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Background: An association between depression and
folate status has been demonstrated in clinical studies,
whereas data are sparse on the relationship between de-
pression and other components of 1-carbon metabo-
lism such as vitamin B12, homocysteine, and the methy-
lenetetrahydrofolate reductase 677C→T polymorphism.
The relationship between anxiety and these compo-
nents is less well known. This study examined the asso-
ciations between folate, total homocysteine, vitamin B12,
and the methylenetetrahydrofolate reductase 677C→T
polymorphism, and anxiety and depression in a large
population-based study.

Methods: Anxiety and depression, measured by the Hos-
pital Anxiety and Depression Scale, were assessed in 5948
subjects aged 46 to 49 years (mean, 47.4 years) and 70
to 74 years (mean, 71.9 years) from the Hordaland Ho-
mocysteine Study cohort. By means of logistic regres-

sion models, anxiety and depression scores were exam-
ined in relation to the factors listed above.

Results: Overall, hyperhomocysteinemia (plasma total
homocysteine level �15.0 µmol/L [�2.02 mg/dL]) (odds
ratio, 1.90; 95% confidence interval, 1.11-3.25) and T/T
methylenetetrahydrofolate reductase genotype (odds ra-
tio, 1.69; 95% confidence interval, 1.09-2.62), but not
low plasma folate or vitamin B12 levels, were signifi-
cantly related to depression without comorbid anxiety
disorder. Plasma folate level was inversely associated with
depression only in the subgroup of middle-aged women.
None of the investigated parameters showed a signifi-
cant relationship to anxiety.

Conclusion: Our results provide further evidence of a
role of impaired 1-carbon metabolism in depression.
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H OMOCYSTEINE and the vi-
tamins involved in 1-car-
bon metabolism, folate
and vitamin B12, have been
associated with a diver-

sity of diseases, including cardiovascular
disease,1,2 malignancies,3 Alzheimer dis-
ease, impaired cognitive functioning,4,5 and
birth defects and pregnancy complica-
tions.6,7 Several studies have investigated the
677C→T polymorphism of the methylene-
tetrahydrofolate reductase (MTHFR) gene
as a risk factor for these conditions, as the
C-to-T transition causes reduced enzyme ac-
tivity, and elevated plasma total homocys-
teine (tHcy) levels under conditions of im-
paired folate status.8

Both anxiety and depression are com-
mon symptoms or disorders with a major
impact on public health.9,10 Although a pos-
sible role of nutritional factors in the patho-
genesis of neuropsychiatric disorders has
long been debated,11,12 clinical studies have
shown an inverse relationship between fo-

late status and depression.13 Such a rela-
tionship has been inferred from studies
showing increased frequency of folate de-
ficiency among depressed patients14-18;
more severe18-21 and prolonged22 depres-
sive episodes and weaker treatment re-
sponse to antidepressants in patients with
low folate status14,18,21-25; and enhanced an-
tidepressant response with folic acid
supplementation.26-29

Investigations on a possible role of vi-
tamin B12 status in neuropsychiatric dis-
orders have been motivated by the cen-
tral nervous system damage caused by
overt or subtle vitamin B12 deficiency.30,31

Data regarding the association between vi-
tamin B12 status and depression are
scarce.14,18,32-34

While some studies have demon-
strated a positive relationship between de-
pression and plasma tHcy levels35 or the
MTHFR 677C→T polymorphism,36 such re-
lationships have not been confirmed in
other studies.14,32,34,37
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Folate, vitamin B12, and homocysteine are involved
in processes important for central nervous system func-
tion (Figure1). Folate metabolism is linked to biopterin-
dependent neurotransmitter synthesis38 and S-adeno-
sylmethionine–dependent methylation of biogenic amines
and phospholipids in the central nervous system.39 Ho-
mocysteine, or its metabolites such as homocysteic acid,
may have a direct excitotoxic effect on the N-methyl-D-
aspartate glutamate receptors, or may inhibit the meth-
ylation processes in the central nervous system.39 This
biochemical knowledge adds to the clinical data cited al-
ready, suggesting a possible role of 1-carbon metabo-
lism in mental disorders, particularly in depression and
dementia.40 However, despite the extensive comorbid-
ity between depression and anxiety,41-43 we have found
no more than 3 studies33,44,45 addressing the possibility
of impaired 1-carbon metabolism in anxiety disorders.
Only one study suggests such an association, namely, be-
tween low vitamin B12 levels and anxiety.33

The present study is part of the Hordaland Health
Study, which included self-administered questionnaires
of anxiety and depression according to the Hospital
Anxiety and Depression Scale (HADS),46 determination
of tHcy and related vitamins, and C677T MTHFR geno-
typing in approximately 6000 middle-aged and elderly
subjects. The aim of the current study was to examine
whether key components of the 1-carbon metabolism
were associated with anxiety disorders and/or depression
in this large population.

METHODS

STUDY POPULATION

The Hordaland Health Study 1997-1999 was conducted from 1997
to 1999 as a collaboration between the National Health Screen-
ing Service, the University of Bergen (Bergen, Norway), and lo-
cal health services. A subsample of the study included 2291 men
and 2558 women aged 46 to 49 years (mean, 47.4 years) and
1868 men and 2470 women aged 70 to 74 years (mean, 71.9 years)
who had participated in the Hordaland Homocysteine Studies
in 1992 to 1993.47 The younger age group was originally a part
of the ordinary national cardiovascular risk survey program, while
the older group was included to examine age effects. Participa-
tion rate was 77% of those invited. At attendance, the subjects
underwent a brief physical examination (height, weight, blood
pressure), and a blood sample was drawn and stored at −20°C
until the biochemical analyses were performed 1 to 3 years later.
A self-administered questionnaire providing information on demo-
graphic, socioeconomic, and psychosocial parameters; health be-
haviors; subjective health; present or former diseases; and use
of medication was delivered. Among those who participated, 5948
individuals (84%) returned questionnaires with valid ratings of
anxiety and depression.

The study protocol was approved by the Regional Com-
mittee for Medical Research Ethics and the Norwegian Data
Inspectorate.

ASSESSMENT OF ANXIETY AND DEPRESSION

The HADS is a self-administered questionnaire consisting of
14 items, 7 for anxiety (HADS-A subscale) and 7 for depres-
sion (HADS-D subscale).46 To avoid making individuals feel that
they are being tested for mental disorders, symptoms of severe
psychopathology are not included. The HADS-A contains items

mainly related to restlessness and worry, and 1 item reflecting
panic attacks. The HADS-D focuses mainly on the reduced plea-
sure response aspect (anhedonia) of depression, but also psy-
chomotor retardation and impaired mood.

The HADS-A and HADS-D are intercorrelated, most of-
ten in the range of 0.50 to 0.60.48 Hence, to identify more ho-
mogeneous groups with anxiety disorders or depressions, re-
strictions were put on the other subscale when cases were
defined. Thus, anxiety disorder was defined as a HADS-A score
of 8 or more restricted to a HADS-D score less than 8 to avoid
comorbid disorders. Accordingly, depression was defined as a
HADS-D score of 8 or more restricted to a HADS-A score less
than 8. Analyses were also carried out on comorbid cases, which
were defined as subjects with both subscale scores of 8 or more.
To enhance the specificity of anxiety disorder and depression,
analyses were carried out on cases defined to HADS-A and
HADS-D scores of 11 or more, using the same restrictions as
mentioned in this paragraph.

BIOCHEMICAL AND GENETIC MEASUREMENTS

Plasma tHcy was analyzed by high-performance liquid chroma-
tography and fluorescence detection.49 Serum folate was deter-
mined by a Lactobacillus casei microbiologic assay50 and serum
vitamin B12 by a Lactobacillus leichmannii microbiologic assay.51

Both the folate and vitamin B12 assays were adapted to a microti-
ter plate format and carried out by a robotic workstation (Micro-
lab AT plus 2; Hamilton Bonaduz AG, Bonaduz, Switzerland).
The MTHFR C677T genotyping was performed by a real-time poly-
merase chain reaction as described elsewhere.52

STATISTICAL ANALYSES

Plasma tHcy level was divided into 4 categories (�9.0 µmol/L
[�1.22 mg/dL] [reference], 9.0-11.9 µmol/L [1.22-1.61 mg/
dL], 12.0-14.9 µmol/L [1.62-2.01 mg/dL], and �15.0 µmol/L
[�2.02 mg/dL]).53 Plasma folate and plasma vitamin B12 levels
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Figure 1. Components of 1-carbon metabolism and central nervous system
(CNS) functions. SAM indicates S-adenosylmethionine; Hcy, homocysteine;
Met, methionine; B12, vitamin B12; MS, methionine synthetase; 5mTHF,
5-methyl-tetrahydrofolate; 5,10mTHF, 5,10-methylene-tetrahydrofolate;
THF, tetrahydrofolate; and MTHFR, methylenetetrahydrofolate reductase.
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were similarly divided into 4 categories (plasma folate: �3.80
nmol/L [�1.7 ng/mL], 3.80-4.99 nmol/L [1.7-2.2 ng/mL], 5.00-
8.49 nmol/L [2.3-3.7 ng/mL], and �8.50 nmol/L [�3.8 ng/
mL] [reference]; plasma vitamin B12: �230.0 pmol/L [�312 pg/
mL], 230.0-279.9 pmol/L [312-379 pg/mL], 280.0-414.9 pmol/L
[380-562 pg/mL], and �415.0 pmol/L [�563 pg/mL]
[reference]). Logistic regression analyses were used to esti-
mate odds ratios (ORs) for being a case, comparing each cat-
egory with the reference category of the metabolites and the
MTHFR polymorphism. The representation of covariates as in-
dicator variables was used to allow for assessment of nonlin-
ear dose-response relationships, while a linear (1 df) represen-
tation was used to test for linear trends. Two logistic regression
models were used, one with adjustment for age and sex (model
1) and one with additional adjustments for smoking status and
educational level (model 2). The effect of other possible con-
founders, such as coffee consumption, physical exercise, body
mass index, and self-reported cardiovascular disease, was ex-
amined by adding these one by one to model 2. To evaluate
possible effect modification of age and sex, product terms were
added separately to the models. Possible effect modification of
B-vitamin supplementation and tranquilizer and antidepres-
sant use was evaluated by stratification.

To examine whether use of B-vitamin supplements was
associated with anxiety or depression, logistic regression analy-
ses were used to estimate OR for being a case, comparing non-
users with users after adjusting for age, sex, smoking status,
and educational level.

The precision of the OR estimates was expressed with 95%
confidence intervals (CIs). Generalized additive logistic regres-
sion was used to provide a graphic representation of the dose-
response relationship between folate, vitamin B12, and tHcy and
anxiety or depression. This technique is based on the general-
ized additive model54 and allowed adjustment for age, sex, smok-
ing status, and educational level.

A 2-sided P�.05 was chosen to indicate statistical signifi-
cance. The statistical analyses were conducted with the soft-
ware package SPSS 11.0 (SPSS Inc, Chicago, Ill) and S-Plus 6.0
(Insightful Corp, Seattle, Wash).

RESULTS

CHARACTERISTICS OF THE
STUDY POPULATION

Table 1 summarizes some demographic characteris-
tics and blood indexes according to age groups and sex.
The prevalences of anxiety disorder and depression; use
of psychoactive drugs; distribution of tHcy, vitamin B12,
and folate levels; and some lifestyle factors are also pre-
sented. The total numbers of subjects with anxiety dis-
order and depression were 622 (11.5%) and 243 (4.8%),
respectively. Anxiety disorder was most prevalent among
middle-aged women (15.3%) and depression among older
men (7.5%).

Plasma tHcy level correlated well with plasma fo-
late value and modestly with plasma vitamin B12 level
(Spearman coefficient r=−0.40, P�.001, and r=−0.25,
P�.001, respectively), and plasma folate and plasma vi-
tamin B12 levels correlated poorly (r=0.06, P�.001), as
has been reported elsewhere.55 In the MTHFR T/T geno-
type, compared with the C/C and C/T genotypes, the mean
value of plasma tHcy was significantly increased (13.66
µmol/L [1.85 mg/dL] vs 10.62 µmol/L [1.44 mg/dL] and
10.98 µmol/L [1.48 mg/dL]; P�.001 and P�.001, re-

spectively) and mean plasma folate significantly de-
creased (7.49 nmol/L [3.3 ng/mL] vs 8.46 nmol/L [3.7
ng/mL] and 8.15 nmol/L [3.6 ng/mL]; P�.001 and P�.05,
respectively), while mean plasma vitamin B12 did not show
significant differences between the genotypes (data not
shown).

UNIVARIATE ASSOCIATIONS

The proportions of the sample with anxiety disorder or de-
pression according to the increasing concentrations of tHcy,
folate, and vitamin B12, and according to MTHFR geno-
type and some lifestyle factors, are listed in Table2, strati-
fied by age and sex. The distributions indicated associa-
tions with both anxiety disorder and depression for a variety
of the variables listed. Plasma tHcy and folate levels and
MTHFR genotype all seemed associated with depression,
as did educational level, smoking status, coffee consump-
tion, use of antidepressants and tranquilizers, physical ex-
ercise, and body mass index. Associations with anxiety dis-
order were seen for smoking status, use of antidepressants
and tranquilizers, and body mass index, but only in some
strata within plasma tHcy, folate, and vitamin B12 levels.

HOMOCYSTEINE

Plasma levels of tHcy were not significantly associated
with anxiety disorder (Table 3) but were significantly
related to depression (Table 4), as demonstrated by lo-
gistic regression models adjusting for age and sex (model
1), or further adjusting for smoking status and educa-
tional level (model 2). The association with depression
was, however, strongest at high plasma tHcy level (�15.0
µmol/L [�2.02 mg/dL]) (OR, 1.90; 95% CI, 1.11-3.25),
and test for linear trend was significant only in model 1
(P= .03). Including folate level, vitamin B12 level, or
MTHFR genotypes in the analyses did not essentially in-
fluence the estimates.

Figure 2 shows a graphic representation of the re-
lationship between tHcy and the vitamins, and anxiety
disorder and depression. A dose-response relationship was
seen only between tHcy level and depression.

FOLATE AND VITAMIN B12

Neither folate nor vitamin B12 was significantly related
to anxiety disorder or depression. These results were ob-
tained by logistic regression also after adjustments (mod-
els 1 and 2, Tables 3 and 4) and were supported by gen-
eralized additive logistic regression (Figure 2). However,
the dose-response curves obtained by the latter ap-
proach suggested a weak negative relationship between
folate and depression but not anxiety disorder, and the
curve for the vitamin B12 and depression relationship was
actually U-shaped (Figure 2).

The estimates did not change markedly when analy-
ses were performed separately for the 4 age and sex strata,
except for middle-aged women. In this subgroup, ORs
(95% CIs) were 3.41 (1.02-11.42) and 3.08 (0.97-9.72)
(model 1) and 3.15 (0.94-10.60) and 3.05 (0.96- 9.65)
(model 2) for the 2 lower folate categories, respectively.
The P for trend was .02 in both models.
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THE MTHFR 677C→T POLYMORPHISM

Depression but not anxiety disorder was related to the
C677T MTHFR genotype. The OR (95% CI) for depres-
sion by logistic regression was 1.69 (1.09-2.62) for the
T/T genotype (using C/C as reference) in model 2 (Table

4). This estimate was essentially the same when carried
out in the 4 age and sex strata (data not shown).

Including coffee consumption, physical exercise,
body mass index, or self-reported cardiovascular dis-
ease in the logistic regression analyses did not signifi-
cantly influence the estimates. We observed no effect

Table 1. Characteristics of the Study Population: the Hordaland Homocysteine Studies*

No. (%)

Men Women

TotalAge, 46-49 y Age, 70-74 y Age, 46-49 y Age, 70-74 y

Anxiety disorder 127 (10.5) 63 (5.4) 248 (15.3) 184 (13.1) 622 (11.5)
Depression 54 (4.8) 89 (7.5) 35 (2.5) 65 (5.1) 243 (4.8)
Comorbid anxiety disorder and depression 75 (5.6) 40 (3.1) 103 (5.8) 92 (5.9) 310 (5.2)
Plasma tHcy, µmol/L

�9.0 446 (29.7) 153 (11.0) 1097 (58.4) 426 (24.1) 2122 (32.5)
9.0-11.9 707 (47.1) 508 (36.5) 564 (30.0) 718 (40.6) 2497 (38.2)
12.0-14.9 241 (16.1) 430 (30.9) 150 (8.0) 402 (22.7) 1223 (28.7)
�15.0 107 (7.1) 300 (21.6) 66 (3.5) 224 (12.7) 697 (10.7)

Plasma folate, nmol/L
�3.80 167 (10.1) 181 (12.4) 179 (8.7) 164 (8.8) 691 (9.8)
3.80-4.99 265 (16.0) 241 (16.5) 264 (12.8) 227 (12.2) 997 (14.2)
5.00-8.49 812 (49.0) 697 (47.8) 952 (46.3) 812 (43.8) 3273 (46.6)
�8.50 413 (24.9) 340 (23.3) 661 (32.1) 653 (35.2) 2067 (29.4)

Plasma vitamin B12, pmol/L
�230.0 111 (6.7) 201 (13.7) 181 (12.4) 205 (11.0) 699 (9.9)
230.0-279.9 250 (15.1) 227 (15.5) 241 (16.5) 274 (14.7) 1013 (14.4)
280.0-414.9 816 (49.2) 653 (44.5) 697 (47.8) 774 (41.6) 3181 (45.2)
�415.0 481 (29.0) 385 (26.3) 340 (23.3) 607 (32.6) 2150 (30.5)

MTHFR genotype
C/C 818 (49.2) 759 (51.7) 1034 (50.2) 897 (48.3) 3508 (49.8)
C/T 707 (42.6) 587 (40.0) 844 (41.0) 811 (43.6) 2949 (41.8)
T/T 136 (8.2) 123 (8.4) 181 (8.8) 151 (8.1) 591 (8.4)

Educational level, y
�10 273 (16.6) 478 (34.7) 464 (22.7) 878 (53.4) 2093 (31.2)
10-12 691 (42.0) 581 (42.2) 885 (43.4) 573 (34.9) 2730 (40.7)
�12 681 (41.4) 319 (23.1) 692 (33.9) 192 (11.7) 1884 (28.1)

Current smoker 469 (30.1) 195 (13.8) 574 (30.1) 210 (11.9) 1448 (21.8)
Alcohol consumption, alcohol U/14 d†

0 228 (14.2) 469 (36.5) 542 (28.3) 834 (57.9) 2073 (33.2)
1-14 1135 (70.9) 688 (53.6) 1306 (68.1) 586 (40.7) 3715 (59.9)
�14 238 (14.9) 127 (9.9) 70 (3.6) 21 (1.5) 456 (7.3)

Coffee consumption, cups/d
0 128 (7.9) 92 (6.4) 204 (10.2) 127 (7.0) 551 (8.0)
1-5 1004 (61.6) 1198 (82.8) 1429 (71.2) 1571 (86.5) 5202 (74.4)
�5 497 (30.5) 156 (10.8) 375 (18.7) 119 (6.5) 1147 (16.6)

B-vitamin users 390 (29.1) 304 (22.6) 674 (38.1) 485 (29.2) 1853 (30.3)
Antidepressant users 32 (1.4) 48 (2.6) 103 (4.0) 93 (3.8) 276 (3.0)
Tranquilizer users 11 (0.5) 24 (1.3) 29 (1.1) 41 (1.7) 105 (1.1)
Physical exercise

No or little activity 158 (9.8) 138 (10.3) 186 (9.4) 239 (9.7) 721 (11.1)
Moderate activity 696 (43.4) 728 (54.4) 937 (47.5) 1026 (41.6) 3387 (52.3)
Heavy activity 751 (46.8) 472 (35.3) 850 (43.1) 301 (12.2) 2374 (36.6)

BMI
�20.0 23 (1.4) 30 (2.0) 105 (5.1) 106 (5.7) 264 (3.7)
20.0-24.9 598 (36.0) 535 (36.4) 1128 (54.6) 664 (35.7) 2925 (41.4)
25.0-29.9 849 (51.1) 765 (52.0) 631 (30.5) 752 (40.4) 2997 (42.5)
�30.0 192 (11.6) 140 (9.5) 202 (9.8) 339 (18.2) 873 (12.4)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); MTHFR, methylenetetrahydrofolate
reductase; tHcy, total homocysteine.

SI conversion factors: To convert tHcy to milligrams per deciliter, divide by 7.397; folate to nanograms per milliliter, divide by 2.266; vitamin B12 to picograms
per milliliter, divide by 0.738.

*There is no common sample number to be reported in the table because the number of participants varied between the different variables according to
different numbers of missing data. The total number for each variable can be calculated with the numbers and percentages provided in the table.

†A unit of alcohol consisted of 12.8 g of alcohol.
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Table 2. Relationship of Anxiety Disorder and Depression to Various Characteristics of the Study Population:
the Hordaland Homocysteine Studies*

Anxiety Disorder, %† Depression, %†

Men Women

Total (n)

Men Women

Total (n)
Age

46-49 y
Age

70-74 y
Age

46-49 y
Age

70-74 y
Age

46-49 y
Age

70-74 y
Age

46-49 y
Age

70-74 y

Plasma tHcy, µmol/L
�9.0 12.1 6.1 14.3 11.9 12.7 (212) 2.6 2.4 1.8 3.3 2.6 (39)
9.0-11.9 12.0 5.4 16.0 13.5 11.9 (227) 5.4 7.0 2.4 5.9 5.4 (96)
12.0-14.9 7.8 4.8 19.2 12.1 9.5 (87) 6.0 9.2 2.0 5.3 6.0 (53)
�15.0 9.2 6.2 20.8 17.6 11.7 (60) 7.3 8.3 7.3 4.9 7.3 (36)

Plasma folate, nmol/L
�3.80 4.8 8.0 14.4 14.9 10.3 (51) 7.1 8.0 5.0 9.5 7.1 (34)
3.80-4.99 10.6 7.4 17.9 15.7 13.0 (93) 5.4 8.9 4.3 3.3 5.4 (36)
5.00-8.49 13.3 4.5 15.4 11.8 11.6 (295) 4.7 7.5 2.4 5.2 4.7 (110)
�8.50 7.8 5.1 14.5 13.5 11.4 (182) 4.2 6.5 1.3 4.6 4.2 (62)

Plasma vitamin B12, pmol/L
�230.0 7.6 6.1 20.7 12.5 12.1 (64) 5.9 12.6 1.8 3.4 5.9 (29)
230.0-279.9 9.4 3.3 12.4 16.3 10.6 (81) 5.0 8.3 2.2 3.9 5.0 (36)
280.0-414.9 11.4 7.3 15.8 12.7 12.2 (299) 4.5 5.3 2.4 5.6 4.5 (102)
�415.0 10.7 3.4 14.0 12.3 10.8 (176) 4.9 8.0 1.3 5.5 4.9 (74)

MTHFR genotype
C/C 10.7 5.5 15.6 12.4 11.5 (308) 5.1 7.5 2.5 5.0 5.1 (127)
C/T 10.1 4.9 15.3 14.2 11.6 (263) 4.1 6.5 2.1 4.9 4.1 (85)
T/T 12.5 8.0 13.4 11.3 11.6 (50) 7.3 12.1 3.9 6.9 7.3 (30)

Educational level, y
�10 13.7 5.1 17.2 15.6 13.3 (202) 6.7 10.2 4.1 5.4 6.7 (94)
10-12 9.7 5.7 14.0 10.4 10.4 (221) 4.6 6.5 2.4 4.8 4.6 (92)
�12 10.2 4.5 15.0 13.8 11.3 (173) 2.9 5.2 1.6 1.4 2.9 (40)

Current smoker
No 9.5 5.1 13.5 12.3 10.3 (417) 4.7 7.0 2.2 4.6 4.7 (177)
Yes 12.8 6.3 18.5 15.6 14.7 (152) 5.5 10.7 2.5 9.2 5.5 (51)

Alcohol consumption,
alcohol U/14 d‡

0 11.4 6.2 15.6 13.6 12.2 (189) 5.9 9.1 4.8 4.7 5.9 (85)
1-14 9.6 6.0 15.0 12.4 11.3 (330) 4.2 6.3 1.6 4.9 4.2 (113)

�14 12.4 2.0 14.3 20.0 10.1 (36) 5.0 10.7 0.0 0.0 5.0 (17)
Coffee consumption, cups/d

0 15.1 5.5 16.0 9.4 12.4 (52) 3.7 6.8 1.5 3.3 3.7 (14)
1-5 10.5 5.5 13.9 13.3 11.2 (449) 4.9 7.0 2.7 4.7 4.9 (185)
�5 9.0 5.6 19.1 16.0 12.5 (106) 4.8 9.2 2.5 11.3 4.8 (37)

Use of B-vitamin supplements
Nonusers 10.4 5.5 15.3 13.4 11.3 (417) 5.1 8.2 2.7 4.7 5.1 (177)
Users 10.7 5.5 15.2 12.9 12.1 (199) 4.0 4.1 2.3 5.9 4.0 (61)

Use of antidepressants
Nonusers 10.4 5.1 14.3 12.3 10.9 (570) 4.6 7.2 2.3 4.9 4.6 (227)
Users 22.2 21.4 39.1 33.3 32.3 (53) 12.6 21.4 9.3 10.0 12.6 (16)

Use of tranquilizers
Nonusers 10.4 5.0 15.0 12.5 11.2 597) 4.8 7.6 2.4 5.0 4.8 (240)
Users 60.0 40.0 71.4 44.4 48.1 (26) 9.7 0.0 33.3 11.8 9.7 (3)

Physical exercise
No or little activity 9.6 6.4 20.8 12.5 12.8 (63) 6.9 18.5 4.8 9.8 10.1 (48)
Moderate activity 9.6 4.5 17.0 12.2 11.4 (294) 5.3 7.9 2.8 4.1 4.9 (119)
Heavy activity 11.4 6.4 11.6 15.2 10.9 (212) 3.8 3.3 1.6 4.5 3.0 (53)

BMI
�20.0 30.8 17.4 23.4 20.0 21.8 (42) 3.8 9.5 4.8 1.5 3.8 (6)
20.0-24.9 10.9 6.4 15.1 13.2 12.3 (275) 4.9 8.6 2.1 5.9 4.9 (101)
25.0-29.9 10.3 4.3 14.5 13.1 10.3 (240) 4.5 6.3 2.3 4.0 4.5 (98)
�30.0 9.2 5.9 14.6 10.7 10.5 (66) 6.2 9.4 4.4 6.9 6.2 (37)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); MTHFR, methylenetetrahydrofolate
reductase; tHcy, total homocysteine.

SI conversion factors: To convert tHcy to micrograms per deciliter, divide by 7.397; folate to nanograms per liter, divide by 2.266; vitamin B12 to picograms per
milliliter, divide by 0.738.

*Sums of subjects with anxiety disorder and depression differ between the variables because of varying numbers of missing data.
†Percentages are the percentage of anxiety disorder or depression within each value of the variable.
‡A unit of alcohol consisted of 12.8 g of alcohol.
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modification by age or sex or by use of B vitamins, tran-
quilizers, or antidepressants.

There were no significant associations between
levels of plasma folate, vitamin B12, or tHcy or MTHFR
677C→T polymorphism and comorbid anxiety disor-
der and depression. Nonusers of B-vitamin supple-
ments were not more prone to anxiety or depression than
users.

ESTIMATES IN SUBGROUPS
WITH HIGHER HADS SCORES

Elevating the cutoff for both anxiety disorder and depres-
sion to HADS-A score of 11 or more and HADS-D score
of 11 or more, respectively, resulted in only minor changes
in the estimates. The relationship with tHcy was weaker
for anxiety disorder and stronger for depression; neither
of them was significant. The OR for anxiety disorder and
depression associated with folate or vitamin B12 was un-
changed, except for the relationship between vitamin B12

and depression, which became significant at the lower vi-
tamin B12 level with an OR (95% CI) of 2.33 (1.05-5.21)
in model 1 and 2.39 (1.07-5.36) in model 2. Significant
effects of MTHFR T/T genotype were not obtained for anxi-
ety disorder, but they were for depression. The OR (95%
CI) increased to 2.65 (1.16-6.08) in model 1 and 2.75 (1.20-
6.32) in model 2.

COMMENT

We investigated the association between anxiety disor-
ders and depression and key components of the 1-car-
bon metabolism in a cohort of 5948 subjects. The stron-
gest relationship was observed between the T/T MTHFR
genotype and depression, and the association was pre-
sent for both cutoff levels of depression. Associations were
observed between tHcy and depression, lowest level of
vitamin B12 (�230.0 pmol/L [�312 pg/mL]) and depres-
sion with high cutoff (HADS-D score �11), and in middle
aged women, between depression and folate. Only a weak
relationship or no relationship was seen between anxi-
ety disorder and tHcy, folate, or vitamin B12 level or
MTHFR genotype.

Although the cross-sectional designof this study al-
lows association between parameters to be assessed, cau-
sality cannot be determined. Because anxiety disorders
and depression may influence dietary habits, it is con-
ceivable that these disorders may alter homocysteine and
B-vitamin status through dietary changes. Among the pa-
rameters studied, only MTHFR genotype is a nonmodi-
fiable trait.

Published studies on folate status and depression,
most of which are case-control studies, demonstrate stron-
ger relationships56 than documented in the present study.

Table 3. Odds Ratios for Having Anxiety Disorder at Different Levels of tHcy, Folate, Vitamin B12, and MTHFR Polymorphism
in Model 1 (Adjusted for Age and Sex) and Model 2 (Adjusted for Age, Sex, Smoking Status, and Educational Level):
the Hordaland Homocysteine Studies

Subjects With
Anxiety Disorder, No. (%)

Model 1 Model 2

OR CI P Value OR CI P Value

tHcy, µmol/L
�9.0 212 (12.7) 1 1
9.0-11.9 227 (11.9) 1.14 0.91-1.42 1.10 0.88-1.38
12.0-14.9 87 (9.5) 1.01 0.75-1.36 0.96 0.71-1.29
�15.0 60 (11.7) 1.39 0.98-1.98 1.31 0.92-1.87
Test for trend .18 .36
Test for homogeneity .24 .33

Folate, nmol/L
�3.80 51 (10.3) 0.94 0.66-1.35 0.90 0.63-1.30
3.80-4.99 93 (13.0) 1.27 0.95-1.69 1.21 0.90-1.62
5.00-8.49 295 (11.6) 1.07 0.87-1.32 1.06 0.86-1.31
�8.50 182 (11.4) 1 1
Test for trend .59 .84
Test for homogeneity .37 .47

Vitamin B12, pmol/L
�230.0 64 (12.1) 1.23 0.89-1.72 1.23 0.88-1.72
230.0-279.9 81 (10.6) 1.10 0.82-1.48 1.07 0.80-1.44
280.0-414.9 299 (12.2) 1.19 0.96-1.47 1.19 0.96-1.47
�415.0 176 (10.8) 1 1
Test for trend .23 .27
Test for homogeneity .39 .39

MTHFR genotype
C/C 308 (11.5) 1 1
C/T 263 (11.6) 1.00 0.83-1.21 1.00 0.83-1.21
T/T 50 (11.6) 0.95 0.67-1.34 0.95 0.67-1.35
Test for trend .82 .87
Test for homogeneity .94 .95

Abbreviations: CI, confidence interval; MTHFR, methylenetetrahydrofolate reductase; OR, odds ratio; tHcy, total homocysteine.
SI conversion factors: to convert tHcy to milligrams per deciliter, divide by 7.397; folate to nanograms per milliliter, divide by 2.266; vitamin B12 to picograms

per milliliter, divide by 0.738.
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Such case-control studies are more prone to selection bias
than a population-based cross-sectional study. Al-
though the primary participation rate of the present study
was relatively high (77%), it might have been affected by
mental disorders themselves, since persons with anxi-

ety disorders and depression might be less likely to par-
ticipate in the study.

The plasma levels of folate in the frozen samples were
lower than would be expected in a fresh sample, in con-
trast to the plasma levels of vitamin B12 and tHcy. Oth-
ers have found similar deviations of plasma folate levels
in frozen samples.57 Nevertheless, plasma folate level was
correlated with tHcy level (Spearman coefficient r=−0.40,
P�.001), as reported elsewhere.55

Serum (or plasma) folate level has been considered
a less reliable measure of folate status than red blood cell
folate content.58 Hence, if red blood cell folate level had
been measured, one would expect a stronger associa-
tion with depression compared with our findings. How-
ever, because of substantial intermethod variation, red
blood cell folate level has its shortcomings as a measure
of folate deficiency as well.59

The HADS is a dimensional rating scale, and cat-
egorical diagnoses have to be based on research-proved
cutoff levels. Optimal cutoff levels for anxiety disorders
and depressive disorders are at scores of 8 or more for
both subscales, resulting in sensitivities and specifici-
ties of approximately 0.80 for both HADS-A and HADS-
D.48 Higher specificity is usually obtained by raising the
cutoff level, which was demonstrated by the increased
OR for depression in the MTHFR polymorphism, tHcy
level, and vitamin B12 level.
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Figure 2. Dose-response relationships between plasma total homocysteine
(tHcy), folate, and vitamin B12 levels and anxiety disorder and depression. The
curves were constructed by using generalized additive regression analyses
adjusting for age, sex, smoking status, and educational level. The shaded areas
indicate 95% pointwise confidence intervals. To convert tHcy levels to
milligrams per deciliter, divide by 7.397; folate to nanograms per milliliter,
divide by 2.266; and vitamin B12 to picograms per milliliter, divide by 0.738.

Table 4. Odds Ratios for Having Depression at Different Levels of tHcy, Folate, Vitamin B12, and MTHFR Polymorphism
in Model 1 (Adjusted for Age and Sex) and Model 2 (Adjusted for Age, Sex, Smoking Status, and Educational Level):
the Hordaland Homocysteine Studies

Subjects With
Depression, No. (%)

Model 1 Model 2

OR CI P Value OR CI P Value

tHcy, µmol/L
�9.0 39 (2.6) 1 1
9.0-11.9 96 (5.4) 1.80 1.20-2.72 1.76 1.17-2.66
12.0-14.9 53 (6.0) 1.58 0.97-2.56 1.51 0.93-2.45
�15.0 36 (7.3) 2.00 1.17-3.41 1.90 1.11-3.25
Test for trend .03 .06
Test for homogeneity .03 .04

Folate, nmol/L
�3.8 34 (7.1) 1.48 0.93-2.37 1.31 0.82-2.11
3.8-4.9 36 (5.4) 1.12 0.71-1.77 1.03 0.65-1.63
5.0-8.4 110 (4.7) 1.02 0.73-1.43 0.99 0.71-1.39
�8.5 62 (4.2) 1 1
Test for trend .12 .32
Test for homogeneity .36 .64

Vitamin B12, pmol/L
�230.0 29 (5.9) 1.19 0.74-1.91 1.22 0.76-1.96
230.0-279.9 36 (5.0) 0.99 0.64-1.53 0.98 0.63-1.52
280.0-414.9 102 (4.5) 0.88 0.63-1.22 0.89 0.64-1.24
�414.0 74 (4.9) 1 1
Test for trend .55 .51
Test for homogeneity .60 .59

MTHFR genotype
C/C 127 (5.1) 1 1
C/T 85 (4.1) 0.79 0.58-1.07 0.80 0.59-1.08
T/T 30 (7.3) 1.63 1.05-2.53 1.69 1.09-2.62
Test for trend .48 .41
Test for homogeneity .01 .01

Abbreviations: CI, confidence interval; MTHFR, methylenetetrahydrofolate reductase; OR, odds ratio; tHcy, total homocysteine.
SI conversion factors: To convert tHcy to milligrams per deciliter, divide by 7.397; folate to nanograms per milliliter, divide by 2.266; vitamin B12 to picograms

per milliliter, divide by 0.738.
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The observed association between the MTHFR T/T
genotype and depression is in accordance with results from
one case-control study,36 while another case-control study
did not confirm such an association.37 These somewhat
inconsistent results of smaller studies could be ex-
plained by low statistical power due to the limited num-
ber of cases (n=71 and 32, respectively), combined with
the low frequency (10%) of MTHFR T/T homozygosity.8

We found that depression was related to tHcy, fo-
late, and vitamin B12 levels, but the associations were weak
and/or present only in certain subgroups. This contrasts
somewhat with the findings in clinical studies of im-
paired folate status in depressed patients,56 and one re-
port on the high frequency of elevated tHcy levels in de-
pression.18 The relatively weak associations found in the
present work could be explained by better folate status
and less severe depression of the subjects recruited from
a general population as compared with hospitalized de-
pressed patients.

Some antidepressant effect by folic acid supple-
mentation has been reported in randomized clinical
trials.26-29 The largest (n=127) of these trials26 showed,
however, a significant beneficial effect only in women.
The lack of significant results in men could be due to
the small sample size or an insufficient dosage. In con-
trast, in our study, use of vitamin B supplements was not
associated with a lower prevalence of depression. Nota-
bly, most of the B-vitamin supplements in Norway at the
time of recruitment did not contain folic acid, or only in
relatively low doses of 100 µg.

Associations between folate, vitamin B12, and tHcy
levels or the MTHFR 677C→T polymorphism and anxi-
ety disorders have seldom been reported so far; this may
be due to reporting or publication bias of negative find-
ings. We found only a weak, nonsignificant relationship
between plasma tHcy level and anxiety disorder, and no
associations between any of the index variables and
comorbid depression and anxiety disorder. Hence, our
data suggest that impaired 1-carbon metabolism is
related to the subgroup of depression without comorbid
anxiety disorder. One possible explanation is that they
have a different cause. Further subgrouping to obtain
more specific categories, eg, unipolar vs bipolar depres-
sion and lifetime or recurrent depression, was not pos-
sible when HADS was used in this cross-sectional
design. Such analyses of subgroups should be carried
out in future studies.

In summary, results from this large population-
based study suggest a role of impaired 1-carbon metabo-
lism in depression without comorbid anxiety disorder.
This conclusion is supported by increased risk among sub-
jects with the MTHFR T/T genotype, which has an effect
on folate distribution and thereby tHcy level. The obser-
vation that the T/T genotype confers increased risk sug-
gests that altered B-vitamin status may be a risk factor
for, rather than the result of, depression. However, our
results are preliminary and there is a need for prospec-
tive studies. Furthermore, a dose-response relationship
between B vitamins, metabolic markers, and clearly de-
fined subgroups of depression should be investigated.
More adequately sized double-blind randomized trials are
warranted as well.
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