Wang et al. BMC Psychiatry (2023) 23:259
https://doi.org/10.1186/s12888-023-04770-4

BMC Psychiatry

Association of remnant cholesterol

Check for
updates

with depression among US adults

Yang Wang' and Ruhua Shen'”

Abstract

Background Remnant cholesterol is receiving increasing attention because of its association with various diseases.
However, there have been no studies on remnant cholesterol levels and depression.

Methods A cross-sectional analysis was performed based on the National Health and Nutrition Examination Survey

(NHANES) 2005-2016. Depression was assessed using a Patient Health Questionnaire (PHQ-9). Fasting remnant
cholesterol was calculated as the total cholesterol minus high-density lipoprotein cholesterol (HDL-C) minus low-

density lipoprotein cholesterol (LDL-C). Logistic regression analysis with sampling weights was used to examine the
association between remnant cholesterol concentration and depression.

Results Among 8,263 adults enrolled in this study (weighted mean age, 45.65 years), 5.88% (weighted percentage)
had depression. Compared to the participants without depression, those with depression had higher concentration of
remnant cholesterol (weighted mean, 26.13 vs. 23.05, P <0.001). There was a significant positive relationship between
remnant cholesterol concentration and depression and multivariable-adjusted OR with 95% Cl was 1.49 (1.02-2.17).
Among the subgroup analyses, remnant cholesterol concentration was positively associated with depression among
participants less than 60 years (OR, 1.62; 95% Cl, 1.09-2.42), male (OR, 2.02; 95% Cl, 1.01-4.05), BMI under 30 (OR, 1.83;
95% Cl, 1.14-2.96), and those with diabetes (OR, 3.88; 95% Cl, 1.43-10.49).

Conclusions Remnant cholesterol concentration positively correlated with depression, suggesting that a focus on
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remnant cholesterol may be useful in the study of depression.

Introduction

Depression is a global disease that imposes a huge burden
on both individuals and the society. The World Health
Organization (WHO) reports that approximately 4.4%
of the world’s population suffers from depression [1].
The number of reported cases of depression increased
globally by 49.86% from 1990 to 2017[2]. depression is
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associated with an increased risk of several diseases,
including coronary heart disease (CHD)[3], hyperten-
sion [4], diabetes [5], obesity [6], and stroke [7]. There
are multiple risk factors for depression such as stress [8],
behavioral patterns [9], and socio-demographic factors
[10, 11]. Additionally, some studies have found that cho-
lesterol may be associated with depression [12, 13].
Remnant cholesterol (RC), also known as triglyceride-
rich cholesterol, consists mainly of very-low-density
lipoproteins (VLDLs), intermediate-density lipopro-
teins (IDLs), and chylomicron remnants in fasting or
non-fasting state [14]. RCis gaining attention because of
its close association with cardiovascular diseases [15].
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Epidemiological studies have found that RC is also asso-
ciated with hypertension [16], diabetes mellitus and its
complications [17, 18], nonalcoholic fatty liver disease
[19], and chronic kidney disease [20].

Several studies have shown that chronic low-grade
inflammation contributes to the pathophysiological
changes associated with major depression [21, 22]. A
bidirectional association between inflammation and
depression has been reported in several studies on ado-
lescents with major depression [22]. Currently, depres-
sion is treated using either non-pharmacological
treatments, pharmacological treatments, or a combina-
tion of both [23]. In the treatment of depression, it has
been found that a significant proportion of patients do
not respond adequately to the application of various
treatments, or show any response at all [24]. Further stud-
ies have confirmed the association between inflammation
and non-responsiveness to antidepressant treatment [25].
It is evident that inflammation is closely involved in the
development of depression. High levels of RC in serum
is more likely to permeate the arterial wall, be captured
and absorbed by macrophages, leading to rapid forma-
tion of foam cells [26]. A causal relationship between
RC and low-grade chronic inflammation has been found
[27]. Based on these findings, RC may be involved in the
development and progression of depression through
chronic inflammation. However, there is little evidence
of the relationship between RC level and depression from
population-based epidemiological studies. This study
aimed to investigate the potential relationship between
RC and depression in the general population.
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Methods

NHANES is a nationally representative survey adminis-
tered by the National Center for Health Statistics (NCHS)
in which complex survey design and population-specific
sample weights have been applied to evaluate health or
nutritional status of non-institutionalized population in
the United States. The assessment methodology consists
of a range of sampled home interviews and standardized
physical examination at a mobile examination center
(MEC). We extracted and analyzed information gath-
ered from adult participants during six 2-year NHANES
cycles (2005-2016). Since this study used publicly avail-
able, non-identifying data published by the Centers for
Disease Control and Prevention, Institutional Review
Board approval was not required. The following exclu-
sion criteria were used: participants who were younger
than 18 years; missing data on the diagnosis of depres-
sion or calculation of RC or covariates; weight data not
available (fasting weights not available or value of 0). A
flowchart of this process is presented in Fig. 1.

Depression

Depression was assessed using the Patient Health Ques-
tionnaire (PHQ-9), a 9-item screening tool that con-
tained questions about the frequency of depressive
symptoms in the previous 2 weeks. Response categories
for the nine-item instrument included “not at all, “several
days,” “more than half the days,’ and “nearly every day”
and were given scores from 0 to 3. The instrument incor-
porates the DSM-IV depression diagnostic criteria [28].
The total PHQ-9 score ranged from 0 to 27. In this study,
those with a total PHQ-9 score of >10 were considered to

22299 Excluded
5024 with unavailable depression
questionnaire data
17275 with unavailable RC data

5725 Excluded
5317 with missing data on the
covariates
408 with unavailable weight data

7679 without depression

584 with depression ‘

Fig. 1 Flow chart of the screening process for the selection of eligible participants
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have major depression. Previous studies have shown that
the sensitivity and specificity of this clinical cut-off for
major depression is 88%[29, 30].

Remnant cholesterol

RC was calculated from the patient’s standard lipid pro-
file in the fasting state, which was the total cholesterol
(TC) minus low-density lipoprotein cholesterol (LDL-C)
minus high-density lipoprotein cholesterol (HDL-C)[31].

Covariates

Potential covariates included in the study were age, sex,
race/ethnicity, poverty income ratio (PIR), education
level, marital status, HDL-C, LDL-C, estimated glomer-
ular filtration rate (eGFR, ml/min/1.73 m?), body mass
index (BMI, kg/m?2), physical activity (min/week), smok-
ing status, alcohol consumption, chronic obstructive pul-
monary disease (COPD), cardiovascular disease (CVD),
diabetes, and hypertension. Self-reported race/ethnicity
was categorized into the following four races/ethnici-
ties: non-Hispanic Black, non-Hispanic White, Mexican
American, and Other race. Educational level was divided
into three levels: high school or less, some college, and
college graduate or higher. Marital status was sorted into
four groups: married, never married, living with a part-
ner, and others.

EGFR expression was calculated using the Chronic
Kidney Disease Epidemiology Collaboration creatinine
equation [32]. Physical activity was defined as the total
number of minutes of activity per week. These activi-
ties included walking or cycling, tasks around the house
or yard, muscle-strengthening activities, work activities,
and recreational activities. Smoking status was catego-
rized into the following three groups: never (smoked less
than 100 cigarettes in life), former (smoked more than
100 cigarettes in life and does not smoke at all now), and
current (smoked more than 100 cigarettes in life and
smokes some days or every day). Alcohol consumption
was assessed by using a question: “In any one year, have
you had at least 12 drinks of any type of alcoholic bever-
age?” Participants who answered ‘yes’ were identified as
alcohol drinkers. COPD was diagnosed by any one of the
following criteria: have been told by a doctor or health
professional that they have COPD or emphysema; FEV1/
FVC<0.7 post-bronchodilator; age 40 years or older; his-
tory of smoking or chronic bronchitis; and use of selec-
tive phosphodiesterase-4 inhibitors, mast cell stabilizers,
leukotriene modulators, or inhaled corticosteroids. Par-
ticipants who had been notified of any of the following
conditions: congestive heart failure, coronary artery dis-
ease, angina, heart attack, and stroke were considered to
have CVD. Participants having diabetes were identified
by having any of the following conditions: have been told
by a doctor or health professional that they have diabetes,
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glycohemoglobin>6.5%, fasting glucose=7.0 mmol/l,
random blood glucose>11.1 mmol/], two-hour OGTT
blood glucose>11.1 mmol/l, and use of diabetes medica-
tion or insulin. Hypertension in participants was defined
based on any of the following: ever been told by a doc-
tor or a health professional that had hypertension, mean
systolic blood pressure>130 mmHg, and mean diastolic
blood pressure >80 mmHg.

Statistical analyses

The complex sampling design and sampling weights of
NHANES were incorporated in our analysis. The sam-
pling weight was computed by the following formula:
fasting subsample 12-year mobile examination center
(MEC) weight=fasting subsample 2-year MEC weight/6.
Continuous data are described as weighted mean (stan-
dard error), whereas categorical data are summarized as
weighted percentages.

RC data was divided into quartiles, and the lowest
quartile was used as the reference category. The associa-
tion between RC and the risk of depression was analyzed
using weighted logistic regression models, and 95% con-
fidence intervals (CIs) and odds ratios (ORs) were cal-
culated. No covariates were adjusted in the unadjusted
model. Age and sex were adjusted for in Model 1. Model
2 was adjusted for race/ethnicity, marital status, PIR,
education level, BMI, smoking status, alcohol consump-
tion, eGFR, physical activity, HDL-C level, and LDL-C
level based on Model 1. Model 3 was further adjusted
for COPD, CVD, diabetes, and hypertension. Subgroup
analyses were presented with logistic regression models
based on age, sex, BMI, and diabetes. In addition, sev-
eral sensitivity analyses were performed to specifically
assess the robustness of our conclusion. First, we selected
24 mg/dL (0.62 mmol/L) as the cut-off point for RC,
which was studied as a binary variable [17]. Second, we
performed an analysis based on unweighted raw data by
using inverse probability of treatment weighting (IPTW)
to tackle potential confounders. Third, participants who
used antidepressant medications in the baseline data
were excluded. P <0.05 was considered as statistically sig-
nificant. All statistical analyses were performed using R
software (version 4.1.3).

Results

Characteristics of the participants

The NHANES 2005-2016 sample included 36,287 adult
participants aged>18 years. Among them 28,024 indi-
viduals were excluded because of missing or unavail-
able data concerning depression, RC, covariates, and
weight, meanwhile the remaining 8,263 individuals were
considered for the analysis. A total of 584 participants
(5.88%, weighted percentage) had depression, and 7,679
(94.12%, weighted percentage) did not have depression.
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Table 1 presents the characteristics of the study popu-
lation. Based on the weighted analysis, the mean age of
the participants was 45.65 years and 48.34% were female.
Participants with depression were more probably to
be female (61.48 vs. 47.52%; p<0.001), with higher RC
(mean=26.13 vs. 23.05, p<0.001), BMI (mean=30.14
vs. 28.39, p<0.001), current smoking (41.26 vs. 18.91%,
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p<0.001), and have a lower PIR (mean=2.05 vs. 3.18,
p<0.001). Statistically significant differences were also
found in the weighted percentages of participants with
and without depression regarding race/ethnicity, edu-
cation level, marital status, COPD, CVD, diabetes, and
hypertension.

Table 1 Weighted baseline characteristics of patients with or without depression

Characteristic total Without Depression With Depression

94.12% 5.88% p value
Age (year) 45.65(0.31) 4567(0.33) 45.34(0.83) 0.7
Sex (%) <0.001
Female 4834 47.52 6148
Male 51.66 5248 3852
Race/ethnicity (%) 0.002
Non-Hispanic black 10.03 9.75 14.48
Non-Hispanic white 7146 71.86 64.98
Mexican American 7.7 7.13 7.79
Other race 11.34 11.25 12.75
PIR 3.12(0.04) 3.18(0.04) 2.05(0.11) <0.001
Education level (%) <0.001
High school or less 3541 3447 5047
Some college 31.98 31.76 3558
College graduate or higher 3261 3377 13.95
Marital status (%) <0.001
Married 5712 584 36.72
Never married 18.81 18.56 22.84
Living with partner 842 8.24 11.23
Other 15.65 14.8 29.21
HDL-C (mg/dl) 54.89(0.28) 54.98(0.29) 53.36(0.92) 0.09
LDL-C (mg/dl) 15.08(0.54) 115.02(0.58) 116. 05(1 69) 0.58
RC (mgydl) 23.23(0.23) 23.05(0.23) 13(0.81) <0.001
eGFR (ml/min/1.73m2) 96.31(0.39) 96.17(0.39) 98. 69(1 .20) 0.03
BMI (kg/m2) 2849(0.11) 28.39(0.11) 14(0.32) <0.001
Physical activity (min/week) 1027.31(27.56) 1027.54(27.52) 1023.61(73.91) 0.96
Smoking status (%) <0.001
Never 5451 55.58 3744
Former 25.26 2551 213
Current 20.22 18.91 41.26
Alcohol consumption (%) 0.35
No 2047 20.38 2193
Yes 79.53 79.62 7807
COPD (%) <0.001
no 95.46 95.69 91.65
yes 4.54 4.31 835
CVD (%) <0.001
no 92.66 93.09 8591
yes 7.34 6.91 14.09
Diabetes (%) <0.001
no 87.61 88.03 80.98
yes 12.39 11.97 19.02
Hypertension (%) <0.001
no 65.71 66.26 56.94
yes 34.29 33.74 43.06
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Association of RC with depression

The association between RC and depression is presented
in Table 2. Unadjusted Model with RC adjusted alone,
showed a statistically significant positive relationship
between RC and depression, the OR with 95% CI in the
highest versus lowest quartets was 1.80(1.34-2.42). In
Model 1, after adjusting for RC, age, and sex, the OR
with 95% CI of depression in the highest versus lowest
quartets was 2.07(1.54—2.79). When further adjusted for
race/ethnicity, marital status, PIR, education level, BMI,
smoking status, alcohol consumption, eGFR, physical
activity, HDL-C, and LDL-C based on Model 1, the OR
with 95% CI was 1.55(1.06—2.25) in Model 2. The associa-
tion between RC and depression did not change substan-
tially in Model 3 (fully adjusted model; OR, 1.49; 95% CI,
1.02-2.17).

Subgroup analyses

The results of the subgroup analyses are showed in
Table 3. RC was significantly, positively, associated with
depression among participants aged <60 years (OR, 1.62;
95% CI, 1.09-2.42), male (OR, 2.02; 95% CI, 1.01-4.05),
BMI under 30 (OR, 1.83; 95% CI, 1.14-2.96), and those
with diabetes (OR, 3.88; 95% CI, 1.43-10.49) exposed
to the highest quartets. There was no association with
females, participants aged>60 years, or those without
diabetes or in the obesity subgroups.

Sensitivity analyses

Table 4 presents the results of the sensitivity analysis.
After selection of 24 mg/dL (0.62 mmol/L) as the cut-
off point for the RC, RC was associated with depression
(OR, 1.30; 95% CI, 1.01-1.68). After IPTW (unweighted
n=5028), the OR with 95% CI in the highest versus low-
est quartets was 1.38 (1.07-1.79). After excluding par-
ticipants who used antidepressant medication, the results
were not significant; however, the direction was consis-
tent with previous results when the highest quartile was
compared with the lowest quartile (p for trend=0.04).
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Discussion

As far as we know, this is the first to investigate the rela-
tionship between RC and the risk of depression in a
nationally representative population of U.S. samples. We
found a positive association between RC concentration
and the incidence of depression among American adults.
Subgroup analysis showed that the OR of the association
between RC and depression was higher among males,
participants younger than 60 years, non-obese, and those
with diabetes. All the sensitivity analyses provided fur-
ther support for the robustness of our results.

Cholesterol is an important component of mamma-
lian cell membranes and is a precursor for the synthesis
of bile acids and steroid hormones [33]. However, excess
cholesterol exhibits ubiquitous toxicity owing to its abil-
ity to cause cellular dysfunction and death [34]. Studies
have shown that excessive cholesterol accumulation plays
a key role in the pathogenesis of a variety of diseases
including liver disease [35], diabetes [36], chronic kid-
ney disease [37], cognitive impairment [38], osteoporosis
[39], osteoarthritis [40], pituitary-thyroid axis dysfunc-
tion [41], immune disorders [42], and COVID-19[43].
Several studies have investigated the association between
cholesterol and depression. However, studies focusing
on total cholesterol, low-density cholesterol, and high-
density cholesterol have produced inconsistent and
sometimes conflicting results [44—48]. RC, an important
component of cholesterol, accounts for one-third of total
cholesterol [49] and is the source of 50% of cholesterol in
atherosclerotic plaques [50]. Increasing number of stud-
ies have found an association between RC and a variety
of diseases [15-20]. Our study confirms that elevated RC
is positively associated with the risk of depression.

The exact mechanism by which RC is associated with
depression requires further investigation. The follow-
ing potential pathways maybe involved: First, elevated
RC may be involved in the pathogenesis of depression
through the activation of hypothalamic-pituitary-adrenal
(HPA) axis. High serum concentration of RC contributes
to increased penetration into the arterial wall, wherein
RC is more readily captured and absorbed by macro-
phages than LDL, which in turn leads to faster foam cell

Table 2 Association between remnant cholesterol and depression among US adults

Unadjusted Model Model 1 Model 2 Model 3
RC OR (95% Cl) pvalue  OR (95% Cl) pvalue  OR (95% Cl) pvalue  OR (95% Cl) p value
st 1 (Referent) 1 (Referent) 1 (Referent) 1 (Referent)
2nd 1.23(0.84,1.80) 0.28 1.30(0.89,1.89) 0.17 1.08(0.73,1.58) 0.7 1.06(0.72,1.57) 0.76
3rd 1.16(0.82,1.64) 041 1.28(0.91,1.81) 0.16 1.05(0.72,1.53) 0.82 1.02(0.69,1.50) 0.93
4th 1.80(1.34,242) <0.001 2.07(1.54,2.79) <0.001 1.55(1.06,2.25) 0.02 149(1.02,2.17) 0.04
p for trend <0.001 <0.001 0.03 0.04

Model 1: adjusted for age and sex;

Model 2: adjusted for age, sex, race/ethnicity, marital status, PIR, education level, BMI, smoking status, alcohol consumption, eGFR, physical activity, HDL-C, LDL-C;
Model 3: further adjusted for COPD, CVD, diabetes and hypertension based on Model 2
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Table 3 Subgroup analyses stratifed by sex, age, BMI and diabetes

p for trend p for interaction

4th
pvalue OR(95% Cl)

3rd

pvalue OR(95% Cl)

2nd

RC 1st

p value

OR (95% ClI)

0.75

Sex

04
0.04

049
0.05

1.19(0.72,1.96)
2.02(1.01,4.05)

0.54
0.64

1.15(0.74,1.79)
0.85(0.42,1.72)

0.86
0.76

1.04(0.67,1.61)

1 (Referent)
1 (Referent)

Female

Male
Age

1.10(0.58,2.12)

0.94

037  1.16(0.74,1.82) 0.51 1.62(1.09,2.42) 0.02 0.03

1.21(0.80,1.83)

1 (Referent)
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diabetes

0.2
0.01

1.36(0.87,2.14)
3.88(1.43,10.49)

0.75
0.1

0.94 0.94(0.62,1.41)
0494  2.70(1.04,6.98)

1.02(0.66,1.57)
2.63(0.78, 8.85)

1 (Referent)

1 (Referent)
adjusted for age, sex, race/ethnicity, marital status, PIR, education level, BMI, smoking status, alcohol consumption, eGFR, physical activity, HDL-C, LDL-C, COPD, CVD, diabetes and hypertension except the stratification

no
factor itself

01

0.

1

yes
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Table 4 Sensitivity analyses

OR (95% CI) pvalue  p for
RC trend
<24 1 (Referent)
>24 1.30(1.01,1.68) 0.04
Inverse probability treatment weighted analyses
1st 1 (Referent)
2nd 1.24(0.94,1.63) 013
3rd 1.11(0.85,1.47) 045
4th 1.38(1.07,1.79) 0.02 <0.001
Excluding participants take antidepressants
1st 1 (Referent)
2nd 1.08(0.70,1.67) 0.73
3rd 1.11(0.71,1.74) 0.63
4th 1.60(0.99,2.59) 0.05 0.04

adjusted for age, sex, race/ethnicity, marital status, PIR, education level, BMI,
smoking status, alcohol consumption, eGFR, physical activity, HDL-C, LDL-C,
COPD, CVD, diabetes and hypertension

formation [26]. Macrophage foam cells express interleu-
kin 6 (IL-6) and circulating IL-6 stimulates the HPA axis
[51]. HPA axis changes are associated with depression
and impaired cognitive function [52-54]. Second, RC
could be linked to depression through the production of
cytokines that act on the nerve cells. Peripheral cytokines
can affect neurons and supporting cells directly after
crossing the blood-brain barrier or through afferent path-
ways [55]. One study has shown that interferon gamma
and interleukin 2 can trigger depression when used
therapeutically [56]. Increased levels of IL-6 in child-
hood increase the risk of depression later in life, further
supporting the role of inflammation in the pathogenesis
and exacerbation of depression [57]. Third, RC-induced
low-grade inflammation and endothelial dysfunction may
lead to cerebral microvascular dysfunction. Studies have
shown that RC can cause hypo-inflammation [27] and
endothelial diastolic dysfunction [58], which is confirmed
to be one of the common mechanisms of arterial stiffness
[59]. Large artery stiffness may lead to cerebral microvas-
cular dysfunction [60]. Population-based data suggests
that greater stiffness of the carotid arteries is associated
with a higher risk of depressive symptoms [61].

Limitations

This study has several limitations. First, this was a cross-
sectional study, which allowed us to describe the exis-
tence of this condition but we could not derive causality.
Therefore, there is a need for prospective studies in the
future. Second, the cholesterol data used in this study
was fasting data while non-fasting data has not been
studied. However, systematic studies comparing fast-
ing and non-fasting samples have shown small differ-
ences in most lipid parameters [62—64]. For general risk
screening, non-fasting lipid samples appear to have the
same prognostic value as fasting samples [65]. Third,
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since there is no uniform clinical method to measure RC,
RC calculated indirectly from TC minus LDL-C minus
HDL-C is different from RC measured directly using
nuclear magnetic resonance [66]. Nevertheless, this indi-
rect approach via calculation does not incur additional
costs and is expected to be widely used in clinical prac-
tice to facilitate clinical research. Fourth, the associations
we investigated may have been influenced by multiple
confounding factors. Although we adjusted for relevant
covariates as much as possible, there are probably more
relevant covariates that we did not adjust for.

Conclusion

This cross-sectional study showed a positive associa-
tion between fasting RC concentration and depression in
adults in the United States. Future prospective studies are
needed to confirm our findings and investigate the effi-
cacy of RC-lowering therapy in patients with depression.

Abbreviations

RC Remnant cholesterol
PIR Poverty income ratio
HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol
BMI Body mass index

eGFR Estimated glomerular filtration rate

COPD Chronic obstructive pulmonary disease
CVvD Cardiovascular disease

cl Confidence interval

OR Odds ratio

NHANES  National health and nutrition examination surveys
NCHS National Center for Health Statistics
PHQ-9 Patient Health Questionnaire

WHO World Health Organization

CHD Coronary heart disease

VLDLs Very-low-density lipoproteins

IDLs Intermediate-density lipoproteins

MEC Mobile examination center

TC Total cholesterol

IPTW Inverse probability of treatment weighting
HPA axis  Hypothalamic-pituitary-adrenal HPA axis
IL-6 Interleukin 6

Acknowledgements

Thanks to Zhang Jing (Shanghai Tongren Hospital) for his work on the
NHANES database. His outstanding work, nhanesR package and webpage,
makes it easier for us to explore NHANES database.

Author contributions

Yang Wang and Ruhua Shen participated in the design of the study. Yang
Wang and Ruhua Shen collected the data. Yang Wang performed the
statistical analysis. All the authors have approved the manuscript.

Funding
No.

Data availability

The National Health and Nutrition Examination Survey dataset is publicly
available at the National Center for Health Statistics of the Center for Disease
Control and Prevention (https://www.cdc.gov/nchs/nhanes/index.htm).

Page 7 of 9

Declarations

Ethics approval and consent to participate

NHANES is conducted by the Centers for Disease Control and Prevention
(CDC) and the National Center for Health Statistics (NCHS). The NCHS Research
Ethics Review Committee reviewed and approved the NHANES study
protocol. All participants signed written informed consent.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no conflict of interest.

Received: 10 January 2023 / Accepted: 11 April 2023
Published online: 17 April 2023

References

1. Depression. and Other Common Mental Disorders [Internet]. [cited 2022
Oct 23]. Available from: https://www.who.int/publications-detail-redirect/
depression-global-health-estimates

2. LiuQ HeH,Yang J, Feng X, Zhao F, Lyu J. Changes in the global burden of
depression from 1990 to 2017: findings from the Global Burden of Disease
study. J Psychiatr Res. 2020;126:134-40.

3. Carney RM, Freedland KE. Depression and coronary heart disease. Nat Rev
Cardiol. 2017;14:145-55.

4. Gangwisch JE, Malaspina D, Posner K, Babiss LA, Heymsfield SB, Turner JB, et
al. Insomnia and sleep duration as mediators of the relationship between
depression and hypertension incidence. Am J Hypertens. 2010;23:62-9.

5. Knol MJ, Twisk JWR, Beekman ATF, Heine RJ, Snoek FJ, Pouwer F. Depression
as a risk factor for the onset of type 2 diabetes mellitus. A meta-analysis.
Diabetologia. 2006;49:837-45.

6. Lewinsohn PM, Seeley JR, Roberts RE, Allen NB. Center for epidemiologic
Studies Depression Scale (CES-D) as a screening instrument for depression
among community-residing older adults. Psychol Aging. 1997;12:277-87.

7. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E et al. The
Mini-International Neuropsychiatric Interview (M.LN.L): the development and
validation of a structured diagnostic psychiatric interview for DSM-IV and
ICD-10.J Clin Psychiatry. 1998;59 Suppl 20:22-33quiz 34-57.

8. Menard C, Pfau ML, Hodes GE, Kana V, Wang VX, Bouchard S, et al. Social
stress induces neurovascular pathology promoting depression. Nat Neurosci.
2017;20:1752-60.

9. LiuB-P, Jia C-X. Shift work schedule and sleep patterns in relation to incident
depression: evidence from a prospective cohort study. Psychiatry Res.
2023;321:115076.

10. Cook S, Saburova L, Bobrova N, Avdeeva E, Malyutina S, Kudryavtsev AV, et al.
Socio-demographic, behavioural and psycho-social factors associated with
depression in two russian cities. J Affect Disord. 2021;290:202-10.

11. Chen L, Wang L, Qiu XH, Yang XX, Qiao ZX, Yang YJ, et al. Depression among
chinese university students: prevalence and socio-demographic correlates.
PLoS ONE. 2013;8:€58379.

12. Bot M, Milaneschi Y, Al-Shehri T, Amin N, Garmaeva S, Onderwater GLJ, et
al. Metabolomics Profile in Depression: a pooled analysis of 230 metabolic
markers in 5283 cases with Depression and 10,145 controls. Biol Psychiatry.
2020;87:409-18.

13. Mutsuda N, Hamazaki K, Matsumura K, Tsuchida A, Kasamatsu H, Inadera H,
et al. Change in cholesterol level during pregnancy and risk of postpartum
depressive symptoms: the Japan Environment and Children’s study (JECS).
Acta Psychiatr Scand. 2022;145:268-77.

14. Varbo A, Nordestgaard BG. Remnant cholesterol and triglyceride-rich lipopro-
teins in atherosclerosis progression and Cardiovascular Disease. Arterioscler
Thromb Vasc Biol. 2016;36:2133-5.

15. Castafier O, Pintd X, Subirana |, Amor AJ, Ros E, Herndez A, et al. Remnant
cholesterol, not LDL cholesterol, is Associated With Incident Cardiovascular
Disease. J Am Coll Cardiol. 2020;76:2712-24.

16.  Chen M-M, Huang X, Xu C, Song X-H, Liu Y-M, Yao D, et al. High remnant cho-
lesterol level potentiates the development of hypertension. Front Endocrinol.
2022;13:830347.


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.who.int/publications-detail-redirect/depression-global-health-estimates
https://www.who.int/publications-detail-redirect/depression-global-health-estimates

Wang et al. BMC Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.
33.

34.

35.

36.

37.

38.

39.

40.

(2023) 23:259

Hu X, Liu Q Guo X, Wang W, Yu B, Liang B, et al. The role of remnant cho-
lesterol beyond low-density lipoprotein cholesterol in diabetes mellitus.
Cardiovasc Diabetol. 2022;21:117.

Jansson Sigfrids F, Dahlstrém EH, Forsblom C, Sandholm N, Harjutsalo V,
Taskinen M-R, et al. Remnant cholesterol predicts progression of dia-

betic nephropathy and retinopathy in type 1 diabetes. J Intern Med.
2021;290:632-45.

ZouY,Lan J, Zhong Y, Yang S, Zhang H, Xie G. Association of remnant choles-
terol with nonalcoholic fatty liver disease: a general population-based study.
Lipids Health Dis. 2021,20:139.

Yan P, Xu'Y, Miao Y, Bai X, Wu Y, Tang Q et al. Association of remnant cho-
lesterol with chronic kidney disease in middle-aged and elderly Chinese: a
population-based study. Acta Diabetol. 2021;58:1615-25.

Leonard BE. Inflammation and depression: a causal or coincidental link to the
pathophysiology? Acta Neuropsychiatr. 2018;30:1-16.

Toenders YJ, Laskaris L, Davey CG, Berk M, Milaneschi Y, Lamers F, et al. Inflam-
mation and depression in young people: a systematic review and proposed
inflammatory pathways. Mol Psychiatry. 2022;27:315-27.

Gartlehner G, Wagner G, Matyas N, Titscher V, Greimel J, Lux L, et al. Pharma-
cological and non-pharmacological treatments for major depressive disorder:
review of systematic reviews. BMJ Open. 2017,7:e014912.

Berlim MT, Turecki G. Definition, assessment, and staging of treatment-resis-
tant refractory major depression: a review of current concepts and methods.
Can J Psychiatry. 2007,52:46-54.

Slavich GM, Irwin MR. From stress to inflammation and major depressive
disorder: a social signal transduction theory of depression. Psychol Bull.
2014;140:774-815.

Miller Y1, Choi S-H, Fang L, Tsimikas S. Lipoprotein modification and mac-
rophage uptake: role of pathologic cholesterol transport in atherogenesis.
Subcell Biochem. 2010;51:229-51.

Varbo A, Benn M, Tybjeerg-Hansen A, Nordestgaard BG. Elevated remnant
cholesterol causes both Low-Grade inflammation and ischemic heart disease,
whereas elevated low-density lipoprotein cholesterol causes ischemic heart
disease without inflammation. Circulation. 2013;128:1298-3009.

Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version
of PRIME-MD: the PHQ primary care study. Primary care evaluation of Mental
Disorders. Patient Health Questionnaire JAMA. 1999;282:1737-44.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16:606-13.

Costantini L, Pasquarella C, Odone A, Colucci ME, Costanza A, Serafini G, et al.
Screening for depression in primary care with Patient Health Questionnaire-9
(PHQ-9): a systematic review. J Affect Disord. 2021,279:473-83.

Qian S, You S, Sun'Y, Wu Q Wang X, Tang W et al. Remnant Cholesterol and
Common Carotid Artery Intima-Media Thickness in Patients With Ischemic
Stroke. Circ: Cardiovascular Imaging. 2021;14:010953.

Meeusen JW, Kasozi RN, Larson TS, Lieske JC. Clinical impact of the Refit CKD-
EPI 2021 Creatinine-Based eGFR equation. Clin Chem. 2022,68:534-9.

Luo J, Yang H, Song B-L. Mechanisms and regulation of cholesterol homeo-
stasis. Nat Rev Mol Cell Biol. 2020;21:225-45.

SongY, Liu J, Zhao K, Gao L, Zhao J. Cholesterol-induced toxicity: an inte-
grated view of the role of cholesterol in multiple diseases. Cell Metabolism
Elsevier. 2021;33:1911-25.

Gan LT, Van Rooyen DM, Koina ME, McCuskey RS, Teoh NC, Farrell GC. Hepa-
tocyte free cholesterol lipotoxicity results from JNK1-mediated mitochondrial
injury and is HMGB1 and TLR4-dependent. J Hepatol. 2014,61:1376-84.
Perego C, Da Dalt L, Pirillo A, Galli A, Catapano AL, Norata GD. Cholesterol
metabolism, pancreatic B-cell function and diabetes. Biochim Biophys Acta
Mol Basis Dis. 2019;1865:2149-56.

Emanuelsson F, Nordestgaard BG, Benn M. Familial hypercholesterolemia and
risk of peripheral arterial disease and chronic kidney disease. J Clin Endocrinol
Metab. 2018;103:4491-500.

Zambon D, Quintana M, Mata P, Alonso R, Benavent J, Cruz-Sénchez F, et al.
Higher incidence of mild cognitive impairment in familial hypercholesterol-
emia. Am J Med. 2010;123:267-74.

Yerges-Armstrong LM, Shen H, Ryan KA, Streeten EA, Shuldiner AR, Mitchell
BD. Decreased bone mineral density in subjects carrying familial defective
apolipoprotein B-100. J Clin Endocrinol Metab. 2013;98:E1999-2005.
Gierman LM, Ktihnast S, Koudijs A, Pieterman EJ, Kloppenburg M, van Osch
GJVM, et al. Osteoarthritis development is induced by increased dietary cho-
lesterol and can be inhibited by atorvastatin in APOE*3Leiden.CETP mice-a
translational model for atherosclerosis. Ann Rheum Dis. 2014;73:921-7.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 8 of 9

Li X, Zhen D, Zhao M, Liu L, Guan Q, Zhang H, et al. Natural history of mild
subclinical hypothyroidism in a middle-aged and elderly chinese population:
a prospective study. Endocr J. 2017,64:437-47.

Westerterp M, Gautier EL, Ganda A, Molusky MM, Wang W, Fotakis P, et al.
Cholesterol Accumulation in dendritic cells links the Inflammasome to
Acquired Immunity. Cell Metab. 2017;25:1294-1304e6.

Wei C,Wan L, Yan Q, Wang X, Zhang J, Yang X, et al. HDL-scavenger receptor B
type 1 facilitates SARS-CoV-2 entry. Nat Metab. 2020;2:1391-400.

Brown SL, Salive ME, Harris TB, Simonsick EM, Guralnik JM, Kohout FJ. Low
cholesterol concentrations and severe depressive symptoms in elderly
people. BMJ. 1994;308:1328-32.

Zhang Q, Liu Z, Wang Q, Li X. Low cholesterol is not associated with depres-
sion: data from the 2005-2018 National Health and Nutrition Examination
Survey. Lipids Health Dis. 2022;21:35.

Morgan RE, Palinkas LA, Barrett-Connor EL, Wingard DL. Plasma cholesterol
and depressive symptoms in older men. Lancet. 1993;341:75-9.

Cepeda MS, Kern DM, Blacketer C, Drevets WC. Low levels of cholesterol and
the cholesterol type are not associated with depression: results of a cross-
sectional NHANES study. J Clin Lipidol. 2020;14:515-21.

Segoviano-Mendoza M, Cérdenas-de la Cruz M, Salas-Pacheco J, Vézquez-
Alaniz F, La Llave-Leodn O, Castellanos-Judrez F, et al. Hypocholesterolemia is
an independent risk factor for depression disorder and suicide attempt in
Northern Mexican population. BMC Psychiatry. 2018;18:7.

Balling M, Langsted A, Afzal S, Varbo A, Davey Smith G, Nordestgaard BG. A
third of nonfasting plasma cholesterol is in remnant lipoproteins: lipoprotein
subclass profiling in 9293 individuals. Atherosclerosis. 2019;286:97-104.
Rosenson RS, Davidson MH, Hirsh BJ, Kathiresan S, Gaudet D. Genetics and
causality of triglyceride-rich lipoproteins in atherosclerotic cardiovascular
disease. J Am Coll Cardiol. 2014,64:2525-40.

Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. Inflammation, obesity,
stress and coronary heart disease: is interleukin-6 the link? Atherosclerosis.
2000;148:209-14.

Goodyer IM, Herbert J, Tamplin A, Altham PM. Recent life events, cortisol,
dehydroepiandrosterone and the onset of major depression in high-risk
adolescents. Br J Psychiatry. 2000;177:499-504.

Knorr U, Vinberg M, Kessing LV, Wetterslev J. Salivary cortisol in depressed
patients versus control persons: a systematic review and meta-analysis.
Psychoneuroendocrinology. 2010;35:1275-86.

Keller J, Gomez R, Williams G, Lembke A, Lazzeroni L, Murphy GM, et al. HPA
axis in major depression: cortisol, clinical symptomatology and genetic varia-
tion predict cognition. Mol Psychiatry. 2017,22:527-36.

Miller AH, Raison CL. The role of inflammation in depression: from evolution-
ary imperative to modern treatment target. Nat Rev Immunol. 2016;16:22-34.
Malhi GS, Mann JJ, Depression. The Lancet. 2018,392:2299-312.

Setiawan E, Wilson AA, Mizrahi R, Rusjan PM, Miler L, Rajkowska G, et al. Role
of translocator protein density, a marker of neuroinflammation, in the brain
during major depressive episodes. JAMA Psychiatry. 2015;72:268-75.
Nakamura T, Takano H, Umetani K, Kawabata K, Obata J, Kitta Y, et al.
Remnant lipoproteinemia is a risk factor for endothelial vasomotor dysfunc-
tion and coronary artery disease in metabolic syndrome. Atherosclerosis.
2005;181:321-7.

Lacolley P, RegnaultV, Laurent S. Mechanisms of arterial stiffening: from
mechanotransduction to Epigenetics. Arterioscler Thromb Vasc Biol.
2020;40:1055-62.

Climie RE, van Sloten TT, Bruno R-M, Taddei S, Empana J-P, Stehouwer CDA, et
al. Macrovasculature and microvasculature at the Crossroads between type 2
diabetes Mellitus and Hypertension. Hypertension. 2019;73:1138-49.

van Sloten TT, Boutouyrie P, Tafflet M, Offredo L, Thomas F, Guibout C, et al.
Carotid artery stiffness and incident depressive symptoms: the Paris prospec-
tive study lIl. Biol Psychiatry. 2019;85:498-505.

Nordestgaard BG, Varbo A. Triglycerides and cardiovascular disease. Lancet.
2014;384:626-35.

Chapman MJ, Ginsberg HN, Amarenco P, Andreotti F, Borén J, Catapano AL,
et al. Triglyceride-rich lipoproteins and high-density lipoprotein cholesterol
in patients at high risk of cardiovascular disease: evidence and guidance for
management. Eur Heart J. 2011;32:1345-61.

SathiyakumarV, Park J, Golozar A, Lazo M, Quispe R, Guallar E, et al. Fasting
Versus Nonfasting and low-density lipoprotein cholesterol accuracy. Circula-
tion. 2018;137:10-9.

Authors/Task Force Members, ESC Committee for Practice Guidelines (CPG),
ESC National Cardiac Societies. 2019 ESC/EAS guidelines for the management



Wang et al. BMC Psychiatry (2023) 23:259

66.

of dyslipidaemias: lipid modification to reduce cardiovascular risk. Atheroscle-
rosis. 2019;290:140-205.

Chen J, Kuang J, Tang X, Mao L, Guo X, Luo Q, et al. Comparison of calculated
remnant lipoprotein cholesterol levels with levels directly measured by
nuclear magnetic resonance. Lipids Health Dis. 2020;19:132.

Page 9 of 9

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



	﻿Association of remnant cholesterol with depression among US adults
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Depression
	﻿Remnant cholesterol
	﻿Covariates
	﻿Statistical analyses

	﻿Results
	﻿Characteristics of the participants
	﻿Association of RC with depression
	﻿Subgroup analyses
	﻿Sensitivity analyses

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


