
Journal of Clinical Lipidology (2020) 14, 515–521
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BACKGROUND: Reports suggest low levels of cholesterol are associated with depression. However,
results have not been replicated, the direction of the associations among types of cholesterol levels is
not consistent, there is large study heterogeneity, and many studies have small samples.

OBJECTIVE: The objective of the study was to assess the association of cholesterol with depression.
METHODS: This is a cross-sectional study using the National Health and Nutrition Examination Sur-

vey (NHANES). The NHANES is a research program that collects health information from a representa-
tiveU.S. sample.We included subjects aged$18 years who responded toNHANES surveys from 2009 to
2015. Subjects were classified as havingmajor depression if the Patient Health Questionnaire scores were
$10. Exposures were total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, and triglyceride levels. We considered the age, body mass index, gender, smoking, alcohol
use, health status, and exposure to statins and antipsychotics as potential confounders. To assess the as-
sociation of the exposures with depression, we used decision tree and logistic regression models.

RESULTS: A total of 19,527 subjects were analyzed, and 8%had depression. Subjects with depression
weremore likely to bewomen and smokers, and to have higher bodymass index, poor health, higher levels
of total cholesterol and triglycerides and lower levels of high-density lipoprotein cholesterol than subjects
with no depression. After adjustment, low levels of total cholesterol (,129 mg/dL) were associated with
decreased risk of depression compared with higher levels, OR 5 0.64 and 95% CI (0.42–0.98).

CONCLUSION: This large population-based study found no association of low cholesterol or any other
lower type of cholesterol levels with increased risk of depression. These findings are generalizable to the
U.S. population.
� 2020 National Lipid Association. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Background

There is some evidence suggesting that low levels of
cholesterol are associated with depression and suicidality.
Systematic reviews of the literature and meta-analyses of
the observational studies that have examined the associa-
tion of cholesterol levels with depression and suicidality1,2

have found that study results are not consistently replicated.
A closer look at the findings also shows that the direction of
the associations between cholesterol levels and types of
cholesterol levels are not consistent, or the associations
only apply to a specific subgroup.

For example, high levels of high-density lipoprotein
cholesterol (HDL-C) levels have been found to be associ-
ated with an increased risk of depression and suicidality,
but only in men.3 High levels of triglycerides were found to
be associated with depression,4,5 while there has been no
association between low-density lipoprotein cholesterol
(LDL-C) levels1,5 and total cholesterol with depression.4,5

Some studies that have reported the association of low
levels of cholesterol with depression have limited controls
for confounding.1,2,4 The crucial role of controlling for con-
founding factors for the validity of observational study find-
ings is well established. For example, in a study that
assessed the effect of lipids on depressive symptoms after
menopause, the authors analyzed the data using the linear
trend across quintiles of lipid levels, and after adjustment
for potential confounders, all the results became
nonsignificant.6

In addition to the high degree of heterogeneity, the meta-
analyses of the observational studies that have examined
the association of cholesterol levels with depression
revealed the small sample sizes of the included studies.1,2

Therefore, we sought to conduct a study whose findings
can be generalizable to the U.S. population, with a large
sample size, with controls for confounding factors, have
high-quality laboratory results, and include a reliable
measure of depression. The National Health and Nutrition
Examination Survey (NHANES) was the source that met all
of these criteria.
Objective

The objective of the study was to assess the association
of cholesterol with depression.
Methods

We designed and conducted a cross-sectional analysis
using data from the NHANES.

The NHANES is a major program of the National Center
for Health Statistics. The National Center for Health
Statistics is part of the Centers for Disease Control and
Prevention and has the responsibility for producing vital
and health statistics for the United States. The NHANES is
a national research program designed to assess the health
and nutritional status of adults and children in the United
States. It collects health information from a representative
sample of the U.S. population through interviews, medical
examinations, and laboratory tests. The survey examines a
nationally representative sample of about 5000 persons
each year. Findings from the surveys are used to determine
the prevalence of major diseases and risk factors for
diseases and help develop public health policy, design
health programs and services, and expand the health
knowledge for the nation.7,8

We included subjects aged 18 years and older who
responded to the NHANES from 2009 to 2015 who had
data available for total cholesterol or HDL-C and
completed the Patient Health Questionnaire (PHQ-9). We
selected these years of surveys because of the consistency
of the use of PHQ-9 to assess depression and consistency of
the laboratory equipment, laboratory site, and laboratory
method to access lipid levels.

Outcome

Depression was assessed with the PHQ-9. The PHQ-9 is
a 9-item depression screening instrument that asks partic-
ipants to choose 1 of 4 responses about the frequency of
depressive symptoms during the previous 2 weeks.9 Sub-
jects were classified as having depressive symptoms if the
PHQ-9 scores were $10. Scores $10 represent moderate
or more severe depressive symptoms.10 This score has
shown to have a sensitivity of 0.88 and a specificity of
0.80 when compared with the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition criteria for ma-
jor depressive disorders.11

Exposure

The primary exposures of interest were total cholesterol
levels and HDL-C levels.

LDL-C and triglyceride levels were considered second-
ary exposures as these variables were present for only a
subset of participants, consisting of subjects who fasted at
least 8.5 hours or more, but less than 24 hours and provided
samples in the morning.

There were no changes to the biosample collection and
assay methods, laboratory equipment, or laboratory sites
during the survey cycles included in the study. The
NHANES quality assurance and quality control protocols
meet the 1988 Clinical Laboratory Improvement Act
mandates. In addition, the NHANES uses several methods
to monitor the quality of the analyses performed by the
contract laboratories, including performing blind split
samples collected on ‘‘dry run’’ sessions and repeat testing
at random on 2% of specimens.

The following total cholesterol categories were created:
#80, .80 to 129, .129 to 200, .200 to 239, and
.239 mg/dL. The following HDL-C categories were
created: #40, .40 to ,60, and $60 mg/dL. The following
LDL-C categories were created: ,80, 80 to ,100,100 to
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,130, 130 to ,160, 160 to ,190, and $190 mg/dL, and
the following triglycerides categories were created: ,150
and $ 150 mg/dL. Because only 5 subjects had total
cholesterol levels #80, for the analysis, we grouped this
category with the one ‘‘.80 to 129 mg/dL.’’ These cate-
gories are similar to the ones used in previous studies.4,6

Potential confounder variables

We considered the age, body mass index (BMI), gender,
smoking status, alcohol use, current health status, and
current exposure to statins and antipsychotics as potential
confounding variables. Statins were considered potential
confounders because of their role in decreasing lipid levels,
and antipsychotic drugs were considered potential con-
founders because their use has been associated with
hyperlipidemia.12

Participants were classified as never, former, and current
smokers. Current smokers were those subjects reporting at
least 100 cigarettes in their lifetime and currently smoking
every day or some days. Former smokers were those
subjects reporting smoking at least 100 cigarettes in their
lifetime but who do not currently smoke. For alcohol use,
participants were classified as never, former, and current
drinkers. Current drinkers were those subjects reporting at
least 12 drinks in their lifetime and who report at least 1
drink in the past 12 months. Former drinkers were those
subjects who reported drinking at least 12 drinks in their
lifetime and no drinks in the past 12 months. These
categorizations have been used previously when studying
depression in the NHANES.13

Health status was reported as excellent, very good, good,
fair, or poor after the question ‘‘Would you say your health
in general is.’’ Subjects were considered exposed to sta-
tins or antipsychotics if they reported taking any drug
that belongs to the statin class or the antipsychotics class
in the past 30 days of taking the survey.

Analysis

Exposures were analyzed as s categorical and contin-
uous variables. The primary analysis was the categorical
approach because the results are less susceptible to the
effect of outliers.

We used decision tree models to assess whether a data-
driven approach could identify categories for total choles-
terol and HDL-C according to their association with
depression. A decision tree is a nonparametric method
that creates simple decision rules inferred from the data that
can be used to optimally select cutoffs for continuous
variables. The outcome was depression (PHQ-9
scores $ 10), and total cholesterol and HDL-C were the
exposures. We used area under the curve (AUC) as a
measure of performance. An AUC of 1 indicates perfect
discrimination and 0.5 a model that is no better than a flip
of a coin.
In addition, we built logistic regression models to assess
the association between depression (PHQ-9 score $ 10)
and total cholesterol levels, HDL-C levels, triglyceride
levels, and LDL-C levels. To control for potential con-
founding, we added the age as a continuous variable, the
BMI as a continuous variable, the gender, smoking status,
alcohol use, current health status, and exposure to statins or
antipsychotics (yes vs no) to the regression model. We also
included in the model the interaction term between total
cholesterol and statin use. This interaction allowed us to
assess whether the effect of cholesterol levels on depression
changed depending on the therapeutic effect of statins. In
this model, total cholesterol levels were categorized as
,200 mg/dL and$200 mg/dL to facilitate interpretation of
the interactions and to decrease the number of variables in
the model.

We required at least 8 subjects with depression per
variable included in the logistic regression model to
provide valid and reliable estimates.14 In the logistic regres-
sion models, the exposures were modeled as continuous or
categorical variables. Odds ratios .1 would indicate an
increased risk of depression.

Incorporating complex survey design in the
analysis

To correctly account for the complex survey design, in
the analyses, we included the primary sampling unit
variable (sdmvpsu) for variance estimation, the pseudo-
stratum variable (sdmvstra) as the stratification variable,
and the Mobile Examination Center examination (wtmec)
as the weight variable. The NHANES provides sample
weights to be used in conjunction with the data to allow
analysts to produce estimates that are representative of the
U.S. population. When combining multiple cycles of data
as in this study, the 2-year weights must be adjusted. Using
the estimation procedure guidelines provided by the
NHANES, we multiplied the weight variable by 1/4
because we included 4 survey periods. STATA version
14.2 was used to conduct the analyses.15
Results

A total of 23,879 subjects were aged 18 years and older
and participated in the surveys. Of these subjects, 20,527
responded to the PHQ-9 questionnaire, of whom 19,527
had total cholesterol data and thus were included in the
analysis.

Eight percent of the subjects had the PHQ-9 scores
suggestive of depression. Subjects with depression were
more likely to be women, be former or current smokers, to
have a higher BMI, and to report having poor health than
subjects with no depression, (Table 1).

Subjects with depression had slightly higher levels of
total cholesterol, higher levels of triglycerides, and lower



518 Journal of Clinical Lipidology, Vol 14, No 4, August 2020
levels of HDL-C than subjects with no depression,
(Table 1).

Association of depression with the cholesterol
type

The decision tree models could not discriminate be-
tween subjects with and without depression based on total
cholesterol (AUC of 0.54) or HDL-C (AUC of 0.52).

The logistic regression models that had depression as an
outcome and the cholesterol type as the only variable found
an association between HDL-C and triglycerides with
depression, Table 2. Compared with low levels of HDL-
C, higher levels (.40 mg/dL) were associated with lower
risk of depression. For triglycerides, high levels of triglyc-
erides were associated with an increased risk of depression
(Table 2).

After adjustment for the age, gender, BMI, smoking,
drinking habits, health status, statin and antipsychotics use,
having,129 mg/dL of total cholesterol is associated with a
decreased risk of depression compared with higher levels
(Table 2).

The results remained similar when total cholesterol,
HDL-C, LDL-C, or triglycerides were considered as
continuous variables (Table 3). The interaction term
Table 1 Characteristics of subjects with and without depression ba

Subjects characteristics No depression

The number of subjects (%) 17,737 (92)
Age (mean 6 SE) 46.32 6 0.33
Women (%) 50
Men (%) 50
BMI (mean 6 SE) 28.89 6 0.10
Smoking status
Current (%) 18
Former (%) 25
Never (%) 57

Drinking status
Current (%) 74
Former (%) 14
Never (%) 11

Health status
Excellent (%) 11
Very good (%) 34
Good (%) 40
Fair (%) 13
Poor (%) 1

Statins use(%) 13
Antipsychotic use (%) 0.6
Cholesterol
Cholesterol (mean 6 SE) 192.85 6 0.60
HDL-C (mean 6 SE) 53.8 6 0.28
LDL-C (mean 6 SE) 114.19 6 0.66
Triglycerides (mean 6 SE) 125.85 6 2.16

BMI, body mass index; PHQ-9, Patient Health Questionnaire; LDL-C, low-den
between cholesterol levels and statin use was not significant
(P 5 .24) and did not change the estimates.
Discussion

We designed and conducted a large population-based
study to assess the association of cholesterol with depres-
sion, whose findings can be generalizable to the U.S.
population. We found no association between low levels of
cholesterol and an increased risk of depression. Instead,
after performing statistical adjustment for the age, gender,
BMI, smoking, drinking habits, health status, and statin or
antipsychotics use, having ,129 mg/dL of total cholesterol
was associated with a decreased risk of depression
compared with higher levels (OR 5 0.64; 95% confidence
interval [CI] [0.42–0.98]). In this study, we assessed not
only total cholesterol but also HDL-C, LDL-C, and triglyc-
erides. The study covered several years of survey respon-
dents, and during this time, the same laboratory and assay
were used, providing assurance to the quality of the data
and validity of the study results.

In the present study, the 8% prevalence of depression
was similar to the prevalence reported in other studies that
also were conducted in the NHANES13,16 as well as to the
sed on the PHQ-9 score

Depression P value

1790 (8)
45.86 6 0.54 0.49
65 ,0.0001
35
30.8 6 0.25 ,0.001

39 ,0.0001
22
38

67 ,0.0001
22
10

2 ,0.0001
12
34
36
14
14 0.10
4 ,0.0001

195.83 6 1.36 0.025
51.6 2 6 0.49 ,0.001
115.78 6 0.66 0.48
145.58 6 2.24 0.006

sity lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.



Table 2 Association of total cholesterol, HDL-C, LDL-C, and triglycerides levels with depression before and after adjustment

Type No depression Depression
Unadjusted
overall P value

Unadjusted odds
ratio (95% CI)

Adjusted Odds
ratio* (95% CI)

Total cholesterol
(mg/dL)

N (%) N (%)

#80 5 (0.019) 0 .16 0.76 (0.52 to 1.12) 0.64 (0.42 to 0.98)
.80 to 129 834 (4) 68 (4)
.129 to 200 10,118 (56) 986 (54) 0.80 (0.68 to 0.96) 0.84 (0.68 to 1.05)
.200 to 239 4669 (27) 493 (28) 0.87 (0.71 to 1.06) 0.93 (0.74 to 1.18)
.239 2111 (12) 243 (14) Reference Reference

HDL-C (mg/dL)
#40 3891 (21) 488 (26) .0001 Reference Reference
.40 to ,60 8633 (48) 860 (48) 0.84 (0.72 to 0.98) 0.98 (0.83 to 1.17)
$60 5213 (31) 442 (26) 0.68 (0.58 to 0.81) 0.94 (0.79 to 1.12)

LDL-C (mg/dL)
,80 1071 (15) 91 (16) .74 1.05 (0.50 to 2.21) 1.02 (0.43 to 2.48)
80 to , 100 1332 (21) 127 (18) 0.88 (0.41 to 1.91) 1.01 (0.41 to 2.47)
100 to ,130 2080 (33) 204 (33) 1.03 (0.51 to 2.10) 1.08 (0.45 to 2.56)
130 to ,160 1295 (21) 134 (22) 1.09 (0.55 to 2.18) 1.25 (0.55 to 2.81)
160 to , 190 474 (7) 49 (9) 1.25 (0.58 to 2.72) 1.38 (0.58 to 3.27)
$190 152 (3) 16 (3) Reference Reference

Triglycerides (mg/dL)
,150 4938 (75) 411 (65) .0003 0.60 (0.46 to 0.78) 0.78 (0.58 to 1.06)
$150 1579 (24) 223 (35) Reference Reference

BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CI, confidence interval.

*Adjusted by the age, BMI, gender, smoking status, alcohol use, current health status, and current exposure to statins and antipsychotics.
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10% prevalence reported in a national survey that used
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition criteria to define the presence of major depres-
sive disorder within the previous year.17

The findings of this study contrast with other research
findings, suggesting that low levels of cholesterol were
associated with an increased risk of depression.1,3 Although
the evidence includes a meta-analysis of 30 observational
studies, a high degree of heterogeneity among the studies
was reported,1 and a large majority of the included studies
had a small sample size, with only 7 of the 30 studies
including more than 500 subjects. The authors of the
meta-analysis found that the magnitude of the association
of total cholesterol levels with depression decreased as
Table 3 Association of cholesterol, HDL-C, LDL-C, and triglycerides
adjustment

Type of cholesterol Unadjusted odds ratio*

Total cholesterol (mg/dL) 1.02 (1.002–1.03)
HDL-C (mg/dL) 0.92 (0.88–0.96)
LDL-C (mg/dL) 1.01 (0.98–1.05)
Triglycerides (mg/dL) 1.01 (1.00–1.02)

BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, h

*Odds ratio per 10-unit change in the lipid of interest.

†Adjusted by the age, BMI, gender, smoking status, alcohol use, current h
the sample size increased and became nonsignificant
when the analysis was restricted to studies with more
than 500 subjects. In addition, the meta-analysis did not
find any association of depression with HDL-C or LDL-C
levels, and triglyceride levels were not assessed.

A more recent study, not included in the meta-analysis
described previously, based on the Women’s Health initia-
tive, characterized the relation between the cholesterol type
and depression. It included women aged 50 years and older,
and the data were analyzed with a cross-sectional and
follow-up perspective.6 The prospective analysis (with a
follow-up of 7 and 11 years) found that low levels of
LDL-C were associated with a higher risk for depression
with a hazard ratio of 1.26 (95% CI: 1.05–1.50) and that
levels as continuous variables with depression before and after

(95% CI) Adjusted odds ratio*,† (95% CI)

1.02 (1.003–1.03)
0.98 (0.84–1.02)
1.02 (0.98–1.06)
1.00 (0.98–1.01)

igh-density lipoprotein cholesterol; CI, confidence interval.

ealth status, and current exposure to statins and antipsychotics.
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low levels of HDL-C (,43 mg/dL) were associated with
lower risk of depression, with a hazard ratio of 0.81 (95%
CI: 0.67–0.98). In contrast, the cross-sectional analysis,
similar to our study, found no associations of low choles-
terol levels with an increased risk of depression. A possible
explanation for the discrepancy between the cross-sectional
and prospective analyses is that subjects who were present
in the prospective analysis were different from the ones
who were not followed up, a selection bias that is common
when there is loss to follow-up, especially when only 53%
of the subjects were observed prospectively over the entire
follow-up period. Nonetheless, prospective studies are bet-
ter suited to understand causality than cross-sectional
studies.

We assessed the association of the cholesterol type
levels with depression using a variety of approaches,
including machine learning (decision tree), a data-driven
approach, and more traditional analytic methods such as
logistic regression. We also assessed cholesterol as contin-
uous and categorical variables and adjusted for important
confounders, in analyses enabled by the richness of the
NHANES data, and the results remained similar.

The findings of our study even suggest the opposite of
that previously reported, by indicating that lower total
cholesterol levels are associated with decreased risk for
depression. Depression has been associated with higher
cardiovascular risk, and we observed that subjects with
depression have a higher burden of disease, are current or
former smokers, and have a higher BMI than subjects with
no depression factors that contribute to cardiovascular
diseases. Furthermore, our study findings have internal
validity that is not present in many of the studies that have
observed an association between low levels of cholesterol
and depression1,4,18 because the direction of our estimates
is consistent across the cholesterol types. Another
population-based study that included participants of the
Netherlands Study of Depression and Anxiety19 found
that the association of lipid patterns and depression was
secondary to life style–related factors. In the present study,
we controlled for life style variables and the BMI among
others, strengthening the validity of our findings.

The results of this study are also consistent with
epidemiological evidence showing that obesity and depres-
sion are positively associated, and that total cholesterol
levels are also positively associated with obesity.20 A recent
study that analyzed 9 Dutch clinical and population-based
studies assessed the association of 230 metabolite measure-
ments with depression found that high levels of triglycer-
ides and total cholesterol were associated with increased
risk of depression. These authors also found that controlling
for factors such as the BMI decreased the strength of asso-
ciations and that remaining confounding due to related
health factors could not be ruled out. However, these au-
thors highlighted that depression and lipid dysregulation
could emerge from a shared etiology because genome-
wide association studies have reported a significant associ-
ation between triglycerides and depression, and the BMI
and depression.21 Potentially consistent with this hypothe-
sis and with the findings of the present study, in studies
of patients receiving statins to prevent heart disease, the
use of any statin reduced the odds of developing depression
in comparison to individuals not using statin medications.22

Moreover, a recent meta-analysis concluded that statins
significantly reduced depression severity relative to placebo
administration in patients with major depressive disorder.23

Contrary to the studies that previously have assessed the
association of cholesterol and risk of depression, our study
was based on a sample that is representative of the U.S.
population and not based on selective samples whose
findings cannot be generalized, as those results may
represent idiosyncrasies of the selected participants.

A limitation of the design of this study is that to assess
depression, we used the PHQ-9. Although the PHQ-9
scores $10 are shown to have 88% sensitivity and 80%
specificity11 for major depressive disorders, depression in
this study was not formally diagnosed by a mental health
professional. Errors in depression classification could lead
to underestimation of the association between depression
and cholesterol levels. In addition, this is a cross-
sectional study where it is difficult to establish causality.
However, we did not find an association of low levels of
cholesterol and an increased risk of depression.

This is a cross-sectional study, so the relation between
high levels of cholesterol and depression does not imply or
establish causality. We did not control for familial or social
determinants of depression. If these factors are also
associated with high lipid levels, they could explain the
positive association of high cholesterol levels with
depression.
Conclusion

In summary, this population-based study found no
association of low cholesterol levels or any other lower
type of cholesterol levels and an increased risk of
depression. In contrast, we found that after adjustment for
the age, gender, BMI, smoking, drinking habits, health
status, and statin or antipsychotics use, low levels of total
cholesterol (,129 mg/dL) were associated with a
decreased risk of depression compared with higher levels
(OR 5 0.64; 95% CI [0.42–0.98]). These findings are
generalizable to the U.S. population.
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