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ABSTRACT

Objective: Elevated serum levels of the amino 
acid homocysteine (HCY) are associated with 
a variety of diseases. To resolve conflicting 
findings in studies that suggest a relationship 
between elevated serum HCY levels and 
depression, we examined the relationship 
between HCY levels and depressive symptoms 
in the largest sample studied to date.

Method: We conducted a cross-sectional study 
of 11,757 participants (68.9% men) aged 20 
to 90 years who completed preventive health 
examinations at the Cooper Clinic, Dallas, Texas,  
from 2007 to 2010. Currently experiencing 
depression was defined as a 10-item Center for 
Epidemiologic Studies Depression Scale (CES-D) 
score of ≥ 10. Serum HCY levels were obtained. 
Data were analyzed in a multiple logistic 
regression model of CES-D score of ≥ 10.

Results: When controlling for age, sex, body 
mass index, exercise, education, smoking, 
antidepressant use, creatinine level, alcohol 
use, and chronic medical conditions, elevated 
HCY was associated with 26% greater odds of 
currently experiencing depressive symptoms 
(P = .007) as defined by CES-D score.

Conclusions: In the largest sample examined to 
date, we found a significant positive relationship 
between elevated serum HCY levels and 
currently experiencing depressive symptoms. 
Given the cross-sectional nature of the study, 
it is not possible to determine the direction of 
the relationship or whether lowering HCY levels 
will ameliorate depressive symptoms. Thus, 
longitudinal studies are needed.
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Homocysteine (HCY) is a sulfur-containing amino acid derived 
from methionine through a series of demethylations.1 HCY can 

be remethylated to methionine by the methyltetrahydrofolate reductase 
(MTHFR) enzyme in the 5-methyltetrahydrofolate pathway, a process that 
requires vitamin B12 and folic acid.2 Thus, a deficiency of vitamin B12 and 
folic acid or poor absorption of vitamin B12 can result in elevated HCY levels. 
Genetic polymorphisms of the MTHFR enzyme, found in approximately 60% 
of the US population, are also associated with elevated HCY levels.1,3

Homocysteine has neurotoxic properties and may be associated with the 
development of disorders such as depression, seizures, Alzheimer’s disease, 
schizophrenia, and Parkinson’s disease.4–6 Although a mechanism for its 
neurotoxicity has not been established, several have been proposed. Homo-
cysteine and its spontaneous oxidation product, homocysteic acid, may 
increase intracellular levels of ionized calcium and reactive oxygen species 
through binding to N-methyl-d-aspartate receptors, resulting in apoptosis.7  
Homocysteine may hinder the biosynthesis of various neurotransmitters. In 
the 5-methyltetrahydrofolate cycle, S-adenosylmethionine (SAMe), a precur-
sor for various neurotransmitters (serotonin, melatonin, epinephrine, and 
dopamine), is demethylated to become S-adenosylhomocysteine (SAH), then 
HCY, which is eventually converted back to SAMe.6 Under normal conditions, 
HCY is rapidly removed from cells to maintain a low concentration. However, 
the conversion of SAH to HCY is reversible via SAH-hydrolase, so when 
there is an increased intracellular concentration of HCY, the reaction favors 
SAH formation.8 High levels of HCY are associated with decreased levels of 
SAMe, which can result in the disruption in the biosynthesis of dopamine and 
serotonin; both are neurotransmitters associated with depression.1,9–13

To our knowledge, 15 studies examined the relationship between serum 
HCY and depression. Of these, 9 studies reported a significant association 
between elevated HCY levels and depression,2,13–20 and 6 did not.21–26 A meta-
analysis of the available literature performed by Almeida et al2 suggested that 
elevated HCY levels are associated with depression. However, the available 
studies have some limitations. Many had modest sample sizes, included 
only one sex, and targeted senior citizens or were limited to medically ill 
populations. To elucidate the relationship between HCY and depression, we 
examined the serum HCY levels in the largest population to date and one 
that includes both sexes and a broad age range.

METHOD

Participants
The Cooper Center Longitudinal Study (CCLS) is a prospective follow-

up of patients who have completed a preventive health examination at the 
Cooper Clinic in Dallas, Texas.27 The Cooper Clinic is a fee-for-service 
preventive medicine clinic. Records of 11,757 patients (3,652 women; 8,105 
men) who were assessed between 2007 and 2010 and who completed base-
line examinations that included serum HCY levels and a 10-item Center for 
Epidemiologic Studies Depression Scale (CES-D) were included. The overall 
Cooper Clinic evaluation includes a comprehensive medical history with 
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Elevated homocysteine levels, assessed with a simple ■■
blood test, are associated with the presence of current 
clinically significant depressive symptoms.

Given the association of elevated homocysteine levels ■■
with medical illnesses, depressed patients may be an 
important clinical population for homocysteine level 
screening.

Screening for depression in patients with elevated ■■
homocysteine levels may also be indicated.

physical activity variables, physical examination, and mea-
surement of key biomarkers for chronic disease, including 
body mass index (BMI), blood pressure, lipoprotein profile, 
fasting blood glucose, and a maximal treadmill exercise test. 
Information in the current analysis included age, BMI, edu-
cation level, smoking status, presence or absence of routine 
physical activity, antidepressant use, alcohol use, serum crea-
tinine concentration, and history of diabetes, heart attack, 
stroke, and/or cancer as markers for general wellness and 
serious medical illness burden. The Cooper Clinic patients 
are generally college-educated and middle to upper income, 
and the vast majority (95%) are non-Hispanic white.

Participants gave informed consent for the use of their 
data, which were entered into the CCLS database maintained 
by the Cooper Institute. Privacy was maintained through the 
Cooper Institute policies. All data were deidentified prior to 
analysis. Data collection and informed consent are reviewed 
and approved annually by the Cooper Institute’s Institutional 
Review Board.

Assessments
Body mass index. Height and weight were measured 

utilizing a standard clinical scale and stadiometer. BMI was 
calculated as weight in kilograms divided by height in meters 
squared. A BMI of 20 to 25 kg/m2 was considered normal, 
a BMI of 25 to 30 kg/m2 was considered in the overweight 
range, and > 30 kg/m2 was obese.

Homocysteine. From January 2007 to February 2009, 
serum HCY was measured on a Dimension RXL Integrated 
Chemistry System (Siemens Healthcare Diagnostics Inc, 
Deerfield, Illinois) using the Carolina reagent (Carolina 
Liquid Chemistries Corp, Winston-Salem, North Carolina). 
After February 2009, an Ortho Vitros 5600 (Ortho Clini-
cal Diagnostics, Johnson & Johnson, Rochester, New York) 
using the Ortho Clinical Diagnostics reagent (Ortho Clini-
cal Diagnostics, Johnson & Johnson, Rochester, New York) 
was utilized. A method comparison was conducted between 
the Dimension and Vitros, and no significant difference was 
found (correlation coefficient of < 1.0) Bound HCY in the 
sample is reduced to free HCY by the action of dithiothre-
itol and then converted enzymatically to SAH. Conjugated 
S-adenosylcysteine (SAC), added at the onset of the reac-
tion, competes with the SAH in the sample for bonding 
by anti-SAH antibodies bound to polystyrene particles. 

In the presence of SAH, there is either no aggregation or 
a weak aggregation of particles. In the absence of SAH in 
the sample, an aggregation of the polystyrene particles by 
the conjugated SAC occurs. The higher the SAH content of 
the reaction mixture, the smaller the scattered light signal. 
The result was evaluated by comparison with a standard of 
known concentration. Blood was drawn after an 8-hour fast 
in an 8.5 mL BD Vacutainer SST tube (BD, Franklin Lakes, 
New Jersey) between 7:00 and 9:00 am. Serum specimens 
were processed within 1 hour of the initial draw and not 
frozen. The HCY assay had a coefficient of variation of 
< 3.4% throughout the analytic range, which extended from 
2.0 to 57.0 μmol/L. Male and female participants who were 
< 60 years and had HCY levels of ≥ 11.4 μmol/L and ≥ 10.4 
μmol/L, respectively, were considered to have elevated HCY 
levels. Male and female participants who were ≥ 60 years 
and had HCY levels of ≥ 15.3 μmol/L and ≥ 11.6 μmol/L, 
respectively, were considered to have elevated HCY levels.28 
Other studies have also used these values to define elevated 
homocysteine status.29–33 Vitamin B6, B12, and folate levels 
were not routinely obtained as part of this preventive exami-
nation but ordered as indicated clinically. Therefore, these 
biomarkers were not analyzed.

Depressive symptoms. The 10-item CES-D was used to 
quantify depressive symptoms during the previous week. 
This self-report scale assesses depressed mood, somatic 
retardation, and positive effect, generating a total severity 
score from 0 to 30, with a cutoff score of ≥ 10 indicating 
clinical depression.34 The CES-D is a well-studied and widely 
used screening instrument for symptoms of depressed 
mood, with good reliability and validity in detecting symp-
toms of depression.35 The 10-item CES-D has been tested in 
cross-cultural populations and has sensitivity and specificity 
comparable to the longer 20-item CES-D.34,35 Participants 
who had a score of ≥ 10 were referred to as currently having 
depressive symptoms.34

Statistical Methods
We used multiple logistic regression to predict CES-D 

score of ≥ 10 based on all the covariates presented in Table 
1. We dichotomized age (dichotomized by ≥ 50 years), BMI 
(obese yes/no), education (dichotomized by ≤ 12 years 
of education), alcohol use (dichotomized by presence or 
absence of problem drinking defined as > 7 drinks/wk for 
women and > 14 drinks/wk for men),36,37 creatinine con-
centrations (dichotomized by ≥ 1.5 mg/dL, our laboratory’s 
normal range) because elevated HCY levels are associated 
with renal insufficiency,38,39 and HCY levels (elevated vs 
normal), as described previously, to construct clinically rel-
evant odds ratios. We report profile-likelihood confidence 
intervals for all odds ratios (ORs). We also conducted a sec-
ondary analysis of HCY and CES-D scores as continuous 
variables using a multiple linear regression separated by sex, 
due to differences in CES-D scores in the men and women. 
We used SAS/STAT software version 9.2 (SAS Institute, Cary, 
North Carolina) for all analyses, including the summary sta-
tistics in Table 1.
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RESULTS

Participant characteristics are shown in Table 1. A total of 
3,652 women (31.1%) and 8,105 men (68.9%) participated in 
the study. Their mean (± SD) age was 51.7 (± 10.9) years. A 
majority of the participants (84.7%) had normal serum HCY 
levels, with a mean (± SD) level of 9.5 (2.8) μmol/L.

Serum HCY levels (OR = 1.26 [95% CI, 1.06–1.48]; [99% 
CI, 1.01–1.56]) were significantly associated with currently 
having depressive symptoms as defined by the CES-D. In 
addition, being < 50 years old (OR = 1.68 [95% CI, 1.48–1.92]), 
obese (OR = 1.56 [95% CI, 1.34–1.80]), female (OR = 1.99 
[95% CI, 1.74–2.28]), a current smoker (OR = 1.54 [95% 
CI, 1.26–1.87]), and having a history of heart attack, stroke, 
or cancer (OR = 1.24 [95% CI, 1.02–1.50]) and using anti
depressants (OR = 2.94 [95% CI, 2.46–3.49]) were significantly 
associated with currently experiencing depressive symptoms. 
Regular physical activity was associated with lower risk for 
currently having depressive symptoms (OR = 0.67 [95% CI, 
0.58–0.78]). The profile-likelihood confidence limits for odds 
ratios are depicted in Figure 1. The area under the curve for 
the receiver operator characteristic curve was 0.68.

Results of a multiple linear regression separated by sex are 
in Figure 2. The linear regression model of CES-D scores on 
HCY levels, adjusted for the same additional covariates as the 

logistic regression model, explained R2 = 7.6% of the total 
variation of CES-D scores. The partial variations explained 
by these effects are antidepressant use (2.39%); sex (1.76%); 
age (1.07%); BMI (0.73%); physical activity (0.56%); current 
smoking (0.31%); HCY levels (0.05%); history of diabetes 
(0.04%); history of heart attack, stroke, or cancer (0.03%); 
education (0.02%); alcohol use (0.01%); and creatinine con-
centrations (0.00%). Homocysteine level was moderately 
correlated with age (r = 0.32 women, r = 0.19 men) and BMI 
(r = 0.16 women, r = 0.11 men), the 2 strongest predictors of 
CES-D scores after antidepressant use and sex.

DISCUSSION

The findings suggest a relationship between serum HCY 
levels and currently having depressive symptoms. Logistic 
regression analysis of the data using current CES-D scores of 
≥ 10 showed that participants who had elevated HCY levels 
had 26% greater odds of currently experiencing depressive 
symptoms as defined by the CES-D. This finding is highly 
statistically significant, but the relationship between CES-D 
scores and serum HCY level was relatively modest and one of 
several factors, including sex, age, medical history, BMI, and 
tobacco use, related to an elevated risk of currently having 
depressive symptoms. The significant but relatively modest 
association in this large study between depressive symptoms 
and HCY levels may explain the discrepancies between pre-
vious studies, which had smaller samples and less statistical 
power. The only factor associated with a reduced risk of 
currently experiencing depressive symptoms was physical 
activity. This finding is consistent with prior reports from 
the Cooper Institute suggesting that physical activity and 
cardiorespiratory fitness are associated with lower rates of 
depression.40,41

Given the higher rates of depression in people with 
elevated HCY levels, this may be a clinical population to 
target for depression screening in primary care. Conversely, 
screening for elevated HCY levels in patients treated for 
depression may also be clinically useful. It is not known 
whether reducing HCY levels decreases depressive symp-
toms. The cross-sectional design of our study does not allow 
a determination of cause and effect. Two studies have sug-
gested that folate supplementation, a common treatment 
for elevated HCY levels, may be an effective augmentation 
strategy for antidepressants.42,43 However, these studies had 
modest sample sizes and examined folate supplementa-
tion of selective serotonin reuptake inhibitors rather than 
as monotherapy. More research is needed to explore folate 
supplementation and other hyperhomocysteinemia treat-
ments as antidepressant therapies.

The current study has several methodological limitations. 
The cohort has the limitation of small numbers of persons 
from minority racial or ethnic groups, making this analy-
sis difficult to extrapolate to that population. Furthermore, 
because the Cooper Clinic is a fee-for-service preventive 
medicine clinic, the results may not be generalizable to lower-
income populations. Although the study included 3,652 

Table 1. Characteristics of Participants (N = 11,757), Cooper 
Center Longitudinal Study, 2007–2010
Characteristic Percentage of Sample
Sex

Female 31.1
Male 68.9

Age, y
< 50 43.7
≥ 50 56.3

Body mass index
Normal or overweight 78.6
Obese 21.4

Education
≤ 12 years 16.9
> 12 years 83.1

Current smoker
Yes 9.0
No 91.0

Regular exercise
Yes 81.8
No 18.2

Diabetes
Yes 2.8
No 97.2

Heart attack, stroke, and/or cancer
Yes 12.2
No 87.8

Antidepressant use
Yes 7.4
No 92.6

Alcohol use
At or below recommended limit 98.3
Above recommended limit 1.7

Serum creatinine concentrations
< 1.5 mg/dL 99.2
≥ 1.5 mg/dL 0.8

Serum homocysteine levels
Normal 84.7
Elevated 15.3
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Abbreviation: CES-D = Center for Epidemiologic Studies Depression Scale.
Symbols: + = male, o = female.

Figure 2. Results of Multiple Linear Regression of Serum Homocysteine Levels and CES-D 
Scores as Continuous Variables and Separated by Sex
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Figure 1. Point Estimates and 95% Confidence Limits of Odds Ratios for CES-D Scores ≥ 10 
Estimated Using Multiple Logistic Regressiona

Sex: women vs men

Age, y: < 50 vs ≥ 50 

BMI, kg/m2: ≥ 30 vs < 30

Education: high school or less vs college

Regular exercise: yes vs no

Diabetes: yes vs no

Serum creatinine concentration, mg/dL: ≥ 1.5 vs  < 1.5

Heart attack, stroke, or cancer: yes vs no

Antidepressant use: yes vs no

Serum homocysteine level: elevated vs normal

Alcohol use: above vs at or below recommended limit

Current smoking: yes vs no

0.25

Odds Ratio

0.5 1 2 4

aOdds ratios > 1 indicate a positive association with CES-D scores ≥ 10 (more depressive symptoms) and odds 
ratios < 1 indicate a lower risk of depressive symptoms.

Abbreviations: BMI = body mass index, CES-D = Center for Epidemiologic Studies Depression Scale.

women, they represented only 31% of the sample; however, 
the analysis controlled for sex. The sample homogeneity may 
decrease the generalizability but increase the internal validity 
of the findings. In addition, the sample is diverse in terms of 
age range. Due to data collection methods, we did not use 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition, criteria for diagnosing depression. The CES-D is 

designed primarily to assess depressive symptom severity 
and not to diagnose syndromal depression. However, it is a 
standard instrument for assessing depression in large studies, 
and standard cutoff scores have been established. It would 
have been useful to have had vitamin B6, B12, folate, SAMe, 
and MTHFR levels in addition to the HCY data; however, 
these data were not collected. Finally, a causal relationship 
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could not be determined due to the cross-sectional design of 
the study. Depression could potentially be a cause rather than 
the effect of elevated HCY levels through dietary and lifestyle 
changes.

CONCLUSION

In a large sample of participants, elevated serum HCY 
levels were significantly associated with currently experienc-
ing depressive symptoms. Longitudinal studies are needed to 
determine the direction of this relationship.
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