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Objective: The associations of vitamin Bq3, folate, and ho-
mocysteine with depression were examined in a population-
based study.

Method: The authors screened 3,884 elderly people for depres-
sive symptoms. Subjects with positive screening results had psy-
chiatric workups. Folate, vitamin B2, and homocysteine blood

levels were compared in 278 persons with depressive symptoms,
including 112 with depressive disorders, and 416 randomly se-
lected reference subjects. Adjustments were made for age, gen-
der, cardiovascular disease, and functional disability.

Results: Hyperhomocysteinemia, vitamin B4, deficiency, and to
a lesser extent, folate deficiency were all related to depressive
disorders. For folate deficiency and hyperhomocysteinemia, the
association with depressive disorders was substantially reduced
after adjustment for functional disability and cardiovascular dis-
ease, but for vitamin B3 this appeared independent.

Conclusions: The association of vitamin B4 and folate with
depressive disorders may have different underlying mecha-
nisms. Vitamin B, may be causally related to depression,
whereas the relation with folate is due to physical comorbidity.

(Am J Psychiatry 2002; 159:2099-2101)

E]ate and vitamin Bj; are involved in the one-carbon
metabolism necessary for the production of monoamine
transmitters. Several case-control studies since the 1960s
have shown high prevalences of folate and vitamin By,
deficiency in depression (1). More recently, the total
plasma homocysteine level was shown to be a sensitive
marker of folate and vitamin B, deficiency, and higher
concentrations of homocysteine were observed in de-
pressed patients (2).

Thus far we know of only one population-based study;
that study (3) confirmed that vitamin B, deficiency was
associated with depressive symptoms. However, folate de-
ficiency and hyperhomocysteinemia were not related to
depressive symptoms. The study was restricted to physi-
cally disabled women, and no clinical diagnosis of depres-
sion was made. In this study we examined the associations
of folate, vitamin B;», and homocysteine with depression
in community-dwelling elderly subjects in the Rotterdam
Study who had a clinical diagnosis of depression.

Method

This study was conducted as part of the Rotterdam Study, a
population-based study to which all inhabitants aged 55 years
and over in a district of Rotterdam were invited in 1990-1993. In
the third survey (1997-1999) we added assessments of depression
to the study protocol. Of the 5,901 subjects who were invited,
4,730 participated in the home interview. Of these, 3,884 visited
the research center and had overnight fasting blood samples
drawn. Subjects were screened for depressive symptoms during
the home interview with the Center for Epidemiology Studies De-
pression Scale (CES-D Scale) (4). This is a 20-item self-report
measure of symptoms experienced in the last week and is scored
on a scale of 0 to 3 points. Subsequently, subjects with positive re-
sults in the screening (a score of 16 or higher) had a psychiatric
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workup with the Present State Examination. Psychiatric disorders
were classified according to DSM-IV criteria. Of the subjects who
visited the research center and had blood taken, 278 (7.0%) had
positive screening results, and 262 (94.2%) of these were given
psychiatric workups. Of these subjects, 112 fulfilled the diagnos-
tic criteria for depression, i.e., major or minor depression or dys-
thymia. The subjects with depressive symptoms and disorders
were compared with 416 comparison subjects randomly selected
from the subjects with negative screening results. The study was
approved by the Medical Ethics Committee of Erasmus University
School. After complete description of the study to the subjects,
written informed consent was obtained.

Serum folate and vitamin B levels were measured by using an
immunoassay. The total plasma homocysteine level was deter-
mined with high-performance liquid chromatography. To deter-
mine vitamin deficiency we used the following cutoffs, which cor-
respond to the normal ranges of the assays and are described in
the literature (3). Folate deficiency was considered present when
the serum folate level was less than 11.4 nmol/liter and the ho-
mocysteine level was higher than 13.9 pmol/liter. Vitamin B, de-
ficiency was defined as a level less than 258 pmol/liter. We de-
fined hyperhomocysteinemia as a plasma level above 15.0 pmol/
liter.

The following variables were considered as confounders: age,
gender, alcohol consumption, education, smoking, and cognitive
function as measured by the Mini-Mental State Examination
(MMSE). In additional analyses we also adjusted for functional
status, blood pressure, and history of stroke and myocardial in-
farction. The latter were obtained through direct questioning and
linkage with general practitioner records. Functional status was
assessed with the Stanford Health Assessment Questionnaire (5).
We used logistic regression to assess the associations of hyper-
homocysteinemia, vitamin B, deficiency, and folate deficiency
with depressive disorders or symptoms. Furthermore, differences
in mean levels were tested with analysis of variance. Finally, we
analyzed the relation between self-reported loss of appetite and
vitamin deficiencies. For this the subjects’ score on the CES-D
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TABLE 1. Relation of Vitamin B2 Deficiency, Folate Deficiency, and Hyperhomocysteinemia to Depressive Symptoms and
Disorders Among a Population-Based Sample of Elderly Subjects in Rotterdam

Likelihood of Depressive Symptoms
Among Subjects With Depressive
Symptoms (N=278) and Subjects Without
Depressive Symptoms (N=416)P

Nutritional Abnormality and Model

Likelihood of Depressive Disorders
Among Subjects With Depressive
Disorders (N=112) and Subjects Without
Depressive Symptoms (N=416)¢

(Type of Adjustment)? 0dds Ratio 95% Cl p 0dds Ratio 95% CI p
Vitamin B deficiency (<258 pmol/liter)
Model 1 (age and gender) 1.02 0.74 to 1.42 0.89 1.69 1.10 to 2.56 0.02
Model 2 (general confounders) 0.98 0.70 to 1.36 0.89 1.64 1.05 to 2.56 0.03
Model 3 (functional disability) 0.96 0.68 to 1.35 0.82 1.63 1.03 to 2.56 0.04
Model 4 (cardiovascular risk factors) 0.97 0.69 to 1.37 0.87 1.63 1.03 to 2.58 0.04
Folate deficiency (<11.4 nmol/liter plus
homocysteine >13.9 pmol/liter)
Model 1 (age and gender) 1.14 0.72 to 1.80 0.58 1.52 0.85t02.71 0.16
Model 2 (general confounders) 0.95 0.59 to 1.53 0.82 1.49 0.83t0 2.67 0.18
Model 3 (functional disability) 0.88 0.55 to 1.44 0.63 1.06 0.56 to 1.99 0.86
Model 4 (cardiovascular risk factors) 0.89 0.55 to 1.44 0.63 0.97 0.51t0 1.87 0.98
Hyperhomocysteinemia (>15.0 umol/liter)
Model 1 (age and gender) 1.55 0.95to0 2.53 0.08 2.07 1.11to0 3.83 0.02
Model 2 (general confounders) 1.44 0.87 t0 2.38 0.15 1.87 0.99 to 3.54 0.06
Model 3 (functional disability) 1.25 0.75t0 2.10 0.39 1.51 0.77 t0 2.97 0.23
Model 4 (cardiovascular risk factors) 1.16 0.69 to 1.97 0.56 1.27 0.63 to 2.58 0.50

2 1n model 2, general confounders included age, gender, education, smoking, alcohol intake, and score on the Mini-Mental State Examination.
Model 3 was additionally adjusted for the score on the Stanford Health Assessment Questionnaire (5), a measure of disability in activities of
daily living. Model 4 was additionally adjusted for cardiovascular risk factors: history of stroke, history of myocardial infarction, and systolic

blood pressure.

b Depressive symptoms were defined as a score of 16 or higher on the CES-D Scale. The numbers of subjects with vitamin B4 deficiency, folate
deficiency, and hyperhomocysteinemia were 95, 41, and 35, respectively.
¢ A depressive disorder was DSM-IV major or minor depression or dysthymia. The numbers of subjects with vitamin Bq, deficiency, folate defi-

ciency, and hyperhomocysteinemia were 49, 21, and 19, respectively.

Scale item “I did not have any appetite” was entered in an age-
and gender-adjusted model.

Results

The mean age of the study sample was 72.9 years (SD=
7.1), 16% were smokers, 11% had had a myocardial infarc-
tion, and 4% had had a stroke. The subjects with depressive
symptoms were more likely to be female (73% versus 58%,
x?=18.2, df=1, p<0.001), had a higher age-adjusted func-
tional disability score (mean=0.8, SD=0.6, versus mean=
0.5, SD=0.4; F=47.7, df=1, 694, p<0.001), and had a lower
MMSE score (mean=27, SD=2, versus mean=28, SD=3; F=
22.2, df=1, 694, p<0.001) than the nondepressed subjects.

Among the 278 subjects with depressive symptoms and
the 416 comparison subjects, hyperhomocysteinemia, vi-
tamin B;; deficiency, and folate deficiency were not asso-
ciated with the presence of depressive symptoms (Table
1). When we restricted the analysis to the 112 subjects ful-
filling the DSM-IV criteria for depressive disorders, we
found that subjects with vitamin By, deficiency were
nearly 70% more likely than the comparison subjects to
have a depressive disorder (Table 1). This association was
independent of cardiovascular factors and functional sta-
tus. When adjusting for only age and gender, we also ob-
served a significant association of hyperhomocysteinemia
and a nonsignificant association of folate deficiency with
depressive disorders. However, these associations disap-
peared after correction for cardiovascular factors and
functional status.

2100

No substantial differences in mean levels of vitamin B1,
and folate were observed between the subjects with de-
pressive disorders or symptoms and the reference subjects
(data not shown). The subjects with depressive disorders
had higher homocysteine levels (mean=11.7 pmol/liter,
SD=5.9) than the reference subjects (mean=10.6, SD=3.7);
the age- and gender-adjusted difference was 1.1 pmol/
liter, and the 95% confidence interval (CI) was 0.3 to 2.0
(p=0.01). However, adjustment for cardiovascular risk in-
dicators and functional disability strongly decreased this
difference, to 0.2 pmol/liter (95% CI=-0.7 to 1.1, p=0.66).

Self-reported loss of appetite was not associated with vi-
tamin B, deficiency (odds ratio=1.03 per 1-point increase
in symptom score, 95% CI=0.86 to 1.24, p=0.73), whereas it
was significantly related to hyperhomocysteinemia (odds
ratio=1.32, 95% CI=1.03 to 1.70, p=0.03); the relationship
to folate deficiency fell short of significance (odds ratio=
1.24, 95% CI=0.98 to 1.58, p=0.07).

Discussion

This population-based study shows that elderly persons
with vitamin B, deficiency are more likely to have a de-
pressive disorder. Furthermore, we observed a significant
relationship of hyperhomocysteinemia and a nonsignifi-
cant relationship of folate deficiency to depression that
were due to physical comorbidity and cardiovascular risk
factors in subjects with depression.

Some methodological issues of the present study need
to be considered. First, this was a cross-sectional study; it
cannot demonstrate whether the observed association
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with vitamin deficiencies precedes or results from the de-
pression. Most important, lack of appetite is a cardinal
feature of depression and could explain the association.
Indeed, we observed a relationship of self-reported loss of
appetite with hyperhomocysteinemia and folate defi-
ciency. However, no such relationship was found with vi-
tamin B, deficiency, and thus, appetite loss cannot ac-
count for the respective findings. Second, the prevalence
of depressive symptoms (7.0%) was relatively low. How-
ever, it falls within the range (2.8% to 35%) reported in a re-
view of the prevalence of depression among elderly people
(6). A strength of this population-based study is the psy-
chiatric workup of subjects who had positive screening re-
sults. Therefore, misclassification of disease is unlikely to
have influenced our results.

The findings are consistent with the results of Penninx
et al. (3), who reported that physically disabled women
with vitamin B, deficiency were twice as likely to have se-
vere depressive symptoms. However, they observed no as-
sociation between homocysteine or folate and depression.
The present study strongly suggests that the higher rates of
depressive disorders in subjects with low folate and high
homocysteine levels are due to differences in cardiovascu-
lar factors and physical comorbidity. It is possible that ear-
lier reports of a relation between folate deficiency and de-
pression in psychiatric patients were confounded (1). The
cardiovascular risk profile of the patients with depression
might have been different from those of comparison sub-
jects. On the other hand, it can be argued that adjustment
for cardiovascular factors and functional disability is over-
correction. First, functional disabilities in daily activities,
which include difficulties in shopping, may reduce the
vitamin intake. It is plausible that depression develops
thereafter as a consequence of low intake. Second, late-life
depression might result from vascular diseases due to hy-
perhomocysteinemia. Adjustment for cardiovascular fac-
tors is appropriate only if one studies the direct effects of
hyperhomocysteinemia that might be due to alterations in
monoamine metabolism. In this case one should control
for the fact that depression may also result from health im-
pairment or neuronal damage in patients with vascular
disease.
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The effects of adjustment indicate that the associations
of vitamin B, and folate deficiency with depression have
different underlying mechanisms. It has been reported (3)
that serum folate is more sensitive to nutritional intake
than vitamin Bj,. Moreover, in the present study, folate but
not vitamin By, deficiency was related to loss of appetite.
In summary, this study suggests that clinicians need to be
aware of possible hyperhomocysteinemia in combination
with cardiovascular factors or functional disability in de-
pressed patients. Furthermore, vitamin B;, deficiency
may be causally related to depression in the elderly. In
view of the possible benefits of vitamin replacement, de-
tection of this subgroup is important.
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