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Abstract

Background: Short sleep duration has been related to established cardiovascular risk factors, likely obesity, diabetes,
hypertension and dyslipidaemia. However, to the best of our knowledge, the associations between sleep duration and
apolipoprotein concentrations and their ratios have not been investigated to date. This study aimed to explore the
independent relationship of sleep duration with apolipoprotein (apo) A1, apoB and the apoB/apoA1 ratio in a Chinese
adult population.

Methods: Data from 7381 participants, aged 18 to 75 years, from the National Health and Nutrition Survey 2009 were
analysed in this cross-sectional study. Participants were divided into 3 categories according to sleep duration: ≤6, 7–8,
and ≥9 h. Logistic regression analysis with odds ratios was employed to assess the association between sleep duration
and apo profile.

Results: Using 7–8 h of sleep as a reference, short sleep duration was associated with significantly increased odds of
elevated apoB (OR =1.75, 95% CI 1.12–2.72), whereas long sleep duration was correlated with a decreased (but not
statistically significant) risk for elevated apoB (OR =0.86, 95% CI 0.54–1.38) among females after controlling for
covariates. Among males, long sleep duration was only marginally related to decreased odds ratios for elevated apoB/
apoA1 ratio after adjustment for covariates (OR =0.78, 95% CI 0.6–0.99).

Conclusions: These results indicate that short sleep duration is strongly associated with an increased risk of elevated
apoB levels in women and that long sleep duration is correlated with decreased apoB/apoA1 levels in men. Sleep
hygiene management could serve to treat and prevent cardiovascular diseases by altering unfavourable apo profile.
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Background
Apolipoproteins and the apolipoprotein B/apolipopro-
tein A1 (apoB/apoA1) ratio have been reported to be
independent predictors of risk of cardiovascular
events. A meta-analysis of 23 prospective studies
demonstrated that low apoA1 levels and high apoB
and apoB/A1 levels were associated with an increased
risk of coronary heart disease (CHD) [1]. Findings
from previous research showed that apoB and apoA1
levels were superior to total cholesterol and low-

density lipoprotein cholesterol (LDL-C) in predicting
the future risk of fatal myocardial infarction [2]. Epi-
demiological studies have also demonstrated that apo-
lipoproteins and the apoB/apoA1 ratio represent
potential risk factors for the development of type 2
diabetes mellitus (T2DM) [3], insulin resistance [4],
non-alcoholic fatty liver disease [5], metabolic syn-
drome [6], and cancer [7]. Multiple adverse health
outcomes have been linked to low apoA1 levels, high
apoB levels and high apoB/apoA1 ratios, leading to
interest in developing strategies to manage abnormal
apo variables for the prevention or treatment of asso-
ciated metabolic and cardiovascular diseases.
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Sleep is a behavioural risk factor that has been considered
an additional factor adversely affecting multiple public
health concerns. Although there are several inconsistencies
in the published literature [8, 9], large-scale studies have re-
ported that both short and long sleep durations are inde-
pendently associated with an increased risk of diabetes [10],
hypertension [11], cardiovascular diseases [12], and all-
cause mortality [13]. These observations supported the “U-
shaped” association between sleep duration and increased
risk of adverse health outcomes. There is also evidence that
sleep duration is linked to atherosclerotic dyslipidaemia.
For example, epidemiological studies have demonstrated
that short sleep durations were significantly associated with
increased total cholesterol, LDL-C levels and low high-
density lipoprotein cholesterol (HDL-C) levels [14, 15].
However, studies exploring the association of sleep duration
with apolipoproteins and the apoB/apoA1 ratio are scarce.
It is well-known that apolipoproteins are closely linked to
serum lipid concentrations and are responsible for the syn-
thesis, metabolism, as well as structural stability of lipopro-
tein particles, which contain triglycerides, free cholesterol,
cholesterol esters, and apolipoproteins [16]. Additionally,
findings of an epidemiological study have indicated that
modifiable lifestyle factors could strongly influence apo
concentrations [17]. Therefore, apo variables were hypothe-
sized to correlate with sleep duration, as well.
Since sleep duration was an established modifiable life-

style factor, understanding the correlation between sleep
duration and apo variables could be of great importance
to develop behavioural strategies to prevent the cardio-
metabolic events and mortality associated with un-
favourable apo profile. To explore the relationship
between sleep duration and the levels of apoA1, apoB
and the apoB/apoA1 ratio, we analysed the nationally
representative data from the 2009 China Health and Nu-
trition Survey (CHNS).

Methods
China health and nutrition survey
The CHNS is a longitudinal cohort survey that is con-
ducted to examine the health and nutritional status of
its population. The survey began in 1989, with a total of
nine waves (1989, 1991, 1993, 1997, 2000, 2004, 2006,
2009, 2011) using a multistage random-cluster process
to select samples surveyed from nine provinces. The
provinces varied largely in geography, economic devel-
opment public resources, and health indicators covering
Heilongjiang, Liaoning, Shandong, Jiangsu, Henan,
Hubei, Hunan, Guangxi, and Guizhou. Counties in each
province were stratified based on income levels (low,
middle, and high), and a weighted sampling scheme was
used to randomly select four counties. Details of the
CHNS are described elsewhere [18]. Informed consent
was obtained from each participant, and the survey was

approved by the institutional review committees of the
University of North Carolina at Chapel Hill, the National
Institute of Nutrition and Food Safety, the Chinese
Centre for Disease Control and Prevention, and the
China-Japan Friendship Hospital, Ministry of Health.

Study participants
Since blood samples were first collected in 2009, we only
analysed the data from the 2009 CHNS. Thus, 8102 par-
ticipants aged 18 to 75 years with biomarkers were eligible
for recruitment. Among these adults, individuals with
pregnancy (n = 62), chronic renal disease (n = 6, estimated
glomerular filtration rate (eGFR) <15 ml/min/1.73 m2)
[19], or missing data for apoA1, apoB, the apoB/A1 ratio
(n = 19) or sleep duration (n = 368) were excluded. We
also excluded participants with missing values for other
measures: total cholesterol, triglycerides, HDL-C, LDL-C,
haemoglobin A1c (HbA1c), fast plasma glucose (FPG),
hypersensitive C-reactive protein (hs-CRP), uric acid, body
mass index (BMI), systolic and diastolic blood pressure,
smoking status, drinking status, or obtained educational
level. The remaining 7381 participants (3463 men, 3918
women) were included in our analytic sample.

Assessment of sleep duration
Sleep duration was assessed with self-reported question-
naire. The questionnaire on physical activity included
the question: “How many hours each day do you usually
sleep, including daytime and night time? (hours).” Re-
sponses of the number of hours per day ranged from 1
to 18 h. Given the U-shaped relationship of sleep dur-
ation with cardiometabolic disease events [11, 12, 20],
sleep duration was categorized as ≤6 (short), 7 to 8 (op-
timal), and ≥9 h (long) per day.

Interviews and measurements
Sociodemographic information of the subjects, including
age, sex, rural/urban sites and education level, was inves-
tigated using a self-reported questionnaire. Participants
were also asked to report smoking status (never, former
and current smokers), drinking habits, and self-reported
medical history of hypertension, diabetes, and the use of
antihypertensive drugs methods.
We measured height, weight, waist circumference (WC)

and blood pressure under standardized conditions. Height
was measured to the nearest 0.1 cm with participants
wearing light clothing and without shoes using a portable
SECA stadiometer (SECA; Hamburg, Germany). Weight
was measured to the nearest 0.1 kg without shoes and in
light clothing using a calibrated beam scale. The WC was
measured with participants in an upright position at a
navel level at the end of expiration using a tape. BMI was
computed as body weight (kg) divided by height squared
in metres (m2). After a 10-min rest, blood pressure was
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measured in triplicate using mercury sphygmomanome-
ters with an interval of 3–5 min between the 2 measure-
ments. The average of the three measurements was used
in the data analysis.
Blood samples were collected from study participants

after an 8–12 h overnight fast. All blood samples were im-
mediately centrifuged and tested for glucose and HbA1c
and stored at −86 °C for later analysis. The apoA1 and apoB
were measured by immunoturbidimetric method with a
biochemical autoanalyser (Hitachi 7600 automated analyser,
Tokyo, Japan). Total cholesterol was analysed by the chol-
esterol oxidase-phenol and aminophenazone (CHOD-PAP)
method, triglycerides by the glycerol-3-phosphate oxidase-
phenol and aminophenazone (GPO-PAP) method, and
HDL-Cl and LDL-C by the enzymatic method. The serum
uric acid level was measured by an enzymatic colourimetric
method, glucose by the glucose oxidase-phenol and amino-
phenazone (GOD-PAP) method, and HbA1c by a chro-
matograph procedure. Hs-CRP was quantified by the
immunoturbidimetric method using a Hitachi 7600 auto-
mated analyser.

Definitions
Abnormal apo variables were determined based on a previ-
ously published definition [21]. Serum apoA1 levels were
defined as decreased if they were less than the sex-specific
15th percentile values (<0.85 g/L in men, <0.91 g/L in
women). Serum apoB levels were defined as elevated when
they were ≥ the sex-specific 85th percentile values (apoB,
≥1.17 g/L in men, ≥1.18 g/L in women). An elevated apoB/
apoA1 ratio was defined as an apoB/apoA1 ratio ≥ the sex-
specific 85th percentile values (≥1.15 g/L in men, ≥1.08 g/L
in women). According to the Working Group on Obesity
recommendations in China [22], participants were defined
as normal (BMI of 18.5–24.0 kg/m2), overweight (BMI of
24.0–27.9 kg/m2) and obese (BMI 28.0 kg/m2). Central
obesity was diagnosed according to the criteria recom-
mended by the International Diabetes Federation for Asians
[23], WC ≥90 cm for men and ≥80 cm for women.

Statistical analysis
Statistical analyses were performed separately for men and
women. The interquartile ranges (IQR) were used to de-
scribe continuous variables for their skewed distribution,
whereas categorical variables were presented as propor-
tions. The Wilcoxon rank-sum test was used to investigate
the differences in demographic, anthropometric, and clin-
ical characteristics for continuous variables, and the chi-
square test was used for categorical variables between
men and women. Across sleep duration groups, differ-
ences in demographic, anthropometric, and clinical pa-
rameters were evaluated by the Kruskal-Wallis test with
Dunn’s post hoc test for continuous variables and the chi-

square test for categorical variables. Bonferroni correction
was used to adjust P-values for all paired comparisons.
For each gender, multivariate logistic regression analysis

was conducted to assess the strength of the association be-
tween sleep duration and low apoA1 levels, high apoB
levels and high apoB/apoA1 ratios after adjustment for
multiple confounding variables, with those who sleep 7–
8 h per day as the reference group. The covariate included
in the first model was age. Model 2 was further adjusted
for urban/rural region, education level, smoking status, al-
cohol use and medical history of diabetes or hypertension.
Model 3 was adjusted for all the variables in model 2 plus
systolic/diastolic blood pressure, FPG, HbA1c, urid acid,
and hs-CRP. Model 4 was adjusted for BMI and WC in
addition to the mediating variables in model 3. The collin-
earity between independent variables was assessed by vari-
ance inflation factor [24]. For each gender, the unadjusted
ORs between the dependent variables (apoA1, apoB and
the apoB/A1 ratio) and sleep duration were identified by
univariate logistic regression analysis. Statistical signifi-
cance was defined at a two-tailed P value <0.05. All statis-
tical analyses were performed using IBM SPSS statistics
version 19.0 (SPSS, Chicago, IL, USA).

Results
Men were more likely to report smoking, drinking and dia-
betes, and women were more likely to report having less
than a high school education (Table 1). In addition, men
had higher median values for WC, systolic and diastolic
blood pressure, FPG, hs-CRP, uric acid, triglycerides, and
apoB/apoA1 ratio than women (P < 0.05), whereas women
had greater total cholesterol, HDL-C, LDL-C, apoA1 and
LPA levels than men (P < 0.05). However, BMI, apoB and
sleep duration were not significantly different between
sexes. Due to the significant differences in apo profile be-
tween men and women, we analysed the data by sex.
Tables 2 and 3 show the demographic and clinical char-

acteristics of participants across sleep duration in men
and women. As expected, short sleepers were older, long
sleepers were more likely to live in rural regions, and opti-
mal sleepers had the highest education level in both sexes.
Among males, short sleep duration was associated with
higher diastolic blood pressure, greater WC, and higher
apoA1 and apoB compared with optimal and long sleepers
(P < 0.05). Additionally, the optimal sleep duration group
had the lowest hypertension compared with short and
long sleepers. In women, we found that the percentage of
current smokers and the percentages of women with ele-
vated hypertension and diabetes, systolic and diastolic
blood pressure, WC, FPG, HbA1c, uric acid, total choles-
terol, triglycerides, LDL-C, apoB levels, and apoB/A1 ra-
tios were significantly higher in short sleepers compared
with optimal and long sleepers (P < 0.05), whereas drink-
ing, BMI, HDL-C, and LPA levels were not different
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among groups (P > 0.05). Differences in hs-CRP and
apoA1 levels were only significant between short and opti-
mal sleepers in women (P < 0.05).
Figure 1 shows the sex-specific crude association

of sleep duration and apoA1, apoB, and the apoB/A1
ratio. The results showed that higher apoB levels
and higher apoB/A1 ratio were positively associated
with short sleep duration in women and were nega-
tively related to long sleep duration in men com-
pared with the reference 7 to 8 h (women OR 2.64,
95% CI 1.74–4.02, P < 0.0001; OR 1.68, 95% CI 1.3–
2.18, P < 0.001; men OR 0.78, 95% CI 0.61–0.99, P =
0.046; OR 0.77, 95% CI 0.61–0.98, P = 0.03). Female
participants with long sleep duration were more
likely to have decreased apoB levels and apoB/apoA1
ratios compared to optimal sleep participants,
though the difference was not significant (P > 0.05).
We observed no association between apoA1 and
sleep duration in either sex (P > 0.05).

However, when controlling for age and other co-
founders, short sleep was no longer associated with the
apoB/A1 ratio in women (Table 4 OR 1.25, 95% CI 0.94–
1.65, P = 0.108). Interestingly, the association between
short sleep and elevated apoB levels was still maintained
after additional adjustment for potential confounders (OR
1.75, 95% CI 1.12–2.72, P = 0.013). In men, the negative
association of long sleep with an elevated apoB/A1 ratio
was increased with the inclusion of age, current smoking,
drinking, less than high school education, urban region,
medical history of hypertension and diabetes, systolic and
diastolic blood pressure, FPG, HbA1c, urid acid, and hs-
CRP in subsequent Models 1, 2 and 3 (OR 0.77, 95% CI
0.61–0.97, P = 0.029; OR 0.75, 95% CI 0.59–0.96, P =
0.021; OR 0.74, 95% CI 0.58–0.94, P = 0.015). However,
the strength of the association was only marginally signifi-
cant after further adding BMI and WC into model 4 (OR
0.78, 95% CI 0.6–0.99, P = 0.046). In addition, the adjusted
association of decreased apoB levels and long sleep was

Table 1 Basic characteristics of the study population by sex

Men Women

Characteristic n = 3463 n = 3918

Age (years) 50.1 (39.3–59.6) 49.9(40–59.3) 0.586

Education < high school (%) 71.3 79.2 0.0001

Rural region (%) 68.7 67.4 0.236

Current smoking (%) 56.1 3.7 0.0001

Drinking (%) 61.6 9.3 0.0001

Medical history

Hypertension (%) 11.7 12.6 0.245

Diabetes (%) 3.4 2.2 0.003

Systolic blood pressure (mmHg) 121(113–133) 120(110–131) 0.0001

Diastolic blood pressure (mmHg) 81(75–89) 80(71–85) 0.0001

BMI (kg/m2) 23.2 (21–25.5) 23.1(21–25.6) 0.969

WC (cm) 84(77–91) 80(74–88) 0.0001

FPG (mg/dl) 92.3(84.9–102.1) 91.4(84.6–99.9) 0.001

HbA1c (%) 5.5(5.2–5.8) 5.5(5.2–5.8) 0.232

Hs-CRP (mg/l) 1(1–2) 1(0–2) 0.0001

Uric acid (mg/dl) 5.7(4.8–6.8) 4.3(3.6–5.2) 0.0001

Total cholesterol (mg/dl) 182.9(160.1–208.4) 185.2(160.5–212.7) 0.014

Triglycerides (mg/dl) 116(77.9–189.5) 108.1(74.4–162.1) 0.0001

HDL-C (mg/dl) 50.7(42.5–60.7) 55.3(47.1–64.6) 0.0001

LDL-C (mg/dl) 110.6(88.9–133) 113.3(90.9–138.8) 0.0001

ApoA1(mg/dl) 1.07(0.92–1.27) 1.12(0.97–1.3) 0.0001

ApoB (mg/dl) 0.88(0.72–1.07) 0.88(0.71–1.07) 0.563

Apo B/Apo A1 0.81(0.63–1.03) 0.76(0.6–0.96) 0.0001

LPA (mg/dl) 7.2(3.5–15.3) 8.4(4.5–17.8) 0.0001

Sleep duration (hours) 8(7–8) 8(7–8) 0.053

BMI: body mass index; WC: waist circumference; FPG: fast plasma glucose; HbA1c: haemoglobin A1c; Hs-CRP: hs-C-reactive protein; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol; ApoB: apolipoprotein B; ApoA1: apolipoprotein A1; LAP: lipid accumulation product
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not statistically significant across sleep duration groups
(OR 0.84, 95% CI 0.65–1.1, P = 0.122).
Finally, we combined sex in the logistic regression ana-

lyses described above. A similar association between
short sleep duration and elevated apoB levels was noted
(OR 1.43, 95% CI 1.11–1.84); however, no significant as-
sociation of sleep duration with serum apoA1 level or
the apoB/apoA1 ratio was observed after adjustment for
sex, age and other covariables.

Discussion
This study took advantage of a representative sample of
participants from the CHNS, and it demonstrated a signifi-
cant increase in apoB levels among female participants
with sleep deprivation and a decrease in the apoB/apoA1
ratio among male participants who slept longer. Short
sleep duration was more strongly associated with apo levels
(particularly apoB concentrations in women) than the
other sleep duration groups. The current results extend

upon the observations in previous studies suggesting that
apoB levels and the apoB/apoA1 ratio are related to sleep
duration and go further by providing additional informa-
tion on the pathophysiological association of sleep duration
with cardiometabolic disorders, as well as highlight the
possibility of managing and preventing cardiometabolic
diseases by controlling some of their risk factors through
specific sleep interventions.
We have not been able to find previous studies explor-

ing the association of sleep duration with apo profile.
However, emerging evidence from several population-
based studies have shown that short sleep duration may
play critical roles in the pathogenesis of diabetes [25],
obesity [26], and hypertension [27], all of which are pri-
mary risk factors for CHD. Observational studies have also
implicated short sleep duration in the aetiology of athero-
sclerotic dyslipidaemia, such as high LDL-C, high trigly-
ceride, and low HDL-C levels [15]. Similarly, our study
reports that short sleep duration is positively correlated

Table 2 Characteristics of the female participants across sleep duration

5 to 6 7 to 8 9 to 10

N (%) 396(10.1) 2704(69) 818(20.9)

Age (years) 56.9(49.1–66.1)* 48.3(39.5–58) 49.3(38.9–59.7)#

Education < high school (%) 82.3* 76.6 87.2*

Rural region (%) 56.1* 67.3 72.9*#

Current smoking (%) 9.8* 2.9 3.9#

Drinking (%) 11.4 9.1 8.6

Medical history

Hypertension (%) 21.5* 11.4 13.2#

Diabetes (%) 5.3* 1.8 2.4#

Systolic blood pressure (mmHg) 128(115–141)* 120(110–130) 120(109–131)#

Diastolic blood pressure (mmHg) 74(81–89)* 79(71-85) 79(70-83)#

BMI (kg/m2) 23.3(21.2–26) 23.1(21.1–25.6) 23.1(20.8–25.4)

WC (cm) 83(76.9–89)* 80(74–87.3) 80(74–87.8)#

FPG (mg/dl) 94.4(87.3–102.9)* 91.4(84.6–99.7) 90.4(84.1–19.5)#

HbA1c (%) 5.6(5.3–6)* 5.5(5.2–5.8) 5.5(5.2–5.8)#

Hs-CRP (mg/l) 1(1–3)* 1(0–2) 1(0–3)

Uric acid (mg/dl) 4.5(3.9–5.5)* 4.2(3.5–5.1) 4.2(3.5–5.2)#

Total cholesterol (mg/dl) 197.8(170.6–229.2)* 184.1(160.1–210.8) 181(157.8–210)#

Triglycerides (mg/dl) 119.1(77.9–185.1)* 107.2(73.5–158.5) 109(72.6–162.1)#

HDL-C (mg/dl) 54.9(46.4–64.9) 55.7(47.2–65) 55(46.8–63)

LDL-C (mg/dl) 124.1(96.8–150)* 112.5(90.9–137.3) 111(88.2–134.9)#

ApoA1(mg/dl) 1.16(0.98–1.36) 1.12(0.97–1.29) 1.11(0.97–1.29)

ApoB (mg/dl) 1(0.79–1.2)* 0.87(0.71–1.06) 0.85(0.7–1.03)#

ApoB/apoA1 0.84(0.64–1.04) 0.76(0.6–0.95) 0.74(0.6–0.93)#

LPA (mg/dl) 9.2(5–18.6) 8.4(4.4–17.9) 8.5(4.3–16.4)
*P < 0.05 compared with the reference 7 to 8 h; #P < 0.05 compared with the reference 5 to 6 h; BMI: body mass index; WC: waist circumference; FPG: fast plasma
glucose; HbA1c: heamoglobin A1c; Hs-CRP: hs-C-reactive protein; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; ApoB:
apolipoprotein B; ApoA1: apolipoprotein A1; LAP: lipid accumulation product
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with high apoB concentrations. It is established that
higher apoB levels are often correlated with an increased
risk of developing CHD. Elevated levels of serum apoB
and the apoB/apoA1 ratio, as well as a decreased apoA1
level, have been reported to be risk factors for CHD, inde-
pendently of the traditional cardiovascular risk factors,
and they could be superior predictive indicators of cardio-
vascular events [28, 29]. The high prevalence of dysregula-
tion of these apo parameters in short sleep duration may
predispose people to a high risk for CVD. Thus, these ob-
servations are important to understand the link between
sleep duration and CHD.
Based on previous evidence, several mechanisms could

mediate the link between short sleep duration and high
apoB levels. Mechanisms such as a decrease in the
serum leptin levels or an increase in the serum ghrelin
levels due to sleep insufficiency may contribute to the
correlation between short sleep duration and the dysreg-
ulation of apo variables. As reported in previous

experimental studies, sleep restriction was associated
with a reduced blood concentration of leptin which, in
turn, increases the serum ghrelin levels, consequently in-
creasing appetite and food intake [30]. The hormone
leptin has a considerable impact on lipid metabolism.
Evidence from an experimental study showed that a
hepatocyte-specific loss of leptin signalling was associ-
ated with larger apoB-containing lipoproteins and ele-
vated levels of very low-density lipoprotein (VLDL)
triglycerides [31]. Results from a population-based
cross-sectional study on the effect of leptin and adipo-
nectin on cardiovascular disease (CVD) risk in Asian In-
dian adults, have shown that individuals with abnormal
leptin levels had significantly higher apoB levels and
apoB/apoA1 ratios, consequently having higher risk for
CVD [32]. In addition, having a sleep deficit was hy-
pothesized to increase the risk for unfavourable apo
profile by promoting elevations in markers of inflam-
mation. It was recently reported that sleep loss could

Table 3 Characteristics of the male participants across sleep duration

5 to 6 7 to 8 9 to 10

N (%) 303(9.2) 2362(68.2) 738(22.6)

Age (years) 54.6(45.1–63.6)* 49(39.1–58.6) 51.2(37.8–61.4)#

Education < high school (%) 72.3 69.3 77.8*

Rural region (%) 55* 69 73.1#

Current smoking (%) 59.4 56.1 55.2

Drinking (%) 64.8 62.5 57.3*#

Medical history

Hypertension (%) 16.4* 10.2 14.6*

Diabetes (%) 4.4 3.2 3.4

Systolic blood pressure (mmHg) 122(115–138) 121(114–132) 121(112–135)

Diastolic blood pressure (mmHg) 81(77–90) 81(76–89) 80(73–88)*#

BMI (kg/m2) 23.2(21–25.8) 23.3(21.1–25.5) 23(20.7–25.4)*

WC (cm) 84.7(78–92) 84.5(77.4–91.3) 83.2(76–90.4)*#

FPG (mg/dl) 92.9(83.9–104.6) 92.5(85.1–102.1) 91.6(84.6–101.2)

HbA1c (%) 5.5(5.3–5.9) 5.5(5.2–5.8) 5.5(5.2–5.8)

Hs-CRP (mg/l) 1(1–3) 1(1–2) 1(1–2)

Uric acid (mg/dl) 5.7(4.7–6.7) 5.7(4.8–6.7) 5.7(4.8–6.6)

Total cholesterol (mg/dl) 181.8(160.1–213.1) 183.3(160.5–209.6) 180.6(158.1–204.8)

Triglycerides (mg/dl) 121.4(77.9–189.5) 116(77.9–192.4) 116.5(78–186.9)

HDL-C (mg/dl) 51.4(43.3–62.3) 50.3(42.1–61.1) 50.7(42.8–59.9)

LDL-C (mg/dl) 110.2(88.9–136.5) 110.6(89.3–133.8) 108.5(88.1–129.5)

ApoA1(mg/dl) 1.12(0.95–1.36)* 1.07(0.91–1.27) 1.06(0.92–1.24)#

ApoB (mg/dl) 0.9(0.74–1.12) 0.89(0.73–1.07) 0.85(0.71–1.03)*#

ApoB/apoA1 0.78(0.63–1.04) 0.82(0.63–1.04) 0.8(0.63–1)

LPA (mg/dl) 8.1(3.8–15.3) 6.9(3.4–15.1) 7.9(3.8–16)
*P < 0.05 compared with the reference 7 to 8 h; #P < 0.05 compared with the reference 5 to 6 h; BMI: body mass index; WC: waist circumference; FPG: fast plasma
glucose; HbA1c: hemoglobin A1c; Hs-CRP: hs-C-reactive protein; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; ApoB:
apolipoprotein B; ApoA1: apolipoprotein A1; LAP: lipid accumulation product
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lead to a chronic elevation of inflammatory markers
levels, including interleukin-6, tumour necrosis factor-
α, and hs-CRP [13, 33]. The inflammatory pathway
may be involved in the biological progression respon-
sible for the associations between sleep loss and ab-
normal apo variables.
Furthermore, we observed that long sleep duration is

inversely with a high apoB/apoA1 ratio. In contrast to
the short sleep-high apoB relationship, long sleep dur-
ation decreased the risk of abnormal apoB/A1 ratio.
These findings may suggest that longer sleep may play
an important role in CVD prevention. Regarding the as-
sociations between long sleep duration and metabolic/
cardiovascular disorders, studies have reported inconsist-
ent conclusions. King et al. have reported that longer
measured sleep duration was negatively associated with
the incidence of coronary artery calcification [34]. In a
recent meta-analysis of prospective studies, however, no
association was observed between long sleep duration
and obesity risk [9]. These inconclusive results have not
been clearly explained. We hypothesized that the insuffi-
cient adjustment for confounding factors, such as exer-
cise habits, health behaviours, medical conditions,
emotional distress, and socioeconomic factors in the lit-
erature, would partly explain the differences in long
sleep duration and metabolic/cardiovascular disorder as-
sociations. Additionally, in previous studies, there are
variations in the cut-off value of short or long sleep dur-
ation. Thus, the association of long sleep duration and
apo variables needs to be considered with caution and
confirmed in future studies.

It is also important to note that we did not observe a
U-shaped association between sleep duration and apo
variables. The monotonic trend of the association be-
tween sleep duration and apoB in women was found in
the present study, though the magnitude in long sleep
duration is not significant. Similar results were found by
Gangwisch et al. [14]; a positive longitudinal association
between short sleep duration and high cholesterol was
observed among females, and a negative but not signifi-
cant association between long sleep duration and hyper-
cholesterolemia was noticed in males. Additionally, a
community-based cross-sectional study has shown that
short sleep duration increased the odds ratios of obesity
in men, while long sleep duration decreased the risk of
obesity in women [26]. In contrast, a recent meta-
analysis has shown that the lowest risk of T2DM was
observed among those who slept for 7 to 8 h, whereas
both short and long sleep duration are associated with
increased T2DM risk [20]. Furthermore, analyses of a
data of 8860 participants from the Hordaland Health
Study [35] showed a U-shaped association between sleep
duration and BMI, where individuals who slept below
6 h and above 9 h had increased BMI compared with in-
dividuals who slept the reference sleep duration of 7 to
7.99 h. As we mentioned above, there is no consensus
whether the link between long sleep and cardiometabolic
diseases is causal or simply reflects confounding by
other potential factors that disturb sleep quality. The
underlying mechanisms still need to be further clarified.
The findings in the present study should be inter-

preted considering several limitations. First, because it is

Fig. 1 Crude odds ratio (OR) of decreased apoA1, elevated apoB and apoB/apoA1 ratio for sleep categories with the reference 7 to 8 h in
women (a) and men (b)
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a cross-sectional study, the causal relationship between
sleep duration and apo profile is undetermined. Further,
it is also to be noted that the sleep duration was self-
reported from a questionnaire and was not objectively
measured. These findings should be confirmed in longi-
tudinal studies using objective sleep measures. Though
several studies have reported that both self-reported
sleep duration and polysomnographic monitoring are
reasonably accurate and highly correlated [36], other
studies have suggested that self-reported sleep duration
was longer than those directly measured [37].

Conclusions
In conclusion, the present study indicates that short
sleep duration could be a significant risk factor for ele-
vated apoB levels in women, while long sleep duration is
associated with decreased apoB/apoA1 levels in men. As
sleep duration is a well-known modifiable risk factor,
these findings could have significant clinical implications
for the regulation of unfavourable apo profile and, con-
sequently, for the prevention and treatment of CHD.

Abbreviations
Apo: Apolipoprotein; apoB/apoA1: Apolipoprotein B/apolipoprotein A1;
BMI: Body mass index; CHD: Coronary heart disease; CHNS: China Health and
Nutrition Survey; CHOD-PAP: Cholesterol oxidase-phenol and aminophena-
zone; CVD: Cardiovascular disease; eGFR: Estimated glomerular filtration rate;
FPG: Fast plasma glucose; GOD-PAP: Glucose oxidase-phenol and aminophe-
nazone; GPO-PAP: Glycerol-3-phosphate oxidase-phenol and aminophena-
zone; HbA1c: Haemoglobin A1c; HDL-C: High-density lipoprotein cholesterol;
hs-CRP: Hypersensitive C-reactive protein; IQR: Interquartile ranges; LDL-
C: Low-density lipoprotein cholesterol; T2DM: Type 2 diabetes mellitus;
VLDL: Very low-density lipoprotein; WC: Waist circumference

Acknowledgements
We thank the China Health and Nutrition Survey, supported by the NIH
(R01HD30880, DK056350 and R01-HD38700), and the National Institute of
Nutrition and Food Safety, the China Centre for Disease Control and Prevention,
the Carolina Population Center at the University of North Carolina at Chapel Hill,
and the Fogarty International Center for providing the data used here. We also
thank the China-Japan Friendship Hospital and the Ministry of Health for support
for the CHNS 2009 survey.

Funding
This work was supported by a grant from the National Natural Science
Foundation of China (No. 81370941, Y.G.) and by the Graduates’
Innovation Fund, Huazhong University of Science and Technology (No.
5003540003, H.R.).

Availability of data and materials
Please contact author (H.R.) for data or material requests.

Authors’ contributions
GY designed the research. HR, ZL and XZ conducted the research. HR, ZL
and XZ analysed the data. HR wrote the first draft. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
Informed consent was obtained from each participant, and the survey was
approved by the institutional review committees of the University of North
Carolina at Chapel Hill, the National Institute of Nutrition and Food Safety,
Chinese Center for Disease Control and Prevention, and the China-Japan
Friendship Hospital, Ministry of Health.

Consent for publication
The authors consent to the publication of the data.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 18 September 2017 Accepted: 25 December 2017

References
1. Thompson A, Danesh J. Associations between apolipoprotein B, apolipoprotein

AI, the apolipoprotein B/AI ratio and coronary heart disease: a literature-based
meta-analysis of prospective studies. J Intern Med. 2006;259:481–92.

2. Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, Steiner E. High
apolipoprotein B, low apolipoprotein A-I, and improvement in the
prediction of fatal myocardial infarction (AMORIS study): a prospective
study. Lancet. 2001;358:2026–33.

3. Zheng S, Han T, Xu H, Zhou H, Ren X, Wu P, et al. Associations of
apolipoprotein B/apolipoprotein A-I ratio with pre-diabetes and diabetes
risks: a cross-sectional study in Chinese adults. BMJ Open. 2017;7:e014038.

4. Sierra-Johnson J, Romero-Corral A, Somers VK, Lopez-Jimenez F, Walldius G,
Hamsten A, et al. ApoB/apoA-I ratio: an independent predictor of insulin
resistance in US non-diabetic subjects. Eur Heart J. 2007;28:2637–43.

5. Yang MH, Sung J, Gwak GY. The associations between apolipoprotein B, A1,
and the B/A1 ratio and nonalcoholic fatty liver disease in both normal-
weight and overweight Korean population. J Clin Lipidol. 2016;10:289–98.

6. Ryoo JH, Park SK. Association of apolipoprotein B and incidence of
metabolic syndrome in Korean men: a 5-years’ follow-up study.
Atherosclerosis. 2013;226:496–501.

7. Borgquist S, Butt T, Almgren P, Shiffman D, Stocks T, Orho-Melander M, et al.
Apolipoproteins, lipids and risk of cancer. Int J Cancer. 2016;138:2648–56.

8. Hoevenaar-Blom MP, Spijkerman AM, Kromhout D, van den Berg JF,
Verschuren WM. Sleep duration and sleep quality in relation to 12-year
cardiovascular disease incidence: the MORGEN study. Sleep. 2011;34:1487–92.

9. Wu Y, Zhai L, Zhang D. Sleep duration and obesity among adults: a meta-
analysis of prospective studies. Sleep Med. 2014;15:1456–62.

10. Shan Z, Ma H, Xie M, Yan P, Guo Y, Bao W, et al. Sleep duration and risk of
type 2 diabetes: a meta-analysis of prospective studies. Diabetes Care. 2015;
38:529–37.

11. Gottlieb DJ, Redline S, Nieto FJ, Baldwin CM, Newman AB, Resnick HE, et al.
Association of usual sleep duration with hypertension: the sleep heart
health study. Sleep. 2006;29:1009–14.

12. Wolff B, Volzke H, Schwahn C, Robinson D, Kessler C, John U. Relation of
self-reported sleep duration with carotid intima-media thickness in a
general population sample. Atherosclerosis. 2008;196:727–32.

13. Hall MH, Smagula SF, Boudreau RM, Ayonayon HN, Goldman SE, Harris TB,
et al. Association between sleep duration and mortality is mediated by
markers of inflammation and health in older adults: the health, aging and
body composition study. Sleep. 2015;38:189–95.

14. Gangwisch JE, Malaspina D, Babiss LA, Opler MG, Posner K, Shen S, et al.
Short sleep duration as a risk factor for hypercholesterolemia: analyses of
the National Longitudinal Study of adolescent health. Sleep. 2010;33:956–61.

15. Kaneita Y, Uchiyama M, Yoshiike N, Ohida T. Associations of usual sleep
duration with serum lipid and lipoprotein levels. Sleep. 2008;31:645–52.

16. Carmena R, Duriez P, Fruchart JC. Atherogenic lipoprotein particles in
atherosclerosis. Circulation. 2004;109:Iii2–7.

17. Frondelius K, Borg M, Ericson U, Borne Y, Melander O, Sonestedt E. Lifestyle
and dietary determinants of serum Apolipoprotein A1 and Apolipoprotein B
concentrations: cross-sectional analyses within a Swedish cohort of 24,984
individuals. Nutrients. 2017;9:3.

18. Popkin BM, Du S, Zhai F, Zhang B. Cohort profile: the China health and
nutrition survey–monitoring and understanding socio-economic and health
change in China, 1989-2011. Int J Epidemiol. 2010;39:1435–40.

19. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function–
measured and estimated glomerular filtration rate. N Engl J Med. 2006;354:
2473–83.

Ren et al. Nutrition & Metabolism  (2018) 15:1 Page 9 of 10



20. Shan Z, Ma H, Xie M, Yan P, Guo Y, Bao W, et al. Sleep duration and risk of type
2 diabetes: a meta-analysis of prospective studies. Sleep Med. 2015;38:529–37.

21. Muntner P, Hamm LL, Kusek JW, Chen J, Whelton PK, He J. The prevalence
of nontraditional risk factors for coronary heart disease in patients with
chronic kidney disease. Ann Intern Med. 2004;140:9–17.

22. Zhou BF. Predictive values of body mass index and waist circumference for
risk factors of certain related diseases in Chinese adults–study on optimal
cut-off points of body mass index and waist circumference in Chinese
adults. Biomed Environ Sci. 2002;15:83–96.

23. Shi Z, Hu X, Yuan B, Hu G, Pan X, Dai Y, et al. Vegetable-rich food pattern is
related to obesity in China. Int J Obes. 2008;32:975–84.

24. Bagley SC, White H, Golomb BA. Logistic regression in the medical literature:
standards for use and reporting, with particular attention to one medical
domain. J Clin Epidemiol. 2001;54:979–85.

25. Jackson CL, Redline S, Kawachi I, Hu FB. Association between sleep duration
and diabetes in black and white adults. Diabetes Care. 2013;36:3557–65.

26. Sun W, Huang Y, Wang Z, Yu Y, Lau A, Ali G, et al. Sleep duration associated
with body mass index among Chinese adults. Sleep Med. 2015;16:612–6.

27. Bathgate CJ, Edinger JD, Wyatt JK, Krystal AD. Objective but not subjective
short sleep duration associated with increased risk for hypertension in
individuals with insomnia. Sleep. 2016;39:1037–45.

28. Kwiterovich PO Jr, Coresh J, Smith HH, Bachorik PS, Derby CA, Pearson TA.
Comparison of the plasma levels of apolipoproteins B and A-1, and other
risk factors in men and women with premature coronary artery disease. Am
J Cardiol. 1992;69:1015–21.

29. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of
potentially modifiable risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-control study. Lancet. 2004;364:937–52.

30. Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is
associated with reduced leptin, elevated ghrelin, and increased body mass
index. PLoS Med. 2004;1:e62.

31. Huynh FK, Neumann UH, Wang Y, Rodrigues B, Kieffer TJ, Covey SD. A role
for hepatic leptin signaling in lipid metabolism via altered very low density
lipoprotein composition and liver lipase activity in mice. Hepatology. 2013;
57:543–54.

32. Smith J, Al-Amri M, Sniderman A, Cianflone K. Leptin and adiponectin in
relation to body fat percentage, waist to hip ratio and the apoB/apoA1 ratio in
Asian Indian and Caucasian men and women. Nutr Metab (Lond). 2006;3:18.

33. Chiang JK. Short duration of sleep is associated with elevated high-
sensitivity C-reactive protein level in Taiwanese adults: a cross-sectional
study. J Clin Sleep Med. 2014;10:743–9.

34. King CR, Knutson KL, Rathouz PJ, Sidney S, Liu K, Lauderdale DS. Short sleep
duration and incident coronary artery calcification. JAMA. 2008;300:2859–66.

35. Bjorvatn B, Sagen IM, Oyane N, Waage S, Fetveit A, Pallesen S, et al. The
association between sleep duration, body mass index and metabolic
measures in the Hordaland health study. J Sleep Res. 2007;16:66–76.

36. Signal TL, Gale J, Gander PH. Sleep measurement in flight crew: comparing
actigraphic and subjective estimates to polysomnography. Aviat Space
Environ Med. 2005;76:1058–63.

37. Lauderdale DS, Knutson KL, Yan LL, Rathouz PJ, Hulley SB, Sidney S, et al.
Objectively measured sleep characteristics among early-middle-aged adults:
the CARDIA study. Am J Epidemiol. 2006;164:5–16.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ren et al. Nutrition & Metabolism  (2018) 15:1 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	China health and nutrition survey
	Study participants
	Assessment of sleep duration
	Interviews and measurements
	Definitions
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

