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Objectives: Thiamine is thought to modify sleeping patterns, while alcohol use diminishes internal thiamine levels. We investigated
the association between thiamine intake and sleep duration and explored possible heterogeneity in the effect according to alcohol use.
Methods: In total, 15 384 participants aged 19-64 were obtained from the Korea National Health and Nutrition Examination Survey
2012-2016. Nutrient intake, including thiamine, was measured using a food frequency questionnaire. Sleep duration was measured by
a self-reported questionnaire. The highest thiamine intake quartile was set as the reference group. Participants were divided into 3 groups,
with 7-8 hours of daily sleep as a reference group and those who slept more or less than that as “oversleeping” and “insufficient sleep-
ing,” respectively. Multivariate logistic regression was used, adjusting for socioeconomic, medical, and nutritional factors. Additionally,
participants were stratified according to high-risk alcohol use defined by the World Health Organization standards on alcohol use.
Results: Low thiamine intake was associated with oversleeping (Q3: odds ratio [OR], 1.06; 95% confidence interval [Cl], 0.86 to 1.32;
Q2: OR, 1.24;95% Cl, 0.99 to 1.55; Q1: OR, 1.49; 95% Cl, 1.16 to 1.91) and showed a significant trend for higher ORs at lower intake lev-
els (p-trend <0.001). The effect was stronger in the high-risk alcohol use group (Q1: OR, 1.78; 95% Cl, 1.28 to 2.49).

Conclusions: Low thiamine intake was associated with oversleeping, and alcohol use intensified that association. These results were
found in a context where overt clinical symptoms due to thiamine deficiency are considered rare. More awareness of the potential re-
lationship of thiamine intake with oversleeping and its related risks should be considered.
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INTRODUCTION

Excessive sleepers may be at a higher risk for increased mor-
bidity and mortality. Meta-analyses have shown higher overall
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mortality [1] and disease-specific mortality, such as cardiovas-
cular and cancer-related mortality [2], among long sleepers.
Cohort studies support the relationship between long sleep-
ing and mortality risk in long sleeping groups even after ad-
justing for physical [3,4] and psychological [5] comorbidities,
showing that long sleeping is not simply a result of worsened
health.

Thiamine is an essential co-enzyme of the Krebs cycle. Daily
intake of around 0.1 mg/1000 kcal or less causes overt clinical
problems such as beriberi [6]. Current guidelines suggest a
minimum intake around 1 mg/day [6,7]. While thiamine is
abundant in crops such as wheat and rice, milling substantially
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decreases its concentration [8]. Therefore, severe thiamine de-
ficiency is rare and limited to developing countries where
milled crops are a cheap source of food [8,9]. However, con-
cerns about marginal thiamine deficiency in food-secure envi-
ronments have been raised [8]. Individual observational stud-
ies have reported proportions of marginal thiamine deficiency
from 5.1% in adolescents [10], to 31% in the hospitalised el-
derly [11]. Similarly, in Korea, 38.4% of the adult population
reported thiamine consumption lower than the estimated av-
erage requirement levels in 2020 [12].

Meanwhile, thiamine deficiency has been suggested to be
related to fatigue and sleep disturbances, even at early stages
[13]. Animal experiments showed increased sleep duration
measured by an electroencephalogram and recovery time af-
ter induced narcosis [14]. Another study showed altered sleep-
ing patterns such as decreased wakefulness [15]. Experimental
studies on populations with marginal thiamine deficiency
showed that thiamine supplementation reversed fatigue,
while trends for sleep pattern improvement and reduced day-
time sleep time were also observed [16,17]. However, not
much is known about the psychiatric consequences of mar-
ginal thiamine deficiency, while real-world epidemiologic evi-
dence is lacking. The results of previous exploratory studies
are limited and inconsistent with regard to the relationship
between thiamine intake and excessive sleep [18-20].

A harmful behaviour that disrupts thiamine metabolism is
the overuse of alcohol [21]. Prolonged thiamine deficiency,
caused by alcohol overuse, is a known cause of several neuro-
psychiatric disorders [22] and irreversible brain damage [21].
However, little is known about the moderating role of alcohol
in the relationship between thiamine deficiency and sleep-re-
lated disorders. Therefore, we investigated the relationship be-
tween low intake of thiamine and sleeping duration in a food-
secure environment and examined whether the thiamine-sleep
relationship shows heterogeneity according to alcohol use.

METHODS

Data Source

The Korea National Health and Nutrition Examination Survey
(KNHANES), a national cross-sectional survey that has been
conducted since 1998 to evaluate the general health status,
chronic disease prevalence, and the dietary and nutritional
status of the Korean population, is conducted yearly by the
Korea Disease Control and Prevention Agency [23]. Participants
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are sampled by a multi-stage clustered probability design, and
the dataset is weighted to ensure generalisability to the general
population [23]. Information on socioeconomic status, health
behaviours, and comorbidities are obtained through system-
atic interviews by trained interviewers. Physical examinations,
including weight and height, and nutrition surveys, such as a
food frequency questionnaire (FFQ), are also included.

The present study was based on data from 2012 to 2016,
when the FFQ was implemented in the KNHANES. Data for
17 551 participants who participated in the FFQ were obtained
from the database. The FFQ was administered to participants
aged between 19 years and 64 years. In total, 2167 participants
were excluded from the original dataset. Participants with en-
ergy intake greater than =+ 3 standard deviations from the mean
(n=224, remaining=17 327) were excluded. Then those with
missing or invalid self-reported sleep duration (n=1531, re-
maining=15 796) and outlying sleep duration reported as
=<1 hour/=18 hours of sleep (n=3, remaining=15 793), were
also excluded. Finally, participants with missing values for se-
lected covariates were excluded (n=409). The analytic sample
eventually included 15 384 participants (Figure 1).

FFQ participants of KNHANES

(n=17 551)
Energy intake > +3 standard
deviation (n=224)
\/
‘ n=17 327 ‘
_ | Missing or invalid self-reported
o sleep duration (n=1531)
\/
‘ n=15796 ‘
Outlying sleep duration
(1 or 18 hr/day) (n=3)
\4
‘ n=15793 ‘
_ | Missing values for covariates
g (n=409)
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Analytic sample
(n=15384)
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Exposure (Thiamine Intake)
Data on the types and frequencies of food consumption were

obtained from the FFQ, and then nutrient intake was calculat-
ed based on the national food composition table developed
by the Korean National Academy of Agricultural Science [24].
This version of the FFQ and calculation method has been vali-
dated to represent the Korean population [24]. The dietary vari-
ables included in the KNHANES were total energy intake, ener-
gy-yielding nutrients (carbohydrates, protein, fat), and other
nutrients (vitamins, fibre, and minerals). Vitamin B1 intake was
adjusted for nutrient density per energy intake. The energy-
adjusted vitamin B1 intake levels were divided into quartiles
(Q), ranging from Q1 (< 25th percentile [p]) to Q4 (>75p).

Outcome (Sleep Duration)

Sleep duration was assessed by self-report questionnaires.
Between 2012-2015, daily sleep duration was surveyed through
the question, “How many hours do you sleep a day?” In 2016,
sleep duration on weekdays (or working days) and weekends
(or holidays) was calculated by asking when the participants
usually woke up and went to sleep. To combine these data, the
weighted mean was calculated as the average number of week-
day and weekend sleeping hours based on a 5:2 ratio [25]. Sleep
duration was categorised as“normal sleep” (7-8 hr/night), “insuf-
ficient sleep” (<7 hr/night), and “oversleeping” (>8 hr/night)
in accordance with previous epidemiological and experimen-
tal research describing normal sleep duration [18,26].

Moderator (High-risk Alcohol Intake)

Alcohol is hypothesised to be an effect moderator in the re-
lationship between low thiamine and oversleeping given its
role in the metabolism of thiamine [21] and the development
of neuropsychiatric diseases [22]. The KNHANES defines high-
risk alcohol use as drinking 7 or more standard drinks a day for
males (or 5 or more standard drinks a day for females), and
drinking twice or more a week, based on the recommenda-
tions set by the World Health Organization (WHO) [27].

Covariates

Age, sex, socioeconomic status (income levels and education)
[1,28], physical [3,4] and psychological [5] health status (body
mass index [BMI], physical activity, comorbidities, and depres-
sion), and nutritional intake (total energy intake and nutrients)
[18] were selected as potential covariates.

Income was measured as mean monthly household income
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and was used to categorise the participants into quartiles ac-
cording to income. Participants were divided into 4 educational
levels based on their final academic achievements: under mid-
dle school, middle school, high school, and college and above.

The measured BMI was recorded in the KNHANES, and par-
ticipants were divided into 4 groups based on the WHO BMI
criteria for Asians [29]. Self-reported physical activity was as-
sessed in the KNHANES: regular physical activity was defined
as over 2.5 hours of moderate-intensity aerobic exercise, or
1.25 hours of high-intensity aerobic exercise, per week [30].
Comorbidities were assessed based on the presence of subjec-
tive discomfort in the 2 weeks preceding the interview due to
acute or chronic diseases, or any form of accidents. History of
depression was based on a past diagnosis by a physician.

Total energy intake, calculated as kilocalories (kcal), was also
included in the final model. Participants were assigned into
3 groups according to calorie intake. Total energy intake was
considered adequate if the intake level fell between 75% and
125% of the age-specific and sex-specific dietary reference in-
take (DRI) [31], based on the national standards of the Ministry
of Health and Welfare [7]. Intakes lower or equal to 75% of the
DRI were considered inadequate, while intakes higher or equal
to 125% of the DRI were considered as overconsumption. All
energy-yielding nutrients (carbohydrate, protein, and fat) and
other nutrients (total dietary fibre, sodium, potassium, calcium,
phosphate, iron, and vitamins A, B2, B3, C) that were assessed
in the KNHANES were included in the covariate selection pro-
cess. All nutrients were adjusted for total energy. Energy-yield-
ing nutrients were adjusted by the nutrient residual method
due to high collinearity with energy intake [32], after log-
transformation of the nutrients and energy intake. Identical to
vitamin B1, other nutrients were adjusted for nutrient density
per energy intake. Participants were categorised into high (=
50p) and low (<50p) intake groups for each nutrient.

To select nutrients to be included as covariates, backwards
selection with an inclusion and exclusion threshold of p<0.05
was used to reduce the remaining collinearity between nutri-
ents, while thiamine and other covariates intended to be in-
cluded remained in the model [18]. This left us with protein,
sodium, and calcium intake to be included as covariates.

Statistical Analysis
The baseline demographic and dietary characteristics were

compared according to sleep duration using the chi-square
test for categorical variables and analysis of variance for con-
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tinuous variables. Multinomial logistic regression models were
established to evaluate the effects of thiamine on sleep dura-
tion. The normal sleep group (7-8 hours) was set as the refer-
ence group. Models were additionally adjusted for (1) age and
sex, (2) socioeconomic factors, (3) physical and psychological
health, and (4) nutritional intake. Finally, participants were
stratified based on high-risk alcohol use according to our hy-
pothesis that alcohol use modifies the relationship between
low thiamine intake and oversleeping.

Two sensitivity analyses were conducted to test the statisti-
cal stability of our estimates. The first sensitivity analysis de-
fined low thiamine intake using unadjusted intake values, in-
stead of using relative thiamine intake after adjustment for
energy. Participants were dichotomised according to conven-
tionally available cut-offs on recommended intake of thiamine.
Two available cut-offs were used. First, participants with daily
intake values lower than 0.5 mg/1000 kcal energy intake or
1 mg were classified as the low-intake group, according to the
recommended dietary allowances of the United States [6]. Then,
as an alternative cut-off, participants with daily intake values
lower than 1.2 mg for males or 1.1 mg for females were classi-
fied as the low intake group, according to the DRIs for Koreans
[7]. Another sensitivity analysis tested different cut-offs for the
definition of normal sleep due to heterogeneity in defining an
appropriate sleep duration in previous studies [26]. A normal
sleep duration was defined as 6-8 hours, 7-9 hours, or 6-9 hours
in the sensitivity analyses. Those who slept more or less than
normal were classified as engaging in “insufficient sleep” and
“oversleeping” respectively. All statistical analyses were con-
ducted using SAS version 9.4 (SAS Institute inc., Cary, NC, USA).

Ethics Statement

The Institutional Review Board of Yonsei University advised
that studies utilising deidentified secondary data could be
conducted without board review. All procedures followed the
ethical guidelines of the Helsinki Declaration and the ethical
standards of relevant national and institutional committees on
human experimentation.

RESULTS

Baseline Characteristics

Baseline characteristics are displayed according to sleep du-
ration (Table 1). Long sleepers (>8 hours) tended to be young-
er, and females were more likely to oversleep. Participants
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with higher income and education levels had lower probabili-
ties of oversleeping. Those with lower BMI, lower energy in-
take, and inadequate physical activity were more susceptible
to oversleeping. Participants with mental and physical comor-
bidities were more likely to experience oversleeping. No statis-
tically significant differences were found for high-risk alcohol
use.

Dose-response Relationship Between Thiamine
Intake and Oversleeping Risk

Adjusted odds ratio (ORs) and confidence intervals (Cls) for
oversleeping according to thiamine intake quartiles are listed
in Table 2. Five multivariate logistic regression models were
established. The group with the highest energy-adjusted thia-
mine intake quartile (Q4) was set as the reference group for all
analyses. Lower intake of thiamine showed a statistically sig-
nificant association with oversleeping (Q3: OR, 1.06; 95% Cl,
0.86 to 1.32; Q2: OR, 1.24; 95% Cl, 0.99 to 1.55; Q1: OR, 1.49;
95% Cl, 1.16 to 1.91) in the final model, with a statistically sig-
nificant trend showing higher ORs at lower thiamine intake
(p-trend<0.001) (Table 2).

Subgroup Analysis According to High-risk
Alcohol Intake

Adjusted ORs and Cls for oversleeping according to thiamine
intake after stratification by alcohol use risk are listed in Table 3.
The group with the highest energy-adjusted vitamin intake
quartile and no high-risk alcohol use was set as the reference
group for all analyses. Compared to the low-risk alcohol use
group (Q1: OR, 1.51; 95% Cl, 1.16 to 1.96), the high-risk alcohol
use group showed a higher OR (Q1: OR, 1.78; 95% Cl, 1.28 to
2.49) in the lowest thiamine intake group (Table 3).

Sensitivity Analyses

Adjusted ORs and Cls for oversleeping according to absolute
thiamine intake were calculated. Participants with a daily intake
lower than the 0.5 mg/1000 kcal or 1T mg criterion (n=1200)
showed a consistent relationship with oversleeping in the final
model (OR, 1.67; 95% Cl, 1.26 to 2.20). Similarly, participants
with a daily intake lower than the Korean DRIs (n=1929) also
showed a relationship with oversleeping in the final model
(OR, 1.36; 95% Cl, 1.05 to 1.75) (Supplemental Material 1). Ad-
ditionally, adjusted ORs and Cls for oversleeping according to
thiamine intake quartiles using varying definitions of normal
sleep duration were obtained. The relationship between low
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Insufficient sleep Normal sleep Oversleep

Characteristics (<7 hr, n=6131) (7-8 hr, n=7874) (>8 hr, n=1379) p-value’
Thiamine intake quartiles (percentile) 0.109
Lowest, Q1 (<25th) 1538 (39.81) 1922 (50.43) 386 (9.76)
Low, Q2 (25-50th) 1507 (39.40) 1983 (51.27) 356 (9.33)
High, Q3 (50-75th) 1477 (37.92) 2041 (53.33) 328(8.74)
Highest, Q4 (>75th) 1609 (41.02) 1928 (50.90) 309(8.09)
Age, mean+ SE (y) 42.6810.21 40.88+0.19 37.11+0.43 <0.001
Sex <0.001
Male 2350 (40.53) 3076 (52.40) 408 (7.07)
Female 3781 (38.64) 4798 (50.63) 971(10.73)
Household income quartiles (percentile) 0.006
Lowest, Q1 (<25th) 1628 (40.37) 1829 (48.99) 381(10.64)
Low, Q2 (25-50th) 1470 (38.80) 2028 (52.32) 351(8.87)
High, Q3 (50-75th) 1474 (38.33) 2050 (53.43) 331(8.25)
Highest, Q4 (>75th) 1559 (40.63) 1967 (50.98) 316 (8.39)
Education levels <0.001
Under middle school 776 (45.61) 706 (45.36) 142 (9.03)
Middle school 580 (41.85) 677 (48.61) 142 (9.54)
High school 2398 (39.42) 3047 (50.75) 565 (9.83)
College and above 2377 (38.00) 3444 (53.86) 530(8.14)
Body mass index (kg/m?) <0.001
Underweight (<18.5) 231(32.18) 382 (53.91) 88(13.90)
Normal (18.5-22.9) 2375 (37.02) 3372 (53.05) 638(9.94)
Overweight (23.0-24.9) 1421 (40.38) 1783 (51.80) 261 (7.82)
Obese (=25.0) 2104 (43.31) 2337 (48.75) 392 (7.94)
Physical activity 0.004
Inadequate exercise 3229 (38.52) 4259 (51.67) 806 (9.81)
Adequate exercise 2902 (40.57) 3615(51.22) 573(8.20)
Comorbidities® <0.001
Yes 1109 (44.03) 1139 (46.32) 229 (9.66)
No 5022 (38.71) 6735 (52.37) 1150 (8.92)
Depression <0.001
Yes 179 (50.52) 147 (39.54) 46 (9.94)
No 5952 (39.26) 7727 (51.73) 1333(9.01)
Total keal intake (% DRI) 0.024
Inadequate (<75) 1588 (40.45) 1866 (49.85) 366 (9.70)
Adequate (75-125) 3407 (38.41) 4624 (52.74) 766 (8.86)
Overconsumption (=125) 1136 (41.73) 1384 (49.60) 247 (8.67)
Calorie-adjusted protein intake (percentile) 0.004
High (=50th) 3175 (41.23) 3875 (50.59) 642 (8.18)
Low (<50th) 2956 (37.79) 3999 (52.32) 737(9.89)
Calorie-adjusted sodium intake (percentile) 0.047
High (=50th) 3040 (38.88) 3970 (52.08) 682 (9.04)
Low (<50th) 3091 (40.18) 3904 (50.80) 697 (9.02)
Calorie-adjusted calcium intake (percentile) 0.095
High (=50th) 2991 (38.76) 3968 (51.80) 733 (9.45)
Low (<50th) 3140 (40.36) 3906 (51.07) 646 (8.57)
Alcohol consumption 0.660
Low-risk alcohol use 5448 (39.37) 7031 (51.53) 1230(9.10)
High-risk alcohol use 683 (40.54) 843 (50.89) 149 (8.57)

Values are presented as number (weihtted %).

SE, standard error; DRI, dietary reference intake.

'Cut-off values for sleep were set from previous studies regarding nutrient intake and sleep [18].

“Categorical variables were tested using the chi-square test, and continuous variables were tested using analysis of variance.
*Comorbidities were defined as subjective discomfort due to any form of acute/chronic diseases or accidents.
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Quartile' Model 1? Model 2°
Q4 (highest thiamine intake) 1.00 (reference) 1.00 (reference)
03 1.04(0.85, 1.28) 1.04(0.84, 1.28)
Q2 1.14(0.94, 1.38) 1.17(0.96, 1.44)
Q1 (lowest thiamine intake) 1.27 (1.05, 1.54) 1.42(1.16, 1.74)

Thiamine and Long Sleep Duration

Model 3* Model 4 Model 5°
1.00 (reference) 1.00 (reference) 1.00 (reference)
1.03(0.84, 1.27) 1.03(0.84, 1.27) 1.06 (0.86, 1.32)
1.17(0.95, 1.43) 1.16(0.95, 1.42) 1.24(0.99, 1.55)
1.36(1.11, 1.66) 1.33(1.08, 1.63) 1.49(1.16, 1.91)

Values are presented as odds ratio (95% confidence interval).
'Median intake mg/day: Q4 (1.97), Q3 (1.84), Q2 (1.72), Q1 (1.52).
Unadjusted model.

*Adjusted for age and sex.

*<Model 2> +additionally adjusted for socioeconomic factors (income, education levels).
<Model 3> +additionally adjusted for physical and psychological health status (body mass index, physical exercise, comorbidities, depression).
8<Model 4> +additionally adjusted for nutritional intake (total energy intake and relevant nutrients selected by backwards selection).

Low-risk alcohel High-risk alcohol

Quartile use (n1=13709)  use (n=1675)

Q4 (highest thiamine intake) 1.00 (reference) 1.18(0.55, 2.54)
03 1.10(0.89, 1.38) 0.89(0.46, 1.76)
02 1.31(1.04, 1.64) 1.18(0.74, 1.89)
Q1 (lowest thiamine intake) 1.51(1.16, 1.96) 1.78(1.28, 2.49)

Values are presented as odds ratio (95% confidence interval).

Total number of participants in each group regardless of sleeping duration
grouping is represented by number.

'The model fully adjusted for age, sex, socioeconomic factors, medical fac-
tors, and relevant nutrients was used.

High-risk alcohol use was defined based on the International Guide for
Monitoring Alcohol Consumption and Related Harm [27].

thiamine intake and oversleeping remained statistically signif-
icant throughout all definitions on sleeping duration. The ORs
for oversleeping in the lowest thiamine intake group were
higher when oversleeping was defined more strictly, as over 9
hours of daily sleep (normal sleep 7-9 hours daily: OR, 2.06;
95% Cl, 1.35 to 3.15; normal sleep 6-9 hours daily: OR, 2.11;
95% Cl, 1.38 to 3.22), than when it was defined as over 8 hours
of daily sleep (normal sleep 6-8 hours daily: OR, 1.51; 95% Cl,
1.18 to 1.93) (Supplemental Material 2).

DISCUSSION

In our study, marginally low intake of thiamine was positively
associated with oversleeping. There also was a significant trend
in the dose-response relationship, and the ORs for oversleep-
ing were amplified when participants showed high-risk alco-
hol use. These findings were consistent among different defi-
nitions of low thiamine intake and normal sleeping durations.

While there are a limited number of observational studies

regarding the relationship between thiamine intake and long
sleep durations, previous studies have found no clear associa-
tions between low thiamine intake and extensive sleep [18-20].
A possible explanation is that there may be differences in sus-
ceptibility in varying populations. In contrast to our study, pre-
vious studies were done on different nationalities [18,19] or
adolescents [20]. Genetic, cultural, or developmental differ-
ences in sleep or nutrient metabolism could have caused het-
erogeneity in the susceptible population. Therefore, it would
be important to investigate the relationship between thiamine
intake and prolonged sleep in diverse populations for a further
understanding of the potential mechanisms.

One mechanism that could explain oversleeping in associa-
tion with low thiamine intake is that thiamine acts as a co-en-
zyme for adenosine triphosphate (ATP) production [8]. While
ATP is a universal intracellular energy source in multiple tissues,
sleep is suggested to be necessary for replenishing ATP in the
nervous system [33]. Conversely, sleep restriction inhibits this
process and thus decreases ATP levels in certain areas of the
brain containing sleep-regulating neurons [34] that have been
found to be damaged in other neuropsychiatric disorders caused
by prolonged thiamine deficiency in alcoholics. Furthermore,
the known hypnogenic properties of adenosine [35], the deg-
radation product and ingredient of ATP, have been suggested
to be a mediator between lowered ATP levels and sleep induc-
tion [36], which further supports our explanation that low thi-
amine intake may lead to prolonged sleep.

The stronger relationship with high-risk alcohol users could
be explained by the effect of alcohol on thiamine metabolism
[21]. Drinking causes not only inadequate dietary intake of
thiamine, but also decreased gastrointestinal absorption and
impaired cellular utilisation [21]. This common mechanism
that causes neuropsychiatric disorders [22] and irreversible
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brain damage [21] through thiamine deficiency may also be
applicable in the relationship with sleep, since excessive alco-
hol use further diminishes internal thiamine reservoirs.

A strength of our study is the large number of participants,
compared to previous exploratory studies describing the rela-
tionship between nutrient intake and sleep duration [18-20].
Furthermore, the structure of the KNHANES dataset allowed us
to represent the entire Korean population. Furthermore, the
use of a validated questionnaire, consistent results among sen-
sitivity analyses, and the proposal of potential mechanisms for
our findings also strengthen our study. Finally, our study found
a potential relationship with prolonged sleep in a food-secure
environment where thiamine deficiency is rare [9], thus suggest-
ing the possibility that marginal intake may also be harmful.

However, we are aware of several limitations to our study.
First, this study cannot be used to infer causality due to its
cross-sectional nature. Further investigations with longitudi-
nal datasets will help demonstrate causality. Another limita-
tion is that self-reported sleep duration is known to moderate-
ly represent actual sleep duration [37], as there could be mea-
surement errors. Due to the large number of participants, ob-
jective methods, such as polysomnography and actigraphy,
could not be applied. However, people with normal sleep du-
rations tend to overreport their sleeping duration [37], and
this misclassification dampens the differentiation between
normal participants and oversleeping participants. Therefore,
the obtained strength of association may have been some-
what underestimated. Our sensitivity analysis with a stricter
definition of oversleeping as over 9 hours of daily sleep sup-
ports this explanation, as it yielded higher OR estimates than
when oversleeping was defined as over 8 hours of daily sleep.
Finally, quality of sleep was not included in the analysis. Sleep
duration and quality have a low correlation [38] and are inde-
pendently related to physical and mental health [39]. Although
sleep duration has served as a useful variable to explain trends
and disparities in health among populations [40], data on sleep
quality would provide a better understanding of these rela-
tionships [38]. Other measures of sleep, such as sleep onset la-
tency and daytime symptoms, or other variables such as treat-
ment modalities for depression and thiamine intake from sup-
plements were also not included in the original dataset, thus
leaving possible residual confounding despite thorough ad-
justments. Well-structured primary data addressing more of
the aforementioned variables are necessary.

Our findings are of interest since they revealed that insuffi-

Journal of
Preventive Medicine
Public Health

cient intake of thiamine could be related to oversleeping in a
food-secure population without severe deficiencies. The effect
modification of high-risk alcohol use further supports our hy-
pothesis regarding the role of thiamine in sleep regulation.
Previous studies and data suggest that a substantial popula-
tion, including Korea, may be at risk for marginal thiamine de-
ficiency. Therefore, oversleeping and its related adverse health
outcomes due to marginal thiamine deficiency may have been
overlooked. The potential effect of dietary thiamine intake on
sleep duration should not be ignored, especially for those at
high risk due to alcohol overuse. Furthermore, sleep-related
factors should also be assessed in patients with neuropsychi-
atric disorders caused by alcohol overuse, since such factors
could be masked by more well-marked symptoms of the dis-
orders. Further studies using datasets that focus more closely
on sleep-related variables and show temporality to prove cau-
sality are necessary.
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