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Association between TG/HDL-C and depression in
US adults

A nationally representative cross-sectional study
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Abstract

Lipid profile disturbances are frequently observed in depressive patients. Triglyceride-to-high-density lipoprotein cholestQ
(TG/HDL-C) can be reflective of the level of blood lipids. However, it remains unclear whether higher TG/HDL-C increases the
risk of depression. This study aimed to investigate the association between TG/HDL-C and depression. In this cross-sectional
study, 20,406 participants were analyzed from the National Health and Nutrition Examination Survey between 2005 and 2020. A
weighted multivariable logistic regression model, restricted cubic spline regression model and threshold effect analysis were used
to explore the association of TG/HDL-C with depression risk. A total of 20,406 participants who had complete data on TG/HDL-C
and depression measurement were included in this study (median age 47 years, 50.51% female). Participants with depression
had higher TG/HDL-C than those without depression (0.97 [0.54—-1.64] vs 0.82 [0.50-1.38], P < .001). TG/HDL-C was associated
with an increased risk of depression after adjusting for all covariates (in model 3: odds ratio (OR) = 1.31, 95% confidence interval
(CI): 1.04-1.64, P =.02). Moreover, a nonlinear J-shaped relationship was observed between TG/HDL-C ratio and the risk of
depression, with an inflection point of 0.402 by threshold effect analysis. These findings indicate that TG/HDL-C has a J-shaped
association with the risk of depression (P for non-linearity = .008).

Abbreviations: AA = associate of arts, BMI = body mass index, Cl = confidence interval, DSM-IV = diagnostic and statistical
manual of mental disorders-IV, GED = general educational development, HDL = high-density lipoprotein, HDL-C = high-density
lipoprotein cholesterol, HPA = hypothalamic-pituitary-adrenal, IPR = income-to-poverty ratio, LDL = low-density lipoprotein, MEC
= mobile exam center, NHANES = National Health and Nutrition Examination Survey, OR = odds ratio, PHQ-9 = patient health
questionnaire 9, RCS = restricted cubic spline, SSRIs = selective serotonin reuptake inhibitors, TC = total cholesterol, TG =

triglyceride, TG/HDL-C = triglyceride-to-high-density lipoprotein cholesterol, VIF = variance inflation factor.
Keywords: cholesterol levels, depression, NHANES, triglyceride level

1. Introduction

Depression, a complex neuropsychiatric condition, is charac-
terized by persistent dysthymia and anhedonia, manifesting
as a marked diminution in pleasure or interest in activities
of daily living. The estimated prevalence rate of depression is
approximately 4.7%, including 5% of adults.!"?! Depression
can lead to psychosocial dysfunction, worsen the affected
person’s life situation, and increase suicides and mortality."!
According to the Global Burden of Disease Study, depression
represents the predominant contributor to disability-adjusted
life years among all psychiatric disorders, resulting in a signifi-
cant economic burden of the healthcare systems.!* The etiology
of depression is multifaceted, including social, biological and
psychological factors. Despite advancements in understanding
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its causes and pathophysiology, the specific risk factors and
underlying mechanisms of depression remain incompletely
understood. Given the increasing prevalence of depression and
its profound impact on both individuals and society, elucidat-
ing multifactorial etiopathogenesis and identifying modifiable
risk factors associated with depression remain paramount for
developing targeted preventive and therapeutic interventions.
By early identifying high-risk individuals and implementing
preventive strategies, the heavy burdens experienced by fam-
ilies and communities caused by depression might potentially
be alleviated.

Accumulating evidence indicated a close relationship between
depression and levels of lipids.’*! Commonly, the principal
components of the lipid profile comprise low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol
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(HDL-C), triglycerides (TG), and total cholesterol (TC).”
Specifically, previous investigations have demonstrated that
individuals with depression presented special patterns of lipids
profiles. However, these associations were demonstrated to be
inconsistent and even contradictory. For instance, some studies
reported decreased TC in depressive individuals,” while other
studies found elevated TCI!% or revealed no specific associa-
tion."! This inconsistency was also shown in HDL-C, LDL-C
and TG.P! Moreover, a cross-sectional study from Korea found
that lipid ratios, including TC/HDL-C, LDL-C/HDL-C and TG/
HDL-C, were not associated with depression./'?! Despite hetero-
geneous findings have been reported in the literatures, abnormal
lipids profiles are frequently observed in depressive individu-
als.!'!' In tryptophan hydroxylase-2 knockout mice, the elevated
oxidative stress caused alteration of plasma lipid metabolism
and thus resulted in 5-hydroxytryptamine deficiency.'*! These
findings suggested a biologically plausible link between lipid
metabolism and the pathogenesis of depression.

Recent epidemiological evidence has established the triglyceride-
to-high-density lipoprotein cholesterol (TG/HDL-C) as an
emerging clinically relevant biomarker for metabolic syndrome
and cardiovascular disorders.!"’! Based on the revealed associ-
ation between cardiovascular events and the development of
depression,!'®!”) combined with the biologically plausible link of
lipids metabolism to depression, here we hypothesized that an
alteration of TG/HDL-C may be independently associated with
the incidence of depression. The association between blood TG/
HDL-C and the depression risk among US adults was investi-
gated using cross-sectional data from the National Health and
Nutrition Examination Survey (NHANES) collected from 2005
to 2020.

2. Material and methods

2.1. Study design and subjects

Comprehensive analyses of data extracted from NHANES 2005
to 2006, 2007 to 2008, 2009 to 2010, 2011 to 2012, 2013 to
2014,2015 t0 2016,2017 to 2018 and 2019 to 2020 were con-
ducted, as the participants in these cycles received the depression
questionnaire, namely the patient health questionnaire (PHQ-
9). The NHANES employs a complex, multistage, probability-
sampled, cross-sectional design conducted biennially to assess
the health and nutritional status of the noninstitutionalized
US civilian population through standardized interviewer-
administered questionnaires, comprehensive physical exam-
inations, and systematic collection of biological specimens.
The complex sampling methodology, standardized research
protocols, data collection procedures, and statistical analytical
approaches have been extensively documented in peer-reviewed
publications and are available online. The study protocol was
approved by the National Center for Health Statistics Research
Ethics Review Board, and all eligible study participants signed
written informed consents before enrollment. Detailed meth-
odological documentation and comprehensive program infor-
mation for the NHANES are publicly accessible through the
NHANES website.

The present investigation included adult participants
(age > 18 years). Participants without blood TG or HDL-C data,
or who did not finish the PHQ-9 were excluded. This study was
conducted and reported in alignment with the Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines. '8!

2.2. Depression symptoms assessment (outcome)

Depression was assessed using the PHQ-9, a validated 9-item
screening instrument that evaluates both the presence and sever-
ity of depression. The PHQ-9 is a self-administered diagnostic
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instrument that consists of 9 signs corresponding to the diag-
nostic criteria for depression as specified in the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV)."l PHQ-9 evaluates the frequency and severity of
depression experienced by individuals during the preceding
2-week period. Each item is scored on a 4-point ordinal scale
(range, 0-3), with the aggregate severity score ranging from 0
to 27 points. In general, a total PHQ-9 score of 10 or higher
was considered diagnostic of depression, as previous studies
demonstrated that a PHQ-9 score of 10 or higher yielded a
sensitivity of 85% and a specificity of 89% for the diagnosis
of depression.!"?"l Therefore, all participants were categorized
into 2 groups based on their PHQ-9 scores: those scoring <10
points (classified as non-depression) and those scoring 10 points
or greater (classified as having depression).

2.3. Laboratory measurements (exposure)

Blood specimens were collected from participants at a mobile
examination center (MEC) by NHANES personnel after a
minimum 8-hour fasting period. Blood TC, TG and HDL-C
concentrations were quantified using direct enzymatic meth-
ods. Based on measured values of TG, TC and HDL-C, LDL-C
concentrations were calculated by means of the Friedewald for-
mula (LDL-C =TC - HDL-C - [TG/S]) for participants with
TG levels below 400 mg per deciliter; for those with higher TG
levels, direct LDL-C measurements were performed.?!! The TG/
HDL-C (continuous) was calculated as the quotient of serum
TG concentration to HDL-C concentration (measured in mg/
dL). Detailed information regarding laboratory techniques and
quality assurance procedures is available in the Laboratory
Procedures Manual of NHANES.

2.4. Covariates assessment

Sociodemographic characteristics were assessed through
standardized self-administered questionnaires, including age
(continuous), gender, race, education level and income-to-
poverty ratio (IPR) (continuous). The IPR was calculated as
the annual total annual household income divided by the fed-
eral poverty threshold, which was based on corresponding
state and survey year. Participants were stratified into 3 income
categories according to their IPR: high income (IPR of 4 or
greater), middle income (IPR of 1 to <4), and low income (IPR
< 1).22 Education level was categorized as low (less than a
high school diploma), middle (high school graduate or General
Educational Development), and high (some college education
or higher). Height and weight measurements were obtained by
certified health professionals using calibrated equipment and
standardized protocols at the MEC. Body mass index (BMI)
was calculated as weight in kilograms divided by the square
of height in meters. Evaluated comorbidities included diabetes
mellitus and hypertension. The diagnosis of diabetes mellitus
or hypertension was established based on either physician doc-
umentation of the condition or current use of antihypertensive
or antihyperglycemic medications. The following variables
were also included as covariates: smoking status (never, former,
now), alcohol intake (never, former, mild, moderate, heavy),
LDL-C (continuous) and TC (continuous). Detailed definitions
of all covariates were available at NHANES website. For miss-
ing covariates, we generated multiple imputations of the data-
set by chained equation with predictive matching algorithms.
Five imputed datasets were generated to address potential bias
from incomplete observations in the analysis cohort (“mice” R
package, version 4.1.3). Multicollinearity among independent
variables was assessed using variance inflation factors (VIF).13!
VIF analysis demonstrated no evidence of significant collin-
earity among the predictor variables (Table S1, Supplemental
Digital Content, https:/links.lww.com/MD/O806).
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Total participants in NHANES 2005-2020
(n=85750)

Excluded:

Participants with age <18 years
(n=33914)

Included participants
(n=51,836)

Excluded Incomplete data:
PHQOY (n = 7,144)

HDL cholesterol (n = 2,362)

Eligible participants for analysis
(n=20,406)

TG (n=21,924)

Depression (n =1,782)
Non-Depression (n = 18,624 )

Figure 1. Flowchart of participants’ enrollment process. HDL-= high density lipoprotein cholesterol, NHANES = National Health, and Nutrition Examination

Survey, PHQ9 = patient health questionnaire 9, TG = triglyceride.

2.5. Statistical analysis

All statistical analyses incorporated the complex multistage prob-
ability sampling design of NHANES. According to NHANES
weighting specifications, the sample weights were recalculated
as follows: weight = 1/8 * WTS2YR, where WTS2YR represents
the 2-year sample weight for each survey period, and Weight is
the sample weight calculated after combining 8 survey periods.
Descriptive statistics were presented as follows: continuous vari-
ables with normal distribution are presented as means (= stan-
dard deviations), non-normally distributed continuous variables
as medians (interquartile range [IQR]), and categorical variables
as frequencies (percentages). Between-group comparisons were
performed using the weighted Student # tests, Mann—Whitney U
tests, and y? tests, respectively.

The association between TG/HDL-C and depression preva-
lence was assessed using multivariable logistic regression mod-
els. The odds ratio (OR) and corresponding 95% confidence
interval (CI) were calculated in the “survey” R package. Three
logistic regression models were established: Model 1, no poten-
tial confounding factors were adjusted; Model 2, adjusted for
sociodemographic characteristics including age, gender, and
race; Model 3 was the fully adjusted model, which further
adjusted for BMI, education level, PIR, hypertension, diabetes
mellitus, smoking status, alcohol intake. We incorporated both
continuous and categorical models into the multivariable logis-
tic regression analysis. In the continuous model, TG/HDL-C
was log-transformed due to the skewness of its distribution to
mitigate the influence of extreme values (Fig. S1, Supplemental
Digital Content, https://links.lww.com/MD/O807). In the cat-
egorical model, TG/HDL-C was stratified into quartiles, and a
linear trend was assessed by treating the median value of each
quartile as a continuous variable. Besides, the potential nonlin-
ear association between the TG/HDL-C and depression risk was
evaluated using weighted restricted cubic spline (RCS) analyses,
with knots placed at the 25th, 50th, and 75th percentiles. These
analyses were conducted within the framework of Model 3.
Moreover, to identify potential threshold effects, a 2-piecewise
linear regression model was fitted after adjustment for all con-
founding factors. The optimal threshold point was determined
by maximizing the log-likelihood function. The presence of
a threshold effect was assessed through comparison of a 2-
piecewise linear model with the single-linear model using likeli-
hood ratio testing.

Subgroup analyses were performed to examine the modifica-
tion effect of age (age was categorized into 3 levels, <40, 40-60,

and >60 year), gender, race, BMI (BMI was divided into 2 levels,
<24 and 224 kg/m?), education level, PIR, hypertension, diabetes
mellitus, smoking status, and alcohol intake on the association
between TG/HDL-C and depression. To evaluate potential inter-
action effects, multiplicative interaction terms were constructed
between the TG/HDL-C and prespecified subgroup variables in
the multivariable models.”**! Sensitivity analyses were conducted
to evaluate the robustness of our findings. To mitigate the poten-
tial influence of extreme values, we reconstructed our models
after excluding participants with extreme BMI levels (<15 or
>40kg/m?).

All analyses accounted for complex sampling design of
NHANES, including stratification, clustering, and sampling
weights. The statistical analyses were executed with R version
4.1.3 (R Foundation for Statistical Computing, Vienna, Austria).
The threshold for determining statistical significance employed
2-tailed probability assessments with an alpha level set at 0.05.

3. Results

3.1. Baseline characteristics of the study population

Of 85,750 participants enrolled in the NHANES from 2005
to 2020, we identified 51,836 adults (218 years) who were
eligible for this study. We excluded 31,430 participants who
had missing data on TG or HDL-C measurement, or who
responded “refused” or “don’t know” to items on the PHQ-
9. The final analytical cohort comprised 20,406 participants
from the NHANES (2005-2020) with complete data on TG/
HDL-C and depression assessments. The participants had
an average age of 47 years, and 50.51% were women. The
process of participant selection is shown in Figure 1. Of the
20,406 participants in the analytical cohort, 1782 (8.73%)
met the diagnostic criteria for depression. The percentage of
depression in female is 11.15% (1152 of 10,331 participants),
while in male, it is 6.25% (630 of 10,075 participants). Non-
Hispanic White participants constituted the largest racial
and ethnic group in both the depression (63.04%) and non-
depression cohorts (68%). Participants living below the fed-
eral poverty threshold (PIR < 1) were more prevalent in the
depression group (659 [28.24%] of 1782 participants) than in
the non-depression group (3707 [13.33%] of 18,624 partici-
pants). The proportion of participants who were current smok-
ers was higher in depressive participants (38.66%) compared
to non-depressive participants (18.19%). The proportion of
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people who had hypertension was higher in depressive partici-
pants (48.35%) than in non-depressive participants (36.66%).
Similarly, the proportion of people who had diabetes melli-
tus was higher in depressive participants (23.03%) compared
to non-depressive participants (15.45%). Depressive partici-
pants had a higher BMI than non-depressive participants. The
mean BMI was higher among participants with depression
than among those without depression (29.44 [24.60-35.30] vs
27.71[24.10-32.35] kg/m?, P < .0001). Besides, in comparison
to the non-depression group, participants in depression group
had lower HDL-C (1.32 [1.06-1.58] vs 1.34 [1.11-1.63] mg/
dL, P <.0001) and higher TG (1.26 [0.82-1.89] vs 1.12 [0.77-
1.66] mg/dL, P =.001). Baseline sociodemographic and clini-
cal characteristics of the study cohort are presented in Table 1.

3.2. Association between TG/HDL-C and depression:
logistic regression analysis

Patients with depression demonstrated significantly higher
median TG/HDL-C than those without depression (0.97
[0.54-1.64] vs 0.82 [0.50-1.38]; P <.001) (presented in
Fig. 2).
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In the continuous model, multivariable logistic regression
analysis revealed that TG/HDL-C was independently associ-
ated with depression (presented in Table 2). This association
remained significant after adjustment for multiple potential con-
founders: Model 1 (OR, 1.89; 95% CI, 1.65-2.61; P <.0001),
Model 2 (2.25; 1.81-2.80; P <.0001), and Model 3 (1.31;
1.04-1.64; P = .02).

In the categorical model, the TG/HDL-C were converted into
quartiles: Q1 group (TG/HDL-C £ 0.499, n = 5111), Q2 group
(0.499 < TG/HDL-C < 0.828,n = 5084), Q3 group (0.828 < TG/
HDL-C<1.394, n=5108), Q4 group (TG/HDL-C > 1.394,
n=5103). The risk of depressmn was significantly higher among
participants in the Q4 group than among those in the Q1 group
in Model 1 and Model 2 (Model 1: 1.54; 1.28-1.86; P < .0001;
P for trend = .32; Model 2: 1.97; 1.61-2.41; P <.0001; P for
trend = 0.15), but not in Model 3 (1.20; 0.97-1.49; P =.09;
P for trend = .54). Participants in the Q3 group exhibited a
higher incidence of depression compared with those in the Q1
group in Model 2 (Model 2: 1.39; 1.12-1.72; P =.003; P for
trend = .15), but not in Model 1 and Model 3 (Model 1: 1.22;
0.99-1.49; P = .06; P for trend = .32; Model 3: 0.99; 0.80-1.23;
P =.92; P for trend = .54). There was no significant difference in

Characteristics of the study population, NHANES 2005 to 2020.

Characteristics Total (N = 20,406) Non-depression, (N = 18,624) Depression, (N = 1782) P-value
Age, yr 47.00 (32.00, 60.00) 47.00 (32.00, 60.00) 47.00 (35.00, 59.00) 614
Gender
Female 10,331 (50.51) 9179 (49.44) 1152 (63.72) <.0001
Male 10,075 (49.49) 9445 (50.56) 630 (36.28)
Race
Mexican American 3217 (8.73) 2951 (8.81) 266 (7.81) <.0001
Non-Hispanic Black 4383 (10.45) 3963 (10.18) 420 (13.80)
Non-Hispanic White 8432 (67.62) 7718 (68.00) 714 (63.04)
Other Hispanic 2007 (5.73) 1768 (5.53) 239 (8.15)
Other race — including multi-racial 2367 (7.46) 2224 (7.48) 143 (7.19)
PIR
Low 4366 (14.45) 3707 (13.33) 659 (28.24) <.0001
Middle 10,889 (50.00) 10,011 (49.89) 878 (51.26)
High 5151 (35.56) 4906 (36.78) 245 (20.51)
Education level
Low 1885 (4.93) 1625 (4.61) 260 (8.89) <.0001
Middle 8134 (35.93) 7313 (35.25) 821 (44.30)
High 10,387 (59.14) 9686 (60.14) 701 (46.81)
Smoking status
Never 11,362 (54.79) 10,604 (56.14) 758 (38.12) <.0001
Former 4917 (25.48) 4513 (25.66) 404 (23.22)
Now 4127 (19.73) 3507 (18.19) 620 (38.66)
Diabetes mellitus
No 16,170(83.98) 14,904(84.55) 1266 (76.97) <.0001
Yes 4236 (16.02) 3720 (15.45) 516 (23.03)
Hypertension
No 11,961(62.46) 11,104(63.34) 857 (51.65) <.0001
Yes 8445 (37.54) 7520 (36.66) 925 (48.35)
Drinking status
Never 2978 (11.01) 2716 (11.04) 262 (10.59) <.0001
Former 2624 (11.30) 2357 (11.01) 267 (14.83)
Mild 7264 (38.30) 6783 (39.09) 481 (28.53)
Moderate 3251 (17.81) 2969 (17.83) 282 (17.54)
Heavy 4289 (21.59) 3799 (21.03) 490 (28.52)
BMI, kg/m? 27.80 (24.10, 32.60) 27.71 (24.10, 32.35) 29.44 (24.60, 35.30) <.0001
TG, mg/dL 1.13(0.77,1.67) 1.12(0.77,1.66) 1.26 (0.82,1.89) <.0001
HDL-C, mg/dL 1.34 (1.09, 1.63) 1.34 (1.11,1.63) 1.32(1.06, 1.58) .001
TC, mg/dL 4.86 (4.19,5.59) 4.86 (4.19, 5.56) 4.89 (4.16, 5.66) .345
LDL-C, mg/dL 2.85(2.28,3.47) 2.85(2.28,3.47) 2.87 (2.22,3.54) 497
TG/HDL-C 0.83(0.50, 1.40) 0.82 (0.50, 1.38) 0.97 (0.54, 1.64) <.001

Continuous variables were presented as mean (SD) or median (IQR), according to their distribution; categorical variables were presented as n (%).

BMI = body mass index, HDL-C = high-density lipoprotein cholesterol, LDL-C =

low-density lipoprotein cholesterol, NHANES = National Health and Nutrition Examination Survey, PIR =

income-to-poverty

ratio, TC = total cholesterol, TG = triglyceride, TG/HDL-C = triglyceride-to high-density lipoprotein cholesterol, WC = waist circumference.
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Figure 2. Log10-transformed TG/HDL-C in non-depression group and depression group. “****” indicates P < .0001, as compared with non-depression group.
PHQ-9 = patient health questionnaire 9, TG/HDL-C = triglyceride-to-high-density lipoprotein cholesterol.

Weighted logistic regression analysis of TG/HDL-C with depression, NHANES 2005 to 2020.

Model 1 Model 2 Model 3
Crude OR (95% Cl) P-value Adjusted OR (95% Cl) P-value Adjusted OR (95% Cl) P-value

Log10 TG/HDL-C 1.89 (1.65, 2.61) <.0001 2.25(1.81, 2.80) <.0001 1.31(1.04,1.64) .02

Q1 Reference Reference Reference

Q2 0.99 (0.81, 1.20) .89 1.06 (0.87, 1.30) .56 0.87(0.71,1.08) .20

Q3 1.22 (0.99, 1.49) .06 1.39 (1.12,1.72) .003 0.99 (0.80, 1.23) .92

Q4 1.54 (1.28, 1.86) <.0001 1.97 (1.61,2.41) <.0001 1.20(0.97,1.49) .09

Pfor trend .32 15 54

Model 1 was not adjusted for covariates.
Model 2 was adjusted for age, gender, race, or ethnicity.

Model 3 was adjusted for all covariates including age, gender, race or ethnicity, PIR, education level, alcohol intake, diabetes mellitus, hypertension, smoking status, BMI.
BMI = body mass index, Cl = confidence interval, NHANES = National Health and Nutrition Examination Survey, OR = odds ratio, PIR = income-to-poverty ratio, TG/HDL-C = triglyceride-to high-density

lipoprotein cholesterol.

depression incidence between participants in the Q2 group and
those in the Q1 group (P > .05).

3.3. Nonlinear association: restricted cubic spline analysis

RCS analysis revealed a nonlinear, J-shaped association between
the TG/HDL-C and depression after full adjustment for poten-
tial confounders (P for non-linearity = .008) (Fig. 3), with an
inflection point at a log10-transformed TG/HDL-C of -0.395
by threshold effect analysis (TG/HDL-C equal to 0.402) (as pre-
sented in Table 3). Therefore, below the threshold ratio of 0.402,
there was no significant association between the TG/HDL-C and
the risk of depression (OR, 1.13; 95% CI, 0.35-3.67; P = .84).
However, above the threshold ratio of 0.402, higher TG/HDL-C
was significantly linked to a higher risk of depression (OR, 1.65;
95% CI, 1.29-2.10; P < .001) (Table 3).

3.4. Subgroup analyses and sensitivity analyses

We performed prespecified subgroup analyses to assess
whether the association between TG/HDL-C and the depres-
sion risk was consistent across the different subgroups. As
presented in Figure 4, statistically significant interactions were
demonstrated between TG/HDL-C and gender, hypertension
in relation to depressive symptoms (P for interaction = .004,
.014, respectively). The interaction was not significant after

stratification by age, race, PIR, education level, BMI, smok-
ing status, alcohol intake and diabetes mellitus. The associa-
tion between TG/HDL-C and depression remained consistent
across different subgroups (except for gender and hyperten-
sion subgroups), with no significant interactions observed (P
for interaction > 0.05). Sensitivity analyses were conducted
to assess the robustness of the observed associations (Table
S2, Supplemental Digital Content, https:/links.lww.com/
MD/0808). The direction and magnitude of the effect of TG/
HDL-C in these associations remained consistent across sensi-
tivity analyses.

4. Discussion

Using data from NHANES (2005 to 2020), we examined the
association between TG/HDL-C and depression in a cross-
sectional cohort of 20,406 participants. TG/HDL-C was sig-
nificantly higher among subjects with depression than among
those without depression. Moreover, we observed a nonlin-
ear, J-shaped association between TG/HDL-C and depression.
According to subgroup analysis, significant interaction effects
were found between TG/HDL-C and subgroup variables of gen-
der and hypertension. Participants with depression had a higher
level of TG/HDL-C, this finding was consistent across different
gender, with the association being greater in female participants.
It was notable that the association between TG/HDL-C and the
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QOdds Ratio (95% CI) for Depression

P for overall = 0.001
I* for nonlinear = 0.008

w

OR (95%CI)

Logl0 TG/HDL-C

Figure 3. Odds ratio of depression according to log10-transformed TG/HDL-C in overall population. A nonlinear association was found (P for non-
linearity = .018) between log10-transformed TG/HDL-C and risk of depression in a restricted cubic spline regression model. The solid line and shadow
represented the odds ratio of depression and 95% confidence interval, respectively. All covariates were adjusted in this model. TG/HDL-C = triglyceride-

to-high-density lipoprotein cholesterol.

Threshold effect analysis of TG/HDL-C on the risk of depression.

Outcome OR (95% CI) P-value
One-line logistic regression model 1.31(1.04,1.64) .020
Two-piecewise logistic regression model
TG/HDL-C < —-0.395 1.13(0.35, 3.67) 835
TG/HDL-C > —0.395 1.65(1.29,2.10) <.001
Log-likelihood ratio test 141

Notes, adjusted for all covariates including age, gender, race or ethnicity, PIR, education level,
alcohol intake, diabetes mellitus, hypertension, smoking status, BMI.

BMI = body mass index, Cl = confidence interval, TG/HDL-C = triglyceride-to high-density
lipoprotein cholesterol, OR = odds ratio, PIR = income-to-poverty ratio.

depression risk was statistically significant only in participants
with hypertension, which was not reported in participants with-
out hypertension.

Depression is a prevalent psychiatric condition worldwide
and represents a significant global public health burden, char-
acterized by substantial morbidity and increased risk of suicide-
related mortality.>-?”! The clinical manifestations of depression
are diverse, and the specific pathogenesis of depression is
unclear. Emerging evidence suggests that altered lipid metabo-
lism may contribute to the pathophysiology of mental disor-
ders, including depression, and has been associated with suicidal
behavior.?$3% Alteration in serum lipid profile is associated
with the development of depression.3!! It was demonstrated
that low serum cholesterol levels can affect neuronal membrane
fluidity and lipid-mediated adhesion properties, potentially
resulting in diminished serotonergic receptor density and func-
tionality in cerebral tissues.’” Moreover, low serum cholesterol
levels can affect synaptic plasticity, which can further lead to
the development of depression. Notably, it appears that there
are shared biological pathways and genetic factors that underly
both depressive symptoms and abnormal lipid metabolism.3-33]
Furthermore, it has been demonstrated that this genetic effect

is especially pronounced for TG and HDL-C.B¢ In our study,
serum lipid profiles were compared between participants with
depressive disorder and without depressive disorder. The find-
ings demonstrated significantly higher TG concentrations and
lower HDL-C levels among patients meeting diagnostic criteria
for depression. Neither TC nor LDL-C concentrations demon-
strated significant between-group differences. These findings
were aligned with the findings of a recent meta-analysis, which
demonstrated that higher TG concentrations and lower HDL-C
levels were significantly associated with depression.! These
findings suggest that disturbance in serum lipid homeostasis
may contribute significantly to the pathogenesis of depressive
disorder.

In recent years, the TG/HDL-C has emerged as a marker of
considerable clinical interest. Accumulating evidence from clini-
cal investigations suggested that elevated TG/HDL-C may inde-
pendently predict the risk of several cardiometabolic disorders,
including atherosclerotic cardiovascular disease, type 2 diabetes
mellitus, metabolic syndrome, hyperuricemia, and chronic kid-
ney disease.!'>3” To our knowledge, this investigation represents
the first systematic examination of the association between TG/
HDL-C and depression. The results demonstrated a significant
association between an elevated TG/HDL-C and depression
risk. After accounting for potential confounding variables, the
TG/HDL-C remained significantly elevated in patients with
depression compared to those without depression. Moreover, in
multivariate analyses, after adjustment for potential confound-
ing variables, we identified a significant nonlinear dose-response
association between TG/HDL-C and the risk of depression.
When the logl0-transformed TG/HDL-C was higher than
-0.395 (TG/HDL-C = 0.402), the risk of developing depression
increased significantly. These findings suggest that an elevated
TG/HDL-C may represent a potential biomarker for early detec-
tion of depressive disorders. Therapeutic interventions targeting
the normalization of serum TG/HDL-C warrant investigation
as a possible strategy for both prevention and amelioration of
depressive symptoms. Prospective randomized controlled trials
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Subgroup OR (95%C1) P value P for interaction
Gender 0.004
Female 1.14 (1.09~1.2) <0.001 —
Male 1.06 (1.03~1.09)  <0.001 ——
Age (years) 0.467
<40 1.03 (0.98~1.08) 0.226 —_——
=60 1.07 (1.01~1.13) 0.023 —
40-60 1.06 (1.03~1.09) <0.001 —
Education 0.16
High 1.07 (1.04~1.11) <0.001 ——
Low 1.05 (1~1.1) 0.059 —
Middle 1.02 (0.98~1.06) 0.368 ——
Smoking 0.402
Former 1.08 (1.03~1.13) 0.002 —
Never 1.05 (1.02~1.08)  0.002 ——
Now 1.03 (1-1.07) 0.081 ——
Drinking 0.371
Former 1.03 (0.98~1.08) 0.3 —_——
Heavy 1.04 (1~1.09) 0.047 ———
Mild 1.09 (1.04~1.14) <0.001 ——
Moderate 1.04 (0.99~1.09) 0.157 —
Never 1.08 (1.02~1.14) 0.006 —
PIR 0.922
High 1.03 (0.93~1.14)  0.539 —_—
Low 1.05(1.01~1.09)  0.023 —
Middle 1.05 (1.03~1.08) <0.001 -
Hypertension 0.014
No 1.01 (0.97~1.06)  0.534 ——
Yes 1.OB (1.04~1.11) ~ <0.001 —
Diabetes mellitus 0.464
No 1.05 (1.02~1.09) 0.001 ——
Yes 1.04 (1.01~1.07) 0.014 ——
Race or ethnicity 0.253
Mexican American 1.04 (0.98~1.11) 0.145 _—
Non-Hispanic Black 1.08 (1~1.17) 0.045 —_——
Non-Hispanic White 1.08 (1.04~1.12) <0.001 ——
Other Hispanic 1.03 (1~1.08) 0.087 ——
Other, including multiracial 0.94 (0.79~1.12) 0.481 —_—
BMI (kg/m2) 0.465
<24 1.11 (0.96~1.29)  0.167 —
> 24 1.05 (1.03~1.07) <0.001 -
T T T
0.71 1.0 1.41
Effect(95%CI)

Figure 4. The association between TG/HDL-C and the risk of depression according to different subgroups. BMI = body mass index, Cl = confidence interval,
OR = odds ratio, PIR = income-to-poverty ratio, TG/HDL-C = triglyceride-to high-density lipoprotein cholesterol.

are required to establish causal relationships and assess the clin-
ical relevance of modifying the TG/HDL-C in the management
of depression. Statins are one of the most prescribed medications
worldwide, which is used for regulating serum lipid levels.3 It
has been reported that stains alone might have a beneficial effect
on depression and suicidal behavior.?*#?! Furthermore, recent
studies demonstrated that statins had a protective effect against
depression when used as an add-on therapy with antidepressant
medications such as selective serotonin reuptake inhibitors.[*3#4!
Emerging evidence, including our findings, suggested that the
serum TG/HDL-C may serve as an objective diagnostic bio-
marker for depression. Furthermore, therapeutic modulation of
this ratio could represent a novel preventive strategy to reduce
the incidence of depression in clinical practice.

Serum cholesterol such as HDL-C has been implicated in
the pathophysiological mechanisms underlying depression.!?>#!
HDL-C is carried by a lipoprotein, HDL.*' HDL possess antiox-
idative properties and can inhibit intracellular reactive oxygen
species generation.* Thus, levels of HDL-C may be expressive
of HDL antioxidative activities.*” A substantial body of evi-
dences have showed elevated oxidative stress in patients with
depression, oxidative stress has been established as a pivotal
mechanism in the pathophysiology of depression.*”#8! Hence,
downregulation of antioxidative activities due to decreased
HDL-C levels may result in the development of depression,
HDL-C may work as an antidepressant through antioxidative
activities. Hyperactivity of the hypothalamic-pituitary-adrenal
(HPA) axis has been consistently demonstrated in patients with
depressive disorder.*”! Blood cholesterol and TG increase due
to the hyperactivity of HPA axis. Therefore, elevated TG and

cholesterol may be found in depressed patients, which is consis-
tent with our results.

Depression is independently associated with increased car-
diovascular morbidity and mortality, as demonstrated by longi-
tudinal epidemiological studies.!'”*! Similarly, perturbations in
serum lipid profiles have been well-documented as independent
cardiovascular risk factors.’!! Patients exhibiting dyslipidemia
demonstrated not only an elevated risk for depression, but also
a significantly increased incidence of adverse cardiovascular
outcomes. Patients with concurrent depression and dyslipidemia
exhibit a significantly higher risk of adverse cardiovascular out-
comes, including acute coronary syndrome and congestive heart
failure. Dyslipidemia independently increased the risk of adverse
cardiovascular events among patients with depression, suggest-
ing a potential synergistic interaction between these comorbid
conditions.!”) Therefore, routine lipids monitoring and lipids
level regulating have a protective effect both on depression and
cardiovascular events. This large-scale cross-sectional study
indicates a clear distinctive TG/HDL ratio between depression
group and non-depression group, potentially opening new pre-
vention or treatment methods for depression and its associated
cardiovascular comorbidity.

The present investigation has several notable strengths. First,
this study represents the first population-based investigation
to examine the association between TG/HDL-C and incident
depression in a nationally representative sample of US adults.
The current investigation included a substantially larger sam-
ple size than prior studies examining the relationship between
serum lipid parameters and depression."*!! Second, standardized
measurement protocols and validated analytical methods were
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rigorously implemented in accordance with NHANES quality
control procedures, which makes our results more credible.
Third, multivariate analyses were used to adjust for potential
confounding variables, and sensitivity analyses demonstrated
consistent findings across predefined subgroups. Finally, the
current study sheds new light on the pathogenic mechanism
of depression and early intervention for depression in clin-
ical practice. Our findings demonstrated that the serum TG/
HDL-C may serve as a clinically relevant biomarker for the
diagnosis of depression. Present depression diagnosis mainly
relies on patients’ subjective descriptions and spoken infor-
mation.!®! Thus, misdiagnoses for depressed patients based on
such subjective interviews are inevitable,*? which can result
in confusion in clinical practice. To address the limitations of
depression diagnosis, the development of objective methods to
identify depressed patients has been justified. In current study,
TG/HDL-C may be a blood biomarker for depression in clin-
ical use.

Several limitations warrant consideration when interpret-
ing these findings. Firstly, the diagnosis of depression is based
on self-reported questionnaires (PHQ-9), a validated screen-
ing instrument, rather than structured clinical interviews or
diagnostic criteria, which may lead to inaccurate results due
to reporting or recall bias. Secondly, there are many unknown
and unmeasured confounding factors which we did not take
into account. In the present study, we did not consider factors
such as marital status, prior medication use and nutritional
data, which may have potential effects on depression and lipid
parameters and may have partially diluted the effect estimates.
Thirdly, the study sample consisted of participants older than
18 years of age. In fact, depression is common in adolescents
in recent years, 1 in 7 10 to 19-year-olds experiences a depres-
sion globally.’¥ Consequently, we may miss some important
information as we did not include the participants younger
than 18 years old, which may bias current results. Finally,
the main limitation of this investigation is its cross-sectional
design, which inherently precluded the establishment of tempo-
ral relationships or causal inference between serum TG/HDL-C
and incident depression. Further investigation of the relation-
ship between TG/HDL-C and the development of depression
through longitudinal cohort studies would provide more defin-
itive evidence of causality.

5. Conclusion

In conclusion, these findings demonstrated a significant asso-
ciation between elevated TG/HDL-C and depression. We
observed a J-shaped association between TG/HDL-C and inci-
dent depression. When TG/HDL-C is higher than 0.402, the
risk of depression increases significantly, indicating that TG/
HDL-C may serve as a biomarker for early identification for
depression. These findings suggest that routine TG/HDL-C
monitoring and interventions should be conducted in the
early-stage of depression to decrease the risk of cardiovascu-
lar morbidity. Further prospective longitudinal investigations
and randomized controlled trials are warranted to elucidate
the potential causal relationship between TG/HDL-C and
depression.
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