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Abstract 

Background:  Metabolic Syndrome (MetS) is a common health problem among older adults. Previous studies have 
revealed the relationship between sleep duration as well as global sleep status and MetS.

Objectives:  This study aims to examine the association between the specific sleep characteristic and MetS as well as 
MetS components among community-dwelling old adults.

Methods:  This cross-sectional study included 1499 community residents aged ≥ 60 years. Sleep characteristics were 
assessed using the Pittsburgh Sleep Quality Index (PSQI) and bed/rise time of the residents. Logistic regression analy-
sis and multiple linear regression analysis were used to examine the associations between sleep characteristics and 
MetS as well as MetS components. A generalized additive model was built to assess the smooth relationship between 
triglyceride (TG) levels and sleep duration.

Results:  Of the 1499 participants, 449 (30.0%) had MetS, and 443 (29.6%) had poor sleep quality. The rise time was 
found to be associated with MetS (> 6:00 vs. 5:00 ~ 6:00: adjusted OR (95%) = 1.77 (1.17–2.69), P = 0.007). For the MetS 
components, a U-shaped relationship was first revealed for sleep duration and TG levels (EDF = 1.85, P < 0.001). Fur-
thermore, significant associations also included the associations of subjective sleep quality and daytime dysfunction 
with hypertension, the associations of sleep efficiency and rise time with hyperglycemia, the associations of rise time 
with TG levels, and the association of bedtime with waist circumference.

Conclusions:  The different sleep characteristics were associated with different MetS components.
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Background
Metabolic syndrome (MetS) is a clustering of clinical syn-
dromes with obesity, hyperglycemia (diabetes mellitus or 
impaired glucose regulation), dyslipidaemia (high serum 

triglyceride (TG) levels and/or low high-density lipopro-
tein cholesterol (HDL-C) levels) and hypertension. MetS 
is a common health problem among older adults, and 
its prevalence ranges from 24.5% to 30.5% among Chi-
nese adults and ranges from 32.4% to 36.9% among older 
adults [1–3]. The pathogenic mechanisms of MetS are 
complex. Previous studies have shown that environmen-
tal factors and lifestyle factors play an important role [4]. 
Sleep as a modifiable lifestyle factor has been shown to be 
associated with MetS.
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The prevalence of sleep disorder in China ranges from 
47.2% to 49.9% for the population ≥ 60  years old [5, 
6], and it often coexists with MetS in older population. 
Studies have shown that the Sleep curtailment affects 
human metabolism and endocrine function, and then 
affects the quality of life and health of older adults in the 
long term [7, 8]. Some studies have revealed the biologi-
cal mechanism by which sleep contributes to the risk of 
MetS. Sleep disorders or short sleep duration can cause 
hypertension, overweight, obesity, type 2 diabetes, and 
dyslipidemia through affect sympathetic nerve activity 
[9], regulate leptin and ghrelin [10, 11], reduce insulin 
sensitivity, promote insulin resistance [12, 13], stimu-
late lipodieresis, increase plasma free fatty acid level [14]
and other multiple biological mechanisms, all of which 
are risk factors for MetS. In the past few years, several 
studies have identified that sleep duration is associated 
with MetS [15–19] and MetS components such as waist 
circumference (WC), fasting plasma glucose (FPG) lev-
els, TG levels, and HDL-C levels [20]. In addition, sleep 
characteristics based on Pittsburgh Sleep Quality Index 
(PSQI) were reported to be associated with MetS or 
MetS both in cross-sectional studies [21–23] and pro-
spective study [24]. However, most studies only focused 
on individual sleep characteristic or global PSQI score. It 
is also worthwhile to observe which sleep characteristic 
has the best correlation with the specific MetS compo-
nent. In addition, sleep characteristic profiles and their 
associations with MetS components among community-
dwelling older adults have seldom been reported. Using a 
population-based cross-sectional study, the present study 
aimed to depict the sleep characteristics, including global 
PSQI quality, each of PSQI characteristics and rise/bed 
time, among older adults in China, and explore the cor-
relation between these sleep characteristics and MetS 
components.

Methods
Participants and sampling
This population-based cross-sectional study was per-
formed in Songjiang District, Shanghai, China, from 
May 1 2020 to December 31 2020. Participant recruit-
ment was conducted using a multistage random sam-
pling method. The samples of this study came from 15 
blocks in Songjiang District. Neighborhoods with more 
than 200 residents aged ≥ 60  years were selected from 
15 blocks. Among these selected neighborhoods, one 
neighborhood was randomly selected from each block 
and the list of home addresses was extracted. A total of 
3534 permanent residents aged ≥ 60 years were selected 
and were invited to participate in the project. The neigh-
borhood committee issued informed consent forms to 
these residents on the list. Informed consent forms stated 

that participants should have no diagnosed mental dis-
orders and were physically able to conduct the survey. 
Participants came to the community health care center 
to participate in the investigation with signed informed 
consent forms, identity card and medical card. A total 
of 1646 participants aged ≥ 60 years came to participate 
in the investigation and none of the participants was 
found to have a medical record of mental disorders after 
a medical card was checked. Of the 1646 participants, 
62 participants were missing sleep data, and 85 partici-
pants with a sleep efficiency greater than 1 which were 
considered as invalid data. Finally, 1499 participants were 
included in this study for analysis. Demographic infor-
mation of the participants was collected via a face-to-face 
questionnaire survey, including age, sex, education level, 
marital status, depression, and lifestyles (drinking, smok-
ing, sleep, physical activity, etc.).

This project was combined with the National Public 
Health Service Physical Examination Program for The 
Elderly. In the physical examination program, anthropo-
metric indices, including WC, height and weight, were 
measured. Blood pressure (BP) was measured with a 
mercury sphygmomanometer. All participants provided 
venous blood samples after 12  h of overnight fasting. 
Fasting plasma glucose (FPG, hexokinase method), tri-
glycerides (GPO-PAP), and high-density lipoprotein cho-
lesterol (HDL-C, homogeneous enzyme immunoassay) 
were measured.

Measures and definitions
Metabolic syndrome
Metabolic syndrome (MetS) was defined according to 
the guidelines for the prevention and treatment of dys-
lipidemia in Chinese adults (Revised Edition 2016). 
Participants who met at least three of the following con-
ditions were defined as having MetS: (1) WC ≥ 90  cm 
in men, or ≥ 85  cm in women; (2) Hyperglycemia: FPG 
level ≥ 6.1  mmol/L or Oral Glucose Tolerance Test 
(OGTT) 2  h plasma glucose level ≥ 7.8  mmol/L, and/or 
previously diagnosed diabetes that was under treatment; 
(3) Hypertension: BP ≥ 140/90 mmHg and/or diagnosed 
with hypertension that was under treatment; (4) HDL-C 
level < 1.04 mmol/L; and (5) TG level ≥ 1.70 mmol/L.

Sleep characteristics
Sleep characteristics were assessed using the Pittsburgh 
Sleep Quality Index (PSQI) and bed/rise time. The PSQI 
is a 19-item self-report questionnaire that assesses sleep 
quality and disturbances during the last month and gen-
erates seven component scores: subjective sleep qual-
ity, sleep latency (time spent before falling asleep), sleep 
duration (nocturnal), sleep efficiency (proportion of sleep 
duration to total time spent in bed), sleep disturbances, 
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sleep drug use, and daytime dysfunction. The sum of the 
scores for these seven components forms a global PSQI 
score that ranges from 0 to 21, and a higher PSQI score 
indicates worse sleep quality. A global PSQI score greater 
than 5 was defined to differentiate poor sleep quality 
from good sleep quality. Each of the 7 sleep characteris-
tics was analyzed on a 0–3 scale. Subjective sleep qual-
ity (0-very good sleep quality; 1—general sleep quality; 
2—bad sleep quality; 3—very bad sleep quality) and sleep 
latency (0—≤ 15  min, 1—16 ~ 30  min, 2—31 ~ 60  min, 
3—> 60  min) were assessed from 0–3 points. Sleep 
efficiency was divided into three groups (0—≥ 85%; 
1—75% ~ 84%; 2—< 75%). Sleep duration was divided into 
three groups (0—6–8 h; 1—< 6 h; 2—> 8 h). Sleep drugs 
were divided into two groups (score = 0 was defined as 
no use; scores = 1, 2 and 3 were defined as use). Sleep dis-
turbances were divided into three groups (score = 0 was 
defined as no; score = 1 was defined as mild; scores = 2/3 
were defined as moderate-severe). Daytime dysfunction 
was divided into two groups (score = 0 was defined as 
no; scores = 1, 2 and 3 were defined as yes). Rise time was 
classified into four groups: < 5:00, 5:00 ~ 6:00, 6:01 ~ 7:00, 
and > 7:00, and bed time was classified into four 
groups: < 21:00, 21:00 ~ 22:00, 22:01 ~ 23:00, and > 23:00 
[25].

Covariates
Data on age, sex, marital status (married and single) and 
education levels (illiterate, primary school and ≥ junior 
school) were collected from participants’ self-reports. 
BMI was calculated as weight in kilograms divided by 
height in metres squared. Smoking status was defined by 
two questions: “Have you smoked 100 cigarettes so far?” 
and “Have you smoked in the past 30  days?” Accord-
ing to the answers to these two questions, smoking was 
divided into three categories. Those who had not smoked 
100 cigarettes so far were defined as never smokers; 
those who had smoked 100 cigarettes so far and had not 
smoked in the past 30 days were defined as people who 
given up smoking; those who had smoked 100 cigarettes 
so far and had smoked in the last 30  days were defined 
as current smokers. Drinking status was categorized as 
drinking and never drinking. Physical activity (PA) was 
assessed by two questions: “During the last week, how 
many days did you perform moderate-intensity physical 
activities, such as playing badminton, walking fast, play-
ing table tennis and square dancing? (None, 1–2 times, 
3–4 times, 5–6 times, 7 times or more)” and “How much 
time did you spend doing physical activities each time 
you performed them? (< 20 min, 20–30 min, 30-40 min, 
40–50 min, > 50 min)” [26], and the product of these two 
answers was used to calculate the time interval of PA 
in a week. Based on the American Heart Association’s 

recommendation [27] and current recommendations 
for the practicing of physical activity [28], PA was cat-
egorized as inactive (PA < 150  min/week) and active 
(PA ≥ 150 min/week). Depression was assessed using the 
Patient Health Questionnaire-9 (PHQ-9), which con-
sists of 9 questions. The scores for each question range 
from 0 (not at all) to 1 (several days), 2 (more than half 
of the days), and 3 (nearly every day). The total score can 
range from 0–27 points. The participants were divided 
into five groups based on the total score (0–4: no depres-
sion, 5–9: mild depression, 10–14: moderate depression, 
15–19: moderate to severe depression, and 20–27: major 
depression).

Statistical analysis
Sociodemographic and sleep characteristics of the partic-
ipants were shown using descriptive statistical methods. 
Comparisons were performed using t tests for continu-
ous variables between the MetS group and the non-MetS 
group and chi-square tests for categorical variables. Odds 
ratios (ORs) and 95% confidence intervals (CIs) were esti-
mated using logistic regression model for the analysis 
of MetS’s association with the global sleep quality (poor 
sleep quality: PSQI score > 5, good sleep quality: PSQI 
score ≤ 5) and each PSQI characteristic. The associations 
of MetS components with global sleep quality or with 
each of 7 PSQI characteristics were furtherly analyzed. 
Multiple linear regression models were used for associa-
tion between three continuous variables components of 
MetS (WC levels, TG levels and HDL-C levels) and sleep 
characteristics and multivariate logistic regression analy-
sis were used for the association between hyperglycemia 
and hypertension (as a dichotomous variable according to 
the diagnostic criteria of metabolic syndrome) and sleep 
characteristics. Adjustments for age, sex, BMI, drinking 
status, smoking status, PA, and depression were made in 
all the multivariate analyses mentioned above. To exam-
ine nonlinear relationships between sleep duration and 
MetS/each MetS components, a generalized additive 
model (GAM) was built to explore their smooth relation-
ships. Age, sex, BMI, smoking status, drinking status, 
PA and depression were applied to adjust the GAM. All 
analyses were performed using STATA software (version 
16.0) and R (version 3.6.3), and a P < 0.05 was defined as 
statistically significant.

Results
Participants characteristics
The characteristics of participant are displayed in 
Table  1. The mean age of all 1499 participants was 
72.39 ± 5.65  years (range 65–101  years), and the mean 
BMI was 24.08 ± 3.54  kg/m2. The majority of the par-
ticipants were female (55.4%), illiterate (44.3%), married 



Page 4 of 12Liu et al. BMC Geriatrics          (2022) 22:414 

Table 1  Socio-demographic and sleep characteristics of adults by metabolic syndrome

Variable Total (n = 1499) Metabolic syndrome P

Yes (n = 449) No (n = 1050)

Age 72.39 ± 5.65 71.81 ± 5.41 72.64 ± 5.74 0.008

Gender  < 0.001

  male 668(44.6) 161(35.9) 507(48.3)

  female 831(55.4) 288(64.1) 543(51.7)

BMI 24.08 ± 3.54 26.32 ± 3.26 23.12 ± 3.20  < 0.001

Educational attainment 0.644

  Illiteracy 664(44.3) 207(46.1) 457(43.5)

  Primary school 549(36.6) 158(35.2) 391(37.2)

  junior school 286(19.1) 84(18.7) 202(19.2)

Marital 0.053

  Single 264(17.6) 66(14.7) 198(18.9)

  Married 1235(82.4) 383(85.3) 852(81.8)

Smoking 0.974

  Never 1137(75.9) 342(76.2) 795(75.7)

  Former 93(6.2) 27(6.0) 66(6.3)

  Current 269(17.9) 80(17.4) 189(18.0)

Alcohol use 0.199

  Never 1247(83.2) 365(81.3) 882(84.0)

  Drinker 252(16.8) 84(18.7) 168(16.0)

Physical activity 0.346

  Active 662(44.2) 259(57.7) 578(55.0)

  Inactive 837(55.8) 190(42.3) 472(45.0)

Depression 0.357

  No depression 1298(86.6) 390(86.9) 908(86.5)

  Mild depression 151(10.1) 40(8.9) 111(10.6)

  Moderate to depression 27(1.8) 8(1.8) 19(1.8)

  Moderate to severe depression 19(1.3) 9(2.0) 10(1.0)

  Major depression 4(0.3) 2(0.4) 2(0.2)

PSQI

Subjective sleep quality 0.463

  Very good 490(32.7) 153(34.1) 337(32.1)

  General 791(52.8) 229(51.0) 562(53.5)

  Bad 186(12.4) 54(12.0) 132(12.6)

  Very bad 32(2.1) 13(2.9) 19(1.8)

Sleep efficiency 0.172

  ≥ 85% 843(56.2) 254(56.6) 589(56.1)

  75% ~ 84% 303(20.2) 101(22.5) 202(19.2)

  < 75% 353(23.5) 94(20.9) 159(24.7)

Sleep duration 0.824

  6-8 h 1134(75.7) 336(74.8) 798(76.0)

  < 6 h 180(12.0) 54(12.0) 126(12.0)

  > 8 h 185(12.3) 59(13.1) 126(12.0)

Sleep latency 0.111

  ≤ 15 min 540(36.0) 161(35.9) 379(36.1)

  16-30 min 654(43.6) 196(43.7) 458(43.6)

  31-60 min 165(11.0) 40(8.9) 125(11.9)

  > 60 min 140(9.3) 52(11.6) 88(8.4)

Sleep drug 0.821
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(82.4%), never drinkers (83.2%), never smokers (75.9%), 
physically inactive (55.8%), and not depressed (86.6%).

Of all the participants, 29.6% had poor sleep quality 
(PSQI score > 5), 14.5% had bad/very bad subjective sleep 
quality, 76.0% had mild/moderate-severe sleep distur-
bances and 34.6% had daytime dysfunction. The major-
ity of older adults had normal sleep duration (6-8  h) 
(75.7%), went to bed at 21:00 ~ 22:00 PM (56.6%) and got 
up at 5:00 ~ 6:00 AM (76.5%). Of all participants, 30.0% 
had MetS. Participants with MetS were slightly, but sta-
tistically significantly younger (71.81 vs. 72.64, P = 0.008), 
and had higher BMI level (26.32 vs. 23.12, P < 0.001) and 
higher prevalence of female (64.1% vs. 51.7%, P < 0.001) 
than those without MetS. There were no differences in 
the distribution of global PSQI scores, any of PSQI char-
acteristic, bed time and rise time between MetS group 
and non-MetS group.

Relationship between sleep characteristics and MetS
The results of logistic regression analysis on the associa-
tions between sleep characteristics and MetS after adjust-
ing for age, sex, BMI, smoking status, drinking status, PA 

and depression are shown in Table 2. Older adults with 
rise time > 6:00 had higher odds of being MetS compared 
to those with rise time of 5:00 ~ 6:00 (univariate analy-
sis: OR = 1.46, 95% CI 1.00–2.12, P = 0.048; multivariate 
analysis: OR = 1.77, 95% CI 1.17–2.69, P = 0.007). The 
global PSQI score and each PSQI characteristic had no 
significant association with MetS.

Sleep characteristic profiles and MetS spectrum
Figure 1 shows the significant associations between each 
PSQI characteristic and MetS component, including of 
significant associations of subjective sleep quality and 
daytime dysfunction with hypertension, the associations 
of sleep efficiency and rise time with hyperglycemia, the 
associations of sleep duration and rise time with TG 
levels, and the association of bed time with WC. Spe-
cifically, participants with general quality (OR = 1.45, 
95% CI 1.10–1.90, P = 0.008) and bad subjective sleep 
quality (OR = 2.16, 95% CI 1.36–3.45, P = 0.001) had 
higher odds of being hypertension compared with those 
with very good subjective sleep quality (Fig.  2A). Par-
ticipants undergoing daytime dysfunction have higher 

BMI Body Mass Index

PSQI the Pittsburgh Sleep Quality Index

Table 1  (continued)

Variable Total (n = 1499) Metabolic syndrome P

Yes (n = 449) No (n = 1050)

  Not use 1412(94.2) 422(94.0) 990(94.3)

  Use 87(5.8) 27(6.0) 60(5.7)

Sleep disturbances 0.180

  None 360(24.0) 118(26.3) 242(23.0)

  Mild 1051(70.1) 306(68.2) 745(71.0)

  Moderate-severe 88(5.9) 25(5.6) 63(6.0)

Daytime dysfunction 0.438

  None 980(65.4) 287(63.9) 693(66.0)

  Yes 519(34.6) 162(36.1) 357(34.0)

PSQI score 4.69 ± 3.28 4.71 ± 3.47 4.69 ± 3.20 0.915

PSQI 0.482

  PSQI ≤ 5 1056(70.4) 322(71.7) 734(69.9)

  PSQI > 5 443(29.6) 127(28.3) 316(30.1)

Bed time 0.592

  < 21:00 599(40.0) 183(40.8) 416(39.6)

  21:00 ~ 22:00 849(56.6) 248(55.2) 601(57.2)

  22:01 ~ 23:00 42(2.8) 16(3.6) 26(2.5)

  > 23:00 9(0.6) 2(0.4) 7(0.7)

Rise time 0.199

  < 5:00 221(14.7) 61(13.6) 160(15.2)

  5:00 ~ 6:00 1146(76.5) 338(75.3) 808(77.0)

  6:01 ~ 7:00 116(7.7) 44(9.8) 72(6.9)

  > 7:00 16(1.1) 6(1.3) 10(0.9)
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odds of being hypertension compared with those with-
out daytime dysfunction. (OR = 1.36, 95% CI 1.02–1.80, 
P = 0.035, Fig.  2B). For the hyperglycemia, the chance 
of having an association with hyperglycemia was 1.40 
times higher for the participants with a sleep efficiency 
of 75% ~ 84% than those with a sleep efficiency of ≥ 85% 
(OR = 1.40, 95% CI 1.05–1.85, P = 0.021, Fig.  2C), and 
participants with rise time > 6:00 also had higher odds of 
being hyperglycemia than those with rise time 5:00 ~ 6:00 
(OR = 1.75, 95%CI 1.20–2.55, P = 0.003, Fig.  2D). With 
respect to the TG, participants with rise time > 6:00 had 
higher TG levels (β = 0.398, 95% 0.170–0.626, P = 0.001, 
Fig.  2E) than those with rise time of 5:00 ~ 6:00, and 
participants with rise time < 5:00 had lower TG levels 
(β = -0.198, 95% -0.380- -0.015, P = 0.034, Fig.  2E) than 
those with rise time of 5:00 ~ 6:00. In addition, partici-
pants with sleep duration of more than > 8 h had higher 
TG levels than those with sleep duration of 6 ~ 8 h hours 
(β = 0.358, 95% 0.162–0.555, P < 0.001, Fig.  2F). Moreo-
ver, participants with bed time > 22:00 have higher WC 
levels compared to those with bed time 21:00 ~ 22:00 
(β = 1.923, 95% 0.281–3.565, P = 0.022, Fig. 2G).

The nonlinear relationship between sleep duration and 
TG levels was further probed by the generalized addi-
tive model. As shown in Fig.  3, a U-shaped association 
with a significant nonlinear fit between sleep duration 
and TG levels was found both in the univariable GAM 
(EDF = 1.81, P = 0.004) and in  the multivariable GAM. 
(EDF = 1.85, P < 0.001).

Discussion
The present study demonstrated that several sleep char-
acteristics were associated with metabolic syndrome 
(MetS) or the component of MetS in older Chinese 
adults, including poor subjective sleep quality, sleep 
insufficiency, daytime dysfunction, a sleep duration that 
was too long or too short, go to bed late and waking up 
late.

We first reported that older adults with rise time > 6:00 
had higher odds of being MetS and hyperglycemia, and 
higher triglyceride (TG) levels, compared to those with 
rise time 5:00 ~ 6:00. In addition, we also found that older 
adults with bed time > 22:00 had higher waist circumfer-
ence (WC) levels than those with bed time 21:00 ~ 22:00. 
These results indicated that sleep–wake cycle might 
influence the risk of MetS through regulating the glu-
cose, WC and TG levels. We are rarely aware of any pub-
lished study that has examined the association between 
the rise/bed time and MetS components. To our knowl-
edge, only one study conducted among Iranian adults 
reported that waking earlier than 7:00 am was associated 
with MetS compared to waking later than 7:00 am in uni-
variate analysis, but this association was not observed 

Table 2  Odds ratios (with 95% CIs) of metabolic syndrome on 
the basis of sleep characteristics

PSQI the Pittsburgh Sleep Quality Index

OR Odds ratios

CI confidence interval
a Unadjusted
b Adjusted for age, sex, BMI, smoking status, alcohol use status, physical activity 
and depression

Model 1 Model 2

OR (95%CI)a P OR (95%CI)b P

PSQI

  PSQI ≤ 5 Reference Reference

  PSQI > 5 0.92(0.72,1.17) 0.482 0.87(0.66,1.16) 0.341

Subjective sleep quality

  Very good Reference Reference

  General 0.89(0.70,1.15) 0.387 0.90(0.68,1.19) 0.443

  Bad 0.90(0.62,1.30) 0.581 0.85(0.56,1.31) 0.471

  Very bad 1.51(0.73,3.13) 0.271 1.05(0.46,2.41) 0.905

Sleep efficiency

  ≥ 85% Reference Reference

  75% ~ 84% 1.16(0.88,1.53) 0.301 1.24(0.90,1.70) 0.191

  < 75% 0.84(0.64,1.11) 0.224 0.91(0.66,1.26) 0.575

Sleep latency

  ≤ 15 min Reference Reference

  16-30 min 1.01(0.79,1.29) 0.954 1.05(0.79,1.39 0.743

  31-60 min 0.75(0.50,1.12) 0.166 0.72(0.46,1.14) 0.164

  > 60 min 1.39(0.94,2.05) 0.097 1.32(0.84,2.08) 0.225

Sleep duration

  6-8 h Reference Reference

  < 6 h 1.02(0.72,1.43) 0.92 0.98(0.66,1.45) 0.927

  > 8 h 1.11(0.80,1.55) 0.533 1.31(0.90,1.91) 0.155

Sleep disturbances

  None Reference Reference

  Mild 0.84(0.65,1.09) 0.191 0.85(0.63,1.13) 0.261

  Moderate-severe 0.81(0.49,1.36) 0.180 0.61(0.34,1.12) 0.112

Sleep drug

  Not use Reference Reference

  Use 1.06(0.66,1.69) 0.821 1.04(0.61,1.78) 0.888

Daytime dysfunction

  None Reference Reference

  Yes 1.10(0.87,1.38) 0.438 1.01(0.77,1.33) 0.951

Bed time

  21:00 ~ 22:00 Reference Reference

  < 21:00 1.07(0.85,1.34) 0.583 1.16(0.88,1.51) 0.289

  > 22:00 1.32(0.73,2.39) 0.356 1.05(0.54,2.05) 0.893

Rise time

  5:00 ~ 6:00 Reference Reference

  < 5:00 0.91(0.66,1.26) 0.571 0.86(0.60,1.24) 0.421

  > 6:00 1.46(1.00,2.12) 0.048 1.77(1.17,2.69) 0.007
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in multivariate analysis [22]. The sleep–wake cycle was 
reported to have a markedly modulatory effect on glu-
cose tolerance and insulin secretion [29]. The sleep–wake 
cycle was also found to be linked to various processes of 
metabolism and sleep by affecting the circadian system 
[30]. Additionally, in our study, 96.6% older adults have 
bed time ≤ 22:00, indicating that waking up late means a 
longer sleep duration, and the association between long 
sleep duration and MetS and its components has been 
demonstrated [31].

Our results showed a strong U-shaped association 
between sleep duration and TG levels in older adults. A 
positive associations were previously reported between 
a long sleep duration and elevated TG levels [18, 20], as 
well as between a short sleep duration and elevated TG 

levels [32]. In addition, a U-shaped association between 
sleep duration and MetS was observed in a cross-sec-
tional study among America populations [15], and both 
short sleep durations [33–35] and long sleep durations 
[16, 18, 36] were found to be associated with MetS [37]. 
Despite the study type, diagnostic criteria, risk classifi-
cation, and sample characteristics of these studies, the 
association between sleep duration and MetS has been 
consistent. High TG levels has been confirmed as a risk 
factor for MetS [38], therefore, our findings indicated 
that sleep duration might influence the chance of being 
MetS partially through influencing the TG levels.

In our study, worse subjective sleep quality and day-
time dysfunction were found to be associated with hyper-
tension. A consistent positive association between poor 

Fig. 1  Relationship between sleep characteristics and MetS components. Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated 
using logistic regression model for sleep characteristics’ association with hypertension and hyperglycemia. The standardized regression coefficients 
(β) and 95% CI was estimated using multiple linear regression model for sleep characteristics’ association with WC levels, TG levels and HDL-C levels. 
The OR and β were adjusted for age, sex, BMI, smoking status, alcohol use status, physical activity and depression. P values were presented with 
asterisks: *P < 0.05, **P < 0.01
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Fig. 2  Specific description of significant associations between sleep characteristics and MetS components. Subjective sleep quality (A) and 
Daytime dysfunction (B) was associated with  hypertension. Sleep efficiency (C) and rise time (D) was associated with  hyperglycemia. Rise time (E) 
and sleep duration (F) was associated with triglyceride levels. (G) Bed time was associated with WC levels
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subjective sleep quality and hypertension were previously 
reported in Chinese adults [39] and in Italian populations 
[40]. Several studies have suggested that poor sleep qual-
ity was associated with higher levels of diastolic blood 
pressure and/or systolic blood pressure [41–43]. For the 
association between daytime dysfunction and hyper-
tension in older adults, the consistent result was also 
observed in Chinese adults [39]. However, the biological 
mechanisms of the association between these sleep char-
acteristics and hypertension have not been elucidated. It 
has been reported that sleep may affect blood pressure 
by affecting sympathetic nerve activity to the vasculature 
and that abnormal sleeping may be involved in the patho-
genesis of nondipping prehypertension and subsequently 
in hypertension disturbances [44].

We also found that sleep inefficiency was associated 
with hyperglycemia. In our study, hyperglycemia con-
sists of fasting plasma glucose (FPG level) ≥ 6.1 mmol/L 
or Oral Glucose Tolerance Test (OGTT) 2  h plasma 
glucose level ≥ 7.8 mmol/L and/or previously diagnosed 

diabetes that was under treatment. In line with the 
result, a community-based cross-sectional study 
showed an inverse association between poor sleep 
efficiency and prevalence of diabetes in middle-aged 
and older adults [45]. Additionally, a study found that 
poor sleep efficiency was significantly associated with 
worse glycemic control among type 2 diabetic patients 
[46]. Some previously findings can provide the possible 
mechanism underlying the association between sleep 
inefficiency and hyperglycemia. Sleep inefficiency is a 
common quantitative indicator to evaluate insomnia 
[45, 47], and individuals with poor sleep efficiency are 
more likely to have poor sleep quality, which affects 
glucose regulation by changing levels of leptin [48, 49]. 
In addition, sleep inefficiency may induce diabetes risk 
factors by association with hypothalamic–pituitary–
adrenal axis activity [50, 51]. Moreover, studies have 
indicated that poor sleep efficiency may cause reduced 
insulin sensitivity, impaired glucose tolerance, and 
decreased acute insulin resistance [7, 48].

Fig. 3  Plots of estimated smoothing spline function of sleep duration with 95% confidence intervals for the generalized additive model when the 
response variable was triglyceride levels. (A) Model 1 shows the univariable smooth function of sleep duration (EDF = 1.81, P = 0.004). (B) Model 
2 shows the multivariable smooth function of sleep duration, adjusted for age, sex, BMI, smoking status, alcohol use status, physical activity and 
depression (EDF = 1.85, P < 0.001)
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For the analyses on association between the sleep 
efficiency and MetS as well as MetS components, we 
discard participants that have sleep efficiency > 1 due 
to possible self-reported error or participants’ careless-
ness. Considering that their sleep may also be efficient, 
we included the participants whose sleep efficiency 
greater than 1 and classified them into group of sleep 
efficiency ≥ 85%. We also found that participants with 
a sleep efficiency of 75% ~ 84% have higher odds of 
being hyperglycemia compared to those with a sleep 
efficiency of ≥ 85% (OR = 1.39, 95% CI 1.05–1.89, 
P = 0.023, Supplementary Table S1).

Several limitations in this study should be acknowl-
edged. First, this study is a cross-sectional study, and the 
ability to address the causal relationship between sleep 
and MetS is restricted. Therefore, this result should be 
further confirmed in a prospective cohort study. Sec-
ond, this study only assessed older Chinese adults living 
in Shanghai, thus potentially limiting the generalizability 
of these results. Third, we evaluated sleep characteristics 
by self-report questionnaires, which may result in infor-
mation bias. In addition, obstructive sleep apnoea, which 
can lead to poor sleep quality and sleep fragmentation, 
was not considered in this study. However, the PSQI scale 
includes snoring, which is a major symptom of obstruc-
tive sleep apnoea and can be considered as a risk indica-
tor of sleep apnoea. Finally, in this survey-based study 
in a community population, we did not obtain accurate 
medication information for the older adults. However, 
the definition of the component of MetS includes the lab-
oratory parameters and the medical histories of disease, 
such as diabetes and hypertension, which may reduce, to 
some extent, the impact of non-medication information 
on the results.

Conclusion
In summary, the rise time was an important sleep char-
acteristic that may influence MetS for older adults. Poor 
subjective sleep quality, sleep insufficiency, daytime dys-
function, sleep duration that were too long or too short, 
and rise late were associated with different MetS com-
ponents, here evidenced for adults aged 60 y and older. 
These findings indicated that different sleep characteris-
tics were associate MetS through different pathways, and 
future longitudinal studies are necessary to confirm these 
results.
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