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Abstract: Objectives: There is some debate about the link between vitamin C and depressive risk. This study utilized
data from the National Health and Nutrition Examination Survey (NHANES) and Mendelian randomization (MR)
methodology to investigate the association between the two. Methods: We obtained serum vitamin C levels through
laboratory data and determined the intake of vitamin C through a 24-hour dietary recall method on the first day from
NHANES 2017 to 2018. Assessment of depressive risk was employed by the 9-item Patient Health Questionnaire
(PHQ-9). The association between serum vitamin C levels and depressive risk was examined using logistic regres-
sion. Furthermore, the research utilized a two-sample MR methodology to investigate the potential causal connec-
tion between vitamin C and depressive risk. Results: Three thousand four hundred and thirty-four participants aged
20+ with serum vitamin C levels and depressive risk data was included. Among the participants, 18.7% had low
serum vitamin C levels and 25.2% had self-reported depressive risk. Serum vitamin C levels were associated with
depressive risk [OR 1.64, (95% Cl: 1.36-1.97), P < 0.01], which remained significant [OR 1.32, (95% CI: 1.08-1.61),
P < 0.01] after adjustments. Distinct genetic SNPs were identified for serum vitamin C levels and depressive risk,
allowing detailed analysis. No additional influences were observed between genetic variations. IVW and MR Egger
analysis showed a non-causal association between vitamin C levels and depressive risk (All P > 0.05). Conclusions:
Our findings of the nationally representative survey revealed a strong correlation between serum levels, intake as
a supplement or medication of vitamin C and depressive risk, however, without a unidirectional causal association.

Keywords: Vitamin C, depressive risk, mental health, National Health and Nutrition Examination Survey, Mende-
lian randomization study

Introduction

Depression is a common mental disorder char-
acterised by feelings of sadness or a lack of
interest or pleasure in activities over a long
period of time, with around 280 million people
suffering from depression worldwide; addition-
ally, over 700,000 persons die from suicide
each year. Unfortunately, depression not only
gives rise to compromised physical well-being
and reduced quality of life but also results in
higher rates of iliness and a substantial eco-
nomic burden [1]. Moreover, socioeconomic cir-

cumstances, lifestyle habits, physical activity
levels, sleep quality etc., significantly contribute
to maintaining optimal mental well-being [2].
Meanwhile, numerous studies also have estab-
lished a connection between nutrition and the
likelihood of experiencing depression [3]. Diet
and the accompanying eating habits assume a
safeguarding function against psychiatric disor-
ders. In contrast, personal views on diet and
nutritional well-being are closely linked to the
emergence, severity, and persistence of de-
pression [4, 5]. Numerous studies have shown
the beneficial impact of healthy eating patterns
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on reducing depression risk, particularly by
increasing fruit and vegetable consumption [6].
Notably, the pivotal role of vitamins, in particu-
lar, has been shown to significantly impact
ameliorating depressive symptoms [7].

Vitamin C, a water-soluble vitamin not pro-
duced by the body, must be obtained from
fruits and vegetables. It acts as a powerful anti-
oxidant, aids neurotransmission, supports neu-
ron structure, and plays a role in neuronal dif-
ferentiation, maturation, and survival [8]. Juliet
M. Pullar’s study found a noteworthy correla-
tion between vitamin C levels and current mood
in young adult men, suggesting that maintain-
ing optimal vitamin C levels may enhance mood
in this group. Moreover, many older patients
have inadequate vitamin C levels, and those
with biochemical depletion exhibit significantly
higher depressive symptoms than those with
higher concentrations [9, 10]. However, previ-
ous studies were limited by small sample sizes,
and they neither investigated the cross-sec-
tional correlation with serum vitamin C levels
and depressive risk via logistic regression anal-
ysis nor explored the causality between serum
vitamin C levels and depressive risk which
might provide a theoretical basis for natural
drug treatment of depression.

The National Health and Nutrition Examination
Survey (NHANES) is a US survey providing rep-
resentative data on the population. It includes
questionnaire surveys, physical examinations,
and laboratory tests with strict quality controls.
The database is publicly available, providing
extensive and high-quality multidimensional
data for free. Mendelian randomization (MR)
serves as a technique to delve into the evi-
dence supporting causality [11]. It capitalizes
on genetic variants as instrumental variables
(IVs) that bear significant correlation with risk
factors, thereby furnishing a dependable esti-
mate of causality [12]. MR has been employed
to scrutinize the causal relationship between
serum vitamin C levels and various health out-
comes, including nonalcoholic fatty liver dis-
ease [13], digestive system cancers [14], hyper-
glycemia and metabolic syndrome [15], and
atrial fibrillation [16]. However, the exact cau-
sal link between serum vitamin C levels and
depression remains elusive.

So, in the present study, our objective was to
probe the association and causality between
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serum vitamin C levels and depressive risk
using data from NHANES taking advantage of
both observation and MR analysis from the IEU
open gwas project. With over 3,000 partici-
pants included, this survey may represent the
largest serologic study conducted on the rela-
tionship between vitamin C and depressive
risk.

Material and methods
Subjects

Our research utilizes publicly accessible data
obtained from NHANES 2017-2018 including
the contents of both serum vitamin C levels
and depressive risk, with all relevant informa-
tion sourced from the official website (https://
www.cdc.gov/nchs/nhanes/index.htm). Partici-
pants who were less than 20 years old (n =
3685), and pregnant women (n = 55), with
missing depressive risk scores (n = 735) were
excluded. Participants without relevant covari-
ates (age, sex, marital status, education level,
BMI, PIR, smoking and drinking status) were
not included. Ultimately, 3,434 eligible individu-
als were included in this study (Figure 1). Data
on the participants’ demographics, examina-
tion findings, medical history, dietary habits, as
well as laboratory results were collected, and
the NHANES study have received ethical app-
roval from the Ethics Review Board of the
National Centre for Health Statistics in the
United States.

Measures

Assessment of depressive risk: The PHQ-9
questionnaire is a tool used to measure the
severity of depressive risk. It has nine ques-
tions, each with four answer options. The scor-
ing ranges from 0-27, with higher scores indi-
cating more severe symptoms. Scores between
5-9 are considered mild, 10-14 suggest moder-
ate, 15-19 indicate moderate to severe, and 20
and above indicate severe symptoms. In this
study, depressive risk is defined as a PHQ-9
score of five or more.

Assessment of vitamin C: Serum vitamin C lev-
els are determined using laboratory data. To
quantify vitamin C in the serum, an isocratic
ultrahigh performance liquid chromatography
(UPLC) technique is employed, coupled with
electrochemical detection at 450 mV (with a
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Participants of NHANES
2017-2018
n=9254

Hispanic White, non-Hispanic
Black and other race), educa-
tion (high school or below,
greater than high school),

3685 excluded due to age
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(Yes and no), diabetes, hyper-
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] tension, marital status, BMI
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n=5514

ANl
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into two levels. In particular,

U

735 excluded due to missing divorced, widowed and living
in depression score data

with a partner are also classi-

n=4779
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in vitamin C and covariants

n=3434
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Figure 1. Flow chart of study participants from NHANES 2017-2018.

detection range of 200 mA). To stabilize and
acidify the serum, one part of serum is mixed
with four parts of 6% metaphosphoric acid
(MPA). The sample is then frozen at -70°C until
it is ready for analysis. Serum levels < 23
umol/L were defined as vitamin C deficiency
[17]. During the 2017-2018 survey period, in-
formation about the intake of vitamin C throu-
gh both food and supplements was collected
using a 24-hour diet recall method. All partici-
pants were required to undergo two 24-hour
dietary recall interviews. The first interview was
conducted face-to-face at the MEC, while the
second interview was conducted by telephone
within 3-10 days. To obtain more accurate data,
we chose to rely on the first dietary recall inter-
view. According to the Dietary Guidelines for
Americans 2020-2025 [18], we define vitamin
C intake deficiency in men who consume less
than 75 grams and in women less than 90
grams of vitamin C per day.

Assessment of covariates: Possible confound-
ers of vitamin C and depressive risk have been
investigated as follows: gender (male, female),
age (participants over the age of 20 are divided
into three categories: 20-39, 40-59 and 60 or
greater), race/ethnicity (including five catego-
ries, Mexican American, other Hispanic, non-
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fied as married. BMI is classi-
fied into four groups based on
the cutoff points of 18.5, 25,
and 30, representing under-
weight, normal weight, over-
weight, and obesity. Similarly,
PIR (0-5) is divided into four
groups based on the cutoff
points of 1, 2, and 3, repre-
senting below poverty, low-
middle income, upper-middle income, and high
income. Blood pressure is measured three
times at a mobile examination centre with a
60-second interval between each reading.
Using the Omron HEM-907XL device, the sec-
ond reading is selected for analysis. Hyper-
tension is defined as having a systolic blood
pressure of 140 mmHg or higher, and/or a dia-
stolic blood pressure of 90 mmHg or higher
[19]. NHANES lab data provides diabetes infor-
mation. Hemoglobin Alc reflects average blood
sugar levels for the past 2-3 months. It is deter-
mined by the formation of a glycation product
due to high blood glucose levels. Glycoprotein
HbAlc (%) > 6.5 is the diabetes standard for
this study [20].

Statistical analysis

Descriptive analysis investigated associations
between serum vitamin C levels, confounders
and depressive risk. Continuous variables that
followed a normal distribution were presented
as means and standard deviations (SDs), while
categorical variables were summarized using
frequencies (n) and percentages (%). Differen-
ces in socioeconomic factors, lifestyle and
health status among participants who were
depressed and those with depressive risk were
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compared using x? tests. Correlations between
the different variables of the study were estab-
lished using the Spearman’s correlation test. To
examine the association between vitamin C
and depressive risk in patients, taking into
account confounding factors, we constructed
the five distinct models using binary logistic
regression models, the effect sizes were re-
corded with a 95% confidence interval. Addi-
tional subgroup analysis was performed to
investigate the ORs and 95% Cls for Covariates
differences in the impact on depressive risk in
the condition of vitamin C deficiency using the
Chi-square test. All data processing and analy-
ses were performed using SPSS 26.0, and a
two-sided P < 0.05 was considered meaning-
ful.

MR analysis

Our study utilized a two-sample MR analysis of
the potential causal connection between serum
levels and intake as a supplement or medica-
tion of vitamin C and depression which was
considered exposure to depression as an out-
come. MR is based on three main assumptions
[24]: the instrumental variables should be cor-
related with the exposure; the instrumental
variables should not be associated with con-
founders; and the instrumental variables sh-
ould influence the outcome only through the
exposure (no horizontal pleiotropy). In order to
select instrumental variables that satisfy the
three assumptions of the MR analysis above,
we performed the following steps: To minimize
confounding factors, we selected both the
exposed and outcome populations from the
IEU Open GWAS project and used single nucleo-
tide polymorphisms (SNPs) from genome-wide
association studies as instrumental variables;
we chose independent SNPs associated with
serum levels and intake as a supplement or
medication of vitamin C and depressive risk at
a significant level and excluded weak instru-
mental variables. Genetic variants (i.e., SNPs)
related to serum levels and intake as a supple-
ment or medication of vitamin C and depres-
sive risk at P < 5x10® were identified from a
genome-wide association meta-analysis; how-
ever, with less ten SNPs, P < 5x10° at le-
ast was selected [22]. The linkage disequilibri-
um across these SNPs were calculated using
the 10000 genomes linkage disequilibrium
European panel as the reference population in
moderate linkage disequilibrium (r> > 0.001)
[23].
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We used MR analysis with five different meth-
ods: inverse variance weighted (IVW), MR-
Egger, Weighted median, Weighted mode and
Simple mode. Above all, the IVW method
assumes no pleiotropy and that all instrumen-
tal variables are valid, the MR-Egger approach
can provide a valid estimate even when instru-
mental variables are invalid, and these two
methods are the most important to determine
the causal association. We conducted sensitiv-
ity analyses to evaluate the resilience of the
MR findings. In the IVW analysis, we employed
fixed-effect or random-effect models depend-
ing on the heterogeneity observed. To ascertain
the absence of horizontal pleiotropy, we scruti-
nized the MR-Egger intercept and conducted
the IVW global test. Additionally, we performed
a leave-one-out analysis to assess the influ-
ence of individual SNPs on the causal relation-
ship. All statistical analyses were conducted in
R, using the “TwoSampleMR” packages. A sig-
nificance level of P < 0.05 was considered sta-
tistically significant.

Results
Characteristics of the participants

Three thousand four hundred thirty-four partici-
pants in total (male:female 1720:1714) were
included in the study, of whom 867 (25.25%)
had depressive risk if their PHQ-9 score was >
5. A flowchart showing how to select a sample
is shown in Figure 1. Six hundred and forty-two
(18.7%) individuals were serum vitamin C defi-
cient, and 1,886 people (54.92%) did not meet
the vitamin C intake recommended by the
Dietary Guidelines for US residents. No signifi-
cant associations with depressive risk were
found for marital status and hypertension.
However, other socio-demographic and health
variables, including sex, age, race, education,
PIR, alcohol/smoking, BMI and diabetes were
obviously associated with depressive risk (all P
< 0.05) (Table 1). Meanwhile, serum vitamin C
levels were 51.80 + 27.60 in no depressive risk
group and 46.16 + 30.02 in depressive risk
group, difference has statistical significance (P
< 0.001) (Supplementary Figure 1).

Correlation of various covariates

We conducted a correlation analysis to deter-
mine the relationship between vitamin C and
depressive risk. However, there are many other
factors that can influence depressive risk, such
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Table 1. Baseline characteristics of depressive risk group versus no depressive risk group (n = 3434)

No depressive risk Depressive risk

Variable (n = 2567) (n = 867) P value
Sex P <0.001
Male 1355 (52.8) 365 (42.1)
Female 1212 (47.2) 502 (57.9)
Age P=0.010
20-39 770 (30.0) 235 (27.1)
40-59 802 (31.2) 319 (36.8)
60- 995 (38.8) 313 (36.1)
Race/ethnicity P =0.003
Mexican American 295 (11.5) 99 (11.4)
Other Hispanic 209 (8.1) 78 (9.0)
Non-Hispanic White 981 (38.2) 385 (44.4)
Non-Hispanic Black 589 (22.9) 179 (20.6)
Other race including multi-racial 493 (19.2) 126 (14.5)
Education P <0.001
< High school 979 (38.1) 419 (48.3)
1588 (61.9) 448 (51.7)
PIR P <0.001
<1 374 (14.6) 224 (25.8)
1-2 675 (26.3) 281 (32.4)
2-3 412 (16.0) 137 (15.8)
>3 1106 (43.1) 225 (26.0)
Marital status P =0.057
Married 2145 (83.6) 700 (80.7)
Never married 422 (16.4) 167 (19.3)
Drinking status P=0.001
Yes 2327 (90.7) 817 (94.2)
No 240 (9.3) 50 (5.8)
Smoking status P <0.001
Yes 400 (15.6) 241 (27.8)
No 640 (30.0) 224 (25.8)
Unspecified 1527 (59.5) 402 (46.4)
BMI P <0.001
<185 33(1.3) 20 (2.3)
18.5-24.9 755 (29.4) 194 (22.4)
25-29.9 882 (34.4) 253 (29.2)
>30 898 (35.0) 400 (46.1)
Diabetes P=0.001
Yes 342 (13.3) 154 (17.8)
No 2225 (86.7) 713 (82.2)
Hypertension P=0.629
Yes 604 (23.5) 211 (24.3)
No 1963 (76.5) 656 (75.7)
Vitamin C intake (mg/d) P =0.019
< 75 mg/d women 1380 (53.8) 506 (58.4)
<90 mg/d men
> 75 mg/d women 1187 (46.2) 361 (41.6)
>90 mg/d men
Serum vitamin C (umol/L) P <0.001
< 23 ymol/L 428 (17.7) 214 (24.7)
> 23 umol/L 2139 (83.3) 653 (75.3)
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Table 2. Correlation plot of various covariates

Gender  Age Race  Education PIR 'ZETEZ' Alcohol  Smoking BMI Diabetes Hypertension Vlit:tr;l:; ¢ Vi?:r::irr?C Deprrieszskswe
Gender r 1 -0.032 -0.011 0.062** -0.029 -0.009 0.105** 0.184** -0.008 -0.034* -0.023 -0.003  0.176**  0.093**
p 0.063 0.503 0 0.089 0.588 0 0 0.651 0.046 0.178 0.881 0 0
Age r 1 -0.036* -0.078** 0.051** -0.365** 0.022 -0.050** 0.032 0.242** 0.257** 0.135**  Q0.071** -0.001
p 0.033 0 0.003 0 0.199 0.003 0.059 0 0 0 0 0.966
Race r 1 0.205** 0.114** 0.080** 0.109** 0.027 -0.121** 0.012 0.027 -0.011 -0.013  -0.052**
p 0 0 0 0 0.109 0 0.481 0.109 0.523 0.430 0.002
Education r 1 0.359%* 0.050** -0.036* 0.143** -0.016 -0.056**  -0.056** 0.122** 0.118** -0.091**
p 0 0.004 0.035 0 0.352 0.001 0.001 0 0 0
PIR r 1 -0.089** -0.018 0.189** -0.024 -0.019 -0.049** 0.146** 0.134**  -0.174**
p 0 0.294 0 0.164 0.268 0.004 0 0 0
Marital status r 1 -0.002 0.031  -0.042* -0.079** -0.063** -0.096**  -0.021 0.033
p 0.904 0.065 0.013 0 0 0 0.213 0.057
Alcohol r 1 0.200** -0.066** 0.039* 0.037* 0.032 0.063** -0.056**
p 0 0 0.022 0.029 0.059 0 0.001
Smoking r 1 -0.005 0.003 -0.031 0.123** 0.222** -0.135**
p 0.765 0.859 0.067 0 0 0
BMI r 1 0.162** 0.049** -0.067** -0.177**  0.090**
p 0 0.004 0 0 0
Diabetes r 1 0.080** 0.020 -0.069**  0.055**
p 0 0.234 0 0.001
Hypertension r 1 -0.002  -0.049** 0.008
p 0.930 0.004 0.629
Vitamin C intake r 1 0.494**  -0.066**
p 0 0
Serum Vitamin C r 1 -0.100%**
p 0

**p value 0.01 (two-tailed), the correlation was significant; *p value 0.05 (two-tailed), the correlation was significant; r, correlation coefficient; p, significance; p is significant at the 0.05 level; Negative values
indicate the opposite correlation.
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Table 3. Association between serum vitamin C levels and depressive risk

Crude OR Mode |

Model 2 Model 3 Model 4

Total 1.64 (1.36-1.97)  1.74 (1.44-2.10)

1.55 (1.28-1.88) 1.32(1.08-1.62) 1.32(1.08-1.61)

Figures are expressed as odds ratio (95% confidence interval). Model 1: Adjusted for gender, race and age. Model 2: Further
adjusted for socioeconomic factors including education level, marital status and ratio of family income to poverty (PIR). Model
3: Further adjusted for drinking status, ever cigarette smoking and BMI. Model 4: Further adjusted for diabetes and hyperten-

sion.

as socioeconomic and health-related factors.
Hence, we also analyzed the relationship bet-
ween covariates and depressive risk, as well as
the relationship between various variables. The
results of these analyses are presented in
Table 2. The correlation coefficient used to
measure the strength of the relationship bet-
ween variables ranges from -1 to +1. A value
closer to +1 indicates a stronger positive cor-
relation, while a value closer to -1 indicates a
stronger negative correlation. We found that
the correlation among the variables was statis-
tically significant (P < 0.05). It’s obvious in the
table, not only serum vitamin C but also vitamin
C intake is negative related with depressive
risk, as well as education. Furthermore, PIR
had the strongest correlation.

Association between vitamin C and depressive
risk

The logistic regression analysis of depressive
risk before and after adjustment for covariates
is presented in Table 3. Four multivariable
models were constructed to adjust for potential
covariates, besides the unadjusted model: a
rude model (no covariates were adjusted), the
depressive risk is significantly associated with
serum vitamin C [OR 1.64 (95% CI: 1.36-1.97)].
Model 1 (only sociodemographic variables,
including sex, race and age) [OR 1.74 (95% Cl:
1.44-2.10)]; Model 2 socioeconomic status
variables, including education level, marital
status and the ratio of family income to poverty
(PIR), were adjusted) [OR 1.55 (95% CI: 1.28-
1.88)]; Model 3 (covariates in Model 2 and
health-related variables, including drinking sta-
tus, ever cigarette smoking and BMI, were
included) [OR 1.32 (95% CI: 1.08-1.62)]; Model
4 (covariates in Model 3 and Past medical his-
tory, including diabetes and hypertension), [OR
1.32 (95% CI: 1.08-1.61)]. To sum up, after
adjusting for these all covariates, the associa-
tion remained significant (P < 0.01). Surpri-
singly, comparable findings were observed
when examining the impact of both dietary
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intake and dietary supplements of vitamin C on
depressive risk (Crude model: [OR 1.21 (95%
Cl: 1.03-1.41)]; Model 1: [OR 1.24 (95% CI:
1.06-1.45)]) (Supplementary Table 1).

Subgroup analysis

The relationship between serum vitamin C lev-
els and depressive risk was influenced by many
other characteristics of the participants (n =
3,434), to further confirm the relationship
between them, the subgroup analyzed by sex,
age, race/ethnicity, educational status, marital
status, PIR, BMI, drinking and smoking status,
hypertension and diabetes. Among participants
with vitamin C deficiency, the association was
significant in both men and women, whereas
there was no significant association in the
20-39 [OR 1.21 (95% CI: 0.92-1.59)]. In the
40-59 [OR 1.39 (95% CI: 1.14-1.70)] and the
60+ [OR 1.60 (95% CI: 1.30-1.98)] age group,
depressive risk was correlated with vitamin C.
Compared to people without depressive risk,
the depressive participants were more likely to
have lower PIR [OR 1.35 (95% CI: 1.10-1.67)].
Higher alcohol and extremely high BMI are
more likely to be associated with depressed
people under the condition of vitamin C defi-
ciency (Figure 2).

Unidirectional causal association between
vitamin C and depressive risk

This research utilized a two-sample MR meth-
odology to investigate the potential unidirec-
tional causal connection between vitamin C
and depressive risk (Table 4; Supplementary
Table 2). Distinct genetic SNPs were discover-
ed for various forms of serum vitamin C levels
(GWAS ID: ukb-b-19390, from UK Biobank) and
depression (GWAS ID: finn-b-F5_DEPRESSIO,
from FinnGen Biobank), enabling a more com-
prehensive analysis. The scholars observed
heterogeneity and horizontal pleiotropy (All P >
0.05), implying that the genetic variations
exerted no additional influences through alter-

Am J Transl Res 2024;16(9):5137-5149
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Variable Vitamin C deficiency P
Sex
Men 1.36 (1.11-1.66) 0.003 | —e—
Women 160 (1.36-1.88) <0.001 L e
Age
20-39 1.21 (0.92-1.59) 0.179 '—.—|
40-59 139 (1.14-1.70) 0.002 | —e—
60- 160 (130-198) <0.001 e
Race/ethnicity
Mexican American 191 (1.32-2.76) 0.001 ' +
Other Hispanic 1.87 (1.21-2.90) 0.011 i s 4 d
Non-Hispanic White 124 (1.03-1.49) 0.029 ——i
Non-Hispanic Black 1.43 (1.08-1.89) 0.016 '—0—4
Other Race including 152 (1.04-2.22) 0.037 \ 4
Multi-racial
Education status
<High school 1.35 (1.14-1.60) 0.001 ——
> High school 1.38 (1.13-1.68) 0.003 ——
PIR
<1 135 (1.10-1.67) 0.007 ——
1-2 1.33 (1.08-1.65) 0.011 ——
2-3 1.25 (0.88-1.79) 0.226 l—*—.—l
>3 1.27 (0.93-1.73) 0.140 '_._|
Marital status
Married 138 (1.19-159) <0.001 P
Never married 161 (1.23-2.10) 0.001 ——
Drinking status
Yes 142 (1.25-1.62) <0.001 S
No 130 (0.68-2.47) 0.437 — 1
Smoking status
Yes 1.10 (0.90-1.35) 0.352 —o—i
No 1.32 (1.02-1.71) 0.044 ——i
unspecified 139 (1.11-1.74) 0.005 ——
BMI ’
<185 164 (0.85-3.19) 016 y ¢ 1
18.5-249 1.35 (1.00-1.83) 0.056 A
25-29.9 148 (1.15-1.90) 0.003 ——
=30 131 (1.10-1.57) 0.003 [
Diabetes
Yes 1.42 (1.08-1.88) 0.017 [ ——
No 141 (1.22-1.63) <0.001 fo—e—
Hypertension i
Yes 120 (0.92-156) 0.198 H——
No 151 (1.30-1.75) <0.001 L e
05 1 1.5 2 25 3 35

Figure 2. Stratified analyses of the association of depressive risk and vitamin C deficiency.

native pathways. Moreover, the IVW and MR
Egger analysis indicated a non-unidirectional
causal association between serum vitamin C
levels and depression (IVW, [OR 1.21 (95% ClI:
0.93-1.57)], P = 0.154); MR Egger, [OR: 1.41
(95% CI: 0.82-2.43)], P = 0.247). Still, further

5144

examinations specifically concentrated on the
unidirectional association between intake of
vitamin C as supplement (GWAS ID: ukb-b-
15175, from UK Biobank) or medication (GWAS
ID: ukb-b-488, from UK Biobank) and depres-
sion, also consistently revealed non-causal
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Table 4. Causal effects of serum vitamin C levels on depressive risk estimated by MR

VW MR Egger Weighted median Weighted mode Simple mode  Heterogeneity
P Pleiotropy

Exposure/Outcome nSNP MR p
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P VW Egger
Serum vitamin C levels/Depression 11 1.21(0.93-1.57) 0.154 1.41(0.82-2.43) 0.247 1.37(1.01-1.86) 0.044 1.59(1.09-2.31) 0.035 1.61(1.00-2.57) 0.077 0.102 0.084 0.539

Abbreviations: IVW, inverse variance weighted; MR, Mendelian randomization; SNP, Single nucleotide polymorphisms.
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association between them (Supplementary
Table 3). Furthermore, the leave-one-out analy-
sis demonstrated that the overall outcomes
were not influenced by any individual genetic
variation in these all examinations (Supple-

mentary Figure 2).

Discussion

This is the first study to investigate the relation-
ship between serum vitamin C and depressive
risk in Americans using the NHANES database.
Our study found a potent association between
serum vitamin C levels and depressive risk, and
lower serum vitamin C levels and self-reported
depressive risk remained statistically signifi-
cant after adjusting for covariates. Several stu-
dies show that low vitamin C concentrations
may cause depression, leading to a 65.1% in-
cidence of conditions including depression.
Consuming vitamin C from food, supplements,
and vegetables is negatively correlated with the
risk of depression in the general population
[24-26]. A meta-analysis of observational stud-
ies concluded that patients with depression
had lower dietary intake of vitamin C compared
to the control group [27]. Moreover, patients
who received fluoxetine combined with vitamin
C for 6 months showed a significantly greater
reduction in depression compared to those in
the fluoxetine plus placebo group [28]. In addi-
tion, in mouse models, vitamin C and escitalo-
pram were able to correct elevated levels of
FKBPL in stress-induced depression, the over-
expression of which has been linked to emo-
tional disorders like anxiety and depression
[29]. This article supports the same perspec-
tive, finding a negative correlation between
serum levels and acceptable daily intake of
vitamin C and depressive risk in NHANES, sug-
gesting that low serum vitamin C levels might
contribute to the development of depression.

In our current study, we found that with vitamin
C deficiency, older participants were more likely
to self-report depressive risk. Jia X et al., sup-
port our point of view, depressive patients with
vitamin deficiency are more likely to be ob-
served in women and overweight older adults
[26]. Besides, vitamin C deficiency is more
severe in older hospitalized patients and can
increase the likelihood of frailty in older patients
[30]. In a word, hypovitaminosis C is more com-
mon in the elderly [31]. However, a double-blind
randomized controlled trial in nursing and resi-
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dential homes found 29% of residents had
depressive symptoms and 67% had low vitamin
C levels, but did not find a significant negative
correlation between vitamin C levels and low
mood [32]. This could be due to differences in
sample size; when the sample size is not large
enough, some relationships cannot be discov-
ered. Additionally, as many previous studies
have reported, female and overweight partici-
pants with depressive risk were also found to
consume significantly fewer vitamins in our
study. Researchers strongly encourage proper
vitamin C intake and supplementation among
patients with varying BMI levels, which leads to
a shorter duration until viral clearance [33].
The relationship between smoking and depres-
sive risk is controversial. Higher smoking fre-
quency and amount are linked to a higher onset
of depressive risk. Conversely, quitting smok-
ing reduces the chance of developing depres-
sive risk, with longer cessation durations lower-
ing the risk further [34]. However, due to a
significant number of individuals not providing
their smoking history in our study, there may be
a bias in the results, therefore further research
is needed to investigate the relationship bet-
ween the two. Besides, we did not find that
serum levels, and intake as a supplement or
medication of vitamin C had a unidirectional
causal relationship with depression in the IVW
and MR-Egger approach. To the best of our
knowledge, this was the first study to evaluate
the non-causal association between serum lev-
els, intake as supplement or medication of vita-
min C and depression in the IEU open GWAS
project.

The pathogenesis of depression is complex,
neurotransmitter deficiency may play an impor-
tantrole in the regulation of the stress response
and depression-like behaviours [35]. Previous
studies have shown that serotonin and nor-
adrenaline reuptake inhibitors (SNRIs) and
dopamine stimulants (DSAs) are believed to
have broad potential in the management of
depression [36, 37]. Vitamin C regulates neu-
rotransmitter biosynthesis [11], and it may re-
duce the risk of depression by regulating the
biosynthesis of catecholamines, dopamine, no-
repinephrine, and epinephrine. Besides, inflam-
mation, oxidative stress, and neurotrophic fac-
tor dysfunction are associated with depression
symptoms [38]. A study showed seahorse diet
reduces depression and anxiety-like behaviour.
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Effects are attributed to decreased neuroin-
flammation and oxidation, and restored neuro-
trophin and neurotransmitter function in the
hippocampus [39]. At the same time, a review
also demonstrated the therapeutic potential of
antioxidant doses in psychopathology related
to anxiety and stress in the brain [40]. Vitamin
C is an important antioxidant that fights reac-
tive oxygen species and nitrogen species that
are naturally produced during cellular metabo-
lism, for proper neurogenesis and differentia-
tion, vitamin C is essential as an enzymatic
cofactor, gene expression modulator, and anti-
oxidant [41]. It can be inferred that the possible
mechanism by which vitamin C reduces the
occurrence of depression may be through its
antioxidant properties. To sum up, both our
large cross-sectional study and many previous
studies have confirmed the link of vitamin C to
depressive risk, and this relationship was also
retained even after adjusting for many relevant
variables. However, the mechanism remains to
be further elucidated.

Limitations of this study include that the exten-
sive sample database of the US is not univer-
sally representative of other countries. In addi-
tion, our research is made from publicly
available data over the last ten decades, how-
ever, we only include available NHANES 2017-
2018 data. In the SNP analysis of the MR study,
a less strict P value threshold was used, poten-
tially influencing the results, and the generaliz-
ability of our MR results is limited to popula-
tions of European ancestry. Due to time and
conditions and other constraints, we have not
carried out the mechanism by which vitamin C
affects depressive risk, which still needs to be
further explored. These constraints should be
considered when interpreting the findings of
our study, and further research is crucial to
address these limitations and gain a more com-
prehensive understanding of the topic. In the
end, the lack of randomized control trials (RCT)
studies on the relationship between vitamin C
and depression is indeed a limitation of this
article, and we are still planning to conduct an
RCT study in our upcoming research.

Conclusions

Our findings of the nationally representative
survey revealed a strong correlation between
serum levels, intake as a supplement or medi-
cation of vitamin C and depressive risk, how-
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ever, without a unidirectional causal associa-
tion. In clinical nursing, nurses may incorporate
vitamin C monitoring into assessments, espe-
cially for high-risk patients, to help regulate
mood-related issues. Collaboration with dieti-
tians and physicians ensures comprehensive
care. Additionally, nurses can encourage pa-
tients to maintain adequate vitamin C intake,
particularly through diet or supplements, which
is especially important for vulnerable popula-
tions such as the elderly or those with chronic
illnesses.
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Supplementary Figure 1. Comparison between serum vitamin C levels with depression and without depression.
***%: Significance between the two groups P < 0.001.

Supplementary Table 1. Association between vitamin C intake and depressive risk
Crude OR Mode | Model 2 Model 3 Model 4
Total 1.21 (1.03-1.41) 1.24 (1.06-1.45) 1.13 (0.96-1.33) 1.03 (0.88-1.22) 1.03 (0.87-1.21)

Figures are expressed as odds ratio (95% confidence interval). Model 1: Adjusted for gender, race and age. Model 2: Further
adjusted for socioeconomic factors including education level, marital status and ratio of family income to poverty (PIR). Model
3: Further adjusted for drinking status, ever cigarette smoking and BMI. Model 4: Further adjusted for diabetes and hyperten-
sion.
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Supplementary Table 2. Bidirectional causal association between vitamin C intake as supplement or medication and depressive risk estimated
by MR

VW MR Egger Weighted median Weighted mode Simple mode Heterogeneity p  Pleiotropy
Exposure/Outcome  nSNP

OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% ClI) P OR (95% ClI) P IVW MR Egger P
Vitamin C supplements/ 23 242 0.292 3.39(0.06-5.09) 0.558 1.57 (0.16-15.54) 0.702 1.71 0.781 1.71 0.779 0.898 0.866 0.858
Depression (0.47-12.48) (0.04-70.39) (0.04-68.45)
Treatment vitamin C 8 189.48 0.159 8596.92 0.682 785.00 0.175 4825.64 0.301 2911.66 0.356 0.385 0.286 0.86
product/Depression (0.13-284.22) (0.00-12895.38) (0.05-1177.50) (0.00-7238.45) (0.00-4367.49)

Abbreviations: IVW, inverse-variance weighted; MR, Mendelian randomization; SNP, Single nucleotide polymorphisms.

Supplementary Table 3. Detailed information of selected SNPs for MR analysis of the causal association between serum levels, intake as
supplement or medication and depression

Exposure Outcome GWAS ID of GWAS ID of outcome Sample SNP B se P
exposure size

Vitamin C Depression  ukb-b-19390 finn-b-F5_DEPRESSIO 64979 rs9540734 -0.0259285 0.00548469 2.30E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs7626478 0.0279796 0.00610134  4.50E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs74978963 0.150814 0.0310213 1.20E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs61868302 -0.0571013 0.0118391  1.40E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs4481190 -0.0306375 0.00574377  9.60E-08
Vitamin C Depression  ukb-b-19390 finn-b-F5_DEPRESSIO 64979 rs4238567 0.0253068 0.00550812 4.30E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs2018201 -0.0808079 0.0171646 2.50E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs1883993 0.044959 0.00935324  1.50E-06
Vitamin C Depression  ukb-b-19390 finn-b-F5_DEPRESSIO 64979 rs17482258 0.042829 0.00926045 3.70E-06
Vitamin C Depression  ukb-b-19390  finn-b-F5_DEPRESSIO 64979 rs11650824 0.0794787 0.0158822  5.60E-07
Vitamin C Depression  ukb-b-19390 finn-b-F5_DEPRESSIO 64979 rs114598078 0.0655782 0.0137636 1.90E-06

Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs904017 0.0032693 0.00064653  4.30E-07
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs8063219 -0.0029635 0.00060466  9.50E-07
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175  finn-b-F5_DEPRESSIO 460351  rs79016212 0.0101431 0.00217178  3.00E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs78684519 -0.0076822 0.00167051  4.30E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs74797698 0.00800637 0.00171495  3.00E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs74634742 0.00642704  0.00138683 3.60E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs72993633 0.00661841 0.0013443 8.50E-07
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351  rs72662628 0.0112041 0.00244331 4.50E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs6796394 0.00329826 0.00071574  4.10E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351  rs67914003 -0.0065778 0.00135111  1.10E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs62144051 -0.0047476 0.00102246  3.40E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175 finn-b-F5_DEPRESSIO 460351 rs59538793 0.0030913 0.0006426 1.50E-06
Vitamin and mineral supplements: Vitamin C Depression  ukb-b-15175  finn-b-F5_DEPRESSIO 460351 rs4795397 -0.0032106 0.00058687 4.50E-08
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Supplementary Figure 2. Leave-one-out sensitivity analysis of individual genetic variation in these all examinations. A: Serum vitamin C levels on depressive risk; B:
Supplement vitamin C on depressive risk; C: Medication vitamin C on depressive risk.



