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Abstract
Background—Several nutritional and physiological factors have been linked to depression in
adults including low folate and vitamin B-12 and elevated total homocysteine (tHcy) levels.

Methods—Nationally representative data on US adults (aged 20–85 years, n=2,524) from the
National Health and Nutrition Examination Survey of the period 2005–06 were used. Depressive
symptoms were measured with the Patient Health Questionnaire (PHQ) and elevated symptoms were
defined as PHQ total score≥10. Serum folate, vitamin B-12 and tHcy were mainly expressed as
tertiles. Age, sex, race/ethnicity, education, poverty income ratio, marital status, smoking status,
physical activity, body mass index and selected nutrient intakes (average of two 24-hr recalls) were
considered as potential confounders. Multiple ordinary least square (OLS), logistic and zero-inflated
Poisson regression models were conducted in the main analysis.

Results—Overall, mean PHQ score was significantly higher among women compared to men.
Elevated depressive symptoms (PHQ≥10) were inversely associated with folate status particularly
among women [Fully adjusted odds ratio (Tertiles T3 vs. T1)=0.37 (95% CI = 0.17–0.86)], but not
significantly related to tHcy or vitamin B-12. No interaction was noted between the three exposures
in affecting depressive symptoms. In older adults (≥50 years) and both sexes combined, total
homocysteine was positively associated with elevated depressive symptoms [Fully adjusted odds
ratio (Tertiles T2 vs. T1)=3.01 (95% CI = 1.01–9.03)], though no significant dose-response
relationship was found.

Conclusions—Future interventions aiming at improving mental health outcomes among US adults
should take into account dietary and other factors that would increase levels of serum folate.
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INTRODUCTION
Prevalence rates of depression are approximately 12% and 24% among US men and women,
respectively. (1) Emerging evidence points to low levels of folate and vitamin B-12 and high
levels of tHcy as risk factors for elevated depressive symptoms and depression diagnosis (2–
3), although a recent review and meta-analysis concluded that research was still needed to
strengthen evidence through large population-based cohort studies, particularly for young and
middle-aged adults. (4) Moreover, a number of reports suggest that folate supplementation
may also enhance the effectiveness of certain anti-depressant regimens. (5–6)

Folate is a group of water-soluble naturally occurring compounds found mostly in green
vegetables, peanuts, legumes, strawberries, and orange juice, predominantly as
polyglutamates.(7) When foods are fortified, folic acid is added in the pteroylmonoglutamate
form. Upon absorption, folate circulates freely or bound to albumin as a monoglutamate and
uses an active transport system to enter the cerebrospinal fluid (CSF). This raises its
concentration in the CSF to three times that in plasma. Both dietary and supplemental intakes
may affect serum level of folate, which decreases after diminished intake within 1 to 6 months
period. (8)

Although DNA biosynthesis is the most essential function of folate, its role in the central
nervous system (CNS) differs as it is mostly involved in neuroprotection, with several related
pathways. The first pathway leads to the synthesis of neurotransmitters through increased
production of tetrahydro biopterins (BH4), a co-factor needed to convert phenylalanine into
tyrosine and to hydroxylate tyrosine and tryptophan. (9) These reactions are limiting steps for
the synthesis of dopamine, noradrenalin and serotonin, three major neurotransmitters in the
CNS. In fact, reduced excretion of BH4 was observed among depressed patients, (10–11) a
marker of poor BH4 bioavailability.

Another pathway is the series of methylation reactions (MR) within the CNS that help reduce
blood total homocysteine (tHcy) levels, a putative toxic metabolite to the vascular system and
the CNS. (3) In animal models, tHcy damages nerve cells by enhancing toxicity of β-amyloid
and copper, (12), and leads to the production of reactive oxygen species, DNA damage and
apoptosis i.e. programmed cell death. (13) tHcy might affect certain parts of the brain to a
greater extent than others, and studies have linked tHcy to brain atrophy, possibly in areas
related to increased depressive symptoms. (14–18) To prevent build-up of tHcy, methylation
reactions are required. One reaction (MR1) requires Vitamin B-12 to transfer a methyl group
from 5-methyltetrahydrofolate to tHcy, producing methionine and controlling the production
of S-adenosylmethionine, a universal methyl donor of the brain and in other tissues, including
those involving serotonin and monoamine neurotransmitter (10,19). S-adenosylmethionine has
been reported to have anti-depressant properties. (20) In physiological folate and vitamin B-12
deficiency, the conversion of tHcy to methionine is hampered. (13) An alternative MR
(MR2), not requiring Vitamin B-12 or 5-methyltetrahydrofolate, the betaine:Hcy
methyltransferase reaction, is only available in the peripheral nervous system. Thus, in the
CNS, MR1 is one of few possible pathways to reduce the tHcy level in the brain. A third
metabolic reaction requires Vitamin B-6 for cystationine-β-synthetase which condenses tHcy
with serine converting it to cystathionine, leading to the formation of glutathione a major
antioxidant. (3)

All these metabolic reactions suggest a possible link between levels of folate, vitamin B-12,
tHcy and depression. Recent observational studies have shown that high levels of tHcy (21–
27) and low levels of folate and vitamin B-12 (23,25,27–45) are associated with risk of
depression or elevated depressive symptoms in adults. However, studies examining the impact
of low folate, vitamin B-12, and elevated tHcy status simultaneously on depressive symptoms
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did not examine interaction between those three risk factors and have had inconsistent findings
as to the individual associations. In fact, while a cross-sectional study of Chinese older adults
residing in Southeast Singapore (n=669, age:55 years or older) had shown that both low levels
of folate and vitamin B-12 were associated with depression independently of elevated tHcy
level (31), another prospective cohort study with a cross-sectional component among 732
Korean older adults (age:65 years or older) indicated that all three exposures, namely lower
folate, lower vitamin B-12 and higher tHcy, were significant risk factors for late-life depression.
(26) Hence, it is important to consider potential interactive effects between those exposures,
particularly due to the fact that vitamin B-12 and folate act together to re-methylate tHcy into
methionine, and therefore preventing build-up of brain neurotoxicity which potentially can
cause atrophy in brain areas associated with depressive symptoms.

Previous studies present differential results across the sexes for these associations. (5,27,37–
38,43,46–47) Although several previous studies have been conducted using a variety of study
designs, including prospective cohort and randomized controlled trials (RCT), most have been
conducted in non-US settings and RCTs had relatively small sample sizes. To our knowledge,
this is the first nationally representative study conducted among US adults after mandatory
fortification of food with folic acid that examines associations of serum folate, vitamin B-12,
and tHcy levels with depressive symptoms. This study uses cross-sectional data from the
National Health and Nutrition Examination Survey (NHANES) from 2005–06 by assessing
interactions (two-way and three-way) among the three exposures (i.e. folate, vitamin B-12 and
tHcy) and testing effect modification of the associations by sex.

MATERIALS AND METHODS
Database and study subjects

The NHANES (http://www.cdc.gov/nchs/nhanes.htm) are a series of cross-sectional surveys
that provide health and nutrition data on nationally-representative samples of the US civilian
population. NHANES has a stratified, multistage probability cluster sampling design. In-home
interviews collecting basic socio-demographic data are followed by health examinations in a
mobile examination center (MEC) which include various anthropometric, blood pressure and
laboratory measurements. Detailed descriptions of study design and data collection procedures
have been published elsewhere. (48) Procedures followed were in accordance with ethical
standards of the institution or regional committee on human experimentation and approval was
obtained from the relevant committee on human subjects welfare. (49)

In this study, we analyzed NHANES data from adults aged 20 to 85 years from 2005–2006.
Among a sample of 4,979 subjects (2,387 men and 2,592 women) with complete demographic
data (Sample 1), 4,520 had complete dietary data and 4,179 had complete plasma folate,
vitamin B-12 and tHcy status and dietary data. Among those, physical activity, anthropometric
measures (weight and height) and smoking status were complete for 4,126 subjects (Sample
2). Among participants in Sample 2, those with complete data on depressive symptoms
(Sample 3) were considered in our final analysis (n=2,524). This final sample differed
significantly from the non-covered group in Sample 1 (both with pseudo-complete data on age,
sex, race/ethnicity, educational level and poverty income ratio) by having a higher proportion
female (56% vs. 47%) and having a lower mean age (46.1y vs. 47.1y); (p<0.05 based on design-
based F-test and non-design based t-test). However, there were no differences in the distribution
by race/ethnicity, education and poverty income ratio (PIR).

Outcome assessment
The questionnaire section of NHANES 2005–06 included the Patient Health Questionnaire
(PHQ). This set of 10 questions reflects self-reported depressive signs and symptoms that are
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derived from DSM IV criteria. There are nine signs and symptoms in DSM IV that were scored
between zero (not at all) and 3 (nearly every day), and an additional follow-up question to
assess overall impairment ascribed to depressive symptoms. The PHQ was validated in primary
care settings and shown as a reliable tool for depression diagnosis. (50–51) Summing scores
on 10 PHQ items potentially yields a total score between 0 and 30. In our sample, the 90th

percentile on total PHQ score corresponded to a value of 10. This cutoff point was also used
elsewhere and had a sensitivity of 88% and a specificity of 88% for major depression. (50–
51)

Exposure assessment
Serum folate was measured by Bio-Rad Laboratories “Quantaphase II Folate” radioassay kit.
A serum or whole blood hemolysate sample is mixed with 125I-folate and cyanide and then
boiled to inactivate endogenous folate-binding proteins. After stabilizing the mixture with
dithiothreitol, it was cooled and combined with immobilized affinity-purified folate-binding
proteins, which adjusted the pH to 9.2. The reaction mixture was incubated at room temperature
for 1 hour, centrifuged and decanted. Radioactivity of labeled bound folate to folate-binding
protein was counted and concentration of endogenous bound folate was determined by
comparing it to standard curves derived from pre-calibrated folate standards. This is possible
because of competition between endogenous and labeled folate for the same binding sites on
the folate-binding protein. Serum folate in ng/mL was converted to nmol/L by multiplying by
2.265.

The same radioassay kit as above was used to determine vitamin B-12 concentration by
combining serum or whole blood hemolysate with 57Co-vitamin B-12 in a solution containing
dithiothreitol and cyanide and boiling the mixture to convert various forms of vitamin B-12 to
cyanocobalamin. After cooling and addition of porcine intrinsic factor, the mixture was
incubated for 1 hour at room temperature, centrifuged and decanted. Radioactivity of labeled
bound vitamin B-12 was counted and concentration of endogenous bound vitamin B-12 was
determined using standard curves.

Plasma tHcy was measured using “Abbott Homocysteine (HCY) assay”, a fully automated
technique developed by Abbott Diagnostics. (52–53) Plasma tHcy was converted to S-
adenosyl-homocysteine through addition of dithiothereitol followed by a hydrolase in the
presence of adenosine. Later, a monoclonal antibody was added along with a fluorescinated
amount of S-adenosyl-homocysteine analog which allows calculation of plasma tHcy
concentration using a machine-stored calibration curve. (54–55) This new method was shown
to be equivalent to more common techniques such as the High-Performance Liquid
Chromatography. (56)

Covariates
Socio-demographic—The following socio-demographic variables were considered a priori
based on the literature (37–38,44,57): Age (categorical and continuous), sex, race/ethnicity
(categorized as “Non-Hispanic White,” “Non-Hispanic black,” “Mexican-American” and
“other ethnicity”), education (categorized as “<High School,” “High School” and “>High
School”), marital status (“Currently married” vs. “unmarried”) and poverty income ratio (PIR,
categorized as “<100%,” “100%–<200%,” “≥200%”).

Lifestyle and health-related factors—An objective measure for physical activity was
constructed based on individual leisure-time activities based on an intensity score assessed by
metabolic equivalent (MET) multiplied by duration of the activity and frequency converted to
per week unit. This MET×hr/week value was summed for each subject depending on the
number of leisure-time physical activities elicited. Participants who did not elicit any activity
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were considered sedentary and given a score of zero. (58–60) This continuous score was
categorized as “0–<5”; “5–10”; “>10”, in the main part of the analysis.

Questions on tobacco use history were elicited from NHANES adult participants aged 20 years
or over during in-home interviews using computer-assisted personal interviewing system.
Cigarette smoking status was defined as never, former or current smoker. This was a
combination of two binary questions, one asking about lifetime history of smoking more than
100 cigarettes (i.e. ever smoked, yes vs. no) and a second about current smoking status (i.e.
current smoker: yes vs. no). Those two questions were combined in a way as to form the three
categories.

Dietary intake information was obtained from NHANES participants and amounts and types
of foods or beverages consumed during the day before the interview. The dietary interview
component of NHANES, called What We Eat in America (WWEIA), is a collaboration of the
U.S. Department of Agriculture (USDA) with the U.S. Department of Health and Human
Services (DHHS). All NHANES participants were eligible for two 24 hr recalls, the first one
was administered during the MEC exam and second 3–10 days later by telephone interview.
In this study, the average of the two 24 hr recalls was examined. Using estimated amounts of
foods, nutrient intakes over two 24 hr recalls were computed at the individual-level using a
revised nutrient database that converted amounts of specific food intakes into amounts of
various nutrients. (61) In our present analyses, total energy intake and intakes of fiber, alcohol,
caffeine, vitamin B-6, selected antioxidants (β-carotene, vitamin C and vitamin E), and n-3
highly unsaturated fatty acids were considered, given their potential confounding effects of the
relationship between main exposures and depressive symptoms. (43–44,46,62–65) n-3 highly
unsaturated fatty acids were defined as the sum of eicosapentaenoic acid, docosahexaenoic
acid and n-3 docosapentaenoic acid. All dietary covariates were expressed as tertiles to account
for non-linear relationships in the main parts of the analysis where outcome was depressive
symptoms. In all other analyses, continuous values were used. Weight and height were
measured during MEC examination, and body mass index (BMI) was computed as weight (kg)
divided by height-squared in m2.

Statistical Analysis
All analyses were conducted using Stata release 10.0. (66) First, we described the NHANES
2005–06 study sample characteristics by sex and depressive symptoms status (i.e. PHQ≥10 vs.
PHQ<10). Differences in means between groups were tested using t-tests. Associations
between categorical variables were tested using design-based χ2 tests.

Second, multiple ordinary least square (OLS) linear regression models examined the
associations of the three main exposures of interest (i.e. serum folate, vitamin B-12 and tHcy)
with socio-demographic, lifestyle and health-related factors.

Third, multiple logistic regression models on high PHQ scores (i.e. PHQ≥10) were conducted
to test associations between folate, vitamin B-12 and tHcy status (entered as tertiles) and
depressive symptoms, controlling for confounders and stratifying by sex. Similarly, and
because the distribution of the PHQ count measure was skewed and had a large proportion of
zero scores, associations between exposures and continuous PHQ score were tested uusing
multiple zero-inflated Poisson regression models (40,67). Socio-demographic factors were
retained in all models (Models 1 and 2), and other potential confounding variables were added
in Model 2 (including lifestyle, health-related and dietary factors).

Fourth, interactions between the three exposures were tested by multiple logistic and linear
regression models with PHQ as the outcome, exposures (folate, B-12 and tHcy levels,
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expressed as binary variables; 1=uppermost tertile; 0=lowest or middle tertile), and interactions
among exposures (B-12×tHcy, FOL×tHcy, FOL×B-12, FOL×B-12×tHcy).

Finally, a sensitivity analysis was conducted in which the sample was stratified by age (<50,
50+) for both sexes combined and the main exposures were expressed as tertiles. Multiple
logistic regression model findings controlling for the same covariates as above were presented
graphically (i.e. adjusted odds ratios and 95% CI).

In all analyses, sampling design complexity was taken into account and adequate sampling
weights, strata and primary sampling units were specified using Stata survey commands. Two-
year MEC exam weights were used for all sample estimations and masked variance units were
used to estimate variances using the Taylor series linearization method (68). All p values
presented are 2-tailed; p < 0.05 was considered statistically significant.

RESULTS
Sample characteristics by sex and depressive symptoms status

Table 1 presents the distribution of sample characteristics by sex and depressive symptoms
status based on PHQ score. The mean PHQ score was significantly higher among women than
men. Participants with elevated depressive symptoms were generally less educated, more likely
to belong to PIR<100% category, be unmarried, less physically active and have lower intake
of vitamin B-6 than their less depressed counterparts. Women with depressive symptoms were
additionally more likely to be current smokers, had a higher mean BMI, lower intakes of fiber,
β-carotene, vitamin C, vitamin E, and n-3 highly unsaturated fatty acids, as compared to their
less depressed counterparts. More importantly, serum folate level was significantly lower in
women with elevated depressive symptoms than in less depressed women. In contrast, among
men, tHcy level was directly related to elevated depressive symptoms. Additionally, there were
notable differences between men and women in a number of those characteristics including
age, race/ethnicity, smoking status, education, physical activity, BMI as well as levels of folate,
vitamin B-12 and tHcy.

Associations between serum folate, vitamin B-12 and tHcy
The three exposures of interest (serum folate, vitamin B-12 and tHcy) were weakly-to-
moderately correlated with each other. In particular, a positive association was found between
serum folate and vitamin B-12 levels (r=0.28, p<0.001); (data not shown).

Associations of serum folate, vitamin B-12 and tHcy with socio-demographic, lifestyle and
health-related factors: OLS multiple regression analysis

Table 2 shows findings from OLS multiple regression analysis with outcome variables being
folate, vitamin B-12 and tHcy serum levels as predicted by various socio-demographic,
lifestyle, health-related and dietary factors. Higher folate status was related to older age, female
gender, “married” status, a higher level of physical activity and higher intakes of fiber, vitamin-
C and vitamin B-6. Lower folate status was observed among Non-Hispanic blacks and
Mexican-Americans compared to Non-Hispanic whites, current smokers compared to non-
smokers, and with higher BMI, energy, caffeine and n-3 highly unsaturated fatty acids intakes.
Serum B-12 level was directly associated with age, significantly higher among Non-Hispanic
blacks versus Non-Hispanic whites, inversely related to BMI but positively related to vitamin
B-6 intake. Finally, tHcy was positively associated with age, lower among women, lower in
Mexican-Americans and “other ethnicity” compared to Non-Hispanic whites, higher among
current smokers, and inversely related to both fiber and vitamin B-6 intakes.
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Associations of PHQ score (binary and continuous) with serum folate, vitamin B-12 and tHcy
tertiles: logistic and zero-inflated Poisson multiple regression analysis

Table 3 shows estimated associations between serum folate, vitamin B-12, total homocysteine
levels and PHQ score (both binary and continuous), using a series of multiple logistic and zero-
inflated Poisson regression models, in the total population and stratified by sex. In both socio-
demographic (Model 1) and fully-adjusted (Model 2) models, there was an inverse association
between serum folate and depressive symptoms in the total population and among women. In
the total population, [Model 2 adjusted odds ratio (T3 vs. T1) = 0.52 (95% CI = 0.35–0.76)]
indicated that the odds of elevated depressive symptoms in the upper tertile of serum folate
was close to half that in the lowest tertile. Among women, being in the upper tertile of folate
status was associated with a reduced odds of “elevated depressive symptoms” by almost one-
third of those in the lowest tertile [Model 2 adjusted odds ratio (T3 vs. T1) = 0.37 (95% CI =
0.17–0.86)]. Similarly, in the fully-adjusted zero-inflated poisson regression model (Model 2),
the upper tertile of serum folate was associated with a significantly lower PHQ continuous
score (β=−0.17±0.07) among women compared to the lowest tertile. In separate unstratified
models where folate×sex interaction was added in addition to the main effects of folate and
sex as well as other covariates, there was no indication for statistically significant effect
modification by sex (p>0.10 for folate×sex interaction term in both logistic and zero-inflated
Poisson regression models). This was verified by observing an overlap between men and
women in 95% CI of Loge(OR) and β coefficients obtained from Model 2 logistic and zero-
inflated Poisson regression models, respectively. Neither of the other exposures was
significantly associated with the PHQ score or with odds of having elevated depressive
symptoms. Examining interactions between exposures (Appendix table 1) indicated that serum
folate’s association with PHQ score (both binary and continuous) was homogeneous across
levels of the other two exposures (p>0.05 for all interaction terms).

Associations of PHQ score (binary) with serum folate, vitamin B-12 and tHcy tertiles: logistic
multiple regression analysis stratified by age group

Finally, a sensitivity analysis using similar multiple logistic regression models as in Table 3
(Figures 1A–1C) but stratifying by age group (<50 vs. 50+) indicated that for both sexes
combined and controlling for socio-demographic, lifestyle and dietary factors, there was only
a significant linear dose-response relationship between serum folate tertiles and elevated
depressive symptoms (p-value for trend=0.04) among the older adults age group (50+) and
was highly significant overall (p-value for trend=0.004). Examining individual odds ratios,
there was a significant positive association between tHcy tertiles [T2 vs. T1 : OR=3.01; 95%
CI: 1.01–9.03] and elevated depressive symptoms also among older adults only, without a
significant dose-response relationship based on p-value for trend.

DISCUSSION
We assessed whether serum concentrations of folate, vitamin B-12 and tHcy predicted
depressive symptoms among US adults (aged 20–85 years) using data from NHANES (2005–
06). Overall, mean PHQ scores were significantly higher among women compared to men.
Second, in multivariate models adjusting for socio-demographic, lifestyle and dietary factors,
elevated depressive symptoms were inversely associated with folate status but not tHcy or
vitamin B-12, and significant associations were restricted to women. Among women, odds of
elevated depressive symptoms in the upper tertile of folate status was almost one-third of those
in the lowest tertile. tHcy and vitamin B-12 levels did not interact with folate status to affect
its inverse association with depressive symptoms among women.

Several studies previously examined associations of folate status (or folate intake) with
depressive symptoms (or diagnosis of depression). Similar to our main finding in the total
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population, case-control studies showed that psychiatric patients with major depression had
lower serum and erythrocyte levels of folate compared to controls (23,25,28,32–36) and large
population-based cross-sectional studies corroborated this evidence for both serum and dietary
folate (27,31,37–38,40–41,46–47,57,69), with inconsistent effect modification by sex found in
some. (27,37–38,46) In two US studies, however, this inverse association between folate status
and depressive symptoms was mostly found among women, which was also the case in our
present study. (37–38) This can either be due to sample size differences between men and
women in our present study and previous ones or a real difference in the association and in
serum folate’s ability to affect mental health to a greater extent among women compared to
men.

A power analysis of our multiple logistic regression model was done, taking into account the
following: (A) The average correlations between predictor variables (assuming R2=0.2), (B)
The proportion with elevated depressive symptoms among men and women in the uppermost
tertile of serum folate (6.33% among women and 10.67% among men) and (C) The observed
odds ratio point estimates [Model 2, Table 3 (0.37 among women and 0.85 among men)],
(D) An alpha level of 0.05 and (E) an equal balance between referent group and index group
(i.e. lowest vs. uppermost tertile). A power curve was obtained based on those parameters and
for a power of 0.80, the sample size needed to detect the odds ratio observed among women
was n=1,084, when the actual one was n=1,358 and thus was adequate. However, among men,
the minimum sample size needed for a power of 0.80 to detect the odds ratio that was observed
was n=16,196 whereas the actual sample size available was only n=1,030. When R2 between
predictors was reduced to 0.10, the minimal sample size was still inadequate among men. Thus,
in fact, the study was under-powered among men, given the small difference in proportion
“with elevated depressive symptoms” between lowest and uppermost tertiles.

Moreover, at least two cross-sectional studies were unable to detect a significant association
(70–71). Among large population-based cohort studies, (26,30,43,45,47,62,72) an inverse
association between folate status (or folate intake) and depressive symptoms (or depression)
was observed in most, (26,43,45,47) with inconsistent effect modification by sex found in
some. (43,47) Null findings with respect of folate-depressive symptoms associations in some
of the observational studies (30,62,70–72) may be due to the selection of older age groups and
differences in measurements of depressive symptoms, including the use of specific instruments
(e.g. Geriatric Depression Scale instead of CES-D or PHQ). In particular, the proportion of
somatic items relative to items addressing strictly depressed affect differs in various
instruments. In this instrument (PHQ), five out of the ten items were somatic items (i.e. sleep,
appetite, trouble concentrating, trouble moving/speaking and poor energy). Depressed affect
was elicited using the five other items (i.e. loss of interest, feeling down, feeling bad about
self, feeling better off dead, difficulty these problems have caused). In fact, when a sensitivity
analysis was further conducted using binary outcomes of elevated somatic complaints sub-
scale (1: score≥6; 0: score<6, cut-point corresponding to the 90th percentile) and a similar
binary outcome for the depressed affect sub-scale, only somatic complaints were found to be
inversely related to folate tertiles after controlling for vitamin B-12, tHcy, socio-demographic,
lifestyle and dietary factors as was done in Model 2 of Table 3 in the total population [T3 vs.
T1: OR=0.56; 95% CI=0.36–0.88; p=0.02] and among women only [T3 vs. T1: OR=0.52; 95%
CI=0.28–0.96; p=0.04], without a significant effect modification by sex for that sub-scale.

Similar to our study, previous research did not find any association when considering tHcy
(62,73) and vitamin B-12 (40,46,62,70,72–73) levels as exposures in relation to depressive
symptoms. However, a number of observational studies found that depressed individuals had
higher tHcy levels (21–27) and/or lower vitamin B-12 levels. (25–26,31), among which many
were conducted in older adults. (21–23,25–26,31) Thus, their study population differed
markedly from ours which had a wider age range (20–85 years, mean in the mid-40s) and from
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those who found null associations between those two exposures and depressive symptoms. Our
sensitivity analysis on those aged 50 years or older demonstrated that in fact there was a
statistically significant and positive association between tHcy status and elevated depressive
symptoms.

Our findings suggest that serum folate level may reflect brain tissue folate, which in turn may
be playing a primary role in neuroprotection with the BH4 pathway as a possible mechanism
(See introduction). In fact, levels of tHcy and vitamin B-12 did not seem to play a direct or
interactive role with the levels of folate in protecting against elevated depressive symptoms.

Our study has several strengths. First, to our knowledge, it is the only large nationally
representative observational study to assess the associations among serum folate, vitamin B-12,
tHcy and elevated depressive symptoms in U.S. adults after mandatory folic acid fortification
of foods was implemented in the U.S. Second, the study examined associations stratifying by
sex and assessed interactions between exposures in the main association of interest. However,
our study is limited by its cross-sectional design which precludes temporality ascertainment
and reverse causality is a possibility whereby folate status is indicative poor dietary quality
among depressed individuals compared to their non-depressed counterparts. Nevertheless, it
was observed in at least one previous cohort study that serum folate was inversely related to
incident depression (26). Another limitation is the lack of control for several potential
confounders such as participant’s family history of depression, social isolation or personality
dimensions commonly associated with depression, in addition to the presence of chronic
illness. Adjusting for those potential confounders would attenuate the observed association
given their positive relationship with the outcome (elevated depressive symptoms), only if their
association with serum folate was an inverse one. The use of depressive symptoms as outcome
and not a clinical diagnosis of depression is also an important limitation to be considered when
interpreting our findings, although the CES-D has been used for similar purposes in a number
of previous studies. (37–38) Finally, residual confounding caused by measurement error in
dietary and other factors including in regression models cannot be ruled out.

To ascertain temporality of those main associations, future longitudinal studies should further
examine whether trajectories in folate status are associated with trajectories in depressive
symptoms and whether those associations differ between men and women and across various
age groups. Future interventions and randomized controlled trials for improving mental health
outcomes should take into account dietary and other factors that would increase levels of serum
folate, and stratification by age and sex is important, and possibly race/ethnicity, to uncover
possible differences in the effects of folate status-enhancing lifestyles (including folate dietary
supplementation) on various socio-demographic groups.

In conclusion, our results suggest that depressive symptoms may be associated with low serum
folate status, despite folate fortification efforts, specifically for women, but not by increasing
vitamin B-12 or reducing tHcy serum level. Thus even with a lower prevalence of folate
deficiency in the US, serum folate level may still be an important factor to consider for the
prevention of elevated depressive symptoms.
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CES-D Center for Epidemiological Studies-Depression

CNS Central Nervous System

CSF Cerebrospinal fluid

DSM Diagnostic and Statistical Manual

MEC Mobile Examination Center

MR methylation reactions

NHANES National Health and Nutrition Examination Surveys

OLS Ordinary Least Square

PHQ Patient Health Questionnaire

PIR Poverty Income Ratio

tHcy total homocysteine

T tertile

US United States
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Figure 1.
FIGURE 1A–C Adjusted odds ratios (95% CI) and p-values for trend of elevated depressive
symptoms and folate, vitamin B-12 and total homocysteine tertiles, stratified by age group (1A:
20–85y; 1B: <50; 1C: 50+y): Multiple logistic regression modelsa,b
a Values are odds ratios with 95% confidence intervals or β±SEE. Sampling design complexity
is taken into account in all analyses. See Table 3 for values of exposure tertiles.
b Models adjusted for socio-demographic factors (age, sex, race/ethnicity, marital status,
educational level and poverty income ratio), lifestyle and health-related factors (smoking
status, BMI, physical activity: Mets.hr.wk−1, recoded as “0–<5”; “5–10”; “>10”) and dietary
intakes (total energy intake (as is), alcohol, caffeine, vitamin B-6, β-carotene, vitamin C,
vitamin E and n-3 HUFA intakes, expressed as tertiles).
c P<0.05 for null hypothesis that β=0 or Loge(OR)=0 based on Wald test.
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