study 2021. Lancet. 2024;403(10440):2133-61.

2. ZenebeY, Akele B, W/Selassie M, Necho M. Prevalence and determi-
nants of depression among old age: a systematic review and meta-
analysis. Ann Gen Psychiatry. 2021,20(1):55.

3. Kieling C, Buchweitz C, Caye A, Silvani J, Ameis SH, Brunoni AR, et al.
Worldwide prevalence and disability from mental disorders across
childhood and adolescence: evidence from the global burden of
disease study. JAMA Psychiatry. 2024,81(4):347-56.

4. ShenW, SuY, Guo T, Ding N, Chai X. The relationship between depres-
sion based on patient health questionaire-9 and cardiovascular mortal-
ity in patients with hypertension. J Affect Disord. 2024;345:78-84.

5. Zhang B, FuW, Guo Y, ChenY, Jiang C, Li X, et al. Effectiveness of mind-
fulness-based cognitive therapy against suicidal ideation in patients
with depression: a systematic review and meta-analysis. J Affect Disord.
2022;319:655-62.

6. ZouC,YuQ Wang C, Ding M, Chen L. Association of depression with
cognitive frailty: a systematic review and meta-analysis. J Affect Disord.
2023;320:133-9.

7. Cavanagh JTO, Carson AJ, Sharpe M, Lawrie SM. Psychologi-
cal autopsy studies of suicide: a systematic review. Psychol Med.
2003;33(3):395-405.

8. Thornicroft G, Chatterji S, Evans-Lacko S, Gruber M, Sampson N, Aguilar-
Gaxiola S, et al. Undertreatment of people with major depressive
disorder in 21 countries. Br J Psychiatry J Ment Sci. 2017,210(2):119-24.

9. LiuH, ZhiJ, Zhang C,Huang S, Ma'Y, Luo D, et al. Association between
weight-adjusted waist index and depressive symptoms: a nationally
representative cross-sectional study from NHANES 2005 to 2018.J
Affect Disord. 2024;350:49-57.

10. Qian S, Huang T. Letter to the editor-the association between weight-
adjusted-waist index and depression: results from NHANES 2005-2018.
J Affect Disord. 2024;353:99-100.

11.  Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BWJH,
et al. Overweight, obesity, and depression: a systematic review
and meta-analysis of longitudinal studies. Arch Gen Psychiatry.
2010,67(3):220-9.

12. HeK, Pang T, Huang H.The relationship between depressive symptoms
and BMI: 2005-2018 NHANES data. J Affect Disord. 2022;313:151-7.

13. Onyike CU, Crum RM, Lee HB, Lyketsos CG, Eaton WW. Is obesity associ-
ated with major depression? Results from the third national health and
nutrition examination survey. Am J Epidemiol. 2003;158(12):1139-47.

14.  Lam BCC, Koh GCH, Chen C, Wong MTK, Fallows SJ. Comparison of
Body Mass Index (BMI), Body Adiposity Index (BAI), Waist Circumference
(WCQ), Waist-To-Hip Ratio (WHR) and Waist-To-Height Ratio (WHtR) as
predictors of cardiovascular disease risk factors in an adult population
in Singapore. PLoS One. 2015;10(4):e0122985.

15.  Piché ME, Poirier P, Lemieux |, Després JP. Overview of epidemiology
and contribution of obesity and body fat distribution to cardiovascular
disease: an update. Prog Cardiovasc Dis. 2018;61(2):103-13.

16. Park, Kim NH, Kwon TY, Kim SG. A novel adiposity index as an inte-
grated predictor of cardiometabolic disease morbidity and mortality.
SciRep. 2018;8(1):16753.

17. Kim KJ, Son S, Kim KJ, Kim SG, Kim NH. Weight-adjusted waist as an
integrated index for fat, muscle and bone health in adults. J Cachexia
Sarcopenia Muscle. 2023;14(5):2196-203.

18.  Kim NH, Park Y, Kim NH, Kim SG. Weight-adjusted waist index reflects fat
and muscle mass in the opposite direction in older adults. Age Ageing.
2021,50(3):780-6.

19. ShenY,Wu, Luo P, Fu M, Zhu K, Wang J. Association between weight-
adjusted-waist index and depression in US adults: a cross-sectional
study. J Affect Disord. 2024;355:299-307.


https://doi.org/10.1186/s12888-025-06631-8
https://doi.org/10.1186/s12888-025-06631-8
https://www.cdc.gov/nchs/nhanes/irba98.htm

Huang et al. BMIC Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2025) 25:228

Kim JY, Choi J, Vella CA, Crigui MH, Allison MA, Kim NH. Associa-

tions between weight-adjusted waist index and abdominal fat and
muscle mass: multi-ethnic study of atherosclerosis. Diabetes Metab J.
2022;46(5):747-55.

DuT, Yu X, Zhang J, Sun X. Lipid accumulation product and visceral
adiposity index are effective markers for identifying the metabolically
obese normal-weight phenotype. Acta Diabetol. 2015;52(5). Available
from: https://pubmed.ncbi.nlm.nih.gov/25690647/. Cited 2024 May 10.
Amato MC, et al. Visceral adiposity index: a reliable indicator of visceral
fat function associated with cardiometabolic risk. Diabetes Care.
2010;33(4):920-2.

Kahn HS. The 'lipid accumulation product’ performs better than the
body mass index for recognizing cardiovascular risk: a population-
based comparison. BMC Cardiovasc Disord. 2005;5:26.

ZhouT, Chen'S, Mao J, Zhu P, Yu X, Lin R. Association between obstruc-
tive sleep apnea and visceral adiposity index and lipid accumulation
product: NHANES 2015-2018. Lipids Health Dis. 2024;23(1):100.

Chen J, Li YT, Niu Z, He Z, Xie YJ, Hernandez J, et al. Association of vis-
ceral obesity indices with incident diabetic retinopathy in patients with
diabetes: prospective cohort study. JMIR Public Health Surveill. 2024;10.
Available from: https://pubmed.ncbi.nlm.nih.gov/38319705/. Cited
2024 May 21.

LiY, GuiJ, Liu H, Guo LL, Li J, Lei Y, et al. Predicting metabolic syn-
drome by obesity- and lipid-related indices in mid-aged and elderly
Chinese: a population-based cross-sectional study. Front Endocrinol.
2023;14:1201132.

Chen D, Lu C, Chen K, LiuT, LiY, Shan Z, et al. Association between
anthropometric indices and hyperuricemia: a nationwide study in
China. Clin Rheumatol. 2024;43(3):907-20.

Huang J, Han J, Rozi R, Fu B, Lu Z, Liu J, et al. Association between

lipid accumulation products and osteoarthritis among adults in the
United States: a cross-sectional study, NHANES 2017-2020. Prev Med.
2024;180:107861.

loachimescu AG, Brennan DM, Hoar BM, Hoogwerf BJ. The lipid
accumulation product and all-cause mortality in patients at high
cardiovascular risk: a PreCIS database study. Obes Silver Spring Md.
2010;18(9):1836-44.

Mazidi M, Kengne AP, Katsiki N, Mikhailidis DP, Banach M. Lipid accumu-
lation product and triglycerides/glucose index are useful predictors of
insulin resistance. J Diabetes Complications. 2018;32(3):266-70.
Mirmiran P, Bahadoran Z, Azizi F. Lipid accumulation product is associ-
ated with insulin resistance, lipid peroxidation, and systemic inflamma-
tion in type 2 diabetic patients. Endocrinol Metab. 2014;29(4):443-9.
Abruzzese GA, Cerrrone GE, Gamez JM, Graffigna MN, Belli S, Lioy G,

et al. Lipid accumulation product (LAP) and visceral adiposity index
(VAI) as markers of insulin resistance and metabolic associated distur-
bances in young argentine women with polycystic ovary syndrome.
Horm Metab Res. 2017;49(1):23-9.

Xie X, Li Q Zhang L, Ren W. Lipid accumulation product, visceral
adiposity index, and Chinese visceral adiposity index as markers of
cardiometabolic risk in adult growth hormone deficiency patients: a
cross-sectional study. Endocr Pract Off J Am Coll Endocrinol Am Assoc
Clin Endocrinol. 2018;24(1):33-9.

Liu H, Dong H, Zhou Y, Jin M, Hao H, Yuan Y, et al. The association
between metabolic score for visceral fat and depression in overweight
or obese individuals: evidence from NHANES. Front Endocrinol.
2024;15:1482003.

Marijnissen RM, Bus BAA, Holewijn S, Franke B, Purandare N, de Graaf
J, et al. Depressive symptom clusters are differentially associated with
general and visceral obesity. J Am Geriatr Soc. 2011;59(1):67-72.
Vogelzangs N, Kritchevsky SB, Beekman ATF, Brenes GA, Newman AB,
Satterfield S, et al. Obesity and onset of significant depressive symp-
toms: results from a prospective community-based cohort study of
older men and women. J Clin Psychiatry. 2010;71(4):391-9.
Weinberger NA, Kersting A, Riedel-Heller SG, Luck-Sikorski C. Body
dissatisfaction in individuals with obesity compared to normal-
weight individuals: a systematic review and meta-analysis. Obes Facts.
2016,9(6):424-41.

Alimoradi Z, Golboni F, Griffiths MD, Brostrom A, Lin CY, Pakpour AH.
Weight-related stigma and psychological distress: a systematic review
and meta-analysis. Clin Nutr Edinb Scotl. 2020;39(7):2001-13.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 150f 17

Jones RA, Lawlor ER, Birch JM, Patel MI, Werneck AO, Hoare E, et al. The
impact of adult behavioural weight management interventions on
mental health: a systematic review and meta-analysis. Obes Rev Off J
Int Assoc Study Obes. 2021;22(4):e13150.

Steptoe A, Frank P. Obesity and psychological distress. Philos Trans R
Soc B. 2023. Available from: https://royalsocietypublishing.org/doi/10.
1098/rsth.2022.0225. Cited 2024 May 21.

Chen W, Feng J, Jiang S, Guo J, Zhang X, Zhang X, et al. Mendelian rand-
omization analyses identify bidirectional causal relationships of obesity
with psychiatric disorders. J Affect Disord. 2023;339:807-14.

Lin J,Yang R, Zhang Y, Hou Y, Yang H, Zhou X, et al. The mediation
effects of metabolic and immune-inflammation factors on the
depression-premature coronary heart disease association. J Affect
Disord. 2023;15(331):434-41.

Dregan A, Rayner L, Davis KAS, Bakolis |, Arias De La Torre J, Das-Munshi
J, et al. Associations between depression, arterial stiffness, and meta-
bolic syndrome among adults in the UK Biobank population study: a
mediation analysis. JAMA Psychiatry. 2020;77(6):598.

Kokkeler KJE, Marijnissen RM, Wardenaar KJ, Rhebergen D, van den
Brink RHS, van der Mast RC, et al. Subtyping late-life depression accord-
ing to inflammatory and metabolic dysregulation: a prospective study.
Psychol Med. 2022;52(3):515-25.

Konttinen H, van Strien T, Mannisto S, Jousilahti P, Haukkala A. Depres-
sion, emotional eating and long-term weight changes: a population-
based prospective study. Int J Behav Nutr Phys Act. 2019;20(16):28.
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(6): €0157240.

Ouyang P, Sun W. Depression and sleep duration: findings from middle-
aged and elderly people in China. Public Health. 2019;166:148-54.
Gebara MA, Siripong N, DiNapoli EA, Maree RD, Germain A, Reynolds CF,
et al. Effect of insomnia treatments on depression: a systematic review
and meta-analysis. Depress Anxiety. 2018;35(8):717-31.

Bonsignore MR. Obesity and obstructive sleep apnea. In: Eckel J, Clé-
ment K, editors. From obesity to diabetes. Cham: Springer International
Publishing; 2022. p. 181-201. https://doi.org/10.1007/164_2021_558.
Cited 2025 Jan 3.

Baranova A, Cao H, Zhang F. Shared genetic liability and causal effects
between major depressive disorder and insomnia. Hum Mol Genet.
2022;31(8):1336-45.

Guan Q,Wang Z, Cao J, Dong Y, Chen'Y. Mechanisms of melatonin in
obesity: a review. Int J Mol Sci. 2021;23(1):218.

Serin'Y, Acar TN. Effect of circadian rhythm on metabolic processes and
the regulation of energy balance. Ann Nutr Metab. 2019;74(4):322-30.
Bjork S, Jain D, Marliere MH, Predescu SA, Mokhlesi B. Obstructive sleep
apnea, obesity hypoventilation syndrome, and pulmonary hyperten-
sion: a state-of-the-art review. Sleep Med Clin. 2024;19(2):307-25.

Liu PY, Reddy RT. Sleep, testosterone and cortisol balance, and ageing
men. Rev Endocr Metab Disord. 2022;23(6):1323-39.

Wang Y, Zhang X, Li Y, Gui J, Mei Y, Yang X, et al. Predicting depressive
symptom by cardiometabolic indicators in mid-aged and older adults
in China: a population-based cross-sectional study. Front Psychiatry.
2023;14:1153316.

von EIm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vanden-
broucke JP, et al. The strengthening the reporting of observational
studies in epidemiology (STROBE) statement: guidelines for reporting
observational studies. Lancet Lond Engl. 2007;370(9596):1453-7.
Kroenke K, Spitzer RL, Williams JBW. The PHQ-9. J Gen Intern Med.
2001;16(9):606-13.

Yin J, Gong R, Zhang M, Ding L, Shen T, Cai Y, et al. Associations
between sleep disturbance, inflammatory markers and depressive
symptoms: mediation analyses in a large NHANES community sample.
Prog Neuropsychopharmacol Biol Psychiatry. 2023;126:110786.

Manea L, Gilbody S, McMillan D. Optimal cut-off score for diagnosing
depression with the Patient Health Questionnaire (PHQ-9): a meta-
analysis. CMAJ. 2012;184(3):E191-6.

Ebrahimi M, Seyedi SA, Nabipoorashrafi SA, Rabizadeh S, Sarzaeim M,
Yadegar A, et al. Lipid accumulation product (LAP) index for the diagno-
sis of nonalcoholic fatty liver disease (NAFLD): a systematic review and
meta-analysis. Lipids Health Dis. 2023;22(1):41.


https://pubmed.ncbi.nlm.nih.gov/25690647/
https://pubmed.ncbi.nlm.nih.gov/38319705/
https://royalsocietypublishing.org/doi/10.1098/rstb.2022.0225
https://royalsocietypublishing.org/doi/10.1098/rstb.2022.0225
https://doi.org/10.1007/164_2021_558

Huang et al. BMIC Psychiatry

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

(2025) 25:228

Dong L, Xie Y, Zou X. Association between sleep duration and
depression in US adults: a cross-sectional study. J Affect Disord.
2022,296:183-8.

Wang S, Rossheim ME, Nandy RR, Nguyen US. Interaction between
sleep duration and trouble sleeping on depressive symptoms among
U.S. adults, NHANES 2015-2018. J Affect Disord. 2024;351:285-92.
Kadier K, Qin L, Ainiwaer A, Rehemuding R, Dilixiati D, Du YY, Maimaiti H,
Ma X, Ma YT. Association of sleep-related disorders with cardiovascular
disease among adults in the United States: A cross-sectional study
based on national health and nutrition examination survey 2005-2008.
Front Cardiovasc Med. 2022;9:954238. https://doi.org/10.3389/fcvm.
2022.954238.

Mao Q, Zhu X, Kong Y. Sleep duration mediates the association
between heavy metals and the prevalence of depression: an inte-
grated approach from the NHANES (2005-2020). Front Psychiatry.
2024;15:1455896.

Zhang Y, Song J, Li B, Lv X, Liu J, SiW, et al. Type 2 diabetes mellitus
modifies and mediates the association between the visceral adipos-
ity index and depression: a cross-sectional study using NHANES
2005-2018 data. J Affect Disord. 2025,368:749-56.

Aparecida Silveira E, Vaseghi G, de Carvalho Santos AS, Kliemann N,
Masoudkabir F, Noll M, et al. Visceral obesity and its shared role in
cancer and cardiovascular disease: a scoping review of the pathophysi-
ology and pharmacological treatments. Int J Mol Sci. 2020;21(23):9042.
Zhao G, Ford ES, Li C, Tsai J, Dhingra S, Balluz LS. Waist circumference,
abdominal obesity, and depression among overweight and obese U.S.
adults: National Health and Nutrition Examination Survey 2005-2006.
BMC Psychiatry. 2011;11:130.

Matsui K, Kuriyama K, Yoshiike T, Nagao K, Ayabe N, Komada Y, et al. The
effect of short or long sleep duration on quality of life and depression:
an internet-based survey in Japan. Sleep Med. 2020;76:80-5.

Guo Z, Xu G,Wang R, Hou J, Yu S, Wang H, et al. Free thyroxine, brain
frailty and clock drawing test performance in patients with acute
minor stroke or transient ischaemic attack. Clin Endocrinol (Oxf).
2022;96(2):175-83.

Zhu X, Yue Y, LiL, Zhu L, CaiY, Shu Y. The relationship between depres-
sion and relative fat mass (RFM): a population-based study. J Affect
Disord. 2024;356:323-8.

Heo M, Pietrobelli A, Fontaine KR, Sirey JA, Faith MS. Depressive mood
and obesity in US adults: comparison and moderation by sex, age, and
race. Int J Obes. 2006,30(3):513-9.

Wong SY, Leung JC, Leung PC, Woo J. Depressive symptoms and
change in abdominal obesity in the elderly: positive or negative
association? Am J Geriatr Psychiatry Off J Am Assoc Geriatr Psychiatry.
2011;19(8):730-42.

Lei J, LuoYY, Xie Y, Wang X. Visceral adiposity index is a measure of the
likelihood of developing depression among adults in the United States.
Front Psychol. 2022;13:772556.

Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M,

et al. Visceral adiposity index: a reliable indicator of visceral fat function
associated with cardiometabolic risk. Diabetes Care. 2010;33(4):920.
Chen J, Li YT, Niu Z, He Z, Xie YJ, Hernandez J, et al. Association of
visceral obesity indices with incident diabetic retinopathy in patients
with diabetes: prospective cohort study. JMIR Public Health Surveill.
2024;10:248120.

Bjorntorp P. Do stress reactions cause abdominal obesity and comor-
bidities? Obes Rev Off J Int Assoc Study Obes. 2001;2(2):73-86.
Capuron L, Lasselin J, Castanon N. Role of adiposity-driven inflamma-
tion in depressive morbidity. Neuropsychopharmacol Off Publ Am Coll
Neuropsychopharmacol. 2017;42(1):115-28.

Ambrésio G, Kaufmann FN, Manosso L, Platt N, Ghisleni G, Rodrigues
ALS, et al. Depression and peripheral inflammatory profile of patients
with obesity. Psychoneuroendocrinology. 2018,91:132-41.

Yang 'Y, Lai Y, Tong X. Arjunolic acid ameliorates lipopolysaccharide-
induced depressive behavior by inhibiting neuroinflammation via
microglial SIRT1/AMPK/Notch1 signaling pathway. J Ethnopharmacol.
2024,330:118225.

De Souza CT, Araujo EP, Bordin S, Ashimine R, Zollner RL, Boschero

AC, et al. Consumption of a fat-rich diet activates a proinflammatory
response and induces insulin resistance in the hypothalamus. Endocri-
nology. 2005;146(10):4192-9.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

95.

96.

97.

98.

99.

100.

102.

Page 16 of 17

Hallschmid M, Schultes B. Central nervous insulin resistance: a promis-
ing target in the treatment of metabolic and cognitive disorders?
Diabetologia. 2009;52(11):2264-9.

Shomaker LB, Tanofsky-Kraff M, Young-Hyman D, Han JC, Yanoff LB,
Brady SM, et al. Psychological symptoms and insulin sensitivity in
adolescents. Pediatr Diabetes. 2010;11(6):417-23.

Pasquali R, Vicennati V, Cacciari M, Pagotto U. The hypothalamic-pitui-
tary-adrenal axis activity in obesity and the metabolic syndrome. Ann N
Y Acad Sci. 2006;1083(1):111-28.

Chrousos GP, Gold PW. The concepts of stress and stress system
disorders. Overview of physical and behavioral homeostasis. JAMA.
1992,267(9):1244-52.

Deuschle M, Weber B, Colla M, Depner M, Heuser I. Effects of major
depression, aging and gender upon calculated diurnal free plasma
cortisol concentrations: a re-evaluation study. Stress Amst Neth.
1998;2(4):281-7.

Almeida OP, Calver J, Jamrozik K, Hankey GJ, Flicker L. Obesity and meta-
bolic syndrome increase the risk of incident depression in older men:
the health in men study. Am J Geriatr Psychiatry. 2009;17(10):889-98.
Goes VF, Wazlawik E, D'Orsi E, Gonzalez-Chica DA. Severe obesity
increases the prevalence but not the incidence of depressive symp-
toms in the elderly-population-based cohort in Southern Brazil. Int
Psychogeriatr. 2017;29(8):1307-16.

Jackson SE, Beeken RJ, Wardle J. Obesity, perceived weight discrimina-
tion, and psychological well-being in older adults in England. Obesity.
2015;23(5):1105-11.

Segal Y, Gunturu S. Psychological issues associated with obesity. In:
StatPearls. Treasure Island (FL): StatPearls Publishing; 2024. Available
from: http://www.ncbi.nim.nih.gov/books/NBK603747/. Cited 2024 May
20.

Bouillanne O, Dupont-Belmont C, Hay P, Hamon-Vilcot B, Cynober L,
Aussel C. Fat mass protects hospitalized elderly persons against mor-
bidity and mortality. Am J Clin Nutr. 2009;90(3):505-10.

Stefanyk LE, Dyck DJ. The interaction between adipokines, diet and
exercise on muscle insulin sensitivity. Curr Opin Clin Nutr Metab Care.
2010;13(3):255.

Bosello O, Vanzo A. Obesity paradox and aging. Eat Weight Disord EWD.
2021,26(1):27-35.

Lavie CJ, Osman AF, Milani RV, Mehra MR. Body composition and prog-
nosis in chronic systolic heart failure: the obesity paradox. Am J Cardiol.
2003;91(7):891-4.

Noh JW, Kwon YD, Park J, Kim J. Body mass index and depressive symp-
toms in middle aged and older adults. BMC Public Health. 2015;15:310.
Zhou Q, Wang T, Basu K. Negative association between BMI and depres-
sive symptoms in middle aged and elderly Chinese: results from a
national household survey. Psychiatry Res. 2018;,269:571-8.
Antonopoulos AS, Tousoulis D. The molecular mechanisms of obesity
paradox. Cardiovasc Res. 2017;113(9):1074-86.

LvY, Mao C, Gao X, Ji JS, Kraus VB, Yin Z, et al. The obesity paradox is
mostly driven by decreased noncardiovascular disease mortality in

the oldest old in China: a 20-year prospective cohort study. Nat Aging.
2022,2(5):389-96.

Oreopoulos A, Kalantar-Zadeh K, Sharma AM, Fonarow GC. The obesity
paradox in the elderly: potential mechanisms and clinical implications.
Clin Geriatr Med. 2009;25(4):643-59.

Zhu X,Wang P, Yue Y, Wu T, Cui J, Shu'Y, et al. The relationship between
depression and lipid accumulation product: a population-based study.
Front Psychiatry. 2024;15:1395766.

Varra FN, Varras M, Varra VK, Theodosis-Nobelos P. Molecular and
pathophysiological relationship between obesity and chronic inflam-
mation in the manifestation of metabolic dysfunctions and their
inflammation-mediating treatment options (Review). Mol Med Rep.
2024;29(6):95.

Zhai L, Zhang H, Zhang D. Sleep duration and depression among
adults: a meta-analysis of prospective studies. Depress Anxiety.
2015;32(9):664-70.

Uwishema O, Nazir A, Munyangaju |, Shariff S, Al Komi O, Chibueze

N, et al. The pulse of sleep: novel interventions in understanding the
sleep-cardiovascular connection: a literature review. Ann Med Surg
2012.2024;86(9):5283-91.


https://doi.org/10.3389/fcvm.2022.954238
https://doi.org/10.3389/fcvm.2022.954238
http://www.ncbi.nlm.nih.gov/books/NBK603747/

Huang et al. BMC Psychiatry ~ (2025) 25:228

103.

104.

105.

106.

107.

108.

109.

Plackett B. The vicious cycle of depression and obesity. Nature.
2022,608(7924):542-3.

Kabir AA, Whelton PK, Khan MM, Gustat J, Chen W. Association of symp-
toms of depression and obesity with hypertension: the Bogalusa heart
study. Am J Hypertens. 2006;19(6):639-45.

Zhang H, Dhalla NS. The role of pro-inflammatory cytokines in the
pathogenesis of cardiovascular disease. Int J Mol Sci. 2024;25(2):1082.
Stapel B, Jelinic M, Drummond GR, Hartung D, Kahl KG. Adipose tissue
compartments, inflammation, and cardiovascular risk in the context of
depression. Front Psychiatry. 2022;13:831358.

Potere N, Bonaventura A, Abbate A. Novel therapeutics and upcoming
clinical trials targeting inflammation in cardiovascular diseases. Arterio-
scler Thromb Vasc Biol. 2024;44(12):2371-95.

Ren, Zhao H, Yin C, Lan X, Wu L, Du X, et al. Adipokines, hepatokines
and myokines: focus on their role and molecular mechanisms in adi-
pose tissue inflammation. Front Endocrinol. 2022;13:873699.

Liu P, Kadier K, Cui C, Peng X, Hou W, Ainiwaer A, et al. Lowering the
risk of hyperuricemia and gout is associated with ideal cardiovascular
health. J Health Popul Nutr. 2024;43(1):167.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17



	The relationship between VAI, LAP, and depression and the mediation role of sleep duration–evidence from NHANES 2005–2020
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Data and sample sources
	Assessment of variables
	Depression
	VAI
	LAP
	Sleep duration and sleep disturbance
	Covariables

	Statistical analysis

	Results
	Baseline characteristics of participants
	Association between VAI and depression
	Association between Log LAP and depression 
	Non-linear association between VAI and LAP with depression
	Mediation effects of sleep duration on VAILAP and depression
	Association between depression and VAI or Log LAP in sensitivity analysis

	Discussion
	Advantages and limitations
	Conclusion
	Acknowledgements
	References


