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Abstract: Limited attention has been paid to the effect of dietary patterns on sleep problems. In the
present study, we analyzed the cross-sectional data of 481,242 adults aged 30-79 years from the China
Kadoorie Biobank. A laptop-based questionnaire was administered to collect information on food
intakes and insomnia symptoms. Logistic regression was used to estimate the odds ratios of each
insomnia symptom according to quartiles of each dietary pattern, with adjustment for potential
confounders. Two major dietary patterns were derived by factor analysis. The traditional northern
dietary pattern was characterized by high intakes of wheat and other staple food, whereas the modern
dietary pattern was characterized by high intakes of meat, poultry, fish, eggs, fresh fruit, and dairy
products. Both dietary patterns were associated with a decreased prevalence of insomnia symptoms
(p for trend < 0.001); after adjustment for potential confounders, individuals who had the highest
quartile score of traditional northern dietary pattern were 12%-19% less likely to have insomnia
symptoms compared to those in the lowest quartile (odds ratio: 0.81-0.88), and the corresponding
values for the modern dietary pattern were 0.89-1.01. Furthermore, interactions of these two dietary
patterns on insomnia symptoms were observed. Further prospective studies are needed to elucidate
the relationship between diet and insomnia.

Keywords: dietary pattern; insomnia; sleep; difficulty initiating sleep; difficulty maintaining sleep;
daytime dysfunction; Chinese

1. Introduction

Insomnia is one of most common sleep disorders; it is characterized by difficulties in initiating
sleep, maintaining sleep, early-morning awakening, and accompanied by daytime consequences
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in social, occupational, behavioral, or other important areas. These symptoms were shown to be
associated with mortality [1,2], cardiovascular diseases [3], and injuries [4].

Emerging studies have shown the relationship between dietary factors and sleep duration and
sleep quality [5], but evidence on diet and insomnia symptoms is limited and unclear. A cross-sectional
study among middle-aged Japanese workers showed that both a low and high intake of protein were
associated with insomnia symptoms, and a low carbohydrate intake was associated with difficulty
maintaining sleep [6]. A high carbohydrate intake was reported to be associated with poor sleep
quality among middle-aged female Japanese workers [7]. Another study reported that the direction of
association between carbohydrates and sleep quality were different due to the glycemic index of each
food, such as rice, bread, and noodle [8]. Recent results from a Chinese cohort reported that dinner fat
intake and soy isoflavone were associated with sleep parameters over five years [9,10]. Furthermore,
intervention studies have shown that some nutrients, such as tryptophan (TRP), group B vitamins,
minerals, and unrefined carbohydrates, were linked to sleep [11]. On the other hand, evidence has
shown that sleep curtailment and poor sleep quality are associated with increased food consumption
and poor dietary preference [12].

However, foods are consumed in combination, and it is difficult to separate the specific effects of
individual foods and nutrients. Dietary patterns are the summary measures of several foods or food
groups, and have gained much attention in nutritional epidemiology [13]. A healthy dietary pattern in
Japanese adults—characterized by a high intake of vegetables, mushrooms, potatoes, seaweeds, soy
products, and egg—was shown to be inversely associated with sleep symptoms [14]. In the present
cross-sectional study, we aimed to examine the association of dietary patterns with insomnia symptoms
among a large sample of Chinese adults aged 30-79 years from the China Kadoorie Biobank (CKB).

2. Methods

2.1. Study Population

The CKB is a general population-based prospective cohort study involving approximately 500,000
middle-aged adults in China. The detailed study design and profile are previously reported [15,16].
In brief, ten geographically diverse areas—five urban (Qingdao, Harbin, Haikou, Suzhou, and Liuzhou)
and five rural (Sichuan, Gansu, Henan, Zhejiang, and Hunan)—were selected based on local patterns
of disease and known risk factors, population stability, quality of death and disease registries, and
local commitment and capacity. In each area, about 150 administrative units (rural villages or urban
residential communities) were selected. Men and women aged 30-79 years in each community were
invited to attend study assessment at clinics set up in local residential community centers. In total,
512,891 participants were recruited at a baseline survey in 20042008 from 1737 villages or communities
in 10 study areas. Since recruitment, a random sample (~5%) of the participants in CKB has been
periodically re-surveyed using largely the same procedures as the baseline. The first and second
re-survey were undertaken in 2008 and 2013, respectively.

Of the 512,891 participants enrolled in the CKB baseline survey, those with a history of coronary
heart diseases (n = 15,472), stroke (n = 8884), or cancer (n = 2577) were excluded in the present
study. In addition, participants with current medication for insomnia disorder (1 = 5455) or other
psychological diseases (such as depression and anxiety, n = 817), were also excluded, leaving 481,424
(197,680 men and 283,744 women) available for the present analyses. Participants with a history of
cardiovascular disease or cancer, or with current medication for psychological diseases, were also
excluded because these conditions might affect both dietary habits and sleep symptoms.

The study was approved by the ethical committee and research council of the Chinese Centre
for Disease Control and Prevention (China, 005/2004, 8 July 2004) and the Oxford Tropical Research
Ethics Committee at the University of Oxford (UK, 025-04, 3 February 2005). Prior to the survey,
all participants provided written informed consent.
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2.2. Data Collection

At the baseline survey, detailed information about general demographic and socio-economic
status, dietary and other lifestyle habits (e.g., smoking, alcohol drinking, and physical activity), sleep,
mental health, medical history, and current medication were collected using an interview-administered
laptop-based questionnaire.

Participants’ daily physical activity was estimated as the sum of the metabolic equivalent hours
per day (MET-hours/day) based on the questions on the usual type and duration of activities related
to work, commuting, household chores, and leisure-time exercise during the past 12 months [17].
Depressive and anxiety symptoms were assessed using the short form of World Health Organization
(WHO) 12-month Computerized International Diagnostic Interview (CIDI-SF) [18]. Body weight and
body height were measured by trained technicians according to standard protocol. Body weight
was measured using a TANITA TBF-300GS body composition analyzer (Tanita Corp., Tokyo, Japan)
to the nearest 0.1 kg with participants wearing light clothes. Body weight was measured using a
manufactured instrument to the nearest 0.1 cm, with participants standing without shoes. Body mass
index (BMI) was calculated as weight in kg divided by height in m?.

2.3. Dietary Assessment

Dietary habits during the preceding 12 months were assessed using a frequency questionnaire,
covering 12 major food groups in China: rice, wheat, other staples (such as corn, millet, etc.), meat,
poultry, fish, eggs, fresh fruit, fresh vegetables, preserved vegetables, soybean, and dairy products.
The five frequency levels of habitual consumption (i.e., never/rarely, monthly, 1-3 days/week,
4-6 days/week, or daily), were recoded into days/week: 0, 0.5, 2, 5, and 7 respectively. At the
second re-survey of the CKB study, questions on the daily intake of each food group were added to the
baseline questionnaire. Hence, the weekly amount of food consumption and the daily energy intake
could be estimated for each participant in the resurvey.

In addition, the frequency and quantity of beverages commonly consumed in China were also
recorded, including four types of tea (green/jasmine tea, oolong tea, black tea, or other tea) and five
types of alcohol (beer, rice wine, wine, spirit with >40% alcohol, or spirit with <40% alcohol). Thus,
the average consumption (in g/week) was calculated [19].

A repeated questionnaire survey among 926 participants was performed within one year after
the baseline, and showed good reproducibility of the food and beverage questionnaire (Supplemental
Table S1).

2.4. Definition of Outcome

The CKB baseline survey constructed three insomnia symptom questions based on the guidelines
of the Diagnostic and Statistical Manual of mental disorders 5th edition (DSM-5) by the American Psychiatry
Association. Participants reported their sleep symptoms on three questions during the last month
for at least 3 days each week: (1) “taking >30 min to fall asleep after going to bed or waking up in
the middle of night?” (difficulty initiating or maintaining sleep, DIMS); (2) “Waking up early and
not being able to go back to sleep?” (early-morning awakenings, EMA); and (3) “Having difficulty
staying alert while at work, eating or meeting people during daytime” (daytime dysfunction, DDF).
The response options for each question were dichotomous (yes or no). A good reliability was shown
among the 926 individuals who had a repeated questionnaire survey within one year after the baseline,
all agreements were >0.80, and Prevalence and Bias Adjusted Kappa (PABAK) [20,21] were >0.60.

2.5. Statistical Analysis

Dietary patterns were derived from the twelve food groups and nine beverage groups using factor
analysis with a principal component method. The factors were rotated by orthogonal transformation
(varimax rotation) to maintain the independent factors and greater interpretability. The number of
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factors (dietary patterns) was determined based on eigenvalue (>1), scree plot, factor interpretability,
and the variance explained (5%) by each factor. The dietary patterns were named according to the
food groups showing high loadings (absolute value) on each factor. The factor scores for each dietary
pattern and each participant were calculated by summing the consumption of each food group that
was weighted by its factor loading.

The participants were divided into quartiles according to the dietary pattern score (Q1 to Q4 in
ascending order). The characteristics were expressed as the mean and percentages for continuous and
categorical variables, respectively. Trend association was assessed by assigning median dietary pattern
score to each quartile, and was tested using a linear regression analysis or the Cochrane-Armitage trend
test for continuous and categorical variables, respectively. Logistic regression models were performed
to estimate the odds ratios and 95% confidence interval (95% CI) for each outcome according to the
quartile of each dietary pattern, and the lowest quartile was used as the reference category. Model 1
was adjusted for age (continuous, year), gender, and study area. Model 2 was additionally adjusted for
BMI (continuous, kg/m?), married (yes or no), manual work (yes or no), education attainment (no
formal school, primary school, middle school, high school, or college/university), household income
(<10,000, 10,000-19,999, >20,000 Chinese yuan (CNY)/year), physical activity (<13.0, 13.0 to 26.0, >26.1
MET-h/day), smoking status (never/occasional, former, current and 1 to 14 cigarettes/day, current and
15 to 24 cigarettes/day, or current and >25 cigarettes/day), alcohol consumption (not weekly drinking,
ex-regular drinkers, not daily, daily and <15 g/day, daily and 15-29 g/day, daily and 30-59 g/day,
or daily and >60 g/day), hypertension (yes or no), diabetes (yes or no), depressive symptom (yes or
no), and anxiety symptom (yes or no). A test for linear trend across quartiles in the logistic models
was performed by assigning a median value to each quartile of each dietary pattern, producing a
single continuous variable used to model the P trend, and odds ratio (OR) and 95% confidence interval
(95% CI) for 1 standard deviation (1-SD) increase was estimated for each dietary pattern. We tested the
multiplicative interaction of derived dietary patterns by likelihood ratio tests to compare the difference
between models with and without the interaction term, and then estimated the joint effect of derived
dietary patterns on each insomnia problem.

In the sensitive analysis, we used the data from the second re-survey, which collected information
on frequency and daily intake of all 12 food groups among 24,996 (~5%) randomly selected participants
to estimate the daily consumption amount by study area, gender, and age. Dietary patterns were
then derived using the same method and were compared with the results of our primary analysis.
Furthermore, daily energy intake for each participant at baseline was calculated and was additionally
adjusted based on the second multivariable model in its log-transformed form. In addition, those who
had a medical history of hypertension (n = 47,306), diabetes (1 = 12,860), or any depressive or anxiety
symptoms (n = 14,242) were excluded because these complications might affect both dietary habits
and sleep symptoms. All statistical analyses were performed with SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA). Significance was defined as p < 0.05.

3. Results

Two dietary patterns were identified (Table 1). The first pattern was characterized by low intakes
of rice and high intakes of wheat and other staple foods like corn and millet, and was named as the
traditional northern dietary pattern. Participants with the higher score in this dietary pattern followed
a typical traditional northern dietary pattern. On the other hand, participants with low dietary
pattern score who intake rice as staple food followed a typical Southern dietary pattern (Supplemental
Table S2). The second pattern was characterized by high intakes of meat, poultry, fish, eggs, fresh
fruit, and dairy products, and was named as the modern dietary pattern. These two dietary patterns
explained 24.3% of the variability. The same dietary patterns were derived using the same method
from the second re-survey data which collected the information on both frequency and amount. About
75.7% and 71.3% of participants were categorized into the same quartile, and their weighted kappa
were 0.80 and 0.77 for the two dietary patterns, respectively (Supplemental Table S3).
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Table 1. Factor loading matrix of major dietary patterns by principal component analysis with varimax

rotation (n = 481,424).

Food or Beverage Group

Traditional Northern Dietary Pattern

Modern Dietary Pattern

Rice
Wheat
Other staple
Meat
Poultry
Fish
Eggs
Fresh vegetables
Soybean
Preserved vegetables
Fresh fruit
Dairy products
Beer
Rice wine
Wine
Heavy spirit (>40%)
Light spirit (<40%)
Green tea
Oolong tea
Black tea
Other tea
Variance explained (%)

—0.84
0.84
0.70

—0.36

—0.35

—0.35
0.32

—0.06

—-0.12

—0.15
0.03
0.23
0.06

—0.14

<0.01

—0.08

—0.11

<0.01

—0.08

—0.19

—0.01

14.58

0.20
0.12
—0.16
0.60
0.55
0.52
0.51
0.20
0.47
0.13
0.69
0.63
0.20
<0.01
0.06
<0.01
—0.02
0.23
0.07
—0.04
0.01
9.74

Figures in bold indicate absolute factor loading are more than 0.40.

Compared to participants with a lower score of traditional northern dietary pattern, those with
higher scores were younger, from a northern area, and with higher education, but lower annual
household income. For modern dietary pattern, the participants with higher scores were younger,
more likely to be male, from southern and urban area, married, with higher education level and
annual household income, and more likely to report be a drinker of alcohol, having higher reported
hypertension or diabetes, but less likely to report depression or anxiety symptoms in last 12-month

(Table 2).

Table 2. Characteristics of participants by quartile categories of each dietary pattern score (n = 481,424).

Traditional Northern

Characteristics Dietary Pattern Modern Dietary Pattern

Q1 Q4 p for Trend Q1 Q4 p for Trend
Age, years 51.5 50.2 <0.0001 51.7 50.5 <0.0001
Female, % 552 58.8 <0.0001 645 574 <0.0001
Urban area, % 479 204 <0.0001 8.1 834 <0.0001
Southern area, % 98.8 0.5 <0.0001 482 513 <0.0001
Married, % 919 916 0.3487 88.7 920 <0.0001
High school and above, % 364 497 <0.0001 296 774 <0.0001
Household income >20,000 CNY /year, % 56.1 19.4 <0.0001 169 64.8 <0.0001
Manual worker, % 589 73.6 <0.0001 832 31.1 <0.0001
Current drinker, % 21.8 104 <0.0001 99 199 <0.0001
Current smoker, % 316 26.0 <0.0001 251 246 0.2328
Physical activity, MET-h/day 244 216 <0.0001 226 19.0 <0.0001
Depressive symptom, % 3.0 3.0 0.0049 41 1.6 <0.0001
Anxiety symptom, % 05 07 0.0001 08 03 <0.0001
Hypertension, % 105 79 <0.0001 83 113 <0.0001
Diabetes, % 21 26 <0.0001 1.8 4.0 <0.0001
BMI, kg/rn2 234 239 <0.0001 232 243 <0.0001
Sleep duration, h 7.4 7.7 <0.0001 7.4 7.3 <0.0001
Energy intake, kcal/day 1287 1372 <0.0001 1151 1539 <0.0001

Abbreviations: CNY: unit of Chinese money Yuan; MET: metabolic equivalent; BMI: body mass index; Q: quartile.
p for trend is based on Cochran-Armitage trend test for categorical variables and linear regression analysis for
continuous variables, assigning median values to quartile categories of each dietary pattern.
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The prevalence of DIMS, EMA, and DDF was 10.5%, 9.7%, and 1.8%, respectively. The ORs and
95% Cls of sleep symptoms according to the quartile of each dietary pattern score are presented in
Table 3. Compared with the lowest quartile in the traditional northern dietary pattern, the highest
quartile had a significantly lower likelihood of sleep problems (OR, 95% CI for DIMS: 0.81, 0.76-0.86;
EMA: 0.88, 0.83-0.93; DDEF: 0.85, 0.75-0.96; All p for trend <0.05). In addition, a 1-SD increase in
dietary scores was associated with a 3-7% lower risk of sleep problems (OR, 95% CI for DIMS: 0.93,
0.91-0.95; EMA: 0.97, 0.95-1.00; DDF: 0.94, 0.89-0.99). Similar results were observed in the modern
dietary pattern for sleep problems of DIMS and EMA, but not for DDF (DIMS: 0.89, 0.86-0.93; EMA:
0.93, 0.90-0.97; DDF: 0.93, 0.90-1.10; all p for trend <0.05 except for 0.72 for DDF). A 1-SD increase in
the modern dietary pattern was significantly associated with a 5% and 3% lower risk of DIMS and
EMA, respectively. The associations remained after additional adjustment for estimated daily energy
intake in the multivariable logistic model (Supplemental Table S54).

The joint analysis using the traditional northern and modern dietary pattern scores by quartiles
showed that compared with participants who had the lowest score in both dietary patterns, those in
highest scores in traditional northern dietary pattern and lowest scores in the modern dietary pattern
had the lowest risk of sleep symptoms (DIMS: 0.59, 0.55-0.64; EMA: 0.69, 0.63-0.75; DDEF: 0.67 0.57-0.80;
all p for interaction < 0.05) (Figure 1).

Dietary Pattern Difficulty Initiating/Maintaining Sleep

Early Morning Awakening Daytime Dysfunction

Quartiles Odds Ratio (95% ClI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Traditional northern Q1

Western Q1 N 1.00(Reference) n 1.00(Reference) [ ] 1.00(Reference)
Western Q2 - 0.79(0.75-0.83) - 0.89(0.85-0.93) —.— 0.92(0.82-1.04)
Western Q3 - 0.75(0.71-0.79) - 0.85(0.80-0.89) —— 0.87(0.77-0.99)
Western Q4 - 0.86(0.80-0.93) - 0.83(0.77-0.89) —i— 1.00(0.84-1.20)
Traditional northern Q2

Western Q1 - 0.99(0.94-1.04) - 0.94(0.90-0.99) —a— 0.98(0.88-1.09)
Western Q2 0.78(0.74-0.82) - 0.85(0.81-0.89) —— 0.89(0.79-1.01)
Western Q3 - 0.74(0.70-0.78) - 0.82(0.77-0.86) —— 0.99(0.87-1.12)
Western Q4 - 0.79(0.75-0.85) - 0.84(0.79-0.90) —a— 0.86(0.73-1.00)
Traditional northern Q3

Western Q1 - 0.87(0.80-0.94) —- 0.96(0.88-1.04) —_— 0.95(0.80-1.14)
Western Q2 - 0.90(0.84-0.96) - 0.98(0.92-1.04) —— 1.00(0.87-1.15)
Western Q3 - 0.83(0.78-0.88) - 0.97(0.92-1.03) —a— 0.98(0.86-1.12)
Western Q4 - 0.77(0.73-0.81) - 0.88(0.83-0.93) —.- 0.93(0.83-1.08)
Traditional northern Q4

Western Q1 - 0.59(0.55-0.64) - 0.69(0.63-0.75) —a— 0.67(0.57-0.80)
Western Q2 - 0.65(0.60-0.70) - 0.77(0.71-0.84) —— 0.77(0.64-0.92)
Western Q3 - 0.73(0.67-0.80) == 0.84(0.76-0.92) —a— 0.90(0.75-1.08)
Western Q4 - 0.71(0.66-0.77) - 0.82(0.76-0.89) —— 0.83(0.71-0.98)

— T T T T R B p— RN B B —
0.6 0.8 1.0 1.2 06 0.8 1.0 1.2 06 08 1012

Figure 1. Odds ratio and 95% confidence interval of sleep problems according to the joint classification

of dietary patterns. Note: Multivariable-adjusted odds ratio estimated from logistic models adjusted

for study site, age (year), gender, BMI (kg/ m?), married (yes or no), manual work (yes or no), education

attainment (no formal school, primary school, middle school, high school, or college/university),
household income (<10,000, 10,000-19,999, >20,000 CNY /year), physical activity (<13.0, 13.0 to 26.0,
>26.1 MET-h/day), smoking status (never/occasional, former, current and 1 to 14 cigarettes/day,

current and 15 to 24 cigarettes/day, or current and >25 cigarettes/day), alcohol consumption (not

weekly drinking, ex-regular drinkers, not daily, daily and <15 g/day, daily and 15-29 g/day, daily

and 30-59 g/day, or daily and >60 g/day), hypertension (yes or no), diabetes (yes or no), depressive

symptom (yes or no), and anxiety symptom (yes or no). All p values for interaction were < 0.001.
Q: quartile; CI: Confidence Interval; BMI: body mass index; CNY: Chinese yuan; MET-h/day: metabolic

equivalent hours per day.
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Table 3. Odds ratios and 95% confidence interval of sleep problems by quartile of dietary pattern score.

Quartile of Dietary Pattern Scores OR Equivalent to

Q1 (Low) Q2 Q3 Q4 (High) p for Trend 1-SD Increase
Traditional northern dietary pattern
Difficulty initiating/maintaining sleep
Number of cases (%) 12,217 (10.2) 13,626 (11.3) 11,703 (9.7) 13,042 (10.8)
Model 1 1.00 (Reference) 0.98 (0.95-1.00) 0.95 (0.92-0.98) 0.77 (0.73-0.81) <0.0001 0.91 (0.89-0.93)
Model 2 1.00 (Reference) 0.99 (0.96-1.02) 0.99 (0.96-1.03) 0.81 (0.76-0.86) <0.0001 0.93 (0.91-0.95)
Early morning awakening
Number of cases (%) 12,691 (10.5) 13,360 (11.1) 11,429 (9.5) 9433 (7.8)
Model 1 1.00 (Reference) 0.94 (0.91-0.96) 0.96 (0.93-0.99) 0.79 (0.75-0.84) <0.0001 0.93 (0.91-0.95)
Model 2 1.00 (Reference) 0.96 (0.93-0.99) 1.05 (1.01-1.08) 0.88 (0.83-0.93) 0.0175 0.97 (0.95-1.00)
Daytime dysfunction
Number of cases (%) 1897 (1.6) 2280 (1.9) 2092 (1.7) 2613 (2.2)
Model 1 1.00 (Reference) 1.00 (0.94-1.07) 1.01 (0.93-1.09) 0.83 (0.73-0.93) 0.004 0.93 (0.89-0.98)
Model 2 1.00 (Reference) 1.00 (0.93-1.07) 1.03 (0.95-1.11) 0.85 (0.75-0.96) 0.0135 0.94 (0.89-0.99)
Modern dietary pattern
Difficulty initiating/maintaining sleep
Number of cases (%) 16,188 (13.5) 12,690 (10.5) 11,244 (9.3) 10,466 (8.7)
Model 1 1.00 (Reference) 0.88 (0.86-0.91) 0.82 (0.79-0.84) 0.78 (0.75-0.81) <0.0001 0.90 (0.89-0.91)
Model 2 1.00 (Reference) 0.92 (0.89-0.94) 0.89 (0.86-0.91) 0.89 (0.86-0.93) <0.0001 0.95 (0.94-0.97)
Early morning awakening
Number of cases (%) 14,016 (11.7) 12,483 (10.4) 11,105 (9.2) 9309 (7.7)
Model 1 1.00 (Reference) 0.91 (0.89-0.94) 0.84 (0.82-0.87) 0.75 (0.73-0.78) <0.0001 0.89 (0.87-0.90)
Model 2 1.00 (Reference) 0.98 (0.95-1.01) 0.96 (0.93-0.99) 0.93 (0.90-0.97) 0.0002 0.97 (0.96-0.99)
Daytime dysfunction
Number of cases (%) 3174 (2.6) 2196 (1.8) 1831 (1.5) 1681 (1.4)
Model 1 1.00 (Reference) 0.97 (0.91-1.02) 0.94 (0.88-1.00) 0.83 (0.77-0.90) <0.0001 0.93 (0.90-0.96)
Model 2 1.00 (Reference) 1.02 (0.96-1.08) 1.05 (0.98-1.13) 1.01 (0.93-1.10) 0.7166 1.01 (0.97-1.04)

Model 1: adjusted for site, age (year), and gender. Model 2: Model 1 + BMI (kg/m?), married (yes or no), manual work (yes or no), education attainment (no formal school, primary school,
middle school, high school, or college/university), household income (<10,000, 10,000-19,999, >20,000 CNY /year), physical activity (<13.0, 13.0 to 26.0, >26.1 MET-h/day), smoking status
(never/occasional, former, current and 1 to 14 cigarettes/day, current and 15 to 24 cigarettes/day, or current and >25 cigarettes/day), alcohol consumption (not weekly drinking, ex-regular
drinkers, not daily, daily and <15 g/day, daily and 15-29 g/day, daily and 30-59 g/day, or daily and >60 g/day), hypertension (yes or no), diabetes (yes or no), depressive symptom (yes
or no), and anxiety symptom (yes or no). OR: odds ratio; Q: quartile; SD: standard deviation; BMI: body mass index; CNY: Chinese yuan; MET-h/day: metabolic equivalent hours per day.
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In sensitivity analyses, after the participants with mental disorders (depression and anxiety) and
vascular insults (diabetes and hypertension) were excluded, both the association and linear trend
between dietary patterns with sleep problems remained (Supplemental Table S5).

4. Discussion

Two major dietary patterns were identified in the present analysis of a cross-sectional study in
a large sample of Chinese adults. The traditional northern dietary pattern—characterized by high
intakes of wheat and other staple food—was associated with a decreased prevalence of DIMS, EMA,
and DDFE. The modern dietary pattern—characterized by high intakes of meat, poultry, fish, eggs, fresh
fruit, and dairy products—was associated with a decreased prevalence of DIMS and EMA. These
associations were dose-dependent, and persisted after further adjustment for daily energy intake and
further exclusion of participants with vascular insults or mental disorders.

The dietary patterns constructed in the present study were based on the foods and beverages
consumed in China, and they fully captured the characteristics of the Chinese diet and its nutrition
transition due to socio-economic and cultural changes in recent decades, and were consistent with
previously reported results from a large-scale nationwide survey of Chinese adults using a validated
semi-quantitative food frequency questionnaire [22] and a three-day food record [23].

The traditional northern dietary pattern score was strongly correlated with a low intake of rice
but high intakes of wheat and other grains as staple food, and was associated with a decreased risk of
insomnia symptoms. The present results are in line with a study of sleep quality among rural elderly
in China, in which rice as major staple food was a significant predictor of poor sleep quality [24].
Possible mechanisms of the effect may be related to the higher group B vitamins and minerals in wheat
products and other staple food than in rice. Niacin (vitamin B3) and pyridoxine (vitamin Bg¢) may
promote the availability of TRP for the synthesis of neurotransmitter serotonin and the neurosecretory
hormone melatonin, and hence improve the sleep onset latency and sleep quality [11]. Magnesium
could enhance the secretion of melatonin by stimulating serotonin N-acetyltransferase activity [25],
as well as act as a y-aminobutyric acid agonist to improve sleep [26]. However, inconsistent results
were reported in a cross-sectional study among Japanese adults [8]. Therefore, further studies on the
associations and their underlying mechanisms between long-term consumption of starchy staple food
and sleep quality are needed.

In the present study, the modern dietary pattern score was strongly correlated with high intakes
of high-protein food such as meat, poultry, fish, and eggs, and was associated with a low prevalence of
all three insomnia symptoms. Existing evidence has shown that dietary protein intake was inversely
associated with insomnia [27], and higher protein intake may improve sleep-wake regularity and
sleep quality [28,29]. The mechanism of the effect of protein on sleep may be related to TRP, which is
a precursor to serotonin and melatonin, which regulate the sleep cycle [30]. Vitamin Bj,—which is
abundant in the modern dietary pattern—could contribute to melatonin secretion by enhancing the
receptors in the brain [31].

Moreover, some foods in the modern dietary pattern, such as dairy products, fatty fish, and
fresh fruit also have been reported sleep-promoting effect [32]. Fatty fish—known as a good source of
omega-3 fatty acids and vitamin D—was positively associated with sleep efficiency and sleep quality
in previous studies [33,34]. Fresh fruit with high antioxidant capacity and folate content may also
minimize the oxidative damage of sleep and psychiatric disorders [35].

Of note, we observed that participants who had the highest intake of wheat and other staple but
lowest rice, the modern dietary pattern score was associated with increased risks of sleep problems.
One possible explanation may be linked to the ratio of plasma TRP to large-chain neutral amino acids
(LCAANS), which enter the brain in a competitive manner with TRP. It is known that the ratio is
affected by both dietary carbohydrates and dietary proteins [36]. A high carbohydrate diet that is
low in protein has been shown to elevate brain TRP concentrations relative to higher-protein diets in
animal models [37]. Furthermore, the consumption of carbohydrates with high glycemic index—such
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as white rice in the traditional northern dietary pattern—could trigger the secretion of insulin, and
enhances the TRP-to-LCAAN ratio by facilitating uptake of LCAANSs by muscle, therefore promoting
TRP entry into the brain and upregulating serotonin production [38]. This proposed mechanism is yet
to be determined and must be explored further.

The present study is the first and the largest study of the influence of dietary pattern on sleep
problems in a Chinese population. Limitations of the present study also warrant mention. First of all,
we only assessed 12 crude food groups that are commonly consumed in the Chinese diet; other food
groups that may be related to sleep problems were not addressed. Second, the tools used to collect
the information on food intake were non-validated FFQ. We only collected frequencies of each food
consumption, without food quantity. However, according to results from the second CKB re-survey
with food frequency questionnaire, the dietary pattern score using food frequency only was highly
consistent with those using both food frequency and amount. Third, the method of constructing
dietary pattern requires subjective choice in determining the number of factors as well as naming
the dietary patterns. However, the dietary patterns constructed in the present study captured the
most typical diet habits in the Chinese population, and counterparts have been observed in previous
Chinese studies. Fourth, the measurement of sleep problems were cross-sectional and self-reported,
and the questions were not in complete compliance with clinical diagnostic standard (i.e., DSM-5),
though insomnia symptoms in the present study were strictly defined with the minimum frequency
of three days per week during the past month. Fifth, an association derived from a cross-sectional
study cannot address causality or the direction of the relation. Hence, a possibility of the reciprocal
influence of sleep disturbances on dietary patterns cannot be excluded. Sixth, although we excluded
participants with chronic conditions and adjusted for a series of covariates, the possibility of residual
confounding and unknown confounders cannot be excluded.

5. Conclusions

In conclusion, the traditional northern and modern dietary patterns—which are the major
dietary patterns in the Chinese population—were associated with lower sleep problems in adults.
The associations observed in the cross-sectional observational study need further investigation in
prospective studies.
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Acknowledgments: This work is supported by grants (81202266, 81390544, 81390541) from the National Natural
Science Foundation of China; by a grant (2011BAI09B01, 2012-2014) from the National Key Technologies Research
and Development Program in the 12th Five-year Plan, Chinese Ministry of Science and Technology; by the Youth
Talent Support Program from School of Public Health, Peking University; by a grant (088158/Z2/09/Z) from the
Wellcome Trust in the UK; by a grant from the Kadoorie Charitable Foundation in Hong Kong. The funders had
no role in the study design, data collection, data analysis and interpretation, writing of the report, or the decision
to submit the article for publication. The chief acknowledgment is to the participants, the project staff, and the
China National Centre for Disease Control and Prevention (CDC) and its regional offices for access to death and
disease registries. The Chinese National Health Insurance scheme provides electronic linkage to all hospital
treatment. China Kadoorie Biobank collaborative group. International Steering Committee: Junshi Chen,
Zhengming Chen (PI), Rory Collins, Liming Li (PI), Richard Peto. International Co-ordinating Centre, Oxford:
Derrick Bennett, Yumei Chang, Yiping Chen, Zhengming Chen, Robert Clarke, Huaidong Du, Xuejuan Fan,
Haiyan Gao, Simon Gilbert, Andri Iona, Rene Kerosi, Ling Kong, Om Kurmi, Garry Lancaster, John McDonnell,
Winnie Mei, Iona Millwood, Qunhua Nie, Jayakrishnan Radhakrishnan, Paul Ryder, Sam Sansome, Dan Schmidt,
Paul Sherliker, Margaret Smith, Rajani Sohoni, Robin Walters, Jenny Wang, Lin Wang, Alex Williams, Ling Yang,
Xiaoming Yang. National Co-ordinating Centre, Beijing: Zheng Bian, Ge Chen, Yu Guo, Xiao Han, Can Hou,
Jun Lv, Pei Pei, Shuzhen Qu, Yunlong Tan, Canqging Yu. 10 Regional Co-ordinating Centres: Qingdao Qingdao
CDC: Zengchang Pang, Shaojie Wang, Yun Zhang, Kui Zhang. Licang CDC: Silu Liu, Wei Hou. Heilongjiang
Provincial CDC: Zhonghou Zhao, Shumei Liu, Zhigang Pang. Nangang CDC: Weijia Feng, Shuling Wu, Liqiu Yang,
Huili Han, Hui He, Bo Yu. Hainan Provincial CDC: Xianhai Pan, Shanqing Wang, Hongmei Wang. Meilan
CDC: Xinhua Hao, Chunxing Chen, Shuxiong Lin, Xiangyang Zheng. Jiangsu Provincial CDC: Xiaoshu Hu,
Minghao Zhou, Ming Wu, Ran Tao. Suzhou CDC: Yeyuan Wang, Yihe Hu, Liangcai Ma, Renxian Zhou, Guanqun
Xu, Yan Lu. Guangxi Provincial CDC: Baiqing Dong, Naying Chen, Ying Huang. Liuzhou CDC: Minggqiang Li,
Jinhuai Meng, Zhigao Gan, Jiujiu Xu, Yun Liu, Jingxin Qing. Sichuan Provincial CDC: Xianping Wu, Yali Gao,
Ningmei Zhang. Pengzhou CDC: Guojin Luo, Xiangsan Que, Xiaofang Chen. Gansu Provincial CDC: Pengfei Ge,


http://www.mdpi.com/2072-6643/9/3/232/s1

Nutrients 2017, 9, 232 10 of 12

Jian He, Xiaolan Ren. Maiji CDC: Hui Zhang, Enke Mao, Guanzhong Li, Zhongxiao Li, Jun He, Yulong Lei,
Xiaoping Wang. Henan Provincial CDC: Guohua Liu, Baoyu Zhu, Gang Zhou, Shixian Feng. Huixian CDC:
Yulian Gao, Tianyou He, Li Jiang, Jianhua Qin, Huarong Sun. Zhejiang Provincial CDC: Liqun Liu, Min Yu,
Yaping Chen, Ruying Hu. Tongxiang CDC: Zhixiang Hu, Jianjin Hu, Yijian Qian, Zhiying Wu, Chunmei Wang,
Lingli Chen. Hunan Provincial CDC: Wen Liu, Guangchun Li, Huilin Liu. Liuyang CDC: Xiangquan Long,
Xin Xu, Youping Xiong, Zhongwen Tan, Xuqiu Xie, Yunfang Peng, Weifang Jia.

Author Contributions: The authors’ contributions were as follows: L.L. and Z.C. had full access to all the data in
the study and took responsibility for the integrity of the data and the accuracy of the data analysis. Study concept
and design: L.L., Z.C. and ].C.; Acquisition of data and quality control: Y.G., Z.B., Y.C., R.T. and Y.H.; Analysis
and interpretation of data: C.Y. Z.S. and J.L.; Drafting of the manuscript: C.Y.; Critical revision of the manuscript
for important intellectual content: Z.S., J.L., H.D. and Z.C.; Statistical analysis: C.Y. and ].L.; Obtained funding;
L.L.and Z.C.

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

References

1. Parthasarathy, S.; Vasquez, M.M.; Halonen, M.; Bootzin, R.; Quan, S.F.; Martinez, ED.; Guerra, S. Persistent
insomnia is associated with mortality risk. Am. J. Med. 2015, 128, 268.e262-275.€262. [CrossRef] [PubMed]

2. Lallukka, T.; Podlipskyte, A.; Sivertsen, B.; Andruskiene, J.; Varoneckas, G.; Lahelma, E.; Ursin, R,; Tell, G.S,;
Rahkonen, O. Insomnia symptoms and mortality: A register-linked study among women and men from
Finland, Norway and Lithuania. J. Sleep Res. 2016, 25, 96-103. [CrossRef] [PubMed]

3. Sofi, F; Cesari, F,; Casini, A.; Macchi, C.; Abbate, R.; Gensini, G.F. Insomnia and risk of cardiovascular
disease: A meta-analysis. Eur. ]. Prev. Cardiol. 2014, 21, 57-64. [CrossRef] [PubMed]

4. Laugsand, L.E.; Strand, L.B.; Vatten, L.J.; Janszky, I.; Bjorngaard, J.H. Insomnia symptoms and risk for
unintentional fatal injuries—The hunt study. Sleep 2014, 37, 1777-1786. [CrossRef] [PubMed]

5. Dashti, H.S.; Scheer, FA.; Jacques, PF.,; Lamon-Fava, S.; Ordovas, ]. M. Short sleep duration and dietary intake:
Epidemiologic evidence, mechanisms, and health implications. Adv. Nutr. 2015, 6, 648-659. [CrossRef]
[PubMed]

6. Tanaka, E.; Yatsuya, H.; Uemura, M.; Murata, C.; Otsuka, R.; Toyoshima, H.; Tamakoshi, K.; Sasaki, S.;
Kawaguchi, L.; Aoyama, A. Associations of protein, fat, and carbohydrate intakes with insomnia symptoms
among middle-aged japanese workers. J. Epidemiol. 2013, 23, 132-138. [CrossRef] [PubMed]

7. Katagiri, R.; Asakura, K.; Kobayashi, S.; Suga, H.; Sasaki, S. Low intake of vegetables, high intake of
confectionary, and unhealthy eating habits are associated with poor sleep quality among middle-aged female
Japanese workers. J. Occup. Health 2014, 56, 359-368. [CrossRef] [PubMed]

8. Yoneyama, S.; Sakurai, M.; Nakamura, K.; Morikawa, Y.; Miura, K.; Nakashima, M.; Yoshita, K.; Ishizaki, M.;
Kido, T;; Naruse, Y.; et al. Associations between rice, noodle, and bread intake and sleep quality in Japanese
men and women. PLoS ONE 2014, 9, e105198. [CrossRef] [PubMed]

9. Cao, Y,; Taylor, AW.; Zhen, S.; Adams, R.; Appleton, S.; Shi, Z. Soy isoflavone intake and sleep parameters
over 5 years among chinese adults: Longitudinal analysis from the Jiangsu Nutrition study. J. Acad. Nutr. Diet.
2016. [CrossRef] [PubMed]

10. Cao, Y.; Wittert, G.; Taylor, A W.; Adams, R.; Appleton, S.; Shi, Z. Nutrient patterns and chronic inflammation
in a cohort of community dwelling middle-aged men. Clin. Nutr. 2016. [CrossRef] [PubMed]

11.  Peuhkuri, K;; Sihvola, N.; Korpela, R. Diet promotes sleep duration and quality. Nutr. Res. 2012, 32, 309-319.
[CrossRef] [PubMed]

12.  Chaput, ].P. Sleep patterns, diet quality and energy balance. Physiol. Behav. 2014, 134, 86-91. [CrossRef]
[PubMed]

13.  Hu, EB. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13,
3-9. [CrossRef] [PubMed]

14. Kurotani, K.; Kochi, T.; Nanri, A.; Eguchi, M.; Kuwahara, K.; Tsuruoka, H.; Akter, S.; Ito, R.; Pham, N.M.;
Kabe, I; et al. Dietary patterns and sleep symptoms in Japanese workers: The Furukawa nutrition and
health study. Sleep Med. 2015, 16, 298-304. [CrossRef] [PubMed]

15. Chen, Z; Lee, L.; Chen, J.; Collins, R.; Wu, E; Guo, Y.; Linksted, P.; Peto, R. Cohort profile: The Kadoorie
Study of Chronic Disease in China (KSCDC). Int. |. Epidemiol. 2005, 34, 1243-1249. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.amjmed.2014.10.015
http://www.ncbi.nlm.nih.gov/pubmed/25447616
http://dx.doi.org/10.1111/jsr.12343
http://www.ncbi.nlm.nih.gov/pubmed/26420582
http://dx.doi.org/10.1177/2047487312460020
http://www.ncbi.nlm.nih.gov/pubmed/22942213
http://dx.doi.org/10.5665/sleep.4170
http://www.ncbi.nlm.nih.gov/pubmed/25364073
http://dx.doi.org/10.3945/an.115.008623
http://www.ncbi.nlm.nih.gov/pubmed/26567190
http://dx.doi.org/10.2188/jea.JE20120101
http://www.ncbi.nlm.nih.gov/pubmed/23419282
http://dx.doi.org/10.1539/joh.14-0051-OA
http://www.ncbi.nlm.nih.gov/pubmed/25168926
http://dx.doi.org/10.1371/journal.pone.0105198
http://www.ncbi.nlm.nih.gov/pubmed/25127476
http://dx.doi.org/10.1016/j.jand.2016.10.016
http://www.ncbi.nlm.nih.gov/pubmed/27956174
http://dx.doi.org/10.1016/j.clnu.2016.06.018
http://www.ncbi.nlm.nih.gov/pubmed/27395328
http://dx.doi.org/10.1016/j.nutres.2012.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22652369
http://dx.doi.org/10.1016/j.physbeh.2013.09.006
http://www.ncbi.nlm.nih.gov/pubmed/24051052
http://dx.doi.org/10.1097/00041433-200202000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11790957
http://dx.doi.org/10.1016/j.sleep.2014.09.017
http://www.ncbi.nlm.nih.gov/pubmed/25600784
http://dx.doi.org/10.1093/ije/dyi174
http://www.ncbi.nlm.nih.gov/pubmed/16131516

Nutrients 2017, 9, 232 11 of 12

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chen, Z; Chen, J.; Collins, R.; Guo, Y,; Peto, R.; Wu, F; Li, L. China Kadoorie Biobank of 0.5 million people:
Survey methods, baseline characteristics and long-term follow-up. Int. J. Epidemiol. 2011, 40, 1652-1666.
[CrossRef] [PubMed]

Du, H,; Bennett, D.; Li, L.; Whitlock, G.; Guo, Y.; Collins, R.; Chen, J.; Bian, Z.; Hong, L.-S.; Feng, S.; et al.
Physical activity and sedentary leisure time and their associations with BMI, waist circumference, and
percentage body fat in 0.5 million adults: The China Kadoorie Biobank study. Am. J. Clin. Nutr. 2013, 97,
487-496. [CrossRef] [PubMed]

Walters, E.E.; Kessler, R.C; Nelson, C.B,; Mroczek, D. Scoring the World Health Organization’s
Composite International Diagnostic Interview Short Form (CIDI-SF); World Health Organization: Geneva,
Switzerland, 2002.

Millwood, LY.; Li, L.; Smith, M.; Guo, Y.; Yang, L.; Bian, Z.; Lewington, S.; Whitlock, G.; Sherliker, P.;
Collins, R.; et al. Alcohol consumption in 0.5 million people from 10 diverse regions of China: Prevalence,
patterns and socio-demographic and health-related correlates. Int. ]. Epidemiol. 2013, 42, 816-827. [CrossRef]
[PubMed]

Byrt, T.; Bishop, ].; Carlin, ].B. Bias, prevalence and kappa. J. Clin. Epidemiol. 1993, 46, 423-429. [CrossRef]
Hoehler, EK. Bias and prevalence effects on kappa viewed in terms of sensitivity and specificity. J. Clin.
Epidemiol. 2000, 53, 499-503. [CrossRef]

Wang, D.; He, Y.; Li, Y,; Luan, D.; Zhai, F,; Yang, X.; Ma, G. Joint association of dietary pattern and physical
activity level with cardiovascular disease risk factors among Chinese men: A cross-sectional study. PLoS ONE
2013, 8, €66210. [CrossRef] [PubMed]

Xu, X.; Hall, J.; Byles, J.; Shi, Z. Dietary pattern is associated with obesity in older people in China: Data
from China Health and Nutrition Survey (CHNS). Nutrients 2015, 7, 8170-8188. [CrossRef] [PubMed]

Li, J.; Yao, Y.S.; Dong, Q.; Dong, Y.H.; Liu, ].].; Yang, L.S.; Huang, F. Characterization and factors associated
with sleep quality among rural elderly in China. Arch. Gerontol. Geriatr. 2013, 56, 237-243. [CrossRef]
[PubMed]

Meolie, A.L.; Rosen, C.; Kristo, D.; Kohrman, M.; Gooneratne, N.; Aguillard, R.N.; Fayle, R.; Troell, R.;
Townsend, D.; Claman, D.; et al. Oral nonprescription treatment for insomnia: An evaluation of products
with limited evidence. . Clin. Sleep Med. 2005, 1, 173-187. [PubMed]

Held, K.; Antonijevic, .A.; Kunzel, H.; Uhr, M.; Wetter, T.C.; Golly, 1.C.; Steiger, A.; Murck, H. Oral Mg(2+)
supplementation reverses age-related neuroendocrine and sleep EEG changes in humans. Pharmacopsychiatry
2002, 35, 135-143. [CrossRef] [PubMed]

Zadeh, S.S.; Begum, K. Comparison of nutrient intake by sleep status in selected adults in Mysore, India.
Nutr. Res. Pract. 2011, 5, 230-235. [CrossRef] [PubMed]

Yamaguchi, M.; Uemura, H.; Katsuura-Kamano, S.; Nakamoto, M.; Hiyoshi, M.; Takami, H.; Sawachika, F.;
Juta, T.; Arisawa, K. Relationship of dietary factors and habits with sleep-wake regularity. Asia Pac. J. Clin.
Nutr. 2013, 22, 457-465. [PubMed ]

Zhou, J.; Kim, J.E.; Armstrong, C.L.; Chen, N.; Campbell, W.W. Higher-protein diets improve indexes of
sleep in energy-restricted overweight and obese adults: Results from 2 randomized controlled trials. Am. J.
Clin. Nutr. 2016, 103, 766-774. [CrossRef] [PubMed]

Espana, R.A.; Scammell, T.E. Sleep neurobiology from a clinical perspective. Sleep 2011, 34, 845-858.
[PubMed]

Hashimoto, S.; Kohsaka, M.; Morita, N.; Fukuda, N.; Honma, S.; Honma, K. Vitamin b12 enhances the
phase-response of circadian melatonin rhythm to a single bright light exposure in humans. Neurosci. Lett.
1996, 220, 129-132. [CrossRef]

S5t-Onge, M.P,; Mikic, A.; Pietrolungo, C.E. Effects of diet on sleep quality. Adv. Nutr. 2016, 7, 938-949.
[CrossRef] [PubMed]

Del Brutto, O.H.; Mera, RM.; Ha, ].E,; Gillman, J.; Zambrano, M.; Castillo, P.R. Dietary fish intake and sleep
quality: A population-based study. Sleep Med. 2016, 17, 126-128. [CrossRef] [PubMed]

Hansen, A.L.; Dahl, L.; Olson, G.; Thornton, D.; Graff, L.E.; Froyland, L.; Thayer, ].F.; Pallesen, S. Fish
consumption, sleep, daily functioning, and heart rate variability. J. Clin. Sleep. Med. 2014, 10, 567-575.
[CrossRef] [PubMed]

Tsaluchidu, S.; Cocchi, M.; Tonello, L.; Puri, B.K. Fatty acids and oxidative stress in psychiatric disorders.
BMC Psychiatry 2008, 8, S5. [CrossRef] [PubMed]


http://dx.doi.org/10.1093/ije/dyr120
http://www.ncbi.nlm.nih.gov/pubmed/22158673
http://dx.doi.org/10.3945/ajcn.112.046854
http://www.ncbi.nlm.nih.gov/pubmed/23364014
http://dx.doi.org/10.1093/ije/dyt078
http://www.ncbi.nlm.nih.gov/pubmed/23918852
http://dx.doi.org/10.1016/0895-4356(93)90018-V
http://dx.doi.org/10.1016/S0895-4356(99)00174-2
http://dx.doi.org/10.1371/journal.pone.0066210
http://www.ncbi.nlm.nih.gov/pubmed/23840426
http://dx.doi.org/10.3390/nu7095386
http://www.ncbi.nlm.nih.gov/pubmed/26404368
http://dx.doi.org/10.1016/j.archger.2012.08.002
http://www.ncbi.nlm.nih.gov/pubmed/22906471
http://www.ncbi.nlm.nih.gov/pubmed/17561634
http://dx.doi.org/10.1055/s-2002-33195
http://www.ncbi.nlm.nih.gov/pubmed/12163983
http://dx.doi.org/10.4162/nrp.2011.5.3.230
http://www.ncbi.nlm.nih.gov/pubmed/21779527
http://www.ncbi.nlm.nih.gov/pubmed/23945417
http://dx.doi.org/10.3945/ajcn.115.124669
http://www.ncbi.nlm.nih.gov/pubmed/26864362
http://www.ncbi.nlm.nih.gov/pubmed/21731134
http://dx.doi.org/10.1016/S0304-3940(96)13247-X
http://dx.doi.org/10.3945/an.116.012336
http://www.ncbi.nlm.nih.gov/pubmed/27633109
http://dx.doi.org/10.1016/j.sleep.2015.09.021
http://www.ncbi.nlm.nih.gov/pubmed/26847986
http://dx.doi.org/10.5664/jcsm.3714
http://www.ncbi.nlm.nih.gov/pubmed/24812543
http://dx.doi.org/10.1186/1471-244X-8-S1-S5
http://www.ncbi.nlm.nih.gov/pubmed/18433515

Nutrients 2017, 9, 232 12 of 12

36. Wurtman, R.J.; Wurtman, J.J.; Regan, M.M.; McDermott, ].M.; Tsay, R.H.; Breu, J.J. Effects of normal meals
rich in carbohydrates or proteins on plasma tryptophan and tyrosine ratios. Am. J. Clin. Nutr. 2003, 77,
128-132. [PubMed]

37.  Fernstrom, ].D.; Wurtman, R.J. Brain serotonin content: Physiological regulation by plasma neutral amino
acids. Science 1972, 178, 414-416. [CrossRef] [PubMed]

38. Lyons, PM.; Truswell, A.S. Serotonin precursor influenced by type of carbohydrate meal in healthy adults.
Am. . Clin. Nutr. 1988, 47, 433-439. [PubMed]

® © 2017 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://www.ncbi.nlm.nih.gov/pubmed/12499331
http://dx.doi.org/10.1126/science.178.4059.414
http://www.ncbi.nlm.nih.gov/pubmed/5077329
http://www.ncbi.nlm.nih.gov/pubmed/3279747
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Data Collection 
	Dietary Assessment 
	Definition of Outcome 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 

