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Abstract: Depression is one of the leading causes of disability around the world. Although several
studies have been conducted to analyze the association between vitamins and depression, the results
have been inconsistent. Based on the database of National Health and Nutrition Examination
Survey (NHANES) (2005–2006), a cross-sectional analysis was conducted to uncover the correlations
between serum vitamin concentrations and depression in 2791 participants over 20 years of age.
Vitamin concentrations in serum were measured by high performance liquid chromatography (HPLC),
a standardized liquid chromatography-tandem mass spectrometry (LC-MS/MS) or radioassay kit
method. A nine-item Patient Health Questionnaire (PHQ-9) was used to assess depression symptoms.
The binary logistic regression model was applied to analyze the association between vitamins
and depression. In the whole population, negative associations were discovered between folate
concentrations (p for trend = 0.02), trans-β-carotene (p for trend = 0.01) and depression, while
positive associations were found among vitamin B12 concentrations (p for trend = 0.008), vitamin A
concentrations (p for trend = 0.01) and depression. In order to evaluate the influence of gender on the
pathogenesis of depression of vitamins exposure, we performed gender-stratified analysis. In females,
folate concentrations (p for trend = 0.03) and vitamin B12 concentrations (p for trend = 0.02) were
correlated with depression. In males, no significant association was found between depression
and serum vitamin concentrations. The correlation of vitamins with depression deserves further
investigation in larger and diverse populations, especially in females.

Keywords: NHANES; vitamin; depression; vitamin B12; folate

1. Introduction

Depression is not only a common mental disorder that causes people to lose interest in life,
experience persistent sadness, and find themselves unable to carry out daily activities; but is also a
major mental health problem that represents the biggest share of the world’s burden of disease [1].
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World Health Organization (WHO) reported that 322 million people suffered from depression globally
and the prevalence of depression around the world was 4.4% (5.1% in females versus 3.6% in males) in
2015 [2]. In the U.S., the prevalence of depression was 4.45% in 2013 [1] and 5.9% in 2015 [2].

Factors contributing to depression include biological, psychological and social environments
etc.; among these, diet and nutrition, especially vitamins, largely cause depression. Vitamins are
organic compounds that are necessary for reproduction, growth, and the maintenance of the body [3].
There are two forms of vitamins: fat-soluble vitamins; including vitamin A (VA), D (VD), E (VE) and K
(VK); and water-soluble vitamins containing vitamin B (VB) and C (VC).

Research has demonstrated that vitamin supplements contribute to a decrease in the risk of
depression [4–7]. The Chicago Health and Aging Project reported that vitamin B6 (VB6) and vitamin
B12 (VB12) concentrations were negatively associated with depression, while folate concentrations
had no relationship in the elderly [8]. In the SUN cohort study, men with depression had low folate
intake, and women in depression had low consumption of VB12, while consumption of VB6 made no
significant difference to depression in both genders [9]. A Japanese cross-sectional study concerning the
elderly showed that there was no association between vitamin concentrations and depression in men,
but there was an inverse relationship between vitamin concentrations and depression in women [10].
Although several studies have investigated the associations between vitamin concentrations and
depression, they only focused on representative vitamins or specific age groups. Their results
were inconsistent.

In this study, in order to comprehensively assess the correlations between vitamin concentrations
and depression, serum concentrations were divided into four groups. The extent of depression was
evaluated by the 9-item Patient Health Questionnaire (PHQ-9). In our study, we tried to reveal the
relationship between the level of diverse serum vitamins and depression, based on lifespan observation
(20-year old and older) using the binary logistic regression model.

2. Materials and Methods

2.1. Study Populations

Our data was obtained from the National Health and Nutrition Examination Survey (NHANES),
a program of the National Center for Health Statistics in US Center for Disease Control and Prevention.
The NHANES program is a nationally representative and multistage sampling survey from the 1960s
to now. Approval was obtained from the National Center for Health Statistics Ethics Review Board
(Protocol # 2005–06). All the participants endorsed informed consent. 10,348 adults and children were
eligible for the present study in NHANES 2005–2006. 5549 participants were excluded for a lack of
depression score, and 1266 participants were excluded for missing data of level of serum vitamins
and covariates. 521 participants under 20 years old were not taken into account due to their different
education classifications. 221 pregnancy females were also excluded for their physiological influence.
Finally, 2791 participants were included in our study (Figure 1).
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Figure 1. Participant recruitment chart.

2.2. Assessment of Serum Vitamins

Serum vitamin concentrations (folate (VB9), 4-pyridoxic acid (PA), pyridoxal 5′-phosphate
(PLP), VC, α-carotene (AC), trans-β-carotene (trans-BC), cis-β-carotene (cis-BC), b-Cryptoxanthin
(BC), γ-Tocopherol (GT), lutein and zeaxanthin (LZ), trans-lycopene (trans-L), retinyl palmitate (RP),
retinyl stearate (RS), VA, α-tocopherol (AT), and total (cis- and trans-) lycopene (TL)] were measured in
100 µL serum by high performance liquid chromatography (HPLC). 25-hydroxyvitamin D (25(OH)D)
concentrations were detected by a standardized liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method. Serum folate and VB12 concentrations were measured by using the Bio-Rad
Laboratories “Quantaphase II Folate/Vitamin B12” radioassay kit. Detailed laboratory methods and
quality control/quality assurance data are available on the NHANES website. Values below the limit
of detection (LOD) were replaced with a value of the LOD divided by the square root of 2; cis-BC and
RS were excluded because 44.6% and 82.9% of their concentrations were under LODs, respectively.
Vitamin concentrations were divided into four levels, according to their quartile concentrations.

2.3. Assessment of Covariates

Potential confounding variables related to the level of vitamins and depression were examined
as follows: gender, BMI, family income to poverty ratio (PIR, a ratio of family income to poverty
threshold, the higher the better), race/ethnicity, education, marital status, smoking history, age,
and examination time from NHANES websites, demographics, examinations, laboratories and
questionnaire data parts. Gender was categorized as male and female. Subjects were categorized into
four BMI groups: underweight, normal weight, overweight, and obese by cut-off point 18.5, 25 and
30. We also categorized PIR (0–5) into four groups: below poverty, low-middle income, high-middle
income, and high income by cut-off points 1, 2 and 3. There were five categories in race/ethnicity,
which included Mexican American, other Hispanic, non-Hispanic White, non-Hispanic Black and
other race. Education was divided into three levels: less than high school, high school and greater than
high school. Marital status, smoking history and alcohol were categorized into two levels: yes and no.
Three categories in age were 20–39, 40–59, and 60–85. Examination time was classified as 1 November
through 30 April and 1 May through 31 October.
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2.4. Assessment of Depression

Depression was assessed by the 9-item Patient Health Questionnaire (PHQ-9), and every question was
scored from “0” (not at all) to “3” (nearly every day). Total score of nine PHQ-9 items was dichotomized
depression by the cut-off point 10. Depression was defined as a total score no less than 10 [11].

2.5. Statistical Analysis

Statistical analysis was performed with Statistical Analysis System statistical software package
version 9.2 (SAS Institute Inc., Cary, NC, USA). p < 0.05 with two-tailed was considered statistical
significance. The different parts data were combined by the respondent sequence number. Number and
percent was used to describe categorical variables, including BMI, family PIR, race/ethnicity, education,
marital status, smoking history, alcohol age and examination time. Univariate analysis was applied to
examine the distribution of vitamin concentrations. Spearman rank-order correlation coefficients were
calculated to measure the relationship among vitamin concentrations due to skewed distributions.
Binary logistic regression model was used to explore the odds rates (OR) and 95% confidence
intervals (CI) between vitamin concentrations and depression in the whole and sex-specific differences.
The lowest quartile (Q1) of vitamins was used as reference for second quartile concentrations (Q2),
third quartile concentrations (Q3) and the highest quartile concentrations (Q4) [12].

3. Results

3.1. Baseline Characteristics of All Subjects

In our study population, the prevalence rate of depression was 6.1%, among which the prevalence
of male depression accounted for 4.8%, while prevalence in females was represented as 7.4%. Table 1
demonstrated the baseline characteristics of gender-specific population from 20–85 years from
NHANES 2005–2006. Age, family PIR and BMI were 49.3 ± 18.2, 2.8 ± 1.6, 28.4 ± 5.6 in males
and 49.6 ± 17.8, 2.7 ± 1.6, 29.1 ± 7.3 in females (mean ± standard deviation (SD)), respectively.

3.2. Distribution of Serum Vitamin Concentrations

The distribution of serum levels of vitamins (VB9, VB12, PA, PLP, VC, 25(OH)D, AC, trans-BC,
cis-BC, BC, GT, LZ, trans-L, RP, RS, VA, AT and TL) were skewed. The detection rates of AC, trans-BC,
cis-BC, BC, LZ, trans-L, RP, RS, VA and TL were 91.8%, 99.8%, 55.39%, 99.8%, 99.9%, 99.96%, 78.1%,
17.1%, 99.96% and 99.96%, respectively (Table 2), and the levels of the other kinds of vitamins were
all beyond LODs. The detailed distributions of serum vitamin concentrations is shown in Table 2.
The Spearman correlation coefficients between trans-L and TL concentrations; and the correlation
coefficients between trans-BC and cis-BC concentrations were both greater than 0.9 (Table 3). TL and
trans-BC concentrations were chosen as representative variants to reduce collinearity of model after
principal components analysis. Spearman correlation coefficients showed weak associations among
other vitamin concentrations (Table 3).

3.3. The Associations between Serum Vitamin Concentrations and Depression

As shown in Table 4, compared to Q1 (function as control group), negative associations were
observed among folate concentrations, trans-BC concentrations, (p for trends were 0.02 and 0.01,
respectively) and depression, while positive associations were found among VB12 concentrations,
and VA concentrations (p for the trends were 0.008 and 0.01, respectively) and depression adjusted
by gender, BMI, family PIR, race/ethnicity, education, marital status, smoking history, age and
examination time (Table 4). The adjusted ORs (95% CI) for depression were 0.53 (0.33, 0.84) (p = 0.007)
and 0.47 (0.25, 0.86) (p = 0.02) for Q2 and Q4 of Folate, 0.36 (0.16, 0.83) (p = 0.02) for the Q4 of trans-BC,
1.89 (1.15, 3.11) (p = 0.01) for the Q4 of VB12, 2.27 (1.36, 3.81) (p = 0.002) for the Q4 of VA compared to
their Q1 (Table 4).
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Table 1. Baseline characteristics of participants with depression or no depression in different gender participants aged 20–85 in NHANES 2005–2006 (n = 2791).

Characteristic (2791)
Male (1443)

p-Value
Female (1348)

p-Value
No Depression Depression No Depression Depression

n 1374 (95.2) 69 (4.8) 1247 (92.6) 101 (7.4)
Body Mass Index (kg/m2) 0.02 0.30
Underweight (<18.5) (52) 20 (1.5) 1 (1.4) 30 (2.4) 1 (1.0)
Normal weight (18.5-24.9) (795) 348 (25.3) 18 (26.1) 401 (32.2) 28 (27.7)
Overweight (25.0-29.9) (972) 584 (42.5) 18 (26.1) 345 (27.7) 25 (24.7)
Obese (≥30.0) (972) 422 (30.7) 32 (46,4) 471 (37.8) 47 (46.5)

Family PIR 0.004 <0.001
<1.0 (below poverty) (456) 205 (14.9) 17 (24.6) 200 (16.0) 34 (33.7)
1.0-1.9 (low-middle income) (675) 313 (22.8) 22 (31.9) 311 (24.9) 29 (28.7)
2.0-2.9 (high-middle income) (435) 228 (16.6) 13 (18.8) 178 (14.3) 16 (15.8)
≥3.0 (high income) (1225) 628 (45.7) 17 (24.6) 558 (44.7) 22 (21.8)

Race-ethnicity 0.19 0.10
Mexican American (544) 271 (19.7) 12 (17.4) 246 (19.7) 15 (14.9)
Other Hispanic (87) 44 (3.2) 1 (1.4) 38 (3.0) 4 (4.0)
Non-Hispanic White (1438) 729 (53.1) 31 (44.9) 634 (50.8) 44 (43.6)
Non-Hispanic Black (612) 285 (20.7) 23 (33.3) 270 (21.7) 34 (33.7)
Other Race (110) 45 (3.3) 2 (2.9) 59 (4.7) 4 (4.0)

Education 0.03 0.01
<High School (707) 378 (27.5) 23 (33.3) 277 (22.2) 29 (28.7)
High school (679) 324 (23.6) 23 (33.3) 299 (24.0) 33 (32.7)
>High school (1405) 672 (48.9) 23 (33.3) 671 (53.8) 39 (38.6)

Marital status 0.003 0.04
Yes (1549) 841 (61.2) 30 (43.5) 637 (51.1) 41 (40.6)
No (1242) 533 (38.8) 39 (56.5) 610 (48.9) 60 (59.4)

Smoking history 0.007 <0.001
Yes (1375) 790 (57.5) 51 (73.9) 478 (38.3) 56 (55.4)
No (1416) 584 (42.5) 18 (26.1) 769 (61.7) 45 (44.6)

Alcohol 0.26 0.47
Yes (1974) 1121 (81.6) 60 (87.0) 737 (59.1) 56 (55.4)
No (817) 253 (18.4) 9 (13.0) 510 (40.9) 45 (44.6)

Age 0.16 0.01
20–39 (923) 479 (34.8) 19 (27.5) 398 (31.9) 27 (26.7)
40–59 (960) 448 (32.6) 30 (43.5) 432 (34.6) 50 (49.5)
60–85 (908) 447 (32.5) 20 (29.0) 417 (33.4) 24 (23.8)

Examination time 0.65 0.052
1 November through 30 April 616 (44.8) 29 (42.0) 530 (42.5) 53 (52.5)
1 May through 31 October 758 (55.2) 40 (58.0) 717 (57.5) 48 (47.5)

Value are number (percent). Smoking history was defined as at least 100 cigarettes in life.
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Table 2. Distribution of serum vitamin concentrations in participants aged 20–85 in NHANES 2005–2006.

Vitamin Detection Ratio (%) Minimun P10 P25 P50 P75 P90 Maximum

Folate (nmol/L) 100% 1.6 14 19 26 37 51 3.0 × 102

Vitamin B12 (pmol/L) 100% 37 2.0 × 102 2.6 × 102 3.5 × 102 4.8 × 102 6.5 × 102 1.9 × 104

4-pyridoxic acid (nmol/L) 100% 4.6 12 16 26 54 1.4 × 102 1.9 × 104

Pyridoxal 5′-phosphate (nmol/L) 100% 2.0 17 27 44 80 1.6 × 102 1.7 × 103

Vitamin C (umol/L) 100% 0.60 17 36 55 70 88 2.7 × 102

25-hydroxyvitamin D (nmol/L) 100% 13 30 42 57 69 81 2.0 × 102

α-carotene (umol/L) 91.8% 0.0090 0.015 0.028 0.054 0.10 0.19 1.8
trans-β-carotene (umol/L) 99.8% 0.011 0.078 0.13 0.23 0.43 0.76 6.2
cis-β-carotene (umol/L) 55.4% 0.0090 0.0090 0.0090 0.015 0.026 0.045 0.41
b-Cryptoxanthin (umol/L) 99.8% 0.011 0.058 0.091 0.15 0.25 0.39 1.9
γ-Tocopherol (umol/L) 100% 0.63 2.2 3.3 4.9 6.8 9.2 46
Lutein and zeaxanthin (umol/L) 99.9% 0.030 0.14 0.19 0.27 0.37 0.51 2.0
trans-Lycopene (umol/L) 99.96% 0.011 0.18 0.28 0.40 0.55 0.71 1.5
Retinyl Palmitate (umol/L) 78.1% 0.031 0.031 0.049 0.073 0.11 0.16 0.93
Retinyl Stearate (umol/L) 17.1% 0.017 0.017 0.017 0.017 0.017 0.035 0.29
Vitamin A (umol/L) 99.96% 0.024 1.4 1.7 2.0 2.4 2.9 6.5
α-tocopherol (umol/L) 100% 7.2 17 21 26 34 44 1.4 × 102

Total (cis- and trans-) Lycopene (umol/L) 99.96% 0.013 0.35 0.53 0.75 1.0 1.3 2.8

P10, P25, P50, P75 and P90 represent 10th, 25th, 50th, 75th and 90th percentiles of the serum vitamin concentrations, respectively.
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Table 3. Correlation matrix among vitamins.

VB9 VB12 PA PLP VC VD AC trans-BC cis-BC BC GT LZ trans-L RP RS VA AT TL

VB9 1 0.11 0.23 0.29 0.36 0.21 0.12 0.25 0.24 0.06 −0.24 0.08 −0.03 0.27 0.29 0.25 0.34 −0.01
VB12 1 0.05 0.12 0.06 0.04 0.04 0.08 0.07 0.09 −0.08 0.05 −0.02 0.03 0.03 −0.01 0.07 −0.01
PA 1 0.32 0.15 0.04 0.02 0.07 0.07 0.05 −0.09 0.06 −0.02 0.15 0.16 0.18 0.13 <0.01
PLP 1 0.33 0.19 0.15 0.23 0.22 0.13 −0.24 0.14 0.06 0.23 0.20 0.21 0.29 0.09
VC 1 0.20 0.27 0.38 0.36 0.31 −0.34 0.27 0.01 0.26 0.22 0.14 0.32 0.03
VD 1 0.11 0.15 0.14 <0.01 −0.23 0.03 0.07 0.15 0.11 0.26 0.18 0.08
AC 1 0.67 0.65 0.34 −0.19 0.38 0.15 0.29 0.06 0.03 0.16 0.20
trans-BC 1 0.98 0.38 −0.26 0.41 0.17 0.31 0.11 0.06 0.29 0.22
cis-BC 1 0.35 −0.24 0.41 0.15 0.29 0.10 0.05 0.28 0.20
BC 1 −0.12 0.40 0.16 0.17 <0.01 <0.01 0.14 0.20
GT 1 −0.06 0.08 0.00 −0.01 −0.07 −0.03 0.05
LZ 1 0.19 0.26 0.08 0.11 0.30 0.23
trans-L 1 0.38 0.02 0.07 0.15 0.97
RP 1 0.76 0.22 0.43 0.42
RS 1 0.19 0.40 0.03
VA 1 0.37 0.08
AT 1 0.16
TL 1

VB9: Folate; VB12: Vitamin B12; PA: 4-pyridoxic acid; PLP: Pyridoxal 5′-phosphate; VC: Vitamin C; 25OHD: 25-hydroxyvitamin D; AC: α-carotene; trans-BC: trans-β-carotene;
cis-BC: cis-β-carotene; BC: b-Cryptoxanthin; GT: γ-Tocopherol; LZ: Lutein and zeaxanthin; trans-L: trans-Lycopene; RP: Retinyl Palmitate; RS: Retinyl Stearate; VA: Vitamin A;
AT: α-Tocopherol; TL: Total (cis- and trans-) Lycopene.
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Table 4. Binary logistic regression crude and adjusted OR (95% CI) (adjusted for gender, BMI, family PIR race/ethnicity, education, marital status smoking history, age
and examination time) associations between depression and quartiles of vitamin concentrations.

Exposure Crude OR (95% CI) p-Value Adjusted OR (95% CI) p-Value

Folate Q1 Reference Reference
Q2 0.57 (0.36, 0.89) 0.01 0.53 (0.33, 0.84) 0.007
Q3 0.74 (0.48, 1.17) 0.21 0.69 (0.43, 1.11) 0.13
Q4 0.53 (0.30, 0.96) 0.04 0.47 (0.25, 0.86) 0.02
p for trend 0.047 0.02

Vitamin B12 Q1 Reference Reference
Q2 1.43 (0.92, 2.22) 0.11 1.38 (0.87, 2.17) 0.17
Q3 0.98 (0.59, 1.60) 0.92 0.84 (0.50, 1.41) 0.51
Q4 2.17 (1.36, 3.48) 0.001 1.89 (1.15, 3.11) 0.01
p for trend 0.002 0.008

4-pyridoxic acid Q1 Reference Reference
Q2 1.27 (0.81, 1.99) 0.30 1.47 (0.92, 2.36) 0.11
Q3 1.18 (0.70, 1.99) 0.54 1.36 (0.78, 2.36) 0.28
Q4 1.18 (0.57, 2.44) 0.65 1.34 (0.62, 2.89) 0.46
p for trend 0.78 0.45

Pyridoxal 5′-phosphate Q1 Reference Reference
Q2 0.84 (0.54, 1.29) 0.42 1.01 (0.64, 1.59) 0.98
Q3 0.67 (0.40, 1.12) 0.13 0.90 (0.51, 1.56) 0.70
Q4 0.66 (0.34, 1.29) 0.22 0.94 (0.45, 1.96) 0.87
p for trend 0.45 0.98

Vitamin C Q1 Reference Reference
Q2 0.82 (0.52, 1.28) 0.38 0.83 (0.52, 1.33) 0.44
Q3 1.10 (0.69, 1.76) 0.70 1.15 (0.69, 1.89) 0.60
Q4 0.68 (0.38, 1.23) 0.20 0.61 (0.33, 1.12) 0.11
p for trend 0.29 0.14

25-hydroxyvitamin D Q1 Reference Reference
Q2 0.89 (0.58, 1.36) 0.57 1.05 (0.66, 1.66) 0.85
Q3 0.78 (0.48, 1.26) 0.31 1.05 (0.61, 1.78) 0.87
Q4 0.58 (0.36, 0.95) 0.03 0.81 (0.46, 1.43) 0.47
p for trend 0.18 0.76
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Table 4. Cont.

Exposure Crude OR (95% CI) p-Value Adjusted OR (95% CI) p-Value

α-carotene Q1 Reference Reference
Q2 0.85 (0.54, 1.34) 0.48 0.87 (0.54, 1.41) 0.57
Q3 0.93 (0.54, 1.60) 0.79 1.03 (0.58, 1.82) 0.93
Q4 1.13 (0.57, 2.21) 0.73 1.20 (0.59, 2.45) 0.62
p for trend 0.77 0.78

trans-β-carotene Q1 Reference Reference
Q2 1.32 (0.84, 2.07) 0.23 1.21 (0.76, 1.93) 0.42
Q3 0.99 (0.553, 1.76) 0.96 0.81 (0.45, 1.47) 0.49
Q4 0.53 (0.24, 1.16) 0.11 0.36 (0.16, 0.83) 0.02
p for trend 0.06 0.01

b-Cryptoxanthin Q1 Reference Reference
Q2 0.88 (0.56, 1.38) 0.58 0.88 (0.55, 1.41) 0.59
Q3 0.71 (0.42, 1.22) 0.22 0.81 (0.45, 1.44) 0.47
Q4 0.90 (0.49, 1.64) 0.72 1.10 (0.56, 2.16) 0.78
p for trend 0.64 0.68

γ-Tocopherol Q1 Reference Reference
Q2 1.15 (0.69, 1.91) 0.60 1.05 (0.62, 1.77) 0.87
Q3 0.98 (0.58, 1.66) 0.94 0.84 (0.49, 1.46) 0.54
Q4 1.15 (0.68, 1.95) 0.61 0.87 (0.50, 1.52) 0.62
p for trend 0.86 0.80

Lutein and zeaxanthin Q1 Reference Reference
Q2 0.65 (0.42, 1.00) 0.050 0.60 (0.38, 0.96) 0.03
Q3 0.61 (0.37, 1.00) 0.049 0.63 (0.37, 1.07) 0.09
Q4 0.54 (0.30, 0.96) 0.04 0.58 (0.31, 1.08) 0.09
p for trend 0.01 0.14

Retinyl Palmitate Q1 Reference Reference
Q2 0.92 (0.59, 1.45) 0.72 0.95 (0.60, 1.53) 0.84
Q3 0.91 (0.54, 1.54) 0.73 1.00 (0.58, 1.73) 0.99
Q4 0.79 (0.43, 1.45) 0.45 0.90 (0.47, 1.70) 0.74
p for trend 0.90 0.98
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Table 4. Cont.

Exposure Crude OR (95% CI) p-Value Adjusted OR (95% CI) p-Value

Vitamin A Q1 Reference Reference
Q2 1.07 (0.66, 1.73) 0.78 1.22 (0.74, 2.01) 0.43
Q3 1.33 (0.81, 2.16) 0.26 1.52 (0.92, 2.51) 0.10
Q4 2.03 (1.23, 3.33) 0.005 2.27 (1.36, 3.81) 0.002
p for trend 0.02 0.01

α-Tocopherol Q1 Reference Reference
Q2 0.83 (0.53, 1.29) 0.40 0.86 (0.54, 1.38) 0.53
Q3 0.82 (0.50, 1.34) 0.43 0.86 (0.51, 1.47) 0.58
Q4 1.07 (0.61, 1.88) 0.82 1.13 (0.61, 2.10) 0.69
p for trend 0.63 0.69

Total (cis- and trans-) Lycopene Q1 Reference Reference
Q2 0.88 (0.57, 1.38) 0.58 0.90 (0.57, 1.42) 0.64
Q3 0.87 (0.53, 1.42) 0.57 0.88 (0.52, 1.48) 0.62
Q4 0.93 (0.52, 1.64) 0.79 0.96 (0.52, 1.77) 0.89
p for trend 0.93 0.94

Folate (nmol/L): Q1 ≤ 18.8; Q2: 18.8–26.3; Q3: 26.3–36.9; Q4 > 36.9. Vitamin B12 (pmol/L): Q1 ≤ 260.51; Q2: 260.51–354.24; Q3: 354.24–482.65; Q4 > 482.65. 4-pyridoxic acid (nmol/L):
Q1 ≤ 16.2; Q2: 16.2–26.1; Q3: 26.1–54.0; Q4 > 54.0. Pyridoxal 5′-phosphate (nmol/L): Q1 ≤ 26.7; Q2: 26.7–43.7; Q3: 43.7–79.9; Q4 > 79.9. Vitamin C (umol/L): Q1 ≤ 36.3; Q2: 36.3–54.5;
Q3: 54.5–69.8; Q4 > 69.8. 25-hydroxyvitamin D (nmol/L): Q1 ≤ 42.2; Q2: 42.2–56.8; Q3: 56.8–68.9; Q4 > 68.9. α-carotene (umol/L): Q1 ≤ 0.028; Q2: 0.028–0.054; Q3: 0.054–0.102; Q4
> 0.102. trans-β carotene (umol/L): Q1 ≤ 0.130; Q2: 0.130–0.233; Q3: 0.233–0.427; Q4 > 0.427. b-Cryptoxanthin (umol/L): Q1 ≤ 0.091; Q2: 0.091–0.150; Q3: 0.150–0.248; Q4 > 0.248.
γ-Tocopherol (umol/L): Q1 ≤ 3.339; Q2: 3.339–4.924; Q3: 4.924–6.822; Q4 > 6.822. Lutein and zeaxanthin (umol/L): Q1 ≤ 0.186; Q2: 0.186–0.267; Q3: 0.267–0.369; Q4 > 0.369. Retinyl
Palmitate (umol/L): Q1 ≤ 0.049; Q2: 0.049–0.073; Q3: 0.073–0.108; Q4 > 0.108. Vitamin A (umol/L): Q1 ≤ 1.676; Q2: 1.676–2.011; Q3: 2.011–2.419; Q4 > 2.419. α-Tocopherol (umol/L):
Q1 ≤ 20.991; Q2: 20.991–26.239; Q3: 26.239–33.669; Q4 > 33.669. Total (cis- and trans-) Lycopene (umol/L): Q1 ≤ 0.527; Q2: 0.527–0.751; Q3: 0.751–1.019; Q4 > 1.019.
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3.4. Influence of Gender on the Relationship between Serum Vitamin Levels and Depression

Considering physical and psychological differences between males and females, gender difference
was taken into account for subgroup analysis. Stratified by gender, we further analyzed the associations
between serum vitamin concentrations and depression. As shown in Table 5, in females, folate
concentrations was negatively related to depression (p for trend = 0.03), while VB12 concentrations
was positive correlated with depression (p for trend = 0.02) adjusted by BMI, family PIR, race/ethnicity,
education, marital status, smoking history, age and examination time. The adjusted ORs (95% CI) for
depression were 0.43 (0.23, 0.82) (p = 0.01) and 0.38 (0.17, 0.86) (p = 0.02) for the Q2 and Q4 of folate
concentrations, 2.75 (1.36, 5.59) (p = 0.005) for the Q4 of VB12 concentrations compared to the Q1 group.
In males, we did not find any significant association between depression and serum vitamin levels.

Table 5. Binary logistic regression OR (95% CI) (adjusted for BMI, family PIR race/ethnicity, education,
marital status smoking history, age and examination time) associations between depression and
quartiles of vitamin concentrations in different genders.

Exposure Male OR (95% CI) p-Value Female OR (95% CI) p-Value

Folate Q1 Reference Reference
Q2 0.60 (0.29, 1.26) 0.18 0.43 (0.23, 0.82) 0.01
Q3 0.72 (0.34, 1.55) 0.40 0.64 (0.34, 1.20) 0.17
Q4 0.53 (0.19, 1.44) 0.21 0.38 (0.17, 0.86) 0.02

p for trend 0.48 0.03
Vitamin B12 Q1 Reference Reference

Q2 1.31 (0.64, 2.67) 0.46 1.67 (0.88, 3.16) 0.11
Q3 0.64 (0.28, 1.48) 0.29 1.17 (0.58, 2.37) 0.67
Q4 1.29 (0.59, 2.82) 0.53 2.75 (1.36, 5.59) 0.005

p for trend 0.28 0.02
4-pyridoxic acid Q1 Reference Reference

Q2 2.47 (1.00, 6.10) 0.049 1.43 (0.78, 2.62) 0.25
Q3 2.67 (0.99, 7.16) 0.052 1.21 (0.58, 2.55) 0.62
Q4 2.41 (0.67, 8.66) 0.18 1.17 (0.38, 3.56) 0.79

p for trend 0.21 0.72
Pyridoxal 5′-phosphate Q1 Reference Reference

Q2 1.09 (0.49, 2.40) 0.83 0.84 (0.46, 1.54) 0.57
Q3 0.77 (0.32, 1.89) 0.57 0.91 (0.42, 1.97) 0.81
Q4 0.81 (0.27, 2.49) 0.72 0.92 (0.30, 2.82) 0.88

p for trend 0.84 0.96
Vitamin C Q1 Reference Reference

Q2 0.85 (0.40, 1.80) 0.67 0.80 (0.42, 1.53) 0.49
Q3 1.52 (0.69, 3.34) 0.30 0.97 (0.49, 1.93) 0.93
Q4 0.77 (0.28, 2.06) 0.60 0.53 (0.23, 1.19) 0.12

p for trend 0.35 0.37
25-hydroxyvitamin D Q1 Reference Reference

Q2 0.64 (0.28, 1.47) 0.29 1.36 (0.75, 2.47) 0.32
Q3 1.23 (0.54, 2.81) 0.62 0.91 (0.42, 1.98) 0.81
Q4 0.79 (0.33, 1.92) 0.60 0.77 (0.35, 1.72) 0.53

p for trend 0.38 0.44
α-carotene Q1 Reference Reference

Q2 0.70 (0.33, 1.47) 0.34 0.95 (0.49, 1.87) 0.88
Q3 0.65 (0.25, 1.69) 0.37 1.36 (0.62, 2.99) 0.44
Q4 0.81 (0.24, 2.68) 0.72 1.39 (0.54, 3.61) 0.50

p for trend 0.75 0.74
trans-β-carotene Q1 Reference Reference

Q2 1.33 (0.66, 2.70) 0.42 0.99 (0.51, 1.93) 0.98
Q3 0.75 (0.29, 1.95) 0.56 0.87 (0.38, 1.97) 0.73
Q4 0.20 (0.04, 0.99) 0.048 0.57 (0.19, 1.67) 0.30

p for trend 0.08 0.70
b-Cryptoxanthin Q1 Reference Reference

Q2 1.12 (0.52, 2.42) 0.77 0.72 (0.38, 1.37) 0.31
Q3 1.15 (0.47, 2.85) 0.76 0.55 (0.25, 1.23) 0.14
Q4 2.04 (0.73, 5.66) 0.17 0.57 (0.22, 1.47) 0.24

p for trend 0.51 0.51
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Table 5. Cont.

Exposure Male OR (95% CI) p-Value Female OR (95% CI) p-Value

γ-Tocopherol Q1 Reference Reference
Q2 0.71 (0.32, 1.58) 0.40 1.25 (0.59, 2.65) 0.56
Q3 0.52 (0.22, 1.23) 0.14 1.07 (0.49, 2.32) 0.87
Q4 0.51 (0.21, 1.23) 0.13 1.10 (0.49, 2.46) 0.81

p for trend 0.41 0.94
Lutein and zeaxanthin Q1 Reference Reference

Q2 0.53 (0.25, 1.13) 0.10 0.67 (0.36, 1.28) 0.22
Q3 0.63 (0.27, 1.45) 0.27 0.64 (0.30, 1.37) 0.25
Q4 0.46 (0.17, 1.22) 0.12 0.70 (0.29, 1.69) 0.43

p for trend 0.32 0.60
Retinyl Palmitate Q1 Reference Reference

Q2 1.09 (0.49, 2.46) 0.82 0.75 (0.41, 1.40) 0.37
Q3 1.49 (0.62, 3.59) 0.37 0.57 (0.27, 1.22) 0.15
Q4 1.74 (0.67, 4.49) 0.25 0.32 (0.12, 0.88) 0.03

p for trend 0.64 0.18
Vitamin A Q1 Reference Reference

Q2 1.57 (0.63, 3.92) 0.33 1.10 (0.58, 2.10) 0.76
Q3 1.38 (0.53, 3.59) 0.51 1.72 (0.91, 3.26) 0.10
Q4 2.77 (1.10, 6.94) 0.03 2.18 (1.08, 4.40) 0.03

p for trend 0.10 0.11
α-Tocopherol Q1 Reference Reference

Q2 1.03 (0.47, 2.27) 0.94 0.69 (0.37, 1.31) 0.26
Q3 1.01 (0.41, 2.50) 0.98 0.68 (0.33, 1.40) 0.30
Q4 1.46 (0.54, 3.95) 0.46 0.84 (0.36, 1.97) 0.69

p for trend 0.82 0.64
Total (cis- and

trans-)Lycopene Q1 Reference Reference

Q2 1.23 (0.59, 2.57) 0.58 0.70 (0.37, 1.34) 0.28
Q3 0.67 (0.28, 1.61) 0.37 1.42 (0.70, 2.88) 0.33
Q4 0.69 (0.27, 1.77) 0.44 1.95 (0.82, 4.64) 0.13

p for trend 0.41 0.11

Folate (nmol/L): Q1 ≤ 18.8; Q2: 18.8–26.3; Q3: 26.3–36.9; Q4 > 36.9. Vitamin B12 (pmol/L): Q1 ≤ 260.51;
Q2: 260.51–354.24; Q3: 354.24–482.65; Q4 > 482.65. 4-pyridoxic acid (nmol/L): Q1 ≤ 16.2; Q2: 16.2–26.1;
Q3: 26.1–54.0; Q4 > 54.0. Pyridoxal 5′-phosphate (nmol/L): Q1 ≤ 26.7; Q2: 26.7–43.7; Q3: 43.7–79.9; Q4 > 79.9.
Vitamin C (umol/L): Q1 ≤ 36.3; Q2: 36.3–54.5; Q3: 54.5–69.8; Q4 > 69.8. 25-hydroxyvitamin D (nmol/L): Q1 ≤ 42.2;
Q2: 42.2–56.8; Q3: 56.8–68.9; Q4 > 68.9. α-carotene (umol/L): Q1 ≤ 0.028; Q2: 0.028–0.054; Q3: 0.054–0.102;
Q4 > 0.102. trans-β carotene (umol/L): Q1 ≤ 0.130; Q2: 0.130–0.233; Q3: 0.233–0.427; Q4 > 0.427. b-Cryptoxanthin
(umol/L): Q1 ≤ 0.091; Q2: 0.091–0.150; Q3: 0.150–0.248; Q4 > 0.248. γ-Tocopherol (umol/L): Q1 ≤ 3.339;
Q2: 3.339–4.924; Q3: 4.924–6.822; Q4 > 6.822. Lutein and zeaxanthin (umol/L): Q1 ≤ 0.186; Q2: 0.186–0.267;
Q3: 0.267–0.369; Q4 > 0.369. Retinyl Palmitate (umol/L): Q1 ≤ 0.049; Q2: 0.049–0.073; Q3: 0.073–0.108; Q4 > 0.108.
Vitamin A (umol/L): Q1 ≤ 1.676; Q2: 1.676–2.011; Q3: 2.011–2.419; Q4 > 2.419. α-Tocopherol (umol/L): Q1 ≤ 20.991;
Q2: 20.991–26.239; Q3: 26.239–33.669; Q4 > 33.669. Total (cis- and trans-) Lycopene (umol/L): Q1 ≤ 0.527;
Q2: 0.527–0.751; Q3: 0.751–1.019; Q4 > 1.019.

4. Discussion

This cross-sectional study is aimed at evaluating the associations between serum vitamin
levels and depression. Previous studies have mainly focused on the relationships between
representative vitamin concentrations or specified age groups and depression [13–20]. In this
study, we comprehensively investigated the associations between serum vitamin concentrations
and depression using sex-specific logistic regression in NHANES 2005–2006. Consistent with previous
results, the prevalence of depression was higher in females than that in males (7.4% versus 4.5%).
The sex-specific difference was considered for physical and psychological differences between males
and females. In the whole populations, serum trans-BC and folate concentrations showed inverse
associations with depression, while serum VB12 and VA concentrations were positively associated with
depression adjusted by gender, BMI, family PIR, race/ethnicity, education, marital status, smoking
history, age and examination time. The same associations of folate and VB12 concentrations with
depression were found in females, adjusted by BMI, family PIR, race/ethnicity, education, marital
status, smoking history, age and examination time.
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The result of a case-control study that involved 60 male students was consistent with our
research that depression students consumed a lower beta carotene diet [21]. The Kim NR study
has also suggested that beta carotene could treat depression [22]. Trans-BC, which is mainly
absorbed from vegetables and fruits, is an antioxidant vitamin and precursor to VA. The brain
is vulnerable to oxidative damage from high consumption of oxygen. Oxidative damage causes
the reduction of neurotransmitters, which are associated with the presence of depression [23].
Depression has established a relationship with oxidative stress [24]. Beta carotene improves the
brain’s antioxidant states.

Previous literature was inconsistent in associating folate levels and depression. Folate concentrations
were unrelated to depression in some studies [19,25]. However, other studies have indicated that the
relationship existed. Serum folate concentrations were positively related to depression in reproductive
age U.S. women in 2011–2012 NHANES [26]. A low level of folate was reported to be negatively related
to depression in the GUSTO study and in other research [27–30]. Folate supplementation in pregnancy
reduced the risk of postpartum depression in a Chinese cohort [31]. In our study, folate concentrations
had a negative relationship with depression in the whole population and in females. Folate, also named
Vitamin B9, helps to repair DNA damage and produce red blood cells [32]. It provides a methyl group to
synthesize methionine, which is the immediate precursor of S-adenosylmethionine (SAM) [33]. SAM
is the methyl donor in innumerable methylation reactions in the brain and affects neurotransmitters
(such as serotonin, dopamine, noradrenaline) and hormone metabolism [34,35]. Depression is associated
with neurotransmitters and hormone disturbances in several biological researches [36–38]. A low level
of folate and VB12 contribute to hyperhomocysteinemia, which correlates to the risk of depression [20].
Hence, we speculated that a low level of folate was associated with depression.

Folate is also vital to pregnancy for the reason that its deficiency causes birth defects [39]. Women
take vitamin supplements to enable them to get essential nutrients required for a healthy pregnancy [40].
Considering this reason, pregnant females were not taken into account for our study.

However, we were surprised that high serum concentrations of VA and VB12 increased the risk of
depression. VA is absorbed from animal food, and is vital for growth and development, and necessary
for the brain, especially the hippocampus for emotions, learning and memory [41]. Strangely, VA had
a positive relationship with depression. For subgroup analysis of gender-specific difference in our
study, the association between VA, trans-BC concentrations, and depression were not found.

VB12 (cobalamin) also takes part in single carbon transfer methylation, which is vital for lipid,
carbohydrate and amino acid metabolism [42]. Consequently, VB12 has a similar function as folate,
and enables normal neuronal network function [43]. In previous research, VB12 concentrations had
always been reported to have an inverse correlation or no association with depression [25,44,45].
However, VB12 concentrations was positively associated with depression in our study. Only one
literature has supported our result that depression was positively correlated with VB12 concentrations
in 115 outpatients [46]. Our research was the second to report the positive correlation between serum
VB12 concentrations and depression in the high-exposure group. In our research, the P75 of serum VB12
concentrations was 482.65 pmol/L. 9.5% in the whole population; 265 participants (170 females and 95
males) were found to be at the higher end (664.2 pmol/L) of the normal range (147.6–664.2 pmol/L) [47].
37.9% of the participants showed high exposure in VB12 concentrations in Q4 group. VB12 in excessive
accumulation led to toxicity in serum. More investigations are needed for further verification.

For other vitamins, PLP, a cofactor form of VB6, contributes to 4% intracellular enzymatic activity
by regulating the enzyme cystathionine β-synthase, deficiency of which leads to high plasma total
homocysteine [48]. 4-PA is a degradation product of PLP [48]. Both of them have similar functions in
one-carbon metabolism as folate and VB12 [49]. VC is a cofactor for the ferrous and 2-oxoglutarate
dependent dioxygenases in collagen synthesis and also modulates vasorelaxation [50]. AC, BC,
β-cryptoxanthin, TL, LZ are carotenoids absorbed from fruits and vegetables [51]. RP is a retinyl ester,
and GT and AT are two species of vitamin E. 25(OH)D is the storage form of vitamin D, which is related
to the regulation of the hypothalamic-pituitary-adrenal axis through vitamin D receptors, affecting
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depression [52]. Absorption of 25(OH)D is mainly affected by ultraviolet B sunlight exposure [53].
Since we have limited authority to access data to acquire an accurate date of examination, we adjusted
the two periods of examination (1 November through 30 April and 1 May through 31 October) to
reduce seasons’ influence.

In our study, there was no association between 25(OH)D concentrations and depression. However,
25(OH)D concentrations had a negative relationship with depression in some researches [52].
Ultraviolet B sunlight exposure, seasons, and diet were not considered [53–55], which largely affect the
absorption of 25(OH)D.

There are some disadvantages in our study. For VB12, our study only analyzed the relationship
between current serum concentrations and depression, which may cause biological flaws and lead
to the wrong conclusions. We also ignored dietary factors, which have an impact on serum vitamins
concentrations. Depression is a disease that usually lasts for a prolonged period. It is only possible
to estimate prevalence instead of incidence in a cross-sectional study. Prevalence overestimates the
incidence rate in depression. Serum vitamins concentrations can be evaluated as a clue to the etiology
of depression, and causal relationships between them are unknown in our study.

5. Conclusions

Our study mainly investigated the association between serum vitamin levels and depression.
The results showed that folate and trans-β-carotene concentrations were inversely correlated with
depression, while vitamin B12 and Vitamin A concentrations were positively related to depression in
the whole populations. Consistent with the results in the whole population, folate and vitamin B12
concentrations were also identified to be correlated with depression in the females. The correlations
of vitamin levels with depression deserve further investigation in larger and diverse populations in
prospective studies or randomized controlled trials, especially in females.

Author Contributions: X.W., C.L. and Y.X. directed the study, modified the manuscript, and obtained financial
support. X.H. (Xiaomin Huang) dealt with the analysis and drafted the manuscript with Y.F., X.H. (Xiumei Han),
Z.H., M.Y., Y.Z., X.L. and Q.X.

Acknowledgments: We thank all the research staff and students who took part in this work. Funding
was provided by grants from National Key Research and Development Program of China (2017YFC0211605
and 2017YFC0211606), National Natural Science Foundation of China (81502832 and 81671461), and the
Priority Academic Program for the Development of Jiangsu Higher Education Institutions (Public Health and
Preventive Medicine).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Smith, K. Mental health: A world of depression. Nature 2014, 515, 181. [CrossRef] [PubMed]
2. World Health Organization. Depression and other Common Mental Disorders: Global Health Estimates.

2017. Available online: http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.
2-eng.pdf?sequence=1&isAllowed=y (accessed on 8 June 2018).

3. Holden, R.M.; Ki, V.; Morton, A.R.; Clase, C. Fat-soluble vitamins in advanced CKD/ESKD: A review.
Semin. Dial. 2012, 25, 334–343. [CrossRef] [PubMed]

4. Bitarafan, S.; Saboor-Yaraghi, A.; Sahraian, M.A.; Soltani, D.; Nafissi, S.; Togha, M.; Beladi, M.N.; Roostaei, T.;
Mohammadzadeh, H.N.; Harirchian, M.H. Effect of vitamin a supplementation on fatigue and depression in
multiple sclerosis patients: A double-blind placebo-controlled clinical trial. Iran. J. Allergy Asthma Immunol.
2016, 15, 13. [PubMed]

5. Gur, E.B.; Gokduman, A.; Turan, G.A.; Tatar, S.; Hepyilmaz, I.; Zengin, E.B.; Eskicioglu, F.; Guclu, S.
Mid-pregnancy vitamin D levels and postpartum depression. Eur. J. Obstet. Gynecol. Reprod. Biol. 2014, 179,
110–116. [CrossRef] [PubMed]

6. Han, B.; Lyu, Y.; Sun, H.; Wei, Y.; He, J. Low serum levels of vitamin D are associated with post-stroke
depression. Eur. J. Neurol. 2015, 22, 1269. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/515180a
http://www.ncbi.nlm.nih.gov/pubmed/25391942
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf?sequence=1&isAllowed=y
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf?sequence=1&isAllowed=y
http://dx.doi.org/10.1111/j.1525-139X.2012.01084.x
http://www.ncbi.nlm.nih.gov/pubmed/22607215
http://www.ncbi.nlm.nih.gov/pubmed/26996107
http://dx.doi.org/10.1016/j.ejogrb.2014.05.017
http://www.ncbi.nlm.nih.gov/pubmed/24965990
http://dx.doi.org/10.1111/ene.12607
http://www.ncbi.nlm.nih.gov/pubmed/25438665


Int. J. Environ. Res. Public Health 2018, 15, 1215 15 of 17

7. Maes, M.; De, V.N.; Pioli, R.; Demedts, P.; Wauters, A.; Neels, H.; Christophe, A. Lower serum vitamin
E concentrations in major depression: Another marker of lowered antioxidant defenses in that illness.
J. Affective Disord. 2000, 58, 241. [CrossRef]

8. Skarupski, K.A.; Tangney, C.; Li, H.; Ouyang, B.; Evans, D.A.; Morris, M.C. Longitudinal association of
vitamin B-6, folate, and vitamin B-12 with depressive symptoms among older adults over time. Am. J.
Clin. Nutr. 2010, 92, 330–335. [CrossRef] [PubMed]

9. Sánchez-Villegas, A.; Doreste, J.; Schlatter, J.; Pla, J.; Bes-Rastrollo, M.; Martínez-González, M.A. Association
between folate, vitamin B6 and vitamin B12 intake and depression in the SUN cohort study. J. Hum. Nutr. Diet.
2009, 22, 122. [CrossRef] [PubMed]

10. Nguyen, T.T.T.; Tsujiguchi, H.; Kambayashi, Y.; Hara, A.; Miyagi, S.; Yamada, Y.; Nakamura, H.; Shimizu, Y.;
Hori, D.; Suzuki, F. Relationship between vitamin intake and depressive symptoms in elderly Japanese
individuals: Differences with gender and body mass index. Nutrients 2017, 9, 1319. [CrossRef] [PubMed]

11. Mccall, W.V.; Blocker, J.N.; D’Agostino, R., Jr.; Kimball, J.; Boggs, N.; Lasater, B.; Haskett, R.; Krystal, A.;
Mcdonald, W.M.; Rosenquist, P.B. Treatment of insomnia in depressed insomniacs: Effects on health-related
quality of life, objective and self-reported sleep, and depression. J. Clin. Sleep Med. 2010, 6, 322–329. [PubMed]

12. Manios, Y.; Moschonis, G.; Dekkers, R.; Mavrogianni, C.; Grammatikaki, E.; van den Heuvel, E. Vitamin
B 2, vitamin B 12 and total homocysteine status in children and their associations with dietary intake of
B-vitamins from different food groups: The healthy growth study. Eur. J. Nutr. 2017, 56, 321–331. [CrossRef]
[PubMed]

13. Knippenberg, S.; Damoiseaux, J.; Bol, Y.; Hupperts, R.; Taylor, B.V.; Ponsonby, A.L.; Dwyer, T.; Simpson, S.;
van der Mei, I.A. Higher levels of reported sun exposure, and not vitamin D status, are associated with
less depressive symptoms and fatigue in multiple sclerosis. Acta Neurol. Scand. 2014, 129, 123. [CrossRef]
[PubMed]

14. Knippenberg, S.; Bol, Y.; Damoiseaux, J.; Hupperts, R.; Smolders, J. Vitamin D status in patients with MS
is negatively correlated with depression, but not with fatigue. Acta Neurol. Scand. 2011, 124, 171–175.
[CrossRef] [PubMed]

15. Okumus, M.; Ceceli, E.; Tuncay, F.; Kocaoglu, S.; Palulu, N.; Yorgancioglu, Z.R. The relationship between
serum trace elements, vitamin B12, folic acid and clinical parameters in patients with myofascial pain
syndrome. J. Back Musculoskelet. Rehab. 2010, 23, 187–191. [CrossRef] [PubMed]

16. Karonova, T.L.; Andreeva, A.T.; Belyaeva, O.D.; Bazhenova, E.A.; Globa, P.Y.; Vasil’Eva, E.Y.; Grineva, E.N.
Anxiety/depressive disorders and vitamin D status. Zh. Nevrol. Psikhiatr. Im. S. S. Korsakova 2014, 115, 55–58.

17. Griffen, T.C. Comment on vitamin D serum levels are cross-sectionally but not prospectively associated with
late-life depression. Acta Psychiatr. Scand. 2017, 136, 527–528. [CrossRef] [PubMed]

18. Lukose, A.; Ramthal, A.; Thomas, T.; Bosch, R.; Kurpad, A.V.; Duggan, C.; Srinivasan, K. Nutritional factors
associated with antenatal depressive symptoms in the early stage of pregnancy among urban South Indian
women. Matern. Child. Health J. 2014, 18, 161–170. [CrossRef] [PubMed]

19. Watanabe, H.; Suganuma, N.; Hayashi, A.; Hirowatari, Y.; Hirowatari, T.; Ohsawa, M. No relation between
folate and homocysteine levels and depression in early pregnant women. Biosci. Trends 2010, 4, 344–350.
[PubMed]

20. Tzepin, N.; Khinchawyu, A.; Lei, F.; Scherer, S.C.; Kengbee, Y. Homocysteine, folate, vitamin B-12, and
physical function in older adults: Cross-sectional findings from the Singapore longitudinal ageing study.
Am. J. Clin. Nutr. 2012, 96, 1362–1368.

21. Prohan, M.; Amani, R.; Nematpour, S.; Jomehzadeh, N.; Haghighizadeh, M.H. Total antioxidant capacity
of diet and serum, dietary antioxidant vitamins intake, and serum hs-CRP levels in relation to depression
scales in university male students. Redox Rep. Commun. Free Radic. Res. 2014, 19, 133. [CrossRef] [PubMed]

22. Kim, N.R.; Kim, H.Y.; Kim, M.H.; Kim, H.M.; Jeong, H.J. Improvement of depressive behavior by Sweetme
Sweet Pumpkin™ and its active compound, β-carotene. Life Sci. 2016, 147, 39–45. [CrossRef] [PubMed]

23. Ng, F.; Berk, M.; Dean, O.; Bush, A.I. Oxidative stress in psychiatric disorders: Evidence base and therapeutic
implications. Int. J. Neuropsychopharmacol. 2008, 11, 851–876. [CrossRef] [PubMed]

24. Maes, M.; Galecki, P.; Chang, Y.S.; Berk, M. A review on the oxidative and nitrosative stress (O&NS) pathways
in major depression and their possible contribution to the (neuro) degenerative processes in that illness.
Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2011, 35, 676–692.

http://dx.doi.org/10.1016/S0165-0327(99)00121-4
http://dx.doi.org/10.3945/ajcn.2010.29413
http://www.ncbi.nlm.nih.gov/pubmed/20519557
http://dx.doi.org/10.1111/j.1365-277X.2008.00931.x
http://www.ncbi.nlm.nih.gov/pubmed/19175490
http://dx.doi.org/10.3390/nu9121319
http://www.ncbi.nlm.nih.gov/pubmed/29207502
http://www.ncbi.nlm.nih.gov/pubmed/20726279
http://dx.doi.org/10.1007/s00394-015-1082-z
http://www.ncbi.nlm.nih.gov/pubmed/26514562
http://dx.doi.org/10.1111/ane.12155
http://www.ncbi.nlm.nih.gov/pubmed/23763464
http://dx.doi.org/10.1111/j.1600-0404.2010.01447.x
http://www.ncbi.nlm.nih.gov/pubmed/20880265
http://dx.doi.org/10.3233/BMR-2010-0264
http://www.ncbi.nlm.nih.gov/pubmed/21079297
http://dx.doi.org/10.1111/acps.12798
http://www.ncbi.nlm.nih.gov/pubmed/28871593
http://dx.doi.org/10.1007/s10995-013-1249-2
http://www.ncbi.nlm.nih.gov/pubmed/23440491
http://www.ncbi.nlm.nih.gov/pubmed/21248434
http://dx.doi.org/10.1179/1351000214Y.0000000085
http://www.ncbi.nlm.nih.gov/pubmed/24524538
http://dx.doi.org/10.1016/j.lfs.2016.01.036
http://www.ncbi.nlm.nih.gov/pubmed/26820672
http://dx.doi.org/10.1017/S1461145707008401
http://www.ncbi.nlm.nih.gov/pubmed/18205981


Int. J. Environ. Res. Public Health 2018, 15, 1215 16 of 17

25. Gougeon, L.; Payette, H.; Morais, J.A.; Gaudreau, P.; Shatenstein, B.; Graydonald, K. Intakes of folate, vitamin
B6 and B12 and risk of depression in community-dwelling older adults: The Quebec longitudinal study on
nutrition and aging. Eur. J. Clin. Nutr. 2016, 70, 380. [CrossRef] [PubMed]

26. Nguyen, B.; Weiss, P.; Beydoun, H.; Kancherla, V. Association between blood folate concentrations and
depression in reproductive aged U.S. women, NHANES (2011–2012). J. Affective Disord. 2017, 223, 209–217.
[CrossRef] [PubMed]

27. Miyaki, K.; Song, Y.; Taneichi, S.; Tsutsumi, A.; Hashimoto, H.; Kawakami, N.; Takahashi, M.; Shimazu, A.;
Inoue, A.; Kurioka, S. Socioeconomic status is significantly associated with the dietary intakes of folate and
depression scales in Japanese workers (J-HOPE Study). Nutrients 2013, 5, 565. [CrossRef] [PubMed]

28. Chong, M.F.; Wong, J.X.; Colega, M.; Chen, L.W.; van Dam, R.M.; Tan, C.S.; Lim, A.L.; Cai, S.; Broekman, B.F.;
Lee, Y.S. Relationships of maternal folate and vitamin B12 status during pregnancy with perinatal depression:
The GUSTO study. J. Psychiatr. Res. 2014, 55, 110. [CrossRef] [PubMed]

29. Bender, A.; Hagen, E.K.; Kingston, N. The association of folate and depression: A meta-analysis. J. Psychiatr.
Res. 2017, 95, 9. [CrossRef] [PubMed]

30. Nanri, A.; Hayabuchi, H.; Ohta, M.; Sato, M.; Mishima, N.; Mizoue, T. Serum folate and depressive symptoms
among Japanese men and women: A cross-sectional and prospective study. Psychiatry Res. 2012, 200, 349–353.
[CrossRef] [PubMed]

31. Yan, J.; Liu, Y.; Cao, L.; Zheng, Y.; Li, W.; Huang, G. Association between duration of folic acid
supplementation during pregnancy and risk of postpartum depression. Nutrients 2017, 9, 1206. [CrossRef]
[PubMed]

32. Gilfix, B.M. Utility of measuring serum or red blood cell folate in the era of folate fortification of flour.
Clin. Biochem. 2014, 47, 533. [CrossRef] [PubMed]

33. Bottiglieri, T.; Laundy, M.; Crellin, R.; Toone, B.; Carney, M.; Reynolds, E. Homocysteine, folate, methylation,
and monoamine metabolism indepression. J. Neurol. Neurosurg. Psychiatry 2000, 69, 228–232. [CrossRef]
[PubMed]

34. Chan, A.; Shea, T.B. Effects of dietary supplementation with N-acetyl cysteine, acetyl-L-carnitine and
S-adenosyl methionine on cognitive performance and aggression in normal mice and mice expressing
human ApoE4. Neuromol. Med. 2007, 9, 264–269. [CrossRef]

35. Bambling, M.; Parham, S.C.; Coulson, S.; Vitetta, L. S-adenosylmethionine (SAMe) and magnesium orotate
as adjunctives to SSRIs in sub-optimal treatment response of depression in adults: A pilot study. Adv. Integr.
Med. 2015, 2, 56–62. [CrossRef]

36. Miller, A.L. The methylation, neurotransmitter, and antioxidant connections between folate and depression.
Altern. Med. Rev. 2008, 13, 216. [PubMed]

37. Anisman, H.; Merali, Z.; Hayley, S. Neurotransmitter, peptide and cytokine processes in relation to depressive
disorder: Comorbidity between depression and neurodegenerative disorders. Prog. Neurobiol. 2008, 85, 1–74.
[CrossRef] [PubMed]

38. Verma, R.; Agrawal, A.; Singh, G.P.I.; Dubey, G.P. Hyperhomocysteinemia and DNA hypomethylation,
reduced the monoamines synthesis in depression: A case control study. J Syst. Integr. Neurosci. 2015, 1, 36–40.

39. Czeizel, A.E.; Istvan, D.; Attila, V.; Ferenc, B. Folate deficiency and folic acid supplementation: The prevention
of neural-tube defects and congenital heart defects. Nutrients 2013, 5, 4760. [CrossRef] [PubMed]

40. Stoltzfus, R.J.; Dreyfuss, M.L. Guidelines for the Use of Iron Supplements to Prevent and Treat Iron Deficiency
Anemia; Ilsi Press: Washington, DC, USA, 1998; Volume 2.

41. Stoney, P.N.; Mccaffery, P. A Vitamin on the mind: New discoveries on control of the brain by vitamin A.
World Rev. Nutr. Diet. 2016, 115, 98. [PubMed]

42. Mason, J.B. Vitamins, trace minerals and other micronutrients. In Goldman's Cecil Medicine; Goldman, L.,
Schafer, A.I., Eds.; Elsevier Saunders: Philadelphia, PA, USA, 2016; pp. 1397–1406.

43. Herrmann, W.; Obeid, R. Causes and early diagnosis of vitamin B12 deficiency. Dtsch. Aerzteblatt Int. 2008,
105, 680–685. [CrossRef] [PubMed]

44. De Koning, E.J.; van der Zwaluw, N.L.; van Wijngaarden, J.P.; Sohl, E.; Brouwer-Brolsma, E.M.;
van Marwijk, H.W.; Enneman, A.W.; Swart, K.M.; van Dijk, S.C.; Ham, A.C.; et al. Effects of two-year
vitamin B12 and folic acid supplementation on depressive symptoms and quality of life in older adults with
elevated homocysteine concentrations: Additional results from the B-proof study, an RCT. Nutrients 2016, 8,
748. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/ejcn.2015.202
http://www.ncbi.nlm.nih.gov/pubmed/26648330
http://dx.doi.org/10.1016/j.jad.2017.07.019
http://www.ncbi.nlm.nih.gov/pubmed/28777954
http://dx.doi.org/10.3390/nu5020565
http://www.ncbi.nlm.nih.gov/pubmed/23429440
http://dx.doi.org/10.1016/j.jpsychires.2014.04.006
http://www.ncbi.nlm.nih.gov/pubmed/24774647
http://dx.doi.org/10.1016/j.jpsychires.2017.07.019
http://www.ncbi.nlm.nih.gov/pubmed/28759846
http://dx.doi.org/10.1016/j.psychres.2012.04.040
http://www.ncbi.nlm.nih.gov/pubmed/22682152
http://dx.doi.org/10.3390/nu9111206
http://www.ncbi.nlm.nih.gov/pubmed/29099069
http://dx.doi.org/10.1016/j.clinbiochem.2014.01.023
http://www.ncbi.nlm.nih.gov/pubmed/24486651
http://dx.doi.org/10.1136/jnnp.69.2.228
http://www.ncbi.nlm.nih.gov/pubmed/10896698
http://dx.doi.org/10.1007/s12017-008-8024-3
http://dx.doi.org/10.1016/j.aimed.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/18950248
http://dx.doi.org/10.1016/j.pneurobio.2008.01.004
http://www.ncbi.nlm.nih.gov/pubmed/18346832
http://dx.doi.org/10.3390/nu5114760
http://www.ncbi.nlm.nih.gov/pubmed/24284617
http://www.ncbi.nlm.nih.gov/pubmed/27198572
http://dx.doi.org/10.3238/arztebl.2008.0680
http://www.ncbi.nlm.nih.gov/pubmed/19623286
http://dx.doi.org/10.3390/nu8110748
http://www.ncbi.nlm.nih.gov/pubmed/27886078


Int. J. Environ. Res. Public Health 2018, 15, 1215 17 of 17

45. Elstgeest, L.E.; Brouwer, I.A.; Penninx, B.W.; van Schoor, N.M.; Visser, M. Vitamin B12, homocysteine and
depressive symptoms: A longitudinal study among older adults. Eur. J. Clin. Nutr. 2017, 71, 468–475.
[CrossRef] [PubMed]

46. Jukka, H.; Tommi, T.; Antti, T.; Heimo, V. High vitamin B12 level and good treatment outcome may be
associated in major depressive disorder. BMC Psychiatry 2003, 3, 1–6.

47. U.S. National Library of Medicine. Vitamin B12 level. Available online: https://medlineplus.gov/ency/
article/003705.htm. (accessed on 8 June 2018).

48. Cabo, R.; Kozik, K.; Milanowski, M.; Hernes, S.; Slettan, A.; Haugen, M.; Ye, S.; Blomhoff, R.;
Mansoor, M.A. A simple high-performance liquid chromatography (HPLC) method for the measurement of
pyridoxal-5-phosphate and 4-pyridoxic acid in human plasma. Clin. Chim. Acta Int. J. Clin. Chem. 2014, 433,
150. [CrossRef] [PubMed]

49. Gougeon, L.; Payette, H.; Morais, J.A.; Gaudreau, P.; Shatenstein, B.; Graydonald, K. Intakes of folate, vitamin
B6 and B12 and risk of depression in community-dwelling older adults: The Quebec longitudinal study on
nutrition and aging. Eur. J. Clin. Nutr. 2015, 70, 380. [CrossRef] [PubMed]

50. Lykkesfeldt, J.; Michels, A.J.; Frei, B. Vitamin C. Adv. Nutr. 2014, 5, 16–18. [CrossRef] [PubMed]
51. D’Adamo, C.R.; Dawson, V.J.; Ryan, K.A.; Yerges-Armstrong, L.M.; Semba, R.D.; Steinle, N.I.; Mitchell, B.D.;

Shuldiner, A.R.; McArdle, P.F. CAPN2/CAPN8 locus on chromosome 1q associated with variation in serum
α-carotene concentrations. J. Nutr. Nutr. 2016, 9, 254–264. [CrossRef] [PubMed]

52. Spedding, S. Vitamin D and depression: A systematic review and meta-analysis comparing studies with and
without biological flaws. Nutrients 2014, 6, 1501–1518. [CrossRef] [PubMed]

53. Nurbazlin, M.; Chee, W.S.; Rokiah, P.; Tan, A.T.; Chew, Y.Y.; Nusaibah, A.R.; Chan, S.P. Effects of sun exposure
on 25(OH) vitamin D concentration in urban and rural women in Malaysia. Asia Pac. J. Clin. Nutr. 2013, 22,
391–399. [PubMed]

54. Gougeon, L.; Payette, H.; Morais, J.A.; Gaudreau, P.; Shatenstein, B.; Graydonald, K. A prospective evaluation
of the depression-nutrient intake reverse causality hypothesis in a cohort of community-dwelling older
Canadians. Br. J. Nutr. 2017, 117, 1–10. [CrossRef] [PubMed]

55. Lang, U.E.; Beglinger, C.; Schweinfurth, N.; Walter, M.; Borgwardt, S. Nutritional Aspects of Depression.
Cell. Physiol. Biochem. 2015, 37, 1029. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/ejcn.2016.224
http://www.ncbi.nlm.nih.gov/pubmed/28145420
https://medlineplus.gov/ ency/article/003705.htm.
https://medlineplus.gov/ ency/article/003705.htm.
http://dx.doi.org/10.1016/j.cca.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24657184
http://dx.doi.org/10.1038/ejcn.2015.202
http://www.ncbi.nlm.nih.gov/pubmed/26648330
http://dx.doi.org/10.3945/an.113.005157
http://www.ncbi.nlm.nih.gov/pubmed/24425716
http://dx.doi.org/10.1159/000452890
http://www.ncbi.nlm.nih.gov/pubmed/28002826
http://dx.doi.org/10.3390/nu6041501
http://www.ncbi.nlm.nih.gov/pubmed/24732019
http://www.ncbi.nlm.nih.gov/pubmed/23945409
http://dx.doi.org/10.1017/S0007114517000782
http://www.ncbi.nlm.nih.gov/pubmed/28462727
http://dx.doi.org/10.1159/000430229
http://www.ncbi.nlm.nih.gov/pubmed/26402520
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Populations 
	Assessment of Serum Vitamins 
	Assessment of Covariates 
	Assessment of Depression 
	Statistical Analysis 

	Results 
	Baseline Characteristics of All Subjects 
	Distribution of Serum Vitamin Concentrations 
	The Associations between Serum Vitamin Concentrations and Depression 
	Influence of Gender on the Relationship between Serum Vitamin Levels and Depression 

	Discussion 
	Conclusions 
	References

