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This study used data from the China Health and Retirement Longitudinal Study to

investigate the temporal relationship between blood lipids and sleep duration in Chinese

middle-aged and older adults. We used medical examinations and questionnaire

data of 5,016 Chinese middle-aged and older adults (age 45+) in 2011 and 2015.

Cross-lagged path analysis was performed to examine the bidirectional relationships

between blood lipids and sleep duration. Sleep duration and lipids data were

analyzed as continuous variables. Temporal relationships between sleep duration and

HDL-cholesterol, LDL-cholesterol, total cholesterol, and triglycerides were different.

Sleep duration was negatively associated with HDL-cholesterol 4 year later (β1 =−0.171,

P = 0.005), and HDL-cholesterol was negatively associated with sleep duration 4 year

later (β2 = −0.006, P = 0.002). Longer sleep duration was associated lower levels

of LDL-cholesterol (β1 = −0.275, P = 0.097) and total cholesterol (β1 = −0.329,

P = 0.096) 4 year later. There was a positive correlation between triglycerides and

sleep duration. The path coefficient from triglycerides to sleep duration 4 year later

(β2 = 0.001, P = 0.018) was greater than that from sleep duration to triglycerides 4 year

later (β1 = 0.109, P = 0.847), with P = 0.030 for the difference between β1 and β2. In

stratified analysis, we found that the strength and direction of the relationships may be

related to age and BMI. Effects of sleep duration on blood lipids were only observed

among participants aged < 60 years, while the effect in the opposite direction was

observed in older adults (age 60+), and the cross-lagged path coefficients were more

significant in adults with BMI > 25.

Keywords: sleep duration, blood lipids, cross-lagged panel model, temporal relationship, Chinese middle-aged
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INTRODUCTION

A series of epidemiological and observational studies have
shown that both long and short sleep duration are associated
with hypertension, diabetes, stroke, and coronary heart disease
mortality (1–5). Research has repeatedly documented that
dyslipidemia is a major risk factor of cardiovascular-related
diseases and other chronic epidemics, especially for middle-aged
and older adults, and the number of people with dyslipidemia
steadily increased over the past few years (6–8). As the essential
role of sleep in metabolic homeostasis is increasingly recognized,
a growing number of cross-sectional studies have investigated
significant associations between self-reported sleep variables and
lipids (9–11). One cross-sectional study reported that the odds
for meeting the elevated triglyceride criterion (triglycerides ≥

150 mg/dL or use of dyslipidemic medication) were increased
by 53% in short sleepers, compared with the reference group of
men and women who slept 7–8 h per night (11). Prospective data
have indicated the impact of sleep duration on lipids, metabolic
syndrome and other risk factors of cardiovascular diseases, but
some of these results were inconsistent, possibly due to different
study designs and heterogeneity of the study population (12–17).
Chinese middle-aged and older adults are the high-risk group
of sleep disorders and dyslipidemia and have different physical
conditions and living habits from the Western population (18).
To date, there have been no studies focusing on the association
between sleep duration and blood lipids in Chinese middle-aged
and older adults.

In addition, it remains unclear whether sleep is a cause, a
result, or merely a symptom of diseases such as dyslipidemia,
which is critical to understand the mechanism behind the
detected associations. Most of the existent longitudinal research
has typically made an implicit assumption that the flow of
causation is in one direction, i.e., sleep duration may affect
triglyceride level, but not vice versa (14). However, this
assumption is not necessarily reasonable, and it is crucial to know
which comes first for the primary and secondary prevention
of disease (19, 20). There are three possible directions of effect
between sleep duration and blood lipid levels: (i) sleep duration
is causally related to blood lipid levels, (ii) blood lipid levels
are causally related to sleep duration, and (iii) the direction
of causal effects flows both ways. There is a lack of evidence
in prospective studies indicating the effect of blood lipid levels
on sleep duration, and few researchers have investigated the
reciprocal relationship between sleep duration and blood lipid
levels. Therefore, we aimed to examine the directionality between
sleep duration and blood lipid levels using a cross-lagged
technique with a two-wave design.

We focused on Chinese middle-aged and older adults, and
used data from a large nationally representative longitudinal

Abbreviations: BMI, Body Mass Index; CAPIs, computer- assisted personal

interviews; CESD-10, Center for Epidemiologic Studies Depression Scale; CFI,

comparative fit index; CHARLS, China Health and Retirement Longitudinal Study;

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol; TC, total cholesterol; RMSEA, Root Mean Square Error of

Approximation; SEM, Standard Error of Mean; SRMR, Standardized Root Mean

Square Residual; TG, Triglycerides.

cohort to assess temporal relationships between sleep duration
and blood lipid levels, especially the possible bidirectional
relationships. We also tested whether these associations varied by
age and body mass index because sleep duration and blood lipid
levels varied among these groups.

METHODS

Study Population and Survey Methods
Data for this present prospective study was derived from the
China Health and Retirement Longitudinal Study (CHARLS),
which was an ongoing cohort study of middle-aged and
older adults in China conducted by the National School for
Development at Peking University. The multistage stratified
probability sampling technique was used in CHARLS to
get a representative population sample obtained from 150
counties within 28 provinces, municipal cities, and autonomous
regions. The CHARLS collected information on demographics
and household information, biomedical measurement, health
status, and functioning, etc. with face-to-face computer-assisted
personal interviews (CAPIs) for the first time in 2011–2012 and
every 2 years thereafter. The CHARLS was approved by the Ethics
Committee of Peking University Health Science Center. Details
of the survey design have been described elsewhere (21).

The baseline questionnaires and physical examinations were
conducted with 17,705 participants and 11,847 respondents
(67%) completed the blood test. Of these, 10,384 participants
were successfully re-interviewed in 2015–2016 and 7,648
individuals (74%) of them completed the blood test. Additionally,
we excluded 1,711 individuals with missing information related
to sleep duration, blood lipids, or other covariates. The final
sample was composed of 5,016 adults after excluding individuals
with cancer, cardiovascular disease, or stroke (n= 788), and those
who were under 45 years old (n = 133). See Figure 1 for further
details on the inclusion and exclusion of study participants.

Study Variables
Nightly duration of sleep was assessed by asking subjects
the following questions, “During the past month, how many
hours of actual sleep did you get at night (average hours
for one night)? (This may be shorter than the number of
hours you spend in bed.).” Afternoon naps were assessed by
asking, “During the past month, how long did you take a nap
after lunch in general?” Participants were classified as either
having regular lunchtime naps or not. Triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and total cholesterol (TC) concentrations
were determined using an enzymatic colorimetric test. All
respondents were asked to have fasted overnight. Sleep duration
and lipids data were analyzed as continuous variables in the
cross-lagged analysis.

Covariates
Sociodemographic characteristics, habits and customs, and
health status were evaluated as potential confounders of
relationships between sleep duration and blood lipids. Age,
gender, region (rural-urban), educational level, medical
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FIGURE 1 | The flowchart of the inclusion of participants.

insurance, and marital status were obtained through a self-
reported questionnaire at the baseline survey. The health-related
covariates included smoking and alcohol consumption.
Participants who had either completely quit smoking or had
never smoked were defined as non-current smokers. Current
drinkers were defined as if they drank liquor, beer, wine, or other
alcoholic beverage more than once a month in the last year.
The depressive symptoms of the participants were evaluated
using the 10-item Center for Epidemiologic Studies Depression
Scale (CESD-10) short form. Each item was scored on a 4-point
scale, with a total possible score ranging from 0 to 30, and
the score of 12 was used as a cutoff point to determine binary
depression symptoms (22). Diastolic and systolic pressures
were the averages of the three repeated measurements of blood
pressures, which were measured by an Omron (Dalian, China)
HEM-7200 monitor after the participants had rested for 30min.
Bodyweight, height and circumference were measured to the
nearest 0.1 kg, 0.1 cm, and 0.1 cm, respectively, with subjects
in light indoor clothing. Abdominal obesity was defined as a
waist circumference ≥90 in man and ≥80 in women (23). The
venous blood samples were collected during the investigation by
trained nurses and were transported based on standard protocol
to the Chinese Center for Disease Control and Prevention
within 2 weeks, where the samples were stored at −80 and then
were assessed at the Clinical Laboratory of Capital Medical
University. The glucose was measured using the enzymatic
colorimetric test, and HbA1c was measured using boronate
affinity chromatography (24).

Statistical Analysis
Continuous and categorical variables are presented as the
mean ± SEM or as numbers and percentages, respectively.

The significance of differences between BMI and age groups
was assessed by non-parametric tests for skewed continuous
variables, and χ2 tests for categorical variables. As a form of
path analysis, cross-lagged panel model was used to estimate
the directional influence inter-related variables have on each
other over time in the field of sociology and medicine (25–
27). Figure 2 provides graphical representations of the cross-
lagged panel model. Cross-lagged panel model is a kind of
structural equation modeling, which can examine the causal
relationship between variables. Instead of modeling separately,
this approach can simultaneously detect the relationship between
two variables over 2 years by testing stability paths (e.g., sleep
duration at baseline to sleep duration at follow-up), concurrent
paths (e.g., sleep duration at baseline and HDL-C at baseline),
and cross-lagged paths (e.g., sleep duration at baseline to HDL-
C at follow-up; HDL-C at baseline to sleep duration at follow-
up). According to the principle that the paths in a model
cannot be saturated, the residual terms of the two dependent
variables (e.g., sleep duration at follow-up and HDL-C at follow-
up) were assumed to be uncorrelated. The robust maximum
likelihood method, which was recommended to produce efficient
estimates of the parameters in the structural equation model
when the observations did not satisfy the assumption of
normal distribution, was used to estimate the parameters in
the cross-lagged panel model (28). The model fit was evaluated
using the comparative fit index (CFI) (≥ 0.90 was considered
acceptable) (29), the Standardized Root Mean Square Residual
(SRMR) (<0.08 was considered acceptable) (30), and Root Mean
Square Error of Approximation (RMSEA) (<0.06 was considered
acceptable) (30). The difference between β1 and β2 derived
from the standardized variables (Z-scores) was examined using
Fisher’s Z test. Stratified analyses were performed by baseline
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FIGURE 2 | Cross-lagged path analysis of TG, HDL-C, LDL-C, TC and sleep duration. The results outside brackets came from initial models, and the results in

brackets came from adjusted models. Initial model was adjusted for no covariates. Adjusted model was adjusted for gender, BMI, age, smoking status, drinking

status, region, marital status, education levels, medical insurance, systolic, diastolic, glucose and HbA1c. r1, synchronous correlation coefficients; r2 and r3, stability

paths coefficients; β1 and β2, cross-lagged path coefficients. Goodness-of-fit (initial model/adjusted model): TG: CFI = 1.000/1.000, SRMR = 0.003/0.001, RMSEA

= 0.000/0.014; HDL-C: CFI = 0.997/0.998, SRMR = 0.011/0.002, RMSEA = 0.047/0.038; LDL-C: CFI = 1.000/1.000, SRMR = 0.005/0.001, RMSEA =

0.017/0.004; TC: CFI = 0.999/1.000, SRMR = 0.006/0.001, RMSEA = 0.025/0.000. aP < 0.05 for the statistically significant difference between β1 and β2.
b0.05

≤ P ≤ 0.1 for the marginal statistically significant difference between β1 and β2.
cP > 0.1 for the non-statistically significant difference between β1 and β2.

characteristics (age [45-<60, ≥ 60 years], BMI [≤ 25, > 25
kg/m2] to test the difference in cross-lagged path parameters
between groups. Population was divided into under-weight (BMI
< 18.5 kg/m2), normal weight (18.5 ≤ BMI < 25 kg/m2),
overweight (25≤ BMI < 30 kg/m2) and obese (BMI≥ 30 kg/m2)
according to World Health Organization divided population.
We set the BMI cut-off point to 25, as participants with a BMI
below 18.5 or >30 accounted for only about 8% of the total.
The cut-off point for age was set at 60 years, giving rise to
a middle-aged and older adults group. The initial model was
used to test the potential bidirectional associations between sleep
duration and blood lipids, including triglyceride, HDL-C, LDL-
C and TC. Potential confounders were adjusted for gender,
smoking status, drinking status, region, marital status, education,
insurance status, depression, systolic, diastolic, glucose, HbA1c,

BMI (not included in the stratified analysis according to BMI)
and age (not included in the stratified analysis according to
age). The path analyses were conducted in R by using package
lavaan, which had been developed to provide applied researchers
package for structural equation modeling (31). All the statistical
analyses were performed using R version 3.5.3 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Descriptive Analysis
Table 1 provides a descriptive summary of the variables for
the entire study population categorized by BMI and age group.
Nearly 85% of all participants lived in rural areas, and more than
73% of the respondents were non-illiterate. Sleep duration at
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TABLE 1 | Descriptive data of study variables by baseline age and BMI (China Health and Retirement Longitudinal Study 2011–15).

Variable Overall (N = 5,016) Age group BMI group

45-<60 years ≥ 60 years P-valuea ≤ 25 kg/m2
> 25 kg/m2 P-valueb

(N = 2,671) (N = 2,345) (N = 3,492) (N = 1,524)

Sleep duration at baseline (h) <0.001 <0.001

<6 1,419 (28.29) 642 (24.04) 777 (33.13) 1,051 (30.10) 368 (24.15)

6-<9 3,190 (63.60) 1,824 (68.29) 1,366 (58.25) 2,149 (61.54) 1,041 (68.31)

≥9 407 (8.11) 205 (7.68) 202 (8.61) 292 (8.36) 115 (7.54)

Sleep duration at follow-up (h) <0.001 <0.001

<6 1,555 (31.00) 775 (29.02) 780 (33.26) 1,105 (31.64) 450 (29.53)

6-<9 2,971 (59.23) 1,680 (62.89) 1,291 (55.05) 2,040 (58.42) 931 (61.09)

≥9 490 (9.77) 216 (8.09) 274 (11.69) 347 (9.93) 143 (9.38)

Blood lipids at baseline (mg/dl)

TG 130.24 ± 94.52 135.13 ± 102.57 124.66 ± 84.11 0.002 117.39 ± 80.76 159.67 ± 115.00 <0.001

HDL-C 51.53 ± 15.40 50.79 ± 14.95 52.38 ± 15.86 <0.001 54.00 ± 15.66 45.87 ± 13.15 <0.001

LDL-C 116.32 ± 34.43 115.09 ± 33.97 117.71 ± 34.91 0.007 114.88 ± 33.53 119.61 ± 36.22 <0.001

TC 193.39 ± 37.42 192.45 ± 36.77 194.47 ± 38.14 0.066 191.63 ± 37.02 197.43 ± 38.05 <0.001

Blood lipids at follow-up (mg/dl)

TG 141.91 ± 89.41 148.42 ± 93.87 134.48 ± 83.45 <0.001 129.43 ± 81.81 170.50 ± 99.03 <0.001

HDL-C 51.85 ± 12.06 51.63 ± 11.78 52.11 ± 12.36 0.269 53.39 ± 12.66 48.35 ± 9.66 <0.001

LDL-C 103.23 ± 28.60 102.97 ± 28.86 103.52 ± 28.30 0.333 102.37 ± 28.25 105.18 ± 29.31 0.002

TC 185.55 ± 36.39 186.00 ± 36.75 185.05 ± 35.99 0.504 184.15 ± 36.43 188.77 ± 36.12 <0.001

Male gender (%) 2,368 (47.21) 1,143 (42.80) 1,225 (52.24) <0.001 1,803 (51.63) 565 (37.07) <0.001

Age (years) 59.31 ± 8.54 52.78 ± 4.19 66.76 ± 5.64 <0.001 60.09 ± 8.76 57.53 ± 7.72 <0.001

BMI (kg/m2) 23.52 ± 3.75 24.03 ± 3.76 22.95 ± 3.66 <0.001 21.64 ± 2.09 27.85 ± 3.06 <0.001

Regular lunchtime naps (%) 2,105 (41.97) 1,107 (41.45) 998 (42.56) 0.442 1,443 (41.32) 662 (43.44) 0.172

Current smoking (%) 1,570 (31.30) 786 (29.43) 784 (33.43) 0.002 1,249 (35.77) 321 (21.06) <0.001

Current drinking (%) 1,730 (34.49) 916 (34.29) 814 (34.71) 0.779 1,297 (37.14) 433 (28.41) <0.001

Region (%) 0.011 <0.001

Urban 745 (14.86) 429 (16.06) 316 (13.48) 445 (12.74) 300 (19.69)

Rural 4,271 (85.15) 2,242 (83.94) 2,029 (86.52) 3,047 (87.26) 1,224 (80.31)

Marital status (%) <0.001 <0.001

Single 672 (13.40) 177 (6.63) 495 (21.11) 524 (15.01) 148 (9.71)

Married or cohabiting 4,344 (86.60) 2,494 (93.37) 1,850 (78.89) 2,968 (84.99) 1,376 (90.29)

Education (%) <0.001 <0.001

Illiterate 1,340 (26.71) 536 (20.07) 804 (34.29) 949 (27.18) 391 (25.66)

Primary school 2,148 (42.82) 1,000 (37.44) 1,148 (48.96) 1,553 (44.47) 595 (39.04)

Middle school or beyond 1528 (30.47) 1135 (42.49) 393 (16.76) 990 (28.35) 538 (35.30)

With medical insurance (%) 4,763 (94.96) 2,535 (94.91) 2,228 (95.01) 0.920 3,319 (95.05) 1,444 (94.75) 0.712

Depression (%) 1,081 (21.55) 523 (19.58) 558 (23.80) <0.001 796 (22.79) 285 (18.70) 0.001

Systolic (mmHg) 131.63 ± 22.03 128.05 ± 20.34 135.70 ± 23.15 <0.001 129.30 ± 21.54 136.96 ± 22.20 <0.001

Diastolic (mmHg) 76.54 ±12.71 77.22 ± 13.18 75.78 ± 12.11 0.001 74.79 ±12.30 80.56 ± 12.73 <0.001

Glucose (mg/dl) 109.13 ± 33.97 107.22 ± 32.25 111.31 ± 35.72 <0.001 107.48 ± 32.57 112.91 ± 36.72 <0.001

HbA1c (mg/dl) 5.25 ± 0.77 5.21 ± 0.77 5.30 ± 0.78 <0.001 5.20 ± 0.73 5.37 ± 0.85 <0.001

Values are mean ± SD or n (percentage).

TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; TC, Total cholesterol; BMI, Body mass index.
aP-values for differences between age categories.
bP-values for differences between BMI categories.
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baseline and follow-up differed at statistical significance among
the BMI and age categories, and the proportion of participants
who sleep longer (>9 h) or shorter (<6 h) was higher in the older
people. Among subjects with BMI > 25 kg/m2, LDL-C, TC and
TG were significantly higher, and HDL-C was significantly lower
compared with those with lower BMI. By contrast, only baseline
blood lipid levels were significantly or marginally different
between age groups. Participants over 60 years old tended to
have higher glucose, HbA1c and pulse pressure. Pulse pressure
was defined as the difference between systolic and diastolic
measurements of blood pressure. And those with higher BMI
tended to have higher systolic, diastolic blood pressure, glucose
and HbA1c.

To examine whether there are linear relationships between
sleep duration and blood lipid levels 4 years later as well as blood
lipid levels and sleep duration 4 years later, Table 2 presents the
means and confidence intervals for TG, HDL-C, LDL-C, and TC
in the different sleep duration groups. TG and sleep duration at
baseline were positively correlated with sleep duration and TG at
follow-up, respectively. The tracking correlations of HDL-C and
sleep duration from baseline to follow-up and the synchronous
correlations between HDL-C and sleep duration at baseline and
follow-up were both negative. The results for LDL-C and TC
were similar to those of HDL-C, showing negative tracking
correlations between blood lipid levels and sleep duration. The
directions of correlations among the study variables showed
consistency with the proposed cross-lagged models.

Cross-Lagged Path Analysis of Sleep
Duration and Blood Lipids
Figure 2 shows cross-lagged path analysis of sleep duration
and blood lipid levels in the total population. After adjusting
for gender, age, smoking status, drinking status, region,

marital status, education, medical insurance, depression, systolic,
diastolic glucose, and glycosylated hemoglobin, there was a
significant bidirectional relationship between sleep duration and
HDL-C level. Sleep duration was negatively associated withHDL-
C 4 year later (β1 = −0.171, P = 0.005), and HDL-C was
negatively associated with sleep duration 4 year later (β2 =

−0.006, P = 0.002). In contrast, there was a positive correlation
between TG and sleep duration, and the path coefficient from TG
to sleep duration 4 year later (β2 = 0.001, P = 0.018) was greater
than the path coefficient from sleep duration to TG 4 year later
(β1 = 0.109, P= 0.847), with P= 0.030 for the difference between
β1 and β2. Moreover, longer sleep duration were significantly
associated lower levels of LDL-C (β1 = −0.339, P = 0.036)
and TC (β1 = −0.506, P = 0.010) 4 year later, and the sleep
duration were marginally significantly associated with LDL-C (β1

= −0.275, P = 0.097) and TC (β1 = −0.329, P = 0.096) 4 year
later after adjusting for covariates. Fit indexes of all the cross-
lagged models indicated a good fit to the observed data according
to the criteria of CFI ≥ 0.90, SRMR < 0.08, and RMSEA < 0.06.

Cross-Lagged Path Analyses by
Subgroups
Tables 3, 4 provide a summary of cross-lagged path analysis of
TG, HDL-C, LDL-C, TC, and sleep duration by age and BMI.
Significant longitudinal association between TG at baseline and
sleep duration at follow-up was observed among subjects with
BMI > 25 kg/m2 (β2 = 0.001, P = 0.019) or age ≥ 60 years old
(β2 = 0.001, P = 0.026). The direction of effect between HDL-C
and sleep duration which was bidirectional in all subjects differed
across various subgroups. HDL-C at baseline was significantly
associated with sleep duration at follow-up subgroups of BMI
> 25 kg/m2 (β2 = −0.012, P = 0.001) or age ≥ 60 years old
(β2 = −0.011, P = 0.001) with P = 0.003 and P = 0.046 for

TABLE 2 | Mean values and 95% confidence intervals of TG, HDL-C, LDL-C and TC in different sleep duration groups.

Baseline sleep duration (h) Follow-up sleep duration (h)

<6 6–9 ≥9 <6 6–9 ≥9

Blood lipid levels at baseline (mg/dl)

TG 127.91

(122.79, 133.03)

129.93

(126.63, 133.22)

137.36

(129.54, 145.18)

126.10

(121.15, 131.06)

130.25

(126.89, 133.62)

137.56

(130.11, 145.01)

HDL-C 52.69

(51.80, 53.59)

51.41

(50.88, 51.93)

49.72

(48.46, 50.98)

52.88

(52.00, 53.76)

51.37

(50.83, 51.91)

49.85

(48.71, 51.0)

LDL-C 116.03

(114.09, 117.98)

116.69

(115.52, 117.87)

114.56

(111.54, 117.58)

117.49

(115.46, 119.53)

116.06

(114.90, 117.23)

115.39

(112.64, 118.13)

TC 194.35

(192.23, 196.47)

193.33

(192.06, 194.61)

191.65

(188.36, 194.93)

195.33

(193.16, 197.49)

192.84

(191.56, 194.12)

192.52

(189.51, 195.53)

Blood lipid levels at follow-up (mg/dl)

TG 140.01

(134.68, 145.33)

141.72

(138.73, 144.71)

147.31

(139.47, 155.15)

138.34

(133.43, 143.25)

142.75

(139.58, 145.92)

144.36

(137.70, 151.03)

HDL-C 52.77

(52.07, 53.47)

51.86

(51.45, 52.28)

49.76

(48.78, 50.74)

53.39

(52.71, 54.06)

51.65

(51.22, 52.07)

50.08

(49.19, 50.97)

LDL-C 103.69

(102.06, 105.32)

103.43

(102.45, 104.41)

100.88

(98.48, 103.28)

105.73

(104.06, 107.40)

102.54

(101.56, 103.53)

101.92

(99.74, 104.09)

TC 186.99

(184.84, 189.13)

185.53

(184.31, 186.75)

182.51

(179.30, 185.72)

189.47

(187.28, 191.66)

184.55

(183.32, 185.77)

183.21

(180.33, 186.09)
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TABLE 3 | Cross-lagged path analysis of TG, HDL-C, LDL-C, TC and sleep duration by age.

Path coefficients Goodness-of-fit indices

Baseline sleep duration to Baseline blood lipids to P-value a CFI SRMR RMSEA

follow-up blood lipids follow-up sleep duration

β1 P-value β2 P-value

Age < 60 years (N = 2,671)

TG Initial model 1.483 0.104 0.001 0.078 0.893 0.999 0.007 0.017

Adjusted model 1.056 0.248 0.000 0.183 0.861 0.999 0.002 0.019

HDL-C Initial model −0.284 0.001 −0.003 0.164 0.063 0.999 0.006 0.023

Adjusted model −0.236 0.007 −0.002 0.383 0.071 0.999 0.002 0.020

LDL-C Initial model −0.440 0.065 −0.001 0.608 0.183 1.000 0.001 0.000

Adjusted model −0.436 0.068 0.000 0.984 0.071 1.000 0.000 0.000

TC Initial model −0.598 0.049 0.000 0.953 0.056 1.000 0.001 0.000

Adjusted model −0.495 0.101 0.000 0.917 0.124 1.000 0.001 0.000

Age ≥ 60 years (N = 2,345)

TG Initial model −0.518 0.449 0.001 0.110 0.400 1.000 0.000 0.000

Adjusted model −0.506 0.465 0.001 0.026 0.134 1.000 0.001 0.000

HDL-C Initial model −0.248 0.004 −0.011 < 0.001 0.477 0.996 0.013 0.059

Adjusted model −0.124 0.152 −0.011 0.001 0.046 0.996 0.003 0.047

LDL-C Initial model −0.354 0.112 0.000 0.816 0.175 0.998 0.010 0.038

Adjusted model −0.189 0.417 0.001 0.676 0.694 0.999 0.002 0.023

TC Initial model −0.596 0.021 −0.001 0.337 0.179 0.996 0.012 0.053

Adjusted model −0.259 0.327 0.000 0.920 0.379 0.999 0.002 0.032

Initial model was adjusted for no covariates.

Adjusted model was adjusted for gender, BMI, smoking status, drinking status, region, marital status, education levels, medical insurance, systolic, diastolic, glucose and HbA1c.
aP-values derived from Fisher’s test for the differences between β1 and β2.

the difference in the path coefficients (β1 and β2), respectively. In
contrast, the path coefficients from sleep duration at baseline to
HDL-C at follow-up in subgroups of BMI ≤ 25 kg/m2 (β1 =

−0.267, P = 0.001) and aged < 60 years (β1 = −0.236, P
= 0.007) were significant. In addition, HDL-C and TG were
strongly correlated with BMI in the total study population. At
baseline, the correlation coefficient betweenHDL-C and BMI was
−0.284 (P < 0.001), and that between TG and BMI was 0.217 (P
< 0.001).

DISCUSSION

Based on a two-wave longitudinal research design, this study
examined the time relationships between sleep duration and
blood lipids in a large sample of Chinese middle-aged and older
adults. To the best of our knowledge, this study is the first
to investigate the temporal relationships between blood lipids
and sleep duration using a cross-lagged path analysis model, a
statistical method for analyzing the causal relationship between
interrelated variables. Some epidemiologic studies reported a U-
shaped association between sleep duration and lipids, metabolic
syndrome and obesity (16, 32, 33). However, no U-shaped
relationship has been found in the study in which demographic
characteristics of participants were consistent with ours, since
the average level and distribution of blood lipids in Chinese
middle-aged and older adults are significantly different from

those in other countries or regions (15). Thus, considering the
trend of changes in blood lipid levels with sleep duration, the
two study variables were included as continuous variables in the
path analysis which implied the assumption that the two variables
were linearly correlated. Our findings showed that negative
associations existed between HDL-C and sleep duration and the
relationships were bidirectional across the general population.
One other striking observation from the present study was
that higher TG preceded longer sleep duration rather than vice
versa, which was inconsistent with the natural hypotheses of
research focused on the effect of sleep on coronary heart disease.
Furthermore, the results of the stratified analysis suggested that
the longitudinal association between HDL-C at baseline and
sleep duration at follow-up was more pronounced in individuals
with BMI > 25 or age ≥ 60 years, while the association in
the opposite direction was only observed in the other groups.
Similarly, the significant effect of TG on sleep duration was not
observed in individuals with BMI ≤ 25 or age < 60 years. The
findings would provide additional perspective for research on
mechanisms linking sleep duration with cardiovascular risk and
disease prevention in middle-aged and older adults.

Previous studies have reported some inconsistent findings
on the longitudinal effect of sleep duration on HDL-C and
a few of these are in concert with our findings (10, 12, 14,
15, 34). The studies that are consistent with our results have
focused on the middle-aged and older adults in Asia, whose
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TABLE 4 | Cross-lagged path analysis of TG, HDL-C, LDL-C, TC and sleep duration by BMI.

Path coefficients Goodness-of-fit indices

Baseline sleep duration to Baseline blood lipids to P-value a CFI SRMR RMSEA

follow-up blood lipids follow-up sleep duration

β1 P-value β2 P-value

BMI ≤ 25 kg/m2 (N = 3,492)

TG Initial model 0.410 0.509 0.000 0.420 0.883 0.999 0.007 0.023

Adjusted model 0.202 0.746 0.000 0.323 0.506 0.998 0.002 0.034

HDL-C Initial model −0.305 <0.001 −0.005 0.039 0.055 0.996 0.012 0.052

Adjusted model −0.267 0.001 −0.004 0.062 0.114 0.998 0.002 0.036

LDL-C Initial model −0.106 0.576 0.000 0.994 0.518 0.999 0.008 0.029

Adjusted model −0.036 0.850 0.001 0.445 0.565 1.000 0.001 0.018

TC Initial model −0.329 0.161 0.000 0.622 0.363 0.999 0.007 0.029

Adjusted model −0.152 0.514 0.000 0.772 0.717 1.000 0.001 0.000

BMI > 25 kg/m2 (N = 1,524)

TG Initial model −0.062 0.959 0.001 0.015 0.017 1.000 0.004 0.000

Adjusted model −0.321 0.796 0.001 0.019 0.037 1.000 0.001 0.000

HDL-C Initial model −0.108 0.241 −0.013 0.001 0.028 1.000 0.007 0.015

Adjusted model −0.016 0.863 −0.012 0.001 0.003 0.998 0.003 0.043

LDL-C Initial model −1.014 0.001 −0.001 0.386 0.017 1.000 0.002 0.000

Adjusted model −0.951 0.004 −0.001 0.365 0.046 1.000 0.001 0.000

TC Initial model −1.096 0.002 −0.001 0.609 0.012 1.000 0.003 0.000

Adjusted model −0.870 0.020 −0.001 0.487 0.105 1.000 0.000 0.000

Initial model was adjusted for no covariates.

Adjusted model was adjusted for gender, age, smoking status, drinking status, region, marital status, education levels, medical insurance, systolic, diastolic, glucose and HbA1c.
aP-values derived from Fisher’s test for the differences between β1 and β2.

demographic characteristics were reasonably the same as ours
(10, 12, 14). The Dongfeng-Tongji cohort, which is a Chinese
longitudinal cohort of middle-aged and older adults, showed
that longer sleep duration (≥10 h) was significantly associated
with a reduction in HDL-C (14). The finding of short sleep
duration (<6 h) was a protective factor for reduced HDL-C
was found in two prospective studies which were the Korean
Genome and Epidemiology Study of participants aged between
40 and 70 years old and the Guangzhou Biobank Cohort Study
of older Chinese (10, 12). However, some other findings were
contrary to ours or didn’t determine a statistically significant
association between sleep duration and HDL-C, which may be
due to differences in demographic characteristics of the study
population or classification strategies of sleep duration (35, 36).
In addition to the findings consistent with other studies, our
study also examined the effect of HDL-C on later sleep duration
using the cross-lagged model without an assumption about the
chronological order of events. To the best of our knowledge, this
study is the first to report the bidirectional relationships between
HDL-C and sleep duration. It is worth noting the cross-sectional
and longitudinal associations reported between sleep duration
and HDL-C in previous studies are in large part explained by the
demonstrated bidirectional relationships in our studies.

Several epidemiology studies have found a positive correlation
between sleep duration and triglyceride level, and prospective
studies attempted to demonstrate that long sleep duration is a risk

factor for high triglyceride (10, 14, 34). For example, a study from
Chicago reported that each hour increase in sleep duration was
significantly associated with higher TG(1.1 mg/dL, 95%CI: 1.0,
1.1) amongmen. However, we found that higher triglyceride level
could precede a longer sleep duration. The pathophysiological
mechanism mediating the effect of triglyceride on sleep duration
remains unclear as few studies explored the longitudinal effect
of blood lipids on sleep, but there are some genetic evidence on
the mechanisms that elevated triglyceride level is a biomarker
of cardiovascular risk (37). Considering longer sleep duration is
associated with a higher risk of coronary heart disease incidence,
which has been demonstrated in recent prospective studies
(14), we speculate that the potential causal pathways are (1)
dyslipidemia as well as preexisting cardiovascular morbidity
strongly affecting sleeping patterns, (2) sleep partially mediates
the association between dyslipidemia and cardiovascular disease
or (3) some confounding factors such as risky lifestyles affect the
sleep pattern, lipidsmetabolism and other biomarker’s expression
levels, resulting in spurious associations between variables. There
are several studies that focused on the longitudinal relationship
between sleep duration and cardiometabolic risk factors inferring
that the effect of sleep on incident coronary heart disease might
be mediated by raised TG, decreased HDL-C and so on (14, 38,
39). In contrast, the difference between the two path coefficients
in our study suggested a piece of evidence for the temporal
relationship between raised triglycerides and long sleep duration,
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which indicated that raised triglycerides may predict later longer
sleep. Additionally, the strength of the cross-lagged paths also
demonstrates that HDL-C might be a predictor of later sleep
duration. Based on the above findings, we could speculate that
the sleep pattern was more likely to be a consequence or a
symptom compared with a risk factor for dyslipidemia in certain
demographic groups.

Interestingly, we found that the directions and strengths of
associations between sleep duration and blood lipids were not
consistent in different age and BMI groups. After adjusting for
covariates, the effects of sleep duration on blood lipids were only
observed among individuals aged <60 years, while the effect
in the opposite direction was only observed in older adults.
Even HDL-C, which had a bidirectional association with sleep
duration in the general population, followed this pattern. Older
adults are more likely to develop or exacerbate dyslipidemia
due to metabolic disorders caused by other diseases such as
hypothyroidism, diabetes and hypertension (40, 41), and they are
more likely to experience several sleep disorders, such as more
frequent awakening and slow-wave sleep reduction, leading to
the weakening of the effect of sleep duration on blood lipids
(42, 43). Although the biological mechanisms behind the effect
of aging on sleep-lipids associations are not clear yet, from
the perspective of disease prevention, relatively healthy middle-
aged people are recommended to ensure proper sleep duration
to benefit metabolic function, while older adults should pay
more attention to whether their metabolism-related diseases have
made an influence on sleep or other behaviors, which may,
in turn causing more serious health problems. The results of
the stratified analysis also showed that the cross-lagged path
coefficients were more significant in adults with BMI > 25.
One possible sociological explanation is that sleep patterns are
less affected by other social factors in those full-bodied people,
since sleep patterns could be greatly influenced by poverty and a
fuller body usually equals more wealth and a higher social status
among the older generation in China. It is worth noting that
because HDL-C is positively correlated with BMI in our study
population, the effect of sleep duration onHDL-Cmay bemasked
by weight-related factors in the participants with higher BMI.

Strengths and Limitations
There are several limitations that need to be considered in our
study. First, the subjective self-reported sleep duration obtained
through the questionnaire might be biased, which could be
caused by systematic over-reporting. Second, although several
potential confounders were included in our analysis, there was
a lack of physical performance, diet measures and menopause
status, which could be related to sleep and blood lipid levels
(44). Third, measures of insomnia, obstructive sleep apnea
syndrome and sleep symptoms, such as snoring, which have
been suggested to be associated with metabolic syndrome (45),
were not investigated in the present study. Fourth, although the
number of eligible subjects in the study was large enough, the
proportions of participants who were successfully followed up
and were able to be collected blood samples at each time point
were about 70%, which might lead to selection bias common in
longitudinal studies. Lastly, although path analysis permits the

exploration directional effect variables have on each other over
time, it simply assumed that the research variables are linearly
correlated. In the present study, there was no obvious other
relationship such as “V” or “U”-shape between variables and
the proposed models showed a good fit to the data; however,
there may be more subtle relationship between variables, and the
shape of associations may vary among the population of different
ages or races. Hence, further prospective and mechanistic studies
are required to validate our results on timing relationships
and causality.

In conclusion, this study aimed to clarify the temporal
relationship between blood lipids and sleep duration in Chinese
middle-aged and older adults by employing the two-wave cross-
lagged design. Our research revealed that negative associations
existed between HDL-C and sleep duration and the relationships
were bidirectional across the general population. TG has a
positive longitudinal association with sleep duration, and sleep
duration is negatively associated with LDL-C and TC. The
strength and direction of the relationship are inconsistent among
different ages and BMI groups. The longitudinal association
between HDL-C at baseline and sleep duration at follow-up was
more pronounced in individuals with BMI >25 or age≥60 years,
while the association in the opposite direction was only observed
in the other groups. Similarly, the significant effect of TG on
sleep duration was not observed in individuals with BMI≤ 25
or age <60 years. Further mechanism studies are necessary for
providing evidence for causality.
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