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Abstract

Based on nationally representative samples from US, we aimed to assess the associations of vitamins with hearing loss,
vision disorder and sleep problem. A total of 25,312, 8425 and 24,234 participants were included in this study to investi-
gate the relationship of vitamins with hearing loss, vision disorder and sleep problem from National Health and Nutrition
Examination Survey, respectively. Vitamins including niacin, folic acid, vitamin B6, A, C, E and carotenoids were con-
sidered in our study. Logistic regression models were used to assess the associations between all included dietary vitamin
intake concentrations and the prevalence of specific outcomes. Increased lycopene (odds ratio [OR]: 0.904, 95% confidence
interval [CI]: 0.829-0.985) intake was associated with a deceased prevalence of hearing loss. Higher dietary intake of
folic acid (OR: 0.637, 95% CI: 0.443-0.904), vitamin B6 (0.667, 0.465-0.947), alpha-carotene (0.695, 0.494-0.968), beta-
carotene (0.703, 0.505-0.969) and lutein + zeaxanthin (0.640, 0.455-0.892) were associated with a decreased prevalence
of vision disorder. The inversely associations of sleeping problem with niacin (OR: 0.902, 95% CI: 0.826-0.985), folic acid
(0.882, 0.811-0.959), vitamin B6 (0.892, 0.818-0.973), vitamin C (0.908, 0.835-0.987), vitamin E (0.885, 0.813-0.963)
and lycopene (0.919, 0.845-0.998) were also observed. Our findings provide evidence that increased specific vitamin intake
is associated with decreased prevalence of hearing loss, vision disorder and sleep problem.
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Introduction

Responsible Editor: Lotfi Aleya Good hearing, eyesight and sleep are all essential body

functions for living a normal life and ensuring quality of
life. In the United States, 23.4 million people (7.2%) have
vision impairments or blindness (Rein et al. 2021), 14.5% of
adults have sleeping problems (Shieu et al. 2020) and 23% of
Americans over the age of 12 years old are directly affected
by hearing loss (HL) (Goman and Lin 2016). HL, vision dis-
order (VD) and sleep problems (SP) have gained widespread
public health attention because of their potential effects on
quality of life. The three body functions (hearing, vision
and sleep) are regulated by a range of internal and external
variables, with the nervous system playing a prominent role
(Pula 2012, Rémi et al. 2019, Yamasoba et al. 2013). Sev-
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eral factors could affect the neurological system's functions,
including age, the accumulation of reactive oxygen species
(ROS), and environmental pollutants (Ambade et al. 2022;
Ambade and Sethi 2021). Recently, vitamins have been
reported to play a unique part in influencing brain function
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through an anti-oxidation mechanism (Flanagan et al. 2020;
Milisav et al. 2018).

With economic development, food production and supply
capacity have substantially improved, resulting in a consid-
erable change in the structure of the human diet. Increas-
ingly people prefer Western dietary patterns that are heavy
in energy and fat but deficient in dietary vitamins, fiber
and minerals (Christ et al. 2019). Vitamins deficiency may
motive a series of health damages, inclusive of overweight,
neurological dysfunction, diabetes and so on (Diab and
Krebs 2018; Thomas-Valdés et al. 2017). Vitamins, essen-
tial nutrients, are required to preserve human health and may
have an impact on the brain function by taking part in the
neurosynthesis (Kennedy 2016). Evidence from relevant
clinical research suggested that vitamins were promising for
preventing and treating cognitive impairment and dementia
(Dysken et al. 2014; Markun et al. 2021; Vlachos and Scar-
meas 2019). Meanwhile, some vitamins with anti-oxidant
properties can eliminate ROS and slow down aging (Duan
et al. 2022; Milisav et al. 2018).

Vitamins may also have impacts on hearing, vision and
sleep via the aforementioned or other pathways. Several pre-
vious studies have reported the associations of some vita-
mins with hearing (Ibrahim et al. 2018; OZklI‘l§ et al. 2013;
Rodrigo et al. 2021), vision (Shalini et al. 2021; Williams
et al. 2017) and sleep (Black 2021; Djokic et al. 2019). How-
ever, only a few vitamins were included in previous studies
(Aspy et al. 2018; Kabagambe et al. 2018; Merle et al. 2016)
and their results were inconsistent: some studies reported
positive or negative associations of vitamins with HL, VD
and SP (Cakir et al. 2020; Curhan et al. 2015; Dziedziak
et al. 2021), but others showed no significant association
(Merle et al. 2016; Shargorodsky et al. 2010). Furthermore,
vitamin consumption has drawn a lot of attention recently
as a helpful and easily modifiable factor in the prevention
and treatment of a variety of clinical and subclinical dis-
eases; however, the current research evidence is insufficient
to assess whether additional supplementation is beneficial.

Therefore, we carried out the present cross-sectional
analysis to evaluate the associations of various vitamins
(including niacin, folic acid, vitamin B6, A, C, E and carot-
enoids) with HL., VD and SP from the National Health and
Nutrition Examination Survey (NHANES). Exploring the
association between multivitamins and various body func-
tions could provide evidence for people to boost vitamin
intake adequately for overall health, better hearing, vision
and sleep, etc. Moreover, our study may provide clues for
future research on the dual use of multivitamins for disease
prevention and therapy.

Material and methods
Study population

Data for this study were sourced from NHANES, which
has been conducted by the National Center for Health Sta-
tistics since 1999 (https://wwwn.cdc.gov/Nchs/Nhanes/).
Briefly, NHANES combines interviews with physical and
laboratory examinations in a nationwide chosen repre-
sentative group of adults and children in the United States
over a two-year cycle.

The data available for estimating the associations
between vitamins and HL (NHANES 2000-2012,
2015-2018), VD (2001-2008) and SP (2005-2018) were
included in this study. Following the exclusion of par-
ticipants who had no data on the corresponding outcome
variables, 77,493, 21,777 and 44,669 were included in the
study of vitamins in relation to HL, VD and SP, respec-
tively. Pregnant women, participants under 18 years old,
those who lacked detailed dietary intake information, and
those who lacked data on covariates and important demo-
graphic variables were further excluded. Finally, a total
of 25,312, 8425 and 24,234 participants were included to
investigate the associations of vitamins with HL, VD and
SP, respectively (Fig. S1).

Ascertainment of vitamin intake

Vitamins were divided into fat-soluble vitamins (vitamin A,
D, E and K) and water-soluble vitamins (vitamin B and C)
(Chawla and Kvarnberg 2014; Yuan et al. 2020). Vitamin
A and E, as representatives of fat-soluble vitamins, were
included in our study instead of vitamin D and K due to
their ability to be synthesized by the body (Yuan et al. 2020).
Vitamin B3 (niacin), B6 and B9 (folic acid) were included
in our study as representatives of group B vitamins as they
played crucial roles in neuronal functions, redox reactions,
as well as catabolism and anabolism (Meyer-Ficca et al.
2016; Ratajczak et al. 2021). Additionally, carotenoids
were considered in our study since they were broadly
located in diets and provided numerous health advantages
via acting as antioxidants and provitamin A. Alpha-
carotene, beta-carotene, beta-cryptoxanthin, lycopene and
lutein + zeaxanthin were included in our study as they were
the principal carotenoids present in human plasma and tissue
(Jomova and Valko 2013; Brewczyiiski et al. 2021).
Dietary niacin, folic acid, carotenoids, vitamin B6, A,
C and E intakes were estimated using 24-h dietary recall
interviews, which were conducted by the automated mul-
tiple-pass method developed by the United States Depart-
ment of Agriculture. And for each dietary recall interview
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release, the nutritional value of the foods and drinks
ingested by participants was calculated using data from
the relevant Food and Nutrient Database for Dietary Stud-
ies, which included information on food descriptions, food
quantities and weights and nutrients (Raper et al. 2004).
The types and quantities of foods and beverages ingested
by the participants up to 24 h before the interview were
recorded. Energy, nutrients (e.g., vitamins, minerals) and
other food component intakes were estimated via multiply-
ing the quantity of each nutrient in each food by its daily
consumption and then adding the sum of all food sources
of that nutrient. Units of measurement for vitamins vary:
microgram (mcg) units for folic acid and carotenoids,
milligram (mg) units for niacin, vitamin B6, C, and E,
and retinol activity equivalent (RAE) units for vitamin A.
Every diet surveyor and coder had completed initial train-
ing and passed certification exams.

Ascertainment of outcome

The definitions of HL, VD and SP were based on hearing,
vision and sleep status questionnaires, respectively. Partici-
pants were questioned about their general hearing condi-
tion without assistance from any assistive listening devices.
Answering “excellent” or “good” was classified as normal
hearing, while “a little trouble”, “moderate hearing trouble”,
“a lot of trouble” or “deaf” was classified as HL (Goshtasbi
et al. 2021). Participants were questioned about their general
condition of eyesight in the questionnaire section devoted to
vision. Answering “excellent”, “good” or “fair” was distin-
guished as normal eyesight, while “poor” or “very poor” was
distinguished as VD (Shiue 2013). Furthermore, participants
were asked in the sleep habits and disorders questionnaire:
Have you ever told a doctor or other health professional that
you had trouble sleeping? There were two options: yes or
no. Participants were considered to suffer from SP if their
responses were “yes”, and a “no” response indicated normal

sleep.
Covariates

Age, gender, body mass index (BMI), race-ethnicity (Mexi-
can American, Other Hispanic, Non-Hispanic White, Non-
Hispanic Black and other races), education levels, family
income-poverty ratio (PIR), smoking, alcohol use, physical
activity, waist circumference and diabetes were obtained
through interviews and physical exams. Age was coded
as < 60 years old and > 60 years old. BMI was calculated
as weight (in kilograms) divided by the square of height (in
meters). There were three divisions for educational levels:
less than high school, high school or equivalent and college
or above. PIR was calculated via dividing family (or individ-
ual) income by the poverty guidelines specific to the survey
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year, which varied according to the household size and the
locality (Fadeyev et al. 2021). A ratio of one indicated the
same income and poverty level, while a lower PIR denoted
a higher degree of poverty (Okosun et al. 2014). Our study
grouped PIR into three categories: 0~1.0, 1.0-3.0 and > 3.0.
Smokers were those who had consumed at least 100 ciga-
rettes throughout their lifetime. Current drinkers were rec-
ognized as those who had consumed one or more alcoholic
beverages in the previous 12 months. Physical activity levels
were classified as 0, 1-2 or >3 times per week. Those who
met one of the following criteria were deemed to have dia-
betes: being told by a doctor that they have diabetes, using
antidiabetic medicine, glycated hemoglobin level > 6.5%,
fasting plasma glucose >7.0 mmol/L, random plasma glu-
cose>11.1 mmol/L or plasma glucose > 11.1 mmol/L two
hours after a 75 g glucose load (Lee and Colagiuri 2018).

Statistical analysis

Continuous variables were reported as mean + standard
deviation (SD) and categorical variables were presented
as numbers (percentages). Logistic regression models
were used to assess the associations of all included dietary
vitamin intake concentrations [continuous and categorical
(across quartiles)] and the prevalence of HL, VD and SP.
The linear trend was created via allocating each category's
median value to every participant in that group. In addition,
stratification analyses by gender, age, BMI, smoking, drink-
ing and physical activity were conducted. The combined
effects of vitamins with stratified variables were assessed
using a likelihood ratio test for interaction. Meanwhile, the
dose-response relationships were performed using restricted
cubic splines with four knots at percentiles 5, 35, 65 and
95% of the distribution (Li et al. 2022). R version 4.2.0 was
used for all statistical analyses, and statistical significance
was identified as a two-sided P <0.05.

Results

A total of 25,312 participants were finally included in the
study to examine the relationship between dietary vitamin
intake and HL (Table 1). Among them, 54.4% were male,
31.4% were found to be equal and more than 60 years old,
16.5% were diabetic patients, and 6327 (25.0%) people were
classified as HL. 8425 participants were included to inves-
tigate the association between dietary vitamin intake and
VD. Among them, 304 (3.62%) participants had VD. And
24,234 participants were eventually enrolled to investigate
the association between dietary vitamin intake and SP. There
were 6509 (26.86%) participants who had SP.
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Table 1 General characteristics
of the study participants

Variables

Hearing (n=25,312) Vision (n=_8425) Sleep (n=24,234)

Gender, %
Male
Female
Age, years
<60
>60
Race ethnicity, %
Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black
Other Races
Education levels, %
Less than high school
High school or equivalent
College or above
Family income-poverty ratio level
0-1.0
1.0-3.0
>3.0
BMI, kg/m?
<25
25-30
>30
Smoking status
Never smoker
Smoker
Drinking status, drinks/day
No
Yes
Physical activity, times/week
0
12
>3
Diabetes
No
Yes

Waist Circumference, cm

13,763 (54.4) 4671 (55.4) 12,983 (53.6)
11,549 (45.6) 3754 (44.6) 11,251 (46.4)
17,353 (68.6) 5095 (60.5) 16,557 (68.3)
7959 (31.4) 3330 (39.5) 7677 (31.7)
3833 (15.1) 1346 (16.0) 3466 (14.3)
2001 (7.9) 510 (6.0) 2165 (8.9)
12,443 (49.2) 4741 (56.3) 11,354 (46.9)
5082 (20.1) 1558 (18.5) 5012 (20.7)
1953 (7.7) 270 (3.2) 2237 (9.2)
5436 (21.5) 2093 (24.8) 5106 (21.1)
6013 (23.7) 2040 (24.2) 5682 (23.4)
13,863 (54.8) 4292 (51.0) 13,446 (55.5)
4596 (18.1) 1296 (15.4) 4730 (19.5)
10,346 (40.9) 3353 (39.8) 9904 (40.9)
10,370 (41.0) 3776 (44.8) 9600 (39.6)
7413 (29.3) 2478 (29.4) 6945 (28.7)
8616 (34.0) 3085 (36.6) 8068 (33.3)
9283 (36.7) 2862 (34.0) 9221 (38.0)
12,330 (48.7) 3765 (44.7) 12,037 (49.7)
12,982 (51.3) 4660 (55.3) 12,197 (50.3)
5322 (21.0) 2066 (24.5) 5050 (20.8)
19,990 (79.0) 6359 (75.5) 19,184 (79.2)
5313 (21.0) 1610 (19.1) 5534 (22.8)
3805 (15.0) 1731 (20.6) 2586 (10.7)
16,194 (64.0) 5084 (60.3) 16,114 (66.5)
21,136 (83.5) 7058 (83.8) 19,933 (82.3)
4176 (16.5) 1367 (16.2) 4301 (17.7)
99.2+16.2 99.0+15.4 99.7+16.5

Data were n (%) or mean + SD or median (interquartile range)

Association between dietary vitamin intake and HL

Compared with the lowest quartile (quartile 1, Q1), the
second (quartile 2, Q2) and third (quartile 3, Q3) quartiles
of beta-carotene and the Q3 of alpha-carotene had a lower
prevalence of HL, and their multivariate-adjusted ORs
(95% Cls) were 0.911 (0.836-0.992), 0.917 (0.841-0.999)
and 0.912 (0.837-0.995), respectively (Table 2). Addi-
tionally, the OR for HL was lower in the highest quartile

(quartile 4, Q4) (OR: 0.904, 95% CI: 0.829-0.985) than
that in the Q1 of lycopene intake (P-trend <0.05)
(Table 2). No significantly nonlinear dose—response asso-
ciation between vitamin and hearing loss was found in our
study (Fig S2). Furthermore, the interaction terms between
folic acid and age (P for interaction =0.028), vitamin E
and drinking (P for interaction =0.044), as well as lyco-
pene and BMI (P for interaction =0.040) were statistically
significant (Table S1).

@ Springer



53880

Environmental Science and Pollution Research (2023) 30:53876-53886

Table 2 Multivariate-adjusted ORs (95% Cls) of hearing loss by quintile of specific vitamin intake (n=25,312) #

Vitamin Multivariate-adjusted ORs (95% Cls)

Continuous specific Categorical specific vitamin intake

vitamin intake b

Ql Q2 Q3 Q4 P-trend

Niacin, mg 0.999 (0.998-1.001)  Ref 1.060 (0.974-1.155)  1.036 (0.949-1.130) 0.970 (0.885-1.063)  0.300
Folic acid, mcg 1.000 (0.999-1.001)  Ref 0.990 (0.909-1.079)  1.021 (0.936~1.113) 1.014 (0.928-1.108)  0.644
Vitamin B6, mg 1.013 (0.994-1.033)  Ref 1.014 (0.931-1.105)  0.996 (0.913-1.087)  1.009 (0.923-1.104)  0.929
Vitamin A, RAE 1.000 (0.999-1.001)  Ref 0.998 (0.916-1.089)  0.989 (0.906-1.080) 1.068 (0.978-1.165)  0.105
Vitamin C, mg 1.000 (0.999-1.001)  Ref 0.970 (0.890-1.056)  0.979 (0.900-1.067) 0.972 (0.890v1.060)  0.669
Vitamin E, mg 0.999 (0.996-1.003) Ref 0.978 (0.898-1.065)  0.996 (0.914-1.086) 0.969 (0.888-1.057)  0.552
Alpha-Carotene, mcg 1.000 (0.999-1.001)  Ref 0.994 (0.912-1.082)  0.912 (0.837-0.995) 0.964 (0.885-1.051)  0.790
Beta-Carotene, mcg 1.000 (0.999-1.001)  Ref 0.911 (0.836-0.992)  0.917 (0.841-0.999) 0.973 (0.892-1.061)  0.580
Beta-Cryptoxanthin, mcg 0.999 (0.999-1.001)  Ref 1.006 (0.924-1.096)  0.966 (0.888-1.052) 0.964 (0.885-1.050)  0.351
Lycopene, mcg 1.000 (0.999-1.001) Ref 0.961 (0.883-1.046)  0.940 (0.863-1.024)  0.904 (0.829-0.985)  0.035
Lutein + Zeaxanthin, mcg 1.000 (0.999-1.001) Ref 1.002 (0.920-1.091)  0.977 (0.897-1.064)  0.965 (0.884-1.053)  0.362

# Multivariable models were adjusted for age, BMI, gender, race-ethnicity, education levels, family income-poverty ratio level, smoking status,
drinking status, physical activity, waist circumference, diabetes

b Test for trend based on variable containing median value for each quartile

Association between dietary vitamin intake and VD

Compared with the Q1, the Q4 of folic acid (OR: 0.637,
95% CI: 0.443-0.904), vitamin B6 (0.667, 0.465-0.947),
alpha-carotene (0.695, 0.494-0.968) and beta-cryptoxanthin
(0.703, 0.505-0.969) were negatively associated with the
prevalence of VD (Table 3). Regarding lutein 4+ zeaxanthin,
the prevalence of VD was significantly decreased in Q3
(OR: 0.640, 95% CI: 0.455-0.892). We found significant
negatively dose-dependent associations of folic acid and
vitamin B6 with VD in categorical models across quartiles

of vitamin intake concentrations (both P-trend <0.05)
(Table 3). In addition, the nonlinear dose—response associa-
tions of vitamin B6 (P nonlinear=0.0051), alpha-carotene
(P nonlinear =0.0464), beta-carotene (P nonlinear=0.0041)
and lutein + zeaxanthin (P nonlinear =0.0056) with VD
were found too (Fig S3). Meanwhile, the associations of
niacin and vitamin C with VD were significant in different
smoking groups, and their P for interaction were 0.038 and
0.029, respectively (Table S2). Besides, the interaction term
between vitamin B6 and physical activity (P for interac-
tion=0.012) was also statistically significant.

Table 3 Multivariate-adjusted ORs (95% Cls) of vision disorder according to specific vitamin intake (n==8425) #

Vitamin Multivariate-adjusted ORs (95% Cls)

Continuous specific Categorical specific vitamin intake

vitamin intake

Q1 Q2 Q3 Q4 P-trend ®

Niacin, mg 0.990 (0.980-1.001)  Ref 0.877 (0.641-1.196)  0.799 (0.570-1.112) 0.826 (0.580-1.169)  0.259
Folic acid, mcg 1.000 (0.999-1.001) Ref 0.738 (0.538-1.006)  0.828 (0.601-1.134) 0.637 (0.443-0.904) 0.025
Vitamin B6, mg 0.930 (0.840-1.030)  Ref 0.928 (0.685-1.254)  0.739 (0.526,1.030) 0.667 (0.465-0.947) 0.014
Vitamin A, RAE 1.000 (0.999-1.001) Ref 0.789 (0.583-1.088)  0.823 (0.593-1.135) 0.758 (0.536-1.062)  0.145
Vitamin C, mg 1.000 (0.998-1.001) Ref 0.822 (0.597-1.127)  0.755 (0.539-1.049) 0.870 (0.626-1.201)  0.522
Vitamin E, mg 0.980 (0.950-1.001)  Ref 0.851 (0.622-1.158)  0.838 (0.603-1.159) 0.855 (0.607-1.195)  0.406
Alpha-Carotene, mcg 1.000 (0.999-1.001) Ref 0.842 (0.618-1.143)  0.689 (0.491-0.959) 0.695 (0.494-0.968) 0.125
Beta-Carotene, mcg 1.000 (0.999-1.001)  Ref 0.649 (0.469-0.890) 0.663 (0.475-0.916) 0.703 (0.505-0.969) 0.214
Beta-Cryptoxanthin, mcg 1.000 (0.998-1.001)  Ref 0.903 (0.647-1.255)  1.221 (0.891-1.672) 0.920 (0.649-1.296)  0.646
Lycopene, mcg 1.000 (0.999-1.001) Ref 0.753 (0.547-1.029)  0.814 (0.588-1.121) 0.725 (0.516-1.010)  0.190
Lutein + Zeaxanthin, mcg 1.000 (0.999-1.001)  Ref 0.783 (0.576-1.062)  0.640 (0.455-0.892) 0.756 (0.539-1.052)  0.194

# Multivariable models were adjusted for age, BMI, gender, race-ethnicity, education levels, family income-poverty ratio level, smoking status,
drinking status, physical activity, waist circumference, diabetes

b Test for trend based on variable containing median value for each quartile
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Table 4 Multivariate-adjusted ORs (95% Cls) of sleep problem according to specific vitamin intake (n=24,234) *
Vitamin Multivariate-adjusted ORs (95% Cls)

Continuous specific ~ Categorical specific vitamin intake

vitamin intake b

Q1 Q2 Q3 Q4 P-trend

Niacin, mg 0.999(0.997-1.001) Ref 0.920 (0.848-0.998)  0.871 (0.801-0.948)  0.902 (0.826-0.985)  0.025
Folic acid, mcg 1.000(0.999-1.001) Ref 0.869 (0.801-0.943)  0.882 (0.811-0.959)  0.930 (0.854-1.013)  0.291
Vitamin B6, mg 1.003(0.985-1.021) Ref 0.879 (0.810-0.953)  0.851 (0.783-0.926)  0.892 (0.818-0.973)  0.027
Vitamin A, RAE 1.000(0.999-1.001) Ref 0.991 (0.912-1.077)  0.991 (0.911-1.078)  1.073 (0.986-1.168)  0.064
Vitamin C, mg 1.000(0.999-1.001) Ref 0.960 (0.885-1.042)  0.908 (0.835-0.987)  0.937 (0.861-1.020) 0.172
Vitamin E, mg 1.003(1.001-1.007) Ref 0.983 (0.905-1.067)  0.885 (0.813-0.963)  1.051 (0.966-1.143) 0.216
Alpha-Carotene, mcg 1.000(0.999-1.001) Ref 0.996 (0.917-1.081)  0.975 (0.896-1.060)  0.978 (0.900-1.064)  0.695
Beta-Carotene, mcg 1.000(0.999-1.001) Ref 0.934 (0.860-1.015)  0.943 (0.868-1.026)  0.943 (0.867-1.026)  0.486
Beta-Cryptoxanthin, mcg 1.000(0.999-1.001) Ref 0.947 (0.872-1.028)  0.998 (0.919-1.083)  0.986 (0.907-1.071)  0.862
Lycopene, mcg 1.000(0.999-1.001) Ref 0.983 (0.906-1.067)  0.919 (0.845-0.998)  0.926 (0.852-1.007)  0.093
Lutein + Zeaxanthin, mcg 1.000(0.999-1.000) Ref 1.002 (0.922-1.089)  1.020 (0.939-1.109)  1.007 (0.925-1.095)  0.902

# Multivariable models were adjusted for age, BMI, gender, race-ethnicity, education levels, family income-poverty ratio level, smoking status,

drinking status, physical activity, waist circumference, diabetes

b Test for trend based on variable containing median value for each quartile

Association between dietary vitamin intake and SP

The Q4 of niacin (OR: 0.902, 95% CI: 0.826-0.985) and
vitamin B6 (OR: 0.892, 95% CI: 0.818-0.973) were asso-
ciated with a decreased prevalence of SP (Table 4). Q2
(OR: 0.869, 95% CI: 0.801-0.943) and Q3 (OR: 0.882,
95% CI:0.811-0.959) quartiles of folic acid were associ-
ated with a significantly decreased prevalence of SP when
compared with the Q1. Additionally, the Q3 of vitamin C, E
and lycopene had a lower prevalence of SP, and the multi-
variate-adjusted ORs (95% CIs) were 0.908 (0.835-0.987),
0.885 (0.813-0.963) and 0.919 (0.845-0.998), respectively.
In categorical models, the significant dose-response rela-
tionships of SP with vitamin intake concentrations were
also found to be negative for niacin and vitamin B6 (both
P-trend < 0.05) (Table 4). Besides, there were nonlinear
dose-response associations of niacin, folic acid, vitamin B6,
vitamin C and vitamin E with SP (all P nonlinear < 0.05)
(Fig S4). Meanwhile, the likelihood ratio test for interaction
showed that the interaction terms between vitamin B6 and
age (P for interaction=0.002), vitamin A and gender (P for
interaction=0.015), vitamin C and drinking (P for interac-
tion=0.014), as well as alpha-carotene and physical activ-
ity (P for interaction =0.042) were statistically significant
(Table S3).

Discussion

Our study found that increased lycopene intake was asso-
ciated with a decreased prevalence of HL. Folic acid and
vitamin B6 may have a protective effect on both VD and

SP. In addition, higher dietary intake of alpha-carotene,
beta-carotene and lutein + zeaxanthin were associated with
a decreased prevalence of VD. The associations of increased
niacin, vitamin C, vitamin E and lycopene with decreased
prevalence of SP were also observed. Meanwhile, the inter-
action effects of vitamins with gender, age, BMI, smok-
ing, drinking and physical activity were found in our study,
which was in line with previous studies (Choi et al. 2014;
Sarris et al. 2012).

The results of our study carry noteworthy implications
for public health. HL, VD and SP, as public health issues of
widespread concern, have been proven to be associated with
difficulty in daily interactions, impaired physical and mental
health, as well as increased risks of cognitive impairment
and death. Additionally, vitamin consumption has drawn a
lot of attention recently as a helpful and easily modifiable
factor in the prevention and treatment of HL, VD and SP.
The associations between vitamins and HL, VD, and SP
had been studied in several animal and population research;
however, there were discrepancies in their results (Abbasi
et al. 2021; Gopinath et al. 2013; Nunes et al. 2018; Ongan
and Yuksel 2017; Rodrigo et al. 2021). The present study
explored these associations using representative samples of
the US general population, which enabled the generalization
of our findings. And the results of our study implied that
proper vitamin intake might be helpful for the prevention
of HL, VD and SP.

Possible mechanisms

Vitamins are a group of regulatory substances that play
a vital role in the metabolism process. As well as their
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involvement in neurochemical synthesis and antioxidant,
they could thus be perceived as having a specific impact on
numerous organs, including the brain, ear, eye, etc. (Berger
et al. 2012; Kennedy 2016; Thomas-Valdés et al. 2017). An
overabundance of ROS has adverse effects on vision, hear-
ing and sleep by inducing oxidative stress, which can cause
cochlea damage, reduce blood flow and affect the normal
function of the vascular, endothelial and nervous systems
(Cakir et al. 2020; Choi et al. 2021; Curhan et al. 2015;
Evans and Lawrenson 2017). Hence, vitamins can function
as antioxidants to guard against HL, VD and SP. On the
other hand, vitamin actively participate in the metabolism
of homocysteine; increased serum homocysteine concentra-
tions could also contribute to a higher prevalence of HL, VD
and SP (Aspy et al. 2018; Martinez-Vega et al. 2016; Tawfik
et al. 2021). Additionally, vitamins play an essential role in
the synthesis of several neurotransmitters (Peters et al. 2015)
and can regulate the release of melatonin, thus having an
effect on sleep (Peuhkuri et al. 2012). Several prior studies
have reported the associations of some vitamins with hear-
ing, vision and sleep, and a summary of previous studies is
shown in Table S4.

Vitamin and HL

Although animal research has revealed some protective
effects of vitamins on HL and associated mechanisms (Gi
et al. 2018; Le Prell et al. 2011; Martinez-Vega et al. 2015),
population studies have yielded inconsistent results. Our
research found that intakes of alpha-carotene, beta-carotene
and lycopene were associated with decreased prevalence of
HL, which was in line with the previous studies (Curhan
et al. 2015; Ozkiris et al. 2013; Spankovich et al. 2011; Yu
et al. 2011). Antioxidant vitamins (such as carotenoids,
vitamin A, C and E) function as free radical scavengers to
ward off oxidative stress, which can damage lipids, proteins,
RNA and DNA and lead to disease (Berger et al. 2012). The
associations between the prevalence of HL and beta-cryp-
toxanthin, lutein + zeaxanthin, vitamin A, C and E were not
significant in our study; however, their protective effects on
HL have been reported in previous research (Gopinath et al.
2011; Ibrahim et al. 2018; Rodrigo et al. 2021), but not all
(Shargorodsky et al. 2010). A prospective cohort study fol-
lowing 65,521 female nurses found no association between
HL and vitamin A or vitamin E and higher vitamin C intake
was associated with a higher risk of HL (Curhan et al. 2015).
The discrepancies could be explained by differences in the
study population, reporting methods for HL and dietary
evaluation techniques.

No significant association between HL and niacin, folic
acid or vitamin B6 was found in our current investigation,
which was reconcilable with previous studies (Choi et al.
2021; Dawes et al. 2020). Although some studies showed
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that higher niacin, folic acid and vitamin B6 intakes were
associated with a lower risk of HL (Curhan et al. 2015;
Kabagambe et al. 2018; Kim and Chung 2019), others have
reported no significant association or increased risk (Dawes
et al. 2020; Park et al. 2019). Perhaps the larger size of the
study population in our study allowed for a better ability
to support our findings. In addition, individual differences
among study participants and different methods for outcome
assessment may explain the disparities in results.

Vitamin and VD

Human vision creation is a complex and sensitive process,
which can be harmed by the accumulation of reactive
oxygen species, ultraviolet radiation, diseases, old age,
environmental pollutants and other things (Ambade et al.
2021a; Grover and Samson 2014). Because of the eye's
features (excessive oxygen consumption, high content of
polyunsaturated fatty acids, chronic exposure to high-energy
visible light and so on), oxidative stress was assumed to be a
prevalent pathogenic mechanism in VD (Grover and Samson
2014; Lawrenson and Downie 2019). Thus, antioxidant
vitamins may have a protective effect on decreasing the
risk of VD. However, investigations into the associations
between vitamins and VD have shown conflicting findings.
For example, clinical studies and cohort studies discovered
that antioxidant supplements (including beta-carotene,
vitamins C and E) did not slow the advancement of
cataracts(Mathew et al. 2012; Ramdas et al. 2012) but not all
(Giaconi et al. 2012). Several carotenoids (alpha-carotene,
beta-carotene, lutein + zeaxanthin) were found to have
inverse associations with the prevalence of VD in our study;
however, neither vitamin A, C nor E were associated with
VD in our study. Carotenoids (alpha-carotene, beta-carotene
and lutein + zeaxanthin) might protect eyesight by lowering
the apoptosis of retinal ganglion cells and regulating ocular
vascular function via their antioxidant action (Bungau et al.
2019; Dziedziak et al. 2021). It has also been reported in
other studies that carotenoids have a decreased impact on the
risk of VD (Wu et al. 2015; Shalini et al. 2021).

Niacin, folic acid and vitamin B6 are group B vitamins,
and a lack of either one might result in mitochondrial fail-
ure (Huang-Link et al. 2021), elevated plasma homocyst-
eine levels (Zampatti et al. 2014) and vascular endothelial
damage (Tawfik et al. 2021). VD can be caused via the
aforementioned pathways. In our study, folic acid and vita-
min B6 were associated with decreased risk of VD, which
is consistent with previous studies (Gopinath et al. 2013;
Tan et al. 2014). According to a study that used data from
the Age-Related Eye Disease Study, high folate intake was
linked to a lower risk of progression to geographic atro-
phy, whereas vitamin B6 had no impact; and age-related
macular degeneration was not substantially associated with
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folate or other B vitamins (Merle et al. 2016). However,
several studies have also noted that niacin and vitamin B6
have protective effects against VD (Evans and Lawrenson
2017; Williams et al. 2017). Varied study populations,
different research methodologies, various approaches to
assessing exposures and results, as well as different types
of visual issues may have contributed to variances in study
findings.

Vitamin and SP

The association between dietary intake and sleep has got-
ten a lot of attention in recent years. Existing evidence has
revealed that diet structure, eating behaviors, chemicals con-
tained in drinking water and food, as well as the amount and/
or percentage of specific nutrients taken all have an impact
on sleep performance (Dashti et al. 2015; Ghani et al. 2022;
Hasan et al. 2021; St-Onge et al. 2016). The sleep—wake
cycle is linked to a number of neurotransmitters (Halson
2014). Dietary nutrients, particularly vitamins and miner-
als, alter hormone levels, biological rhythms and mood in
the body via regulating the synthesis and release of these
neurotransmitters (Frank et al. 2017; Peuhkuri et al. 2012;
Sarris et al. 2012). Our study found that lycopene, vitamin
C and vitamin E were associated with decreased SP preva-
lence, and their benefits for sleep have been documented in
several previous studies (Black 2021; Carrasco et al. 2022;
Dadashpour et al. 2018; Monfared et al. 2017). Addition-
ally, vitamin A and several carotenoids (alpha-carotene,
beta-carotene, beta-cryptoxanthin and lutein + zeaxanthin)
were not significantly associated with SP, which has been
found in our study and other research (Cakir et al. 2020;
Komada et al. 2017). But other studies reported their ben-
efits for sleep (Beydoun et al. 2014; Grandner et al. 2014).

Our findings showed antagonistic associations between B
vitamins (vitamin B6, folic acid and niacin) intake and SP.
B vitamins have a protective effect on sleep because they
are crucial for synthesizing a variety of neurotransmitters
(Peters et al. 2015) and can regulate the release of mela-
tonin (Peuhkuri et al. 2012). Animal studies have shown that
niacin can greatly increase non-rapid-eye movement sleep
by activating niacin receptors GPR109A (Szentirmai and
Kapas 2019). Clinical trials have reported that B vitamins
are associated with more excellent sleep (Sarris et al. 2012)
and might be effective in treating insomnia (Djokic et al.
2019). In contrast, another RCT including 100 participants
from across Australia found that B vitamins were signifi-
cantly linked to lower self-rated sleep quality and greater
fatigue upon waking (Aspy et al. 2018). Insufficient sample
size, discrepancies in the study population's baseline charac-
teristics and the duration of the intervention may contribute
to differences in study results.

Strengths and limitations

This study has some strengths. First, based on sizable and
nationally representative samples from a well-established
nationwide survey in the US, this study explored the associa-
tions of vitamins with HL, VD and SP. Second, our study
explored potential associations of multivitamins with vari-
ous body functions and conducted stratification analyses
based on several confounders, allowing for a more thorough
knowledge of the roles of vitamins on body functions.

Several limitations need to be acknowledged. First, we
cannot examine the causality because of the cross-sectional
study design, but it also has significant public health impli-
cations. Second, the outcomes of the present study were
based on self-reported information with possible recall bias.
However, it has been discovered that self-reported assess-
ments of HL, VD and SP are generally reliable (Gomez et al.
2001; Rein et al. 2021; Komada et al. 2017). Third, although
we have adjusted for confounders like smoking, drinking and
diabetes, there may still be some other confounding factors
that may have impacts, such as drug use, family history of
disease and other contaminants in food or drinking water
(Ambade et al. 2021b; Kurwadkar et al. 2022).

Conclusions

In conclusion, our study shows that specific vitamin intake
is associated with decreased prevalence of HL, VD and SP.
Dietary intake of alpha-carotene, beta-carotene and lyco-
pene are negatively associated with the prevalence of HL.
Increased intake of folic acid, vitamin B6, lutein + zeax-
anthin, and alpha- and beta-carotene are associated with a
decreased probability of VD. Besides that, properly increas-
ing niacin, folic acid, lycopene, vitamin B6, C and E intakes
may contribute to sleep. Future research is required to fully
illustrate the biological pathways before forming definite
conclusions about these associations.
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