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Study Objectives: There is limited information on the relationship between risk of cardiovascular disease and the joint effects of sleep quality and sleep 
duration, especially from large, prospective, cohort studies. This study is to prospectively investigate the joint effects of sleep quality and sleep duration on the 
development of coronary heart disease.
Methods: This study examined 60,586 adults aged 40 years or older. A self-administered questionnaire was used to collect information on sleep quality and 
sleep duration as well as a wide range of potential confounders. Events of coronary heart disease were self-reported in subsequent medical examinations. 
Two types of Sleep Score (multiplicative and additive) were constructed to reflect the participants’ sleep profiles, considering both sleep quality and sleep 
duration. The Cox regression model was used to estimate the hazard ratio (HR) and the 95% confidence interval (CI).
Results: A total of 2,740 participants (4.5%) reported new events of coronary heart disease at follow-up. For sleep duration, participants in the group of < 6 
h/d was significantly associated with an increased risk of coronary heart disease (HR: 1.13, 95% CI: 1.04–1.23). However, the association in the participants 
with long sleep duration (> 8 h/d) did not reach statistical significance (HR: 1.11, 95% CI: 0.98–1.26). For sleep quality, both dreamy sleep (HR: 1.21, 95% 
CI: 1.10–1.32) and difficult to fall asleep/use of sleeping pills or drugs (HR: 1.40, 95% CI: 1.25–1.56) were associated with an increased risk of the disease. 
Participants in the lowest quartile of multiplicative Sleep Score (HR: 1.31, 95% CI: 1.16–1.47) and of additive sleep score (HR: 1.31, 95% CI: 1.16–1.47) were 
associated with increased risk of coronary heart disease compared with those in the highest quartile.
Conclusions: Both short sleep duration and poor sleep quality are associated with the risk of coronary heart disease. The association for long sleep duration 
does not reach statistical significance. Lower Sleep Score (poorer sleep profile) increases the risk of coronary heart disease, suggesting the importance of 
considering sleep duration and sleep quality together when developing strategies to improve sleep for cardiovascular disease prevention.
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INTRODUCTION

Cardiovascular disease is a leading cause of death and disability 
worldwide. The number of cardiovascular deaths is projected 
to increase to more than 24 million by 2030, resulting in a huge 
disease burden.1 Poor lifestyle and behavior are believed to be 
the leading causes of cardiovascular disease.2 Sleep, which is a 
basic human behavior, is reported to be associated with the risk 
of cardiovascular disease and other health outcomes.3–5

A comprehensive sleep profile includes sleep duration and 
sleep quality. Getting enough quality sleep is important for 
maintaining cardiovascular health. However, most previous 
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studies focused on sleep duration. A growing number of stud-
ies have demonstrated that short sleep duration increases the 
risk of cardiovascular disease.6–11 A few studies have also 
shown that poor sleep quality was associated with higher risk 
of cardiovascular disease.8–13 Some researchers have argued 
that sleep quality is more important than sleep duration.14,15 
However, there are limited data about the joint effects of sleep 
quality and sleep duration on the risk of cardiovascular dis-
ease, especially from large, prospective cohort studies. People 
spend one-third of their lifetime asleep. Approximately one-
third of the general population regularly suffers from sleep-re-
lated problems, and this figure has increased in recent years.16 

BRIEF SUMMARY
Current Knowledge/Study Rationale: There is increasing evidence showing that short sleep duration and poor sleep quality are associated with 
cardiovascular disease. However, there is little information on the joint effects of quality and duration of sleep, despite the fact that a comprehensive 
sleep profile should consist of both.
Study Impact: We conducted a large, prospective cohort study to investigate the joint effects of quality and duration of sleep on the development of 
coronary heart disease. Our study substantially advances our understanding of the importance of considering sleep duration and sleep quality together 
when developing strategies to improve sleep for cardiovascular disease prevention.
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We therefore conducted a large, prospective cohort study to 
investigate sleep and coronary heart disease while taking into 
account the effects of both sleep duration and sleep quality.

METHODS

Setting and Participants
The current data analysis was based on the prospective cohort 
study of 590,977 Taiwan residents between 1996 and 2014. The 
cohort details have been described elsewhere.17,18 Briefly, the 
participants joined a standard medical examination program 
provided by a private firm (MJ Health Management Institu-
tion, Taipei, Taiwan). Each participant received a series of 
medical examinations including a general physical exami-
nation and biochemical tests of blood and urine, as well as a 
standard self-administered questionnaire survey. A total of 
256,980 participants regularly visited the firm twice or more. 
Because cardiovascular events generally occur in middle-aged 
and older people, we restricted our analysis to those partici-
pants aged 40 years or older. We also excluded those who re-
ported the following physician-diagnosed diseases in the first 
visit: cardiovascular disease (including coronary heart disease, 
peripheral arterial disease, rheumatic heart disease, congeni-
tal heart disease, deep vein thrombosis, and pulmonary em-
bolism), cerebrovascular diseases, diabetes, thyroid disease, 
tuberculosis, asthma, chronic obstructive pulmonary disease, 
peptic ulcer, hepatitis and liver cirrhosis, chronic kidney dis-
ease, and cancer. Finally, we analyzed 60,586 participants aged 
40 years or older. Details of the participant selection are pre-
sented in Figure S1 in the supplemental material. Each par-
ticipant gave written informed consent when they joined the 
MJ Health Screening Program authorizing MJ Health Man-
agement Institution to process data generated from the medi-
cal examination program. Personal identification was removed 
and remained anonymous when the data were released for this 
research. We obtained ethical approval for the current study 
from the Joint Chinese University of Hong Kong – New Ter-
ritories East Cluster Clinical Research Ethics Committee.

Ascertainment of the Outcome 
The health outcome used in the current study was incident of 
coronary heart disease. Baseline information was retrieved 
from the first visit of each participant. The end point was ei-
ther a subsequent visit in which the participant first reported a 
diagnosis by a physician of a new coronary heart disease event 
or the final visit if the participant did not receive a diagno-
sis of coronary heart disease. To collect the information, the 
participants were asked: “Were you ever diagnosed as having 
a coronary heart disease by a physician?” Those participants 
who answered “yes” on their second visit onward were then 
defined as having a new event of coronary heart disease.

Sleep Assessment
Participants were asked two questions to assess their sleep dura-
tion and sleep quality in the visit. For sleep duration, they were 
asked “How many hours do you usually sleep a day?” with the 
following four answer options: < 4 hours, 4–6 hours, 6–8 hours, 

and > 8 hours. Because only a small number of participants 
slept fewer than 4 h/d, these participants were grouped with 
those who slept for 4 to 6 h/d when we assessed the association 
between sleep duration and the risk of coronary heart disease.

For sleep quality, participants were asked “How did you evalu-
ate your sleep situation last month?” with the following answer 
options: use of sleeping pills or drugs, difficult to fall asleep, 
dreamy sleep, can fall asleep but easily awaken, and sleep well. 
Because the number of participants reporting use of sleeping pills 
or drugs was very small, this group was combined with those 
who found it difficult to fall asleep when we assessed the associa-
tion between sleep quality and the risk of coronary heart disease.

Potential Confounders 
Information on potential confounders collected in the baseline 
was used in the current data analysis, including: education (pri-
mary school or below, middle school, college, and university or 
above), marital status (single, married, divorced, and widowed), 
family history of cardiovascular disease (yes, no), alcohol drink-
ing (never, former, and current), cigarette smoking (never, former, 
and current), physical exercise in leisure time (light, moderate, 
high, and vigorous), physical activity in work (sedentary job, job 
requiring approximately half sedentary and half walking, job 
mostly requiring walking and standing, and job requiring vigor-
ous physical activity), fruit intake (< 1 and ≥ 1 servings/d), and 
vegetables intake (< 0.5, 0.5 to < 1.0, and ≥ 1.0 bowls/d). Weight 
and height were measured using an autoanthropometer (Naka-
mura KN-5000A, Tokyo, Japan) with the participants barefoot 
and wearing light clothes to calculate body mass index. Diastolic 
and systolic blood pressures were measured using a computer-
ized auto-mercury sphygmomanometer (Citizen CH-5000, To-
kyo, Japan). Total cholesterol (mg/dl), fasting glucose (mg/dl), 
and triglyceride level (mg/dl) were measured using the Hitachi 
7150 autoanalyzer (Hitachi ltd., Tokyo, Japan).19

Statistical Analysis
All analyses were conducted using R-software (version 3.2.5, 
The R Foundation, Vienna, Austria). P values were derived 
from two-sided statistical tests and a value of P < .05 was con-
sidered to be statistically significant.

We constructed two types of Sleep Score by combining sleep 
duration and quality for data analysis. We assigned a score to 
each category of sleep duration and sleep quality for calculating 
the Sleep Score (ie, for sleep quality, we assigned the numbers 
5, 4, 3, 2, and 1 to the categories of “sleep well”, “can fall asleep 
but easily awake,” “dreamy sleep,” “difficult to fall asleep,” and 
“use of sleeping pills or drugs,” respectively; for sleep duration: 
we assigned the numbers 4, 3, 2, and 1 to the categories of 6–8 
h/d, > 8 h/d, 4–6 h/d, and < 4 h/d, respectively). The Sleep Score 
was used to reflect the whole sleep profile (ie, a higher Sleep 
Score reflects a better sleep profile). The following formula was 
applied for the multiplicative Sleep Score calculation:

Sleep Score = score of sleep quality × score of sleep duration

where the Sleep Score (multiplicative) ranged from 1 to 20. 
The following formula was applied for the additive Sleep Score 
calculation:
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Sleep Score = score of sleep quality + score of sleep duration

where the Sleep Score (additive) ranged from 2 to 9. The Sleep 
Score distributions are presented in Figure 1.

Unadjusted and adjusted hazard ratio (HR) with 95% con-
fidence intervals (95% CI) was estimated using Cox regres-
sion models to assess the association between sleep and the 
risk of coronary heart disease. We assessed the associations 
between coronary heart disease and sleep duration, sleep 
quality, and Sleep Score separately. We also categorized the 
participants into quartiles with respect to their Sleep Score 
and compared the risk between different quartiles. To remove 
potential modification effects from sex and age, we conducted 
subgroup analysis by stratifying the sex and age groups (40–
60 years and > 60 years). We also conducted the following 
sensitivity analyses for comparison: (1) excluding those par-
ticipants with follow-up time less than 2 years because we 
believed the effect of sleep on heart disease is chronic, (2) 
excluding those participants aged 75 years or older to avoid 
survival effects in the elderly, (3) excluding those participants 
with a family history of cardiovascular diseases to remove 
the confounding effect, and (4) excluding those participants 
in whom other diseases (including hypertension, cerebro-
vascular diseases, diabetes, thyroid disease, tuberculosis, 
asthma, peptic ulcer, hepatitis and liver cirrhosis, nephritis 
and cancer) developed during the follow-up, because these 
diseases may have intermediate effects.

RESULTS

A total of 60,586 participants aged 40 years or older were in-
cluded in the analysis. Table 1 presents the baseline charac-
teristics of the participants. The mean (standard deviation) of 
age, body mass index, and follow-up period were 50.6 (8.6) 
years, 23.8 (3.2) kg/m2, and 5.6 (4.4) years, respectively. No 
significant difference was observed in age and follow-up dura-
tion between sex (P > .1).

During the follow-up, a total of 2,740 participants (4.52%) 
reported having coronary heart disease. Among the partici-
pants, no significant difference was observed in the cumulative 
incidence of disease between sex (male versus female: 4.59% 
versus 4.46%, P = .447). The cumulative incidence of coronary 
heart disease increased from 2.1% in the participants aged 40 
to 45 years to 12.0% in the participants aged 71 to 75 years 
and then decreased to 9.7% in the participants aged 75 years 
or older. Similar trends were observed in males and females 
(Table S1 in the supplemental material).

Table 2 shows the associations between sleep and risk of 
coronary disease. A higher Sleep Score (multiplicative) sig-
nificantly decreased the risk of coronary heart disease (every 
5-unit increment of Sleep Score was associated with a 9% de-
crease in the risk [HR: 0.91, 95% CI: 0.88–0.94]) after fully 
adjusting for confounders. Compared with quartile IV of the 
Sleep Score, a significant higher risk of coronary heart disease 
was observed in quartile II (HR: 1.24, 95% CI: 1.10–1.39) and 
quartile I (HR: 1.31, 95% CI: 1.16–1.47). Significant exposure-
response relationships were also observed (P < .001). Similar 

results were observed when the Sleep Score (additive) was 
used in separate analysis.

When we assessed the relationship with sleep quality and 
duration separately, a significant higher risk of coronary heart 
disease was observed in participants with dreamy sleep (HR: 
1.21, 95% CI: 1.10–1.32) and difficult to fall asleep/use of sleep-
ing pills or drugs (HR: 1.40, 95% CI: 1.25–1.56). Short sleep 
duration (< 6 h/d) significantly increased the risk (HR: 1.13, 
95% CI: 1.04–1.23), whereas long sleep duration did not reach 
statistical significance (HR: 1.11, 95% CI: 0.98–1.26) (Table 2).

Subgroup analysis stratified by sex (Table 3) and age group 
(Table 4) yielded similar results. Similar results were observed 
in the series of sensitivity analyses: (1) excluding participants 
with follow-up duration less than 2 years (Table S2 in the sup-
plemental material), (2) excluding participants aged 75 years 
or older (Table S3 in the supplemental material), (3) excluding 
participants who had family history of coronary heart disease 
(Table S4 in the supplemental material), and (5) excluding par-
ticipants in whom other diseases developed during the follow-
up (Table S5 in the supplemental material).

DISCUSSION

This is the first cohort study to investigate the association be-
tween sleep and incidence of coronary heart disease by taking 
both sleep duration and sleep quality into consideration in a large 
Asian population. Our study found that both poor sleep quality 

Figure 1—Distribution of the Sleep Score.

(A) Histogram of Sleep Score (multiplicative) in the participants. (B) 
Histogram of Sleep Score (additive) in the participants.
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and short sleep duration are independently associated with the 
risk of coronary heart disease events in adults aged 40 years or 
older. The Sleep Score, which reflects the joint effects of sleep 
quality and sleep duration, is significantly associated with the 
risk of coronary heart disease. Because sleep is a modifiable risk 
factor, our results suggest the importance of considering sleep 
duration and sleep quality together when developing strategies 
to improve sleep for cardiovascular disease prevention.

Previous studies have shown that short sleep duration in-
creases the risk of cardiovascular diseases, which is consistent 

with the results of our study.6–11 However, the effects of long 
sleep duration remain uncertain, although a systematic re-
view reported that sleep for more than 8 h/d was associated 
with an increased risk of coronary heart disease.20 Our study 
also found the association did not reach statistical significance 
for long sleep duration. Further studies are warranted on this 
topic. Poor sleep quality has also been reported to be associ-
ated with higher risk of cardiovascular diseases. The Mexican 
Teacher Cohort found that poor sleep quality was associated 
with subclinical cardiovascular disease.13 The Swedish study 
by Asplund shows that nightmares were associated with an in-
creased risk in irregular heartbeat and spasmodic chest pain in 
elderly people.21 Studies have also reported that insomnia,22–24 
difficulty falling asleep,10,25 and the use of sleeping pills26 were 
related to an increased risk of cardiovascular disease. Al-
though different methods were used for evaluating sleep qual-
ity, our results are in line with the results in the findings in 
previous literature.

However, there are limited data on the relationship between 
the risk of cardiovascular disease and the joint effects of sleep 
quality and sleep duration, especially from large prospective 
cohort studies. In the current study, we constructed the Sleep 
Score by taking into account the effects of both sleep quality 
and sleep duration. We found that a lower Sleep Score (poor 
sleep profile) is associated with higher risk of coronary heart 
disease. We observed a good exposure-response relationship 
between the Sleep Score and the risk of coronary heart dis-
ease. The results from our study are consistent with those of 
previous studies using other sleep profile parameters such as 
the Pittsburgh Sleep Quality Index27–29 and other indicators.8,12 
Neither Abraham30 nor Everding et al.31 found a significant as-
sociation between sleep and cardiovascular risk factor using 
the Pittsburgh Sleep Quality Index. This might have been due 
to the young population (aged between 18–25 years) recruited 
in Abraham’s study30 or the cross-sectional design in the study 
by Everding et al.31

There are several hypothesized mechanisms of the adverse 
effects of sleep disorders on cardiovascular health. One pos-
sible explanation is that poor sleep causes reciprocal changes 
in circulating levels of leptin and ghrelin,32,33 which can fa-
cilitate the development of obesity33 and impair glycemic 
control34 due to behavioral changes such as increasing food 
and calorie intake and reducing energy expenditure.35 In-
creased cortisol secretion and growth hormone metabolism 
alteration caused by sleep disorders is another hypothesis.36,37 
Additionally, short sleep may trigger low-grade inflamma-
tion and lead to an increase in stress response in the hypo-
thalamic-pituitary-adrenal axis, which may result in elevated 
blood pressure, interrupted blood flow, and increased risk of 
cardiovascular disease.38–40

This study has some important strengths. We constructed 
a Sleep Score to reflect the joint effects of sleep quality and 
sleep duration, whereas most previous studies have focused on 
the effects of either sleep quality or sleep duration. We also 
have a large sample size and cohort design, which enable us to 
produce stable and precise estimations. Finally, we collected 
comprehensive information on potential confounders and mod-
ifiers. Because poor sleep is highly correlated with poor health, 

Table 1—Baseline characteristics of the participants.
Age, years, mean (SD) 50.6 (8.6)
Body mass index, kg/m2, mean (SD) 23.8 (3.2) 
Cholesterol, mmol/L, mean (SD) 5.3 (1.0)
Fasting glucose, mmol/L, mean (SD) 5.6 (1.1)
Triglyceride, mg/dL, mean (SD) 1.5 (1.1)
Systolic blood pressure, mmHg, mean (SD) 122.4 (8.1)
Diastolic blood pressure, mmHg, mean (SD) 74.2 (11.1)
Sex, male, n (%) 28,040 (46.3)
Family history of cardiovascular disease, yes, n (%) 10,314 (17.0)
Marital status, n (%)

Single 2,800 (4.6)
Married 51,166 (84.5)
Divorced or separated 2,378 (3.9)
Widowed 4,242 (7.0)

Education, n (%)
Primary school or below 19,742 (32.6)
Middle school 19,710 (32.5)
College 8,908 (14.7) 
University or above 12,226 (20.2)

Alcohol drinking, n (%)
Never 47,600 (78.6)
Former 1,394 (2.3)
Current 11,592 (19.1)

Cigarette smoking, n (%) 
Never 51,350 (84.8)
Ever 2,313 (3.8)
Current 6,923 (11.4)

Vegetable intake, n (%)
< 0.5 bowl/d 11,897 (19.6)
≥ 0.5 to 1.0 bowl/d 34,383 (56.8)
≥ 1.0 bowl/d 14,306 (23.6)

Fruit intake, n (%) 
< 1 serving/d 6,755 (11.1)
≥ 1 serving/d 53,831 (88.9)

Physical exercise in leisure time, n (%)
Light 29,248 (48.3)
Moderate 12,760 (21.1)
High 8,259 (13.6)
Vigorous 10,319 (17.0)

Physical activity in work, n (%)
Sedentary job 33,703 (55.6)
Job requiring around half sedentary and half walking 17,349 (28.6)
Job mostly requiring walking and standing 7,712 (12.7)
Job requiring vigorous physical activity 1,822 (3.0)

SD = standard deviation.
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it is difficult to ascertain whether poor sleep is a determinant 
of cardiometabolic disease or a sign of comorbid conditions 
without excluding participants with preexisting diseases and 
taking the metabolic risk factors into account. In the current 
study, we conducted a series of subgroup/sensitivity analyses 
and they yielded similar results.

However, there are several limitations to our approach. 
First, information on sleep duration and sleep quality was 
collected from the questionnaire, which is similar to most 
other epidemiological studies. However, it is not practical to 
measure sleep quality by equipment in a large-scale study. 
Previous studies show that when self-reported total sleep has 
been compared with sleep diaries, actigraphy, and polysom-
nography, there has generally been a good correlation be-
tween self-reported and objective measurements.41,42 Second, 
information on change of the sleep profile was not able to be 
taken into account. Sleep duration and sleep quality might 
be changed during follow-up for some participants. Third, 
our health outcomes were self-reported. However, this should 
not affect our conclusion, because coronary heart disease is 
a serious condition for which patients generally seek medi-
cal examination and treatment from their physicians. Fourth, 
we did not take sleep apnea into account. This might have 
led us to underestimate the effects of sleep quality. Fifth, 

positive family history is a major risk factor for coronary 
artery disease; however, these data are not available in this 
study. Finally, the construction of the Sleep Score was quite 
subjective. We assigned a value to each category of duration 
and quality. Although we were quite sure about the rank order 
of the categories, we were not sure whether the differences 
between the categories were proportionally equal. No signifi-
cant interaction effects were observed between duration and 
quality of sleep (P = .072). Nonetheless, we used both multi-
plicative and additive Sleep Scores for comparison, and both 
yielded the same directions.

CONCLUSIONS

In conclusion, both short sleep duration and poor sleep qual-
ity are associated with the risk of coronary heart disease. 
The association for long sleep duration remains uncertain. A 
poorer sleep profile (including sleep duration and sleep qual-
ity) increases the risk of coronary heart disease in adults 
aged 40 years or older. Our findings suggest the importance 
of considering sleep duration and sleep quality together when 
developing strategies to improve sleep for cardiovascular 
disease prevention.

Table 2—Association between sleep and risk of coronary heart disease in Taiwan residents.

n (No / Yes) *
Unadjusted
HR (95% CI)

Adjusted †
HR (95% CI)

Adjusted ‡
HR (95% CI)

Sleep Score (multiplicative)
Quartile IV 16,458 / 659 1.00 1.00 1.00
Quartile III 21,489 / 999 1.16 (1.06, 1.29) 1.10 (1.00, 1.21) 1.13 (1.02, 1.25)
Quartile II 10,349 / 549 1.34 (1.20, 1.50) 1.20 (1.07, 1.35) 1.24 (1.10, 1.39)
Quartile I 9,550 / 533 1.61 (1.44, 1.81) 1.26 (1.12, 1.41) 1.31 (1.16, 1.47)
P for trend  < .001  < .001  < .001
Every 1-unit increment 57,846 / 2,740 0.97 (0.96, 0.98) 0.98 (0.98, 0.99) 0.98 (0.97, 0.99)
Every 5-unit increment 57,846 / 2,740 0.85 (0.82, 0.88) 0.92 (0.89, 0.95) 0.91 (0.88, 0.94)

Sleep Score (additive)
Quartile IV 16,458 / 659 1.00 1.00 1.00
Quartile III 25,458 / 1,177 1.16 (1.05, 1.27) 1.09 (0.99, 1.20) 1.12 (1.01, 1.23)
Quartile II 6,529 / 376 1.47 (1.30, 1.67) 1.29 (1.13, 1.47) 1.36 (1.20, 1.55)
Quartile I 9,401 / 528 1.62 (1.45, 1.82) 1.27 (1.13, 1.42) 1.32 (1.17, 1.48)
P for trend  < .001  < .001  < .001
Every 1-unit increment 57,846 / 2,740 0.90 (0.87, 0.92) 0.95 (0.92, 0.97) 0.94 (0.92, 0.96)
Every 5-unit increment 57,846 / 2,740 0.58 (0.51, 0.65) 0.76 (0.67, 0.86) 0.72 (0.64, 0.82)

Sleep Quality
Sleep well 22,979 / 960 1.00 1.00 1.00
Can fall asleep but easily awake 7,014 / 330 1.11 (0.92, 1.26) 1.11 (0.92, 1.26) 1.18 (0.96, 1.34)
Dreamy sleep 19,523 / 974 1.23 (1.13, 1.35) 1.16 (1.06, 1.27) 1.21 (1.10, 1.32)
Difficult to fall asleep/use of sleeping pills or drugs 8,330 / 476 1.58 (1.42, 1.77) 1.33 (1.19, 1.49) 1.40 (1.25, 1.56)

Sleep Duration
> 8 h/d 4,834 / 268 1.23 (1.08, 1.4) 1.11 (0.98, 1.27) 1.11 (0.98, 1.26)
6–8 h/d 39,076 / 1,751 1.00 1.00 1.00
< 6 h/d 13,936 / 721 1.22 (1.12, 1.33) 1.14 (1.05, 1.25) 1.13 (1.04, 1.23)

* = n represents the number of participants in each category; No represents the number of participants who did not have coronary heart disease; Yes 
represents the number of participants in whom coronary heart disease developed during the follow-up. † = adjusted for age, sex, educational level, marital 
status, alcohol drinking, cigarette smoking, vegetable intake, fruit intake, physical activity in leisure time, physical activity in work, and family history of 
cardiovascular disease. ‡ = further adjusted for body mass index, total cholesterol, fasting glucose, triglyceride levels, and systolic blood pressure. CI = 
confidence interval, HR = hazard ratio.
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Table 3—Association between sleep and risk of coronary heart disease in Taiwan residents stratified by sex.

n (No / Yes) *
Unadjusted
HR (95% CI)

Adjusted †
HR (95% CI)

Adjusted ‡
HR (95% CI)

Male
Sleep Score (multiplicative)

Quintile IV 9,468 / 407 1.00 1.00 1.00
Quintile III 9,367 / 450 1.10 (0.96, 1.26) 1.02 (0.89, 1.16) 1.06 (0.93, 1.21)
Quintile II 4,509 / 244 1.27 (1.08, 1.48) 1.15 (0.98, 1.35) 1.19 (1.01, 1.39)
Quintile I 3,408 / 187 1.44 (1.21, 1.72) 1.16 (0.98, 1.39) 1.23 (1.03, 1.47)
P for trend  < .001 .035 .007
Every 1-unit increment 26,752 / 1,288 0.98 (0.97, 0.99) 0.99 (0.98, 1.00) 0.98 (0.97, 0.99)
Every 5-unit increment 26,752 / 1,288 0.89 (0.84, 0.93) 0.94 (0.89, 0.99) 0.92 (0.87, 0.97)

Sleep Score (additive)
Quintile IV 9,468 / 407 1.00 1.00 1.00
Quintile III 11,465 / 540 1.08 (0.95, 1.23) 1.01 (0.88, 1.15) 1.04 (0.91, 1.18)
Quintile II 2,492 / 156 1.47 (1.22, 1.77) 1.27 (1.05, 1.53) 1.38 (1.14, 1.66)
Quintile I 3,327 / 185 1.47 (1.23, 1.75) 1.18 (0.99, 1.41) 1.26 (1.05, 1.50)
P for trend  < .001 .012 .001
Every 1-unit increment 26,752 / 1,288 0.92 (0.89, 0.95) 0.96 (0.92, 0.99) 0.94 (0.91, 0.98)
Every 5-unit increment 26,752 / 1,288 0.65 (0.54, 0.78) 0.81 (0.68, 0.97) 0.75 (0.63, 0.90)

Sleep Quality
Sleep well 12,967 / 572 1.00 1.00 1.00
Can fall asleep but easily awake 2,889 / 151 1.13 (0.94, 1.35) 1.05 (0.87, 1.25) 1.13 (0.94, 1.35)
Dreamy sleep 7,948 / 409 1.18 (1.04, 1.34) 1.11 (0.98, 1.26) 1.17 (1.03, 1.33)
Difficult to fall asleep/use of sleeping pills or drugs 2,948 / 156 1.41 (1.18, 1.69) 1.30 (1.08, 1.55) 1.39 (1.16, 1.67)

Sleep Duration
> 8 h/d 2,275 / 140 1.31 (1.1, 1.57) 1.14 (0.95, 1.37) 1.14 (0.95, 1.36)
6–8 h/d 18,810 / 860 1.00 1.00 1.00
< 6 h/d 5,667 / 288 1.16 (1.02, 1.33) 1.09 (0.96, 1.25) 1.10 (0.96, 1.26)

Female
Sleep Score (multiplicative)

Quintile IV 6,780 / 210 1.00 1.00 1.00
Quintile III 3,226 / 127 1.49 (1.20, 1.86) 1.41 (1.13, 1.76) 1.42 (1.14, 1.77)
Quintile II 10,224 / 438 1.52 (1.29, 1.80) 1.43 (1.21, 1.68) 1.44 (1.22, 1.70)
Quintile I 3,062 / 152 1.59 (1.29, 1.96) 1.42 (1.16, 1.76) 1.46 (1.18, 1.80)
P for trend  < .001  < .001  < .001
Every 1-unit increment 31,094 / 1452 0.96 (0.95, 0.97) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)
Every 5-unit increment 31,094 / 1,452 0.81 (0.77, 0.85) 0.90 (0.86, 0.95) 0.89 (0.85, 0.94)

Sleep Score (additive)
Quintile IV 6,990 / 252 1.00 1.00 1.00
Quintile III 13,993 / 637 1.31 (1.13, 1.51) 1.21 (1.05, 1.40) 1.23 (1.06, 1.42)
Quintile II 4,037 / 220 1.60 (1.34, 1.92) 1.35 (1.13, 1.62) 1.40 (1.17, 1.68)
Quintile I 6,074 / 343 1.89 (1.60, 2.22) 1.37 (1.16, 1.61) 1.42 (1.20, 1.67)
P for trend  < .001  < .001  < .001
Every 1-unit increment 31,094 / 1,452 0.87 (0.84, 0.90) 0.94 (0.91, 0.97) 0.93 (0.90, 0.96)
Every 5-unit increment 31,094 / 1,452 0.50 (0.42, 0.58) 0.73 (0.62, 0.85) 0.70 (0.59, 0.82)

Sleep Quality
Sleep well 10,012 / 388 1.00 1.00 1.00
Can fall asleep but easily awake 4,125 / 179 1.15 (0.97, 1.38) 1.19 (1.00, 1.42) 1.25 (1.05, 1.50)
Dreamy sleep 11,575 / 565 1.35 (1.18, 1.53) 1.22 (1.07, 1.39) 1.26 (1.11, 1.44)
Difficult to fall asleep/use of sleeping pills or drugs 5,382 / 320 1.80 (1.55, 2.09) 1.38 (1.19, 1.60) 1.45 (1.24, 1.68)

Sleep Duration
> 8 h/d 2,559 / 128 1.15 (0.96, 1.39) 1.08 (0.90, 1.30) 1.06 (0.88, 1.27)
6–8 h/d 20,266 / 891 1.00 1.00 1.00
< 6 h/d 8,269 / 433 1.28 (1.14, 1.44) 1.17 (1.05, 1.32) 1.16 (1.03, 1.30)

* = n represents the number of participants in each category; No represents the number of participants who did not have coronary heart disease; Yes 
represents the number of participants in whom coronary heart disease developed during the follow-up. † = adjusted for age, sex, educational level, marital 
status, alcohol drinking, cigarette smoking, vegetable intake, fruit intake, physical activity in leisure time, physical activity in work, and family history 
of cardiovascular disease. ‡ = further adjusted for body mass index, total cholesterol, fasting glucose, triglyceride levels, and systolic blood pressure. 
CI = confidence interval, HR = hazard ratio.
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Table 4—Association between sleep and the risk of coronary heart disease in the Taiwan residents stratified by age group.

n (No / Yes) *
Unadjusted
HR (95% CI)

Adjusted †
HR (95% CI)

Adjusted ‡
HR (95% CI)

Age Group: 40–60 Years 
Sleep Score (multiplicative)

Quintile IV 14,563 / 491 1.00 1.00 1.00
Quintile III 18,821 / 708 1.12 (1.00, 1.26) 1.08 (0.96, 1.22) 1.10 (0.98, 1.24)
Quintile II 8,897 / 388 1.30 (1.13, 1.48) 1.15 (1.00, 1.31) 1.17 (1.02, 1.33)
Quintile I 7,756 / 327 1.43 (1.25, 1.65) 1.17 (1.02, 1.36) 1.20 (1.04, 1.39)
P for trend  < .001 .015 .007
Every 1-unit increment 50,037 / 1,914 0.97 (0.97, 0.98) 0.99 (0.98, 1.00) 0.99 (0.98, 0.99)
Every 5-unit increment 50,037 / 1,914 0.88 (0.84, 0.92) 0.94 (0.90, 0.98) 0.93 (0.89, 0.97)

Sleep Score (additive)
Quintile IV 14,563 / 491 1.00 1.00 1.00
Quintile III 22,253 / 841 1.12 (1.00, 1.25) 1.07 (0.96, 1.20) 1.08 (0.97, 1.21)
Quintile II 5,592 / 259 1.39 (1.20, 1.62) 1.23 (1.06, 1.44) 1.27 (1.09, 1.48)
Quintile I 7,629 / 323 1.44 (1.25, 1.66) 1.18 (1.02, 1.37) 1.21 (1.05, 1.40)
P for trend  < .001 .005 .002
Every 1-unit increment 50,037 / 1914 0.91 (0.89, 0.94) 0.96 (0.93, 0.99) 0.95 (0.92, 0.98)
Every 5-unit increment 50,037 / 1914 0.64 (0.56, 0.74) 0.81 (0.70, 0.93) 0.78 (0.68, 0.91)

Sleep Quality
Sleep well 20,043 / 697 1.00 1.00 1.00
Can fall asleep but easily awake 6,222 / 237 1.09 (0.94, 1.26) 1.12 (0.96, 1.29) 1.16 (0.99, 1.34)
Dreamy sleep 16,850 / 670 1.19 (1.07, 1.32) 1.14 (1.03, 1.27) 1.17 (1.05, 1.31)
Difficult to fall asleep/use of sleeping pills or drugs 6,922 / 310 1.48 (1.29, 1.69) 1.27 (1.11, 1.46) 1.30 (1.13, 1.49)

Sleep Duration
> 8 h/d 3,986 / 164 1.07 (0.91, 1.26) 1.02 (0.87, 1.20) 1.02 (0.87, 1.20)
6–8 h/d 34,494 / 1,278 1.00 1.00 1.00
< 6 h/d 11,557 / 472 1.15 (1.03, 1.28) 1.09 (0.98, 1.20) 1.07 (0.96, 1.18)

Age Group: > 60 Years
Sleep Score (multiplicative)

Quintile IV 1,895 / 168 1.00 1.00 1.00
Quintile III 2,668 / 291 1.23 (1.02, 1.49) 1.18 (0.98, 1.43) 1.23 (1.01, 1.49)
Quintile II 1,452 / 161 1.34 (1.08, 1.66) 1.31 (1.06, 1.63) 1.40 (1.12, 1.74)
Quintile I 1,794 / 206 1.48 (1.21, 1.81) 1.41 (1.14, 1.73) 1.52 (1.24, 1.88)
P for trend  < .001 .001  < .001
Every 1-unit increment 7,809 / 826 0.98 (0.96, 0.99) 0.98 (0.97, 0.99) 0.97 (0.96, 0.98)
Every 5-unit increment 7,809 / 826 0.88 (0.83, 0.94) 0.89 (0.84, 0.95) 0.86 (0.80, 0.92)

Sleep Score (additive)
Quintile IV ,1895 / 168 1.00 1.00 1.00
Quintile III 3,205 / 336 1.20 (0.99, 1.44) 1.17 (0.97, 1.41) 1.21 (1.00, 1.45)
Quintile II 937 / 117 1.50 (1.18, 1.90) 1.41 (1.11, 1.79) 1.56 (1.23, 1.98)
Quintile I 1,772 / 205 1.49 (1.22, 1.83) 1.42 (1.16, 1.75) 1.55 (1.25, 1.90)
P for trend  < .001  < .001  < .001
Every 1-unit increment 7,809 / 826 0.92 (0.89, 0.96) 0.93 (0.90, 0.97) 0.92 (0.88, 0.95)
Every 5-unit increment 7,809 / 826 0.67 (0.55, 0.82) 0.71 (0.57, 0.87) 0.64 (0.52, 0.79)

Sleep Quality
Sleep well 2,936 / 263 1.00 1.00 1.00
Can fall asleep but easily awake 792 / 93 1.25 (0.99, 1.59) 1.18 (0.93, 1.49) 1.24 (0.98, 1.58)
Dreamy sleep 2,673 / 304 1.22 (1.04, 1.44) 1.22 (1.03, 1.44) 1.30 (1.10, 1.53)
Difficult to fall asleep/use of sleeping pills or drugs 1,408 / 166 1.53 (1.26, 1.86) 1.44 (1.18, 1.76) 1.60 (1.31, 1.96)

Sleep Duration
> 8 h/d 4,582 / 473 1.30 (1.05, 1.61) 1.22 (0.98, 1.51) 1.20 (0.97, 1.49)
6–8 h/d 848 / 104 1.00 1.00 1.00
< 6 h/d 2,379 / 249 1.13 (0.99, 1.31) 1.12 (0.98, 1.30) 1.16 (1.01, 1.35)

* = n represents the number of participants in each category; No represents the number of participants who did not have coronary heart disease; Yes 
represents the number of participants who developed coronary heart disease during the follow-up. † = adjusted for age, sex, educational level, marital 
status, alcohol drinking, cigarette smoking, vegetable intake, fruits intake, physical activity in leisure time, physical activity in work, and family history 
of cardiovascular disease. ‡ = further adjusted for body mass index, total cholesterol, fasting glucose, triglyceride levels, and systolic blood pressure. 
CI = confidence interval, HR = hazard ratio.
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