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Abstract: There are few longitudinal studies on the association between dietary vitamin C and sleep
disorders. The aim of this study was to investigate the association between dietary vitamin C intake
and various types of sleep disorders, including sleep apnea and insomnia, as well as recommended
dietary intakes. A total of 68,221 participants from the UK Biobank were enrolled in the study.
Dietary vitamin C intake was calculated by a 24-hour dietary recall questionnaire. We used Cox
regression model to assess the association between dietary vitamin C and sleep disorders and
restricted cubic spline models to explore potential nonlinear relationships. Stratified analyses and
sensitivity analyses were also performed to further test the results. The results showed that vitamin
C intake at the Q4 level (132.88-191.51 mg/d) was significantly protective against sleep disorders
with an HR (95% CI) of 0.78 (0.65-0.94), and against sleep apnea with an HR (95% CI) of 0.75 (0.62-
0.92). The protective effect remained significant in stratified analyses of men and age <60 years, and
the results were robust in sensitivity analyses. Adequate dietary vitamin C intake may have a
protective effect in preventing sleep disorders.

Keywords: sleep disorder; diet; vitamin c¢; UK Biobank

1. Introduction

Sleep disorders comprise a group of conditions that disrupt normal sleep patterns, including
apnea, insomnia, sleep-related respiratory disorder, centralized somnolence, day-night rhythm sleep-
wake disorder (including jet lag and shift work), sleep-associated motor disorder, and anomalous
sleep [1]. Besides directly impairing quality of life [2], sleep disorders contributed to various physical
and psychological complications, including metabolic disorders [3,4], cardiovascular disorders [5,6],
cognitive decline [7,8] and depression [9]. Previous studies demonstrated that oxidative stress
exacerbates sleep disorders by altering neuronal activity and inflammatory responses [10].
Conversely, consuming antioxidant-rich foods can significantly improve sleep disorders [11].

Vitamin C is a potent antioxidant [12] that reduces oxidative stress by absorbing and
neutralizing free radicals produced by the body [13,14]. In previous research on rats, vitamin C was
shown to reduce oxidative and carbonyl stress in obstructive sleep apnea and prevent metabolic,

hormonal, and lipid peroxidation issues caused by sleep deprivation [15]. Several cross-sectional
studies have elevated the effect of vitamin C on sleep status. Mhaidat NM.et al found that dietary
vitamin C reduced sleep deprivation-induced memory impairment [16]. Moreover, individuals with
lower vitamin C intake were more likely to experience shorter sleep durations [17]. And a study based
on NHANES data identified a significant negative association between serum vitamin C levels and
sleep disorders [18].

While numerous cross-sectional studies have investigated the relationship between vitamin C
and sleep, there is a scarcity of longitudinal research on this topic. Moreover, most cross-sectional
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studies had relatively small sample sizes and lacked a clear definition of sleep disorders. Thus, this
study utilized data from the UK Biobank to conduct a longitudinal analysis of the impact of dietary
vitamin C on sleep disorders, as defined by ICD classification [19].

2. Materials and Methods
2.1. Study Population

This study utilized data collected from the UK Biobank (https://www.ukbiobank.ac.uk/). They
were comprehensively assessed between 2006 and 2010 and their health status was tracked through
the linked death and health records section. The UK Biobank represents a massive, population-based,
prospective study. The evaluation visits encompassed electronic signature consent forms, self-
administered touchscreen questionnaires, brief computer-assisted interviews, physical and
functional measurements, as well as the collection of blood, urine, and saliva samples [20]. The North
West Multi-centre Research Ethics Committee (MREC) granted ethical approval after all participants
gave their informed consent. The inclusion criteria for this study were as follows: (1) absence of sleep
disorders at baseline; (2) complete dietary vitamin C data at baseline. The exclusion criteria were: (1)
extreme energy intake; and (2) incomplete covariate data. Ultimately, a total of 68,221 participants
were included in the analysis. Figure 1 depicted the flowchart of study participants.

The total number of
participants in UK Biobank
(n=502,366)

1 Excluding baseline Sleep disorders
(n=3,085)
———®| 2 Excluding individuals with missing
baseline vitamin data
(0=429,045)

” Excluding extreme energy intake
(n=1,744)

Excluding invalid data for the
EE— covariate
(n=241)

Figure 1. Flow chart of the screening process for the selection of eligible participants.

2.2. Assessment of Sleep Disorder

Our primary outcome variable is sleep disorders, identified using International Classification of
Diseases (ICD) codes obtained through coordination with national registries. Specifically, instances
of sleep disorders are classified using ICD-10 codes G47.0-9(Supplementary Tables S1). Participants’
hospitalisation data were available up to 30 September 2023. Participants who died were assigned
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the date of death as the review date. Sleep disorder onset date corresponded to the first reported
diagnosis.

2.3. Assessment of Dietary Vitamin C Intake

We utilized data from the internet-based 24-hour dietary questionnaire (Oxford WebQ) of the
UK Biobank to evaluate dietary vitamin C intake. Vitamin C was analyzed using baseline data from
2009-2010. This data was then categorized into five groups: Q1 (<51.27mg/d), Q2 (51.27-90.44mg/d),
Q3 (90.44-132.88mg/d), Q4 (132.88-191.51mg/d), and Q5 (>191.51mg/d) based on quintiles.

2.4. Assessment of Covariates

Based on previous literature regarding diet intake and sleep [21-23], we included a series of
covariates in our study. The demographic variables included gender, age, education level, household
income, Townsend Deprivation Index (TDI), and ethnicity. Additionally, we incorporated several
health behavior variables such as Body Mass Index (BMI), physical activity, smoking status, alcohol
drinker status, and further adjusted for total energy intake. In addition, we included the following
health factors: vitamin C supplements, hypertension, diabetes, stroke, and malignant neoplasms.

2.5. Statistical Analysis

We compared the characteristics of individuals with and without sleep disorders, as well as the
varying levels of dietary vitamin C intake. Normality of continuous variables was assessed using the
Kolmogorov-Smirnov (K-S) test. Continuous variables following a normal distribution were
expressed as mean * standard deviation (SD) and compared using Student’s t-test, while non-
normally distributed variables were reported as median and interquartile range (IQR) and analyzed
using the Mann-Whitney U test. Categorical variables were presented as frequencies and percentages
and analyzed using the x2 test.

To estimate the association between dietary vitamin C intake and the risk of sleep disorders, we
used a Cox regression model to calculate the hazard ratio (HR) and its 95% confidence interval (CI).
We conducted additional analyses on the impact of dietary vitamin C on sleep apnea, insomnia and
other types of sleep disorders. Survival time was defined as the interval from the start of follow-up
to the occurrence of the endpoint event. For participants who did not observe the endpoint event,
survival time was calculated until their death or the end of the follow-up period. The lowest vitamin
Cintake group (Q1) served as the reference group. Multicollinearity was assessed using the variance
inflation factor (VIF), and no signs of multicollinearity were detected in any of the models. We
constructed three models:

Model 1 serves as the crude model.

Model 2 adjusts for age and gender (male, female).

Model 3 incorporates additional variables, including race(white, other) education level(college
or university degree=1, a levels/ as levels or equivalent=2, o levels/ GCSEs or equivalent=3, CSEs or
equivalent=4, NVQ or HND or HNC or equivalent=5, other professional qualifications eg: nursing,
teaching=6, other=0), household income (less than 18,000=1, 18,000 to 30,999=2, 31,000 to 51,999=3,
52,000 to 100,000=4, greater than 100,000=5, other=0), TDI, BMI, physical activity, smoking
status(never=0, previous=1, current=2), alcohol drinker status(never=0, previous=1, current=2), total
energy intake, vitamin C supplements(yes=1, no=0), hypertension, diabetes, stroke, and malignant
neoplasms.

Due to the differing prevalence of sleep disorders across genders and age groups, we performed
stratified analyses based on these variables. Furthermore, as previous studies have demonstrated that
sleep-related breathing disorders, insomnia, and insufficient sleep can contribute to elevated blood
pressure, we specifically examined the effect of dietary vitamin C intake on sleep disorders in people
with and without hypertension.
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We used a restricted cubic spline model with four knots to assess the dose-response relationship
between dietary vitamin C intake and the risk of sleep disorders, analyzing the effects of vitamin C
under different dose conditions.

In performing sensitivity analyses to consider potential delays in disease onset, we excluded
subjects who developed sleep disorders within two years of the investigation, and further analyzed
associations between dietary vitamin C and sleep disorders, as well as sleep apnea, insomnia, and
other types of sleep disorders. Results were considered statistically significant when the P-value on
both sides was less than 0.05.

3. Results

This survey included a total of 68,221 participants who met the inclusion criteria. The average
age was 56.24 + 8.14 years old. Table 1 showed the comparison of characteristics between the sleep
disorders group and the non-sleep disorders group. Participants with sleep disorders tended to be
older, more likely to be male, had a higher BMI, smoke more frequently, consumed more total energy,
had higher rates of hypertension, stroke, diabetes and malignant neoplasms, and had lower family
income, education level, Townsend deprivation index, MET scores and vitamin C intake.

Table 1. Baseline characteristics of participants based on sleep disorders in UK Biobank 2006-2010 (N

= 68,211).
Non-sl
d(;soi;;p Slee(pl (;izss(;rder P value
(66,998) ’
Age, y, mean * SD 2 56.23+8.15 56.93+7.84 0.005
Sex (%) ®
Female 37,646(56.2) 441(36.06)
Male 29,352(43.82) 782(63.94)
BMI, kg/m?, mean * SD 2 27.02+4.61 31.96+6.93 <0.001
TDI, mean + SD 2 -1.33+2.81 -0.54+3.08 <0.001
Average total household income
® before tax (%) ® <0.001
Less than 18,000 10,473(15.64) 289(23.63)
18,000 to 30,999 14,756(22.03) 285(23.3)
31,000 to 51,999 16,342(24.40) 263(21.5)
52,000 to 100,000 13,540(20.24) 211(17.25)
Greater than 100,000 4,186(6.25) 53(4.33)
Other 7,701(11.56) 122(9.98)
Education (%) ® <0.001
College or University degree 26,093(38.98) 391(31.97)
A levels/ AS levels or equivalent 8,585(12.82) 126(10.3)
O levels/ GCSEs or equivalent 14,714(21.98) 285(23.3)
CSEs or equivalent 3,441(5.14) 77(6.30)
NVQ or HND or HNC or equivalent 3,730(5.57) 100(8.18)
Other professi.onal qual%fications eg: 3,326(4.96) 66(5.4)
nursing, teaching
Other 7,109(10.67) 178(14.55)
Race (%) ® 0.001
White 62,776(93.70) 1,118(91.41)
Other 4,222(6.30) 105(8.59)
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all activity, media (IOK) - 1,841(2,701) 1,354(2,564) <0.001
Smoking status (%) ® <0.001
Never 38,144(56.94) 565(46.2)
Previous 23,311(34.81) 522(42.68)
Current 5,543(8.27) 136(11.12)
Alcohol drinker status (%) ? <0.001
Never 2,504(3.74) 62(5.07)
Previous 2,236(3.34) 77(6.3)
Current 62,258(92.92) 1,084(88.63)
Total energy i“tasklg’akcal/ day,meant ) 4 65+614.30 2087.27+658.20 <0.001
Vitamin C intake, mg/d, media (IQR) 2 111.07(112.61) 103.93(119.66) 0.002
Vitamin C supplements (%) b 6,393(9.54) 105(8.59) 0.280
Stroke (%) b 165(0.25) 5(0.41) 0.401
Diabetes (%) b 4898(7.31) 326(26.66) <0.001
Hypertension (%) ® 19,215(28.68) 792(64.75) <0.001
Malignant neoplasms (%) ® 12,379(18.48) 288(23.55) <0.001

SD, standard deviation; IQR, interquartile range; BMI, Body mass index; TDI, Townsend Deprivation Index. * P-
value was tested by Mann-Whitney U test; ® P-value was tested by chi-squared test.

Figure 2 showed the relationship between dietary vitamin C intake and sleep disorders. In
Model 1, higher vitamin C intake significantly reduced the risk of sleep disorders (P < 0.05).
Compared to Q1, the hazard ratios (HR) and 95% confidence intervals (CI) for Q2, Q3, Q4, and Q5
were 0.75 (0.63-0.88), 0.80 (0.68-0.95), 0.65 (0.54-0.77), and 0.79 (0.67-0.94), respectively. In model 2,
this relationship remained, with HRs (95% CI) of 0.76 (0.64-0.90), 0.81 (0.69-0.96), 0.66 (0.55-0.79), and
0.82 (0.69-0.97) for Q2, Q3, Q4, and Q5, respectively, compared with Q1. However, in model 3, Q2
and Q4 showed significant protection against sleep disturbances compared to Q1, with HRs (95% ci)
of 0.83 (0.70-0.99) and 0.78 (0.65-0.94), respectively.

Model  Vitamin C intake (mg/d) HR(95%CI) P-value
Modell QI1(<51.27) Reference
Q2(51.27-90.44) 0.75(0.63-0.88) ° <0.001
Q3(90.44-132.88) 0.80(0.68-0.95) 0.01
Q4(132.88-191.51) 0.65(0.54-0.77) <0.001
Q5(>191.51) 0.79(0.67-0.94) 0.01
Model2 QI(<51.27) Reference
Q2(51.27-90.44) 0.76(0.64-0.90) <0.001
Q3(90.44-132.88) 0.81(0.69-0.96) 0.02
Q4(132.88-191.51) 0.66(0.55-0.79) <0.001
Q5(>191.51) 0.82(0.69-0.97) 0.02
Model3 QI1(<51.27) Reference
Q2(51.27-90.44) 0.83(0.70-0.99) 0.04
Q3(90.44-132.88) 0.91(0.77-1.08) . 0.30
Q4(132.88-191.51) 0.78(0.65-0.94) 0.01
Q5(>191.51) 0.94(0.79-1.13) 4 0.52

T
0.5

T T
1 1.5

Figure 2. Association between dietary vitamin C intake and sleep disorders.
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We further conducted a stratified analysis by gender and age. Figure 3 showed the association
between vitamin C intake and sleep disorders after stratifying by gender. In the multivariable-
adjusted model, compared to Q1, dietary vitamin C intake in Q4 was negatively associated with sleep
disorders in males, with an HR (95% CI) of 0.76 (0.60-0.95). The results were not significant in females.
Similarly, in the age-stratified analysis (Figure 4), dietary vitamin C intake in participants aged <60
was negatively associated with sleep disorders in Q2 and Q4, with HRs (95% CI) of 0.78 (0.62-0.97)
and 0.71 (0.56-0.90), respectively. The results of Figure 5, stratified by hypertension, revealed that
dietary vitamin C intake in Q4 had a significant impact on sleep problems in hypertensive subjects,
with an HR and 95% confidence interval of 0.77 (0.61-0.96). Similarly, in the further analysis of dietary
vitamin C and sleep apnea, the results remained similar to the main findings (Supplementary Tables
52-5). In model 3, dietary vitamin C was protective against sleep apnea in Q4, with HRs (95% CI) of
0.75 (0.62-0.92), compared with Q1. However, no significant effect of dietary vitamin C was found on
insomnia and other types of sleep disorders (Supplementary Tables S6-512).

Gender  Vitamin C intake (mg/d) HR(95%CI) P-value
Male Q1(<51.27) Reference
Q2(51.27-90.44) 0.86(0.69-1.06) 0.15
Q3(90.44-132.88) 0.94(0.76-1.16) 0.54
Q4(132.88-191.51) 0.76(0.60-0.95) 0.02
Q5(>191.51) 0.87(0.69-1.09) 0.22
Female QI1(<51.27) Reference
Q2(51.27-90.44) 0.80(0.60-1.08) 0.15
Q3(90.44-132.88) 0.88(0.65-1.18) 0.39
Q4(132.88-191.51) 0.84(0.62-1.14) 0.26
Q5(>191.51) 1.08(0.81—1.45) 0.60
0.]5 1.15
Figure 3. Association between dietary vitamin C intake and sleep disorders after gender
stratification.
Age  Vitamin C intake (mg/d) HR(95%CI) P-value
<60 QI1(<51.27) Reference
Q2(51.27-90.44) 0.78(0.62-0.97) 0.02
Q3(90.44-132.88) 0.88(0.71-1.09) 0.25
Q4(132.88-191.51) 0.71(0.56-0.90) <0.001
Q5(>191.51) 0.89(0.71-1.12) 0.33
>60 QI1(<51.27) Reference
Q2(51.27-90.44) 0.95(0.71-1.27) 0.75
Q3(90.44-132.88) 0.99(0.75-1.32) 0.96
Q4(132.88-191.51) 0.91(0.68-1.22) 0.53
Q5(>191.51) 1.03(0.77-1.38) 0.84

Figure 4. Association between dietary vitamin C intake and sleep disorders after age stratification.
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Outcome Vitamin C intake (mg/d) HR(95%CI) P-value

Hypertension QI1(<51.27) Reference

Q2(51.27-90.44) 0.87(0.70-1.07) L 0.18

Q3(90.44-132.88) 0.90(0.73-1.12) ° 0.34

Q4(132.88-191.51) 0.77(0.61-0.96) ® 0.02

Q5(>191.51) 0.94(0.76-1.78) L 0.61
Non-hypertension QI(<51.27) Reference

Q2(51.27-90.44) 0.78(0.58-1.05) ° 0.11

Q3(90.44-132.88) 0.94(0.71-1.26) ® 0.69

Q4(132.88-191.51) 0.83(0.61-1.12) . 0.22

Q5(>191.51) 0.95(0.70-1.28) ® 0.72

OiS i 1 ‘5

Figure 5. Association between dietary vitamin C intake and sleep disorders stratified by hypertension
status.

In the dose-response relationship, adjusting covariates were consistent with Model 3. The dose-
response relationship was illustrated in Figure 6. There is a nonlinear association between dietary
vitamin C intake and sleep disorders (P for nonlinear = 0.039). When vitamin C intake was between
about 125 and 200 mg/day, the risk of sleep disorders reached a relatively low level. In Supplementary
Figures S1-53, We also conducted additional analyses of the dose-response relationship in males,
participants aged <60, and individuals with hypertension.

1.5

P for nonlinear = 0.039

Hazard ratio (95%CI)

0.5

0 50 100 150 200 250 300 350
Vitamin C intake(mg)

Figure 6. The results of dose-response between dietary vitamin C intake and sleep disorders.

The results of the sensitivity analysis were shown in Table 2. After excluding participants who
developed sleep disorders within two years, the study results remained consistent with the main
findings. Compared to Ql, dietary vitamin C intake in Q4 continued to show a protective effect
against sleep disorders 0.80 (95% CI: 0.66-0.97), and for apnea 0.77 (95% CI: 0.62-0.95).
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Table 2. The relationship between dietary vitamin C intake and the incidence of sleep disorders, sleep

apnea, insomnia, and other types of sleep disorder in participants after two years.

Outcome Vitamin C intake(mg/d) HR(95%CI) P-value
Sleep disorders Q1(<51.27) Reference
Q2(51.27-90.44) 0.84(0.70-1.00) 0.055
Q3(90.44-132.88) 0.90(0.75-1.08) 0.253
(Q4(132.88-191.51) 0.80(0.66-0.97) 0.024
Q5(>191.51) 0.90(0.75-1.09) 0.274
Sleep apnea Q1(<51.27) Reference
Q2(51.27-90.44) 0.83(0.69-1.02) 0.07
(Q3(90.44-132.88) 0.94(0.77-1.13) 0.499
(Q4(132.88-191.51) 0.77(0.62-0.95) 0.013
Q5(>191.51) 0.88(0.72-1.08) 0.231
Insomnia Q1(<51.27) Reference
Q2(51.27-90.44) 1.02(0.56-1.84) 0.961
Q03(90.44-132.88) 0.73(0.38-1.39) 0.337
(Q4(132.88-191.51) 0.99(0.54-1.81) 0.97
Q5(>191.51) 0.87(0.46-1.63) 0.664
Other types of sleep disorder Q1(<51.27) Reference
Q2(51.27-90.44) 0.84(0.45-1.55) 0.577
Q3(90.44-132.88) 0.62(0.31-1.23) 0.17
Q4(132.88-191.51) 1.07(0.59-1.96) 0.82
Q5(>191.51) 1.15(0.63-2.10) 0.657

Covariates adjusted according to model 3.

4. Discussion

Our results showed that higher dietary vitamin C intake was associated with a lower risk of
sleep disorders, particularly in males, those aged <60 years, and hypertensive patients. This result
remained consistent among patients with sleep apnea. This protective effect was not seen in cases of
insomnia or other types of sleep disorders. Also in analyses that excluded participants who became
ill after two years, the results remained robust. This suggests that vitamin C may be crucial in
reducing the risk of sleep disorders.

A Japanese study showed that dietary vitamin C was associated with insomnia [24], which is a
sleep disorder [25]. Other studies have also found a correlation between serum vitamin C and sleep
disorders [26]. The general population should ideally consume about 110 mg/d to achieve adequate
50 pmol/L circulating vitamin C concentrations [27], so serum vitamin C may be an intrinsic
expression of dietary vitamin C. This is all consistent with the protective effect of dietary vitamin C
on sleep disorders found in our study.

Substantial associations with age stratification have been found in previous studies in
individuals under 65 years of age, which is essentially similar to the significance we found in those
under 60 years of age. This might be related to the fact that aging impacts vitamin absorption due to
changing dietary requirements and deteriorating digestive systems [28,29]. Our study showed a
significant effect of vitamin C intake on sleep disorders in males, but not in females. Simultaneously,
we did not find an association between vitamin C and insomnia, even though another study found a
relationship between vitamin C intake in the diet and sleeplessness [24]. The cross-sectional study
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methodology, sample size selection, and regional variances could all be contributing factors to these
discrepancies.

Vitamin C may be associated with sleep disorders through the following mechanisms. Firstly,
vitamin C may reduce the incidence of sleep disorders by utilizing its anti-inflammatory and
antioxidant properties [11,26]. Studies revealed that ascorbic acid has been shown to effectively
improve vascular function in sleep apnea patients with endothelial dysfunction by interacting with
tetrahydrobiopterin (BH4) and maintaining its reduced state, as well as through endothelial nitric
oxide synthase [30]. In addition, adrenocorticotropic hormone increased intravenous vitamin C
concentrations [31], while the synthetic hexapeptide growth hormone-releasing peptide (GHRP-6)
enhanced sleep quality by stimulating the secretion of hypothalamic-pituitary-adrenal (HPA)
hormones [32].

There are several strengths in our study. Firstly, our study benefited from the large sample size
of the cohort study, thus increasing the reliability of our results. Additionally, by defining the
diagnosis based on ICD-10 results, we ensured consistency in identifying sleep disorders, which
helps reduce misunderstandings and errors, and improves the accuracy and comparability of the
data. Thirdly, we performed stratified analyses by age, gender, and hypertension status to control for
confounding variables, enhance the precision and interpretability of the study, and more accurately
assess the independent relationship between vitamin C and sleep disorders. Fourthly, in the
sensitivity analysis, we also excluded individuals who developed the condition within two years of
follow-up, helping to reduce the impact of reverse causality and thereby allowing a more accurate
assessment of the long-term relationship between vitamin C and sleep disorders. Fifthly, we also
used restricted cubic splines to analyze the relationship, which allowed us to quantify the association
between vitamin C intake and sleep disorders, reveal the dose-response relationship, and help
determine the optimal dose of vitamin C, providing scientific evidence for health interventions.
Finally, in our multivariable analysis, we adjusted for dietary energy intake and other disease-related
confounders. This reduced their effect on the results and allowed a more accurate assessment of the
relationship between vitamin C and sleep problems.

There are some limitations to our study. Firstly, we used 24-hour dietary recalls, which might
lead to memory biases and potentially affect the accuracy of our findings. Secondly, we did not
consider the effect of cooking on vitamin C levels. Thirdly, due to limited data, we only explored
dietary data rather than optimal blood indicators for vitamin C status. Lastly, the UK Biobank dataset
includes half a million participants from the UK, which may introduce geographical limitations.

5. Conclusions

Adequate vitamin C intake reduced the risk of developing sleep disorders. This association
remained consistent among male participants and those <60 years old, with similar results for sleep
apnea. Therefore, it is important to consume sufficient dietary vitamin C and maintain nutritional
balance in daily diet.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Table S1: Codes and names of sleep disorders defined according to ICD10. Table S2:
Association between dietary vitamin C intake and sleep apnea. Table S3: Association between dietary vitamin
C intake and sleep apnea after gender stratification. Table S4: Association between dietary vitamin C intake and
sleep apnea after age stratification. Table S5: Association between dietary vitamin C and sleep apnea in
participants with and without hypertension. Table S6: Association between dietary vitamin C intake and
insomnia. Table S7: Association between dietary vitamin C intake and insomnia after gender stratification. Table
S8: Association between dietary vitamin C intake and insomnia after age stratification. Table S9: Association
between dietary vitamin C and insomnia in participants with and without hypertension. Table S10: Association
between dietary vitamin C intake and other types of sleep disorders. Table S11: Association between dietary
vitamin C intake and other types of sleep disorders after gender stratification. Table 512: Association between
dietary vitamin C intake and other types of sleep disorders after age stratification. Table 513: Association
between dietary vitamin C and other types of sleep disorders in participants with and without hypertension.
Figure S1: The results of dose-response between dietary vitamin C intake and sleep disorders in males. Figure
S2: The results of dose-response between dietary vitamin C intake and sleep disorders in individuals aged <60.
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Figure S3: The results of dose-response between dietary vitamin C intake and sleep disorders in individuals with
hypertension.
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