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Objective: The purpose of this study was to investigate whether sleep pattern is

associated with metabolic disorders among young adults.

Methods: We measured sleep patterns using multiple sleep behaviors in an

ongoing prospective cohort among college students (n = 1,151). At baseline, 729

college students provided fasting blood samples and human bodymorphological

measurements for quantification of metabolic parameters. Then, 340

participants continued to take metabolic parameters measurements at a 2-

year follow-up. Sleep patterns were defined by chronotype, sleep duration,

insomnia, snoring, and daytime sleepiness. Metabolic scores were derived for

four metabolic parameters including bodymass index (BMI), waist circumference

(WC), fasting blood sugar (FBG), and insulin. Multivariate linear regression model

was applied to analyze the association between sleep pattern types and

metabolic parameters and metabolic scores.

Results: In the baseline survey, we found that a total of 41 (4.1%) participants had

poor sleep patterns. Then, metabolic scores were significantly higher among

college students with poor sleep patterns, compared with those who with

healthy sleep patterns at baseline (1.00 ± 0.96 vs. 0.78 ± 0.72, p < 0.05) and 2-

year follow-up (0.34 ± 0.65 vs. 1.50 ± 1.64, p < 0.05). After covariates were

adjusted, poor sleep pattern (b = 0.22, 95% CI: 0.06~2.53, p = 0.001) was

associated with elevated metabolic scores at the 2-year follow-up.

Conclusions: The elevated metabolic burden observed in college students with

poor sleep patterns highlights the need to identify and address sleep problems in

order to minimize the long-term impact on disease vulnerability.
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1 Introduction

Metabolic disorders, a global public health issue of great concern

(1), are associated with a wide range of chronic conditions including

type 2 diabetes mellitus, abdominal obesity, and increased risks of

mortality. Over the last two decades, identifying behaviors during

early life that may promote metabolic health has come to the

forefront of both public health and scientific interest (1).

Remarkably, metabolic disorders in young adults can promote

metabolic syndrome (MetS) and other chronic non-communicable

diseases in later life (2), and more than half of university students

have metabolic risk factors (3). Therefore, interventions early in life

are essential. The young adult stage is a particularly critical

developmental period for the emergence of behaviors that increase

the risk for metabolic (4), and this period is an essential window to

identify modifiable novel risk factors and to intervene to prevent

metabolic disorders later in life. Unfortunately, there are fewer studies

on identifying behavioral risk factors for metabolic disorders during

this period.

Emerging evidence has implicated that various sleep problems

have been identified as modifiable risk factors for metabolic

health.[5~9] In young adults, both evening chronotypes (5) and

short sleep duration (6) are associated with metabolic

abnormalities. There is also emerging literature demonstrating a

relationship between excessive daytime sleepiness and MetS (7). In

addition, snoring (8) and insomnia (9) are risk factors for metabolic

disorders in children and adolescents. These sleep behaviors are

intricately linked and may affect in a concerted manner. Sometimes,

modifications in one sleep behavior usually lead to compensatory

changes in other sleep behaviors (10). However, in most of the

previous studies,[5~9] sleep behaviors were assessed individually,

without taking into account the complexity and correlations of
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various sleep behaviors among individuals. Therefore, Li X

proposed a comprehensive assessment of sleep patterns using five

indicators including excessive daytime sleepiness, snoring,

insomnia, short sleep duration, and evening chronotype (10).

To address these key evidence gaps, we measured multiple sleep

behaviors and metabolic parameters for 2 years in a prospective

follow-up study among young adults. Our cohort study design also

would provide novel insights into the role of circadian rhythm in

the development of metabolic health. Consequently, we formulated

two hypotheses: 1) there is a positive association between poor sleep

patterns and metabolic parameters disorder; 2) poorer sleep

patterns may predict the risk of metabolic disorders 2 years later.
2 Methods

2.1 Participants

College Student Behavior and Health Cohort Study (11) is a

cohort study designed to investigate the longitudinal outcomes of

health-related behaviors of college students who were in freshman

through junior year between April 2019 and June 2021. The survey

was conducted using a cluster of a random sampling of whole

groups with the college as the primary sampling unit. First,

participants were chosen from a medical university situated in

Hefei, Anhui Province, and a comprehensive university located in

Shangrao, Jiangxi Province. Among the 1,179 participants at

baseline, 1,135 college students (97.6%) completed the self-

administered questionnaire, and 729 (61.8%) attended the

physical examination. At the 2-year follow-up, 999 participants

completed a self-administered questionnaire, and among them, 340

attended the physical examination; see Figure 1 for details.
FIGURE 1

Flowchart of sample populations in our study.
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The study protocol was approved by the Ethics Committee of

Anhui Medical University (No. 20170291). In accordance with the

principles of the Declaration of Helsinki, written informed consent

was obtained from all participants prior to the completion of the

survey. Upon completion of the survey, a free physical examination

report was provided to all study participants.
2.2 Sleep pattern

At baseline, an electronic questionnaire was used to assess

several sleep behaviors in participants, and then an index score of

sleep pattern was established, which includes five aspects of sleep:

excessive daytime sleepiness, snoring, insomnia, sleep duration, and

chronotype (10).

2.2.1 Excessive daytime sleepiness
Excessive daytime sleepiness was assessed using the Pittsburgh

Sleep Quality Index (PSQI) (12), which is a component of PSQI and

scored on a scale from 0 to 3. A higher score means that excessive

daytime sleepiness is more severe.

2.2.2 Snoring
Snoring was assessed by a question from the PSQI (“Do you

snore or cough in the middle of the night?: 1) No; 2) Yes”) (12).

2.2.3 Insomnia
Insomnia Severity Index (ISI) was used to assess insomnia

symptoms.[132] The ISI is a self-report scale aimed at assessing

the severity of insomnia over the past 2 weeks, with total scores

ranging from 0 to 28. The higher the score, the more severe the

insomnia symptom, with a score of ≥9 defined as insomnia and <9

defined as no insomnia.

2.2.4 Sleep duration
Sleep duration was reported as the number of hours spent

sleeping during the day (including naps).

2.2.5 Chronotype
Chronotype was evaluated by this question (“What chronotype

do you think you are: 1) definitely a ‘morning’ person; 2) more a

‘morning’ person than ‘evening’ person; 3) more an ‘evening’ person

than a ‘morning’ person; 4) definitely an ‘evening’ person.”) from r-

Morning and Evening Questionnaire (rMEQ) (13).

Healthiest Sleep pattern was defined as early chronotype

(“morningness” or “morningness than eveningness”), normal

sleep duration (7–8 h/day), no insomnia, no snoring, and no

excessive daytime sleepiness (“never/rarely” or “sometimes”).

Each sleep behavior was coded 1 if fitting the healthy criterion

and 0 if not (see Table A1 for details). The healthy sleep score was

obtained by summing up the five individual sleep behaviors. A

higher score indicated a healthier sleep pattern, with a score of ≥4

defined as healthy, 2~3 defined as intermediate, and ≤1 defined as

poor, and analyzed separately as categorical variables.
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2.3 Metabolic health

The participants of this study were sent to a local Grade III Level A

hospital for medical examination and measurement of height and

weight using a fully automatic electronic height and weight meter. Body

mass index (BMI) was calculated as weight in kilograms divided by the

square of height in meters. Waist circumference (WC) measurement is

accurate to 0.1 cm. The participants provided 5 ml of fasting venous

blood, and fasting blood sugar (FBG) and insulin were measured.

Waist circumference was defined by the high waist circumference

screening threshold among children and adolescents aged 7~18 years

(WS/T 611-2018) (14). The threshold of BMI was defined using the

screening for overweight and obesity among school-age children and

adolescents (WS/T 586-2018) (15). The other parameters refer to the

demarcation standard of university students in our previous study (11).

Metabolic scores were calculated using four metabolic parameters

including BMI, WC, FBG, and insulin, which were mentioned in our

previous study (11). Each parameter is defined as a value according to

the threshold criteria; parameters above the threshold are defined as a

score of 1. The total metabolic score was obtained by the sum of four

metabolic parameters, and the range of score was 0~4. The higher the

score, the more serious the metabolic disorders were. In addition,

several metabolic parameters were transformed as standardized and

analyzed separately as continuous variables.
2.4 Covariates

Covariates included alcohol consumption, cigarette consumption,

mobile phone addiction, and physical activity. In the Young Risk

Behavior Surveillance System questionnaire, two questions were

modified to measure current cigarette and alcohol consumption

(16). Cigarette consumption was assessed by “In the past month,

how many days have you smoked?” Alcohol consumption was

assessed by “In the past month, how many days have you drunk?”

The answers are recoded as “yes” or “no”. The Self-Assessment

Questionnaire for Adolescents with Problematic Mobile Phone Use

(SQAPMPU) is a standardized questionnaire developed by Tao et al. to

assess adolescent PMPU (17). Scores ≥27 are defined as having mobile

phone addiction. Physical activity was assessed using International

Physical Activity Questionnaire Short Form (IPAQ-SF) (18), with level

divided into three categories: low, moderate, and high. Both depression

and anxiety were assessed using the depression anxiety stress Scale

(DASS-21) (19), with level divided into three categories: low, moderate,

and high. DASS-21 is a self-reported, globally popular scale consisting

of 21 items (including three subscales of depression, anxiety, and stress,

each of which contains seven items). The subscale of depression scores

>9 are defined as depression symptom, and the subscale of anxiety

scores >7 are defined as anxiety symptom.
2.5 Statistical analyses

All statistical tests were two-sided, and significance was set at

p < 0.05. All data were analyzed in SPSS version 23.0, and the graphs
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were plotted using GraphPad Prism 8. In the present study,

continuous variables of the normal distribution were represented

as mean and standard deviation (SD), while categorical variables

were summarized using frequencies (n) and percentages (%).

First, one-way analysis of variance tests were used to test the

differences among different sleep patterns on several metabolic

parameters and metabolic scores. Then, multivariate linear

regression model was applied to analyze the association between

sleep pattern types and metabolic parameters, and metabolic scores.

Last, sensitivity analyses were performed to compare the

distribution of sleep patterns between the loss-visit and non-loss-

visit groups using chi-square tests, and the association between

sleep patterns and metabolic parameters was further tested using

multiple linear regression after excluding the non-loss-visit group.

Standardized b coefficients, with 95% CIs, were reported after

adjusting for covariates (including gender, cigarette consumption,

alcohol consumption, physical activity, mobile phone addiction,

depression, and anxiety). Existing findings showed that poor sleep

pattern was characterized by worse physical and mental health

compared to healthy sleep pattern (10). Therefore, the healthier

group and healthy sleep patterns were recognized as the

control group.
3 Results

The mean age of the 1,135 participants at baseline was 18.79

years (SD = 1.15), and 703 (61.9%) were female. Over forty percent
Frontiers in Endocrinology 04
(42.1%) of participants had healthy sleep patterns, and 41 (4.1%)

had poor sleep patterns. The demographic and behavioral

characteristics and metabolic parameters of participants at

baseline and 2-year follow-up are shown in Table 1. WC, BMI,

insulin, and FBG were significantly higher at the 2-year follow-up

compared to the baseline level (Table 1). The mean metabolic score

was 0.97 (SD = 0.77) at baseline and 0.49 (SD = 0.80) at the 2-year

follow-up.

At baseline, compared to those with healthy sleep patterns,

participants with poor sleep patterns had higher levels of WC (75.33

vs. 70.22 cm, p < 0.05), while participants with intermediate sleep

patterns had a higher level of BMI (1.63 mg/L), insulin (57.83 vs.

45.71 uIU/ml, p < 0.05) and metabolic scores (1.06 vs. 0.78, p <

0.05). No elevated levels of FBG were found in different sleep

pattern groups (Table 2).

At the 2-year follow-up, compared to healthy sleep pattern,

those participants with poor sleep patterns had higher levels of

insulin (57.83 vs. 45.71 uIU/ml, p < 0.05) and metabolic scores (1.50

vs. 0.34, p < 0.05), while participants with intermediate sleep pattern

had a higher level of metabolic scores (0.61). No elevated levels of

other metabolic parameters were found in different sleep pattern

groups (Table 2).

At baseline, after baseline gender, cigarette consumption,

alcohol consumption, physical activity, mobile phone addiction,

depression, and anxiety were adjusted, poor sleep pattern was

positively associated with elevated WC (b = 0.10; 95% CI:

0.05~1.25), BMI (b = 0.10; 95% CI: 0.01~1.23), and insulin (b =

0.08; 95% CI: 0.01~1.13). The positive association between
TABLE 1 Descriptive statistics of demographic, behavior characteristics, and metabolic parameters.

Characteristics Baseline 2-year follow-up

N Mean ± SD (%) N Mean ± SD (%)

Demographic and behavioral characteristics

Age (years) 1,135 18.79 ± 1.15 999 20.75 ± 0.90

Gender, female 703 61.9 622 62.3

Cigarette consumption 101 8.9 96 9.6

Alcohol consumption 261 23.0 229 22.9

Low physical activity 166 14.6 178 17.8

Mobile phone addiction 279 24.6 297 29.7

Depression 244 21.5 236 23.6

Anxiety 329 29.0 224 22.4

Poor sleep pattern 41 4.1 –

Metabolic

WC (cm) 729 71.06 ± 7.80 340 73.77 ± 9.64

BMI (kg/m2) 729 20.76 ± 2.88 340 21.20 ± 3.17

Insulin (uIU/ml) 729 5.46 ± 4.53 340 11.31 ± 8.75

FBG (mmol/L) 729 4.55 ± 0.41 340 4.61 ± 0.39

Metabolic score 729 0.97 ± 0.77 340 0.49 ± 0.80
SD, standard deviation; WC, waist circumference; BMI, body mass index; FBG, fasting blood sugar; -, Not investigated.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1088135
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2023.1088135
intermediate sleep patterns with elevated levels of WC, BMI, and

insulin was kept statistically significant after adjustment for

covariates (see Figure 2; Table A2). In addition, intermediate

sleep pattern was positively associated with elevated metabolic

scores (b = 0.16; 95% CI: 0.06~0.48).

At the 2-year follow-up, after we adjusted for baseline

covariates, participants with poor sleep patterns were associated

with increased 0.22 units in metabolic scores (95% CI: 0.06~2.53).
Frontiers in Endocrinology 05
In addition, poor sleep pattern was also positively associated with

elevated WC (b = 0.13; 95% CI: 0.15~1.68) and insulin (b = 0.15;

95% CI: 0.08~2.15). However, the association between intermediate

sleep patterns with elevated levels of WC and insulin disappeared

after adjustment for covariates, see in Table 3. Results from the

sensitivity analyses are shown in Table A3; we first compared the

baseline sleep patterns of the loss-visit and non-loss-visit groups,

and the results were not statistically significant. Then, we excluded
A B

D C

FIGURE 2

Association from multivariate linear regression model between sleep and metabolic parameters. Note: WC, waist circumference; BMI, body mass
index; FBG, fasting blood sugar. Model 2 adjusted for baseline gender, cigarette consumption, alcohol consumption, physical activity, mobile phone
addiction, depression, and anxiety. (A) Baseline Model 1. (B) Baseline Model 2. (C) Two-year follow-up Model 1. (D) Two-year follow-up Model 2.
TABLE 2 Metabolic parameters according to sleep pattern.

Characteristics Healthy Intermediate Poor p-Value F value

Baseline

WC (cm) 70.22 ± 6.67 71.46 ± 8.41 75.33 ± 10.71* 0.018 4.050

BMI (kg/m2) 20.32 ± 2.32 20.99 ± 3.02* 21.67 ± 3.15 0.006 5.231

Insulin (uIU/ml) 45.71 ± 39.96 57.83 ± 49.28* 64.17 ± 54.73 0.004 5.683

FBG (mmol/L) 4.56 ± 0.42 4.56 ± 0.42 4.50 ± 0.38 0.863 0.124

Metabolic scores 0.78 ± 0.72 1.06 ± 0.80* 1.00 ± 0.96 <0.001 9.413

2-year follow-up

WC (cm) 72.44 ± 9.64 73.26 ± 10.21 78.83 ± 15.89 0.312 1.171

BMI (kg/m2) 20.87 ± 2.73 21.33 ± 3.24 19.40 ± 8.74 0.254 1.377

Insulin (uIU/ml) 10.75 ± 9.20 12.79 ± 9.76 19.74 ± 12.66* 0.044 3.161

FBG (mmol/L) 4.62 ± 0.42 4.68 ± 0.36 4.61 ± 0.59 0.531 0.635

Metabolic scores 0.34 ± 0.65 0.61 ± 0.85* 1.50 ± 1.64* 0.001 7.529
SD, standard deviation; WC, waist circumference; BMI, body mass index; FBG, fasting blood sugar.
* Dunnett’s test with the “healthy sleep pattern” group as the reference group showed statistically significant results.
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the loss-visit group and analyzed the association between sleep

patterns and metabolic indicators and metabolic scores at the

baseline survey, and the majority of the results remained

consistent as above.
4 Discussion

In this prospective cohort study of 1,151 Chinese young adults,

poor sleep patterns were significantly associated with higher

metabolic scores, even after adjustment for known metabolic risk

factors. Specifically, those participants with baseline poor sleep

patterns were associated with increased 0.22 units in metabolic

scores at 2-year follow-up. Moreover, poor sleep pattern was

associated with disrupted insulin homeostasis (elevated FBG) and

obesity (elevated WC and BMI). These findings suggest that

improved sleep patterns can help promote cardiovascular

metabolic health.

In the present study, 4.1% of the study subjects showed poor

sleep patterns, and these subjects had a metabolic score of 1.50 ±

1.64 at 2 years. We found that poor sleep pattern was associated

with disrupted insulin homeostasis (elevated FBG) and obesity

(elevated WC and BMI); this result is consistent with evidence

from previous studies. Skjakodegard HF et al. reported that later

sleep timing was related to obesogenic behaviors in children and

may represent an obesity risk factor (20). Moreover, Van Dijk D

et al. also assessed that sleep plays an important role in insulin

resistance among middle-aged people and may provide a link to the

development of type 2 diabetes (21). Our study highlights the
Frontiers in Endocrinology 06
impact of freshman sleep behavior on metabolic health after 2

years. The present study also showed a higher metabolic risk among

college students, which is also in line with previous studies (3). The

freshman phase of college is a critical period of behavioral

development during which undesirable behaviors that affect

metabolic parameters may develop, thereby adversely affecting

future metabolic health. Currently, there has been a growing body

of studies suggesting that sleep behaviors are associated with

metabolic health.[5~9] Our findings are broadly consistent with

previous studies but extended to combine various sleep behaviors.

Indeed, sleep patterns combining several sleep behaviors are more

reflective of an individual’s true sleep status, as a variety of sleep

behaviors are intricately linked (10). Currently, these sleep patterns

are widely used in middle-aged and older adults, while no studies on

young adults are available. However, several studies have shown

that the sleep indicators associated with these sleep patterns in

young adults are not promising (5–9). In addition, a continuous

metabolic score was used to estimate metabolic health in a

comprehensive manner in the present study through a paradigm

shift from the “treatment of risk factors in isolation” to

“comprehensive metabolic risk management”, which may better

reflect the metabolic health of the individual. Compared with

traditional single clinical indicators, the composite indicator of

metabolic scores could help in more accurate predictions of

chronic condition risk in young adults.

Several potential mechanisms could explain the observed

associations between poor sleep patterns and the increased risk of

metabolic health in the present study (22, 23). First, a compelling

body of evidence demonstrates that sleep is a physiologic state of
TABLE 3 Association from multivariate linear regression model between sleep pattern and metabolic parameters at 2-year follow-up.

Characteristics Model 1 Model 2

b (95% CI) p b (95% CI) p

WC Healthy Ref. Ref.

Intermediate 0.04 (−0.20 to 0.36) 0.575 0.09 (−0.02 to 0.42) 0.073

Poor 0.14 (0.04 to 1.95) 0.042 0.13 (0.15 to 1.68) 0.019

BMI Healthy Ref. Ref.

Intermediate 0.07 (−0.14 to 0.42) 0.328 0.08 (−0.11 to 0.46) 0.221

Poor −0.06 (−1.38 to 0.51) 0.362 −0.07 (−1.46 to 0.49) 0.330

FBG Healthy Ref. Ref.

Intermediate 0.08 (−0.10 to 0.44) 0.222 0.07 (−0.13 to 0.42) 0.306

Poor 0.05 (−0.56 to 1.29) 0.433 0.02 (−0.88 to 1.09) 0.777

Insulin Healthy Ref. Ref.

Intermediate 0.10 (−0.07 to 0.52) 0.142 0.06 (−0.16 to 0.44) 0.350

Poor 0.17 (0.03 to 2.30) 0.011 0.15 (0.08 to 2.15) 0.034

Metabolic score Healthy Ref. Ref.

Intermediate 0.15 (0.04 to 0.58) 0.024 0.14 (0.03 to 0.57) 0.028

Poor 0.25 (0.09 to 2.72) <0.001 0.22 (0.06 to 2.53) 0.001
Model 2 adjusted for baseline gender, cigarette consumption, alcohol consumption, physical activity, mobile phone addiction, depression, and anxiety.
WC, waist circumference; BMI, body mass index; FBG, fasting blood sugar.
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decreased global metabolism, which likely serves a reparative role,

and growth hormone (GH) is secreted in the first few hours of a

usual sleep period, which may serve to spare the catabolism of

protein and glucose stores. Second, circadian rhythms, dependent

on sleep, also affect hormone profiles and metabolism. Mild diurnal

fluctuations in some hormones including glucose also occurred.

Then, circadian misalignment caused significant metabolic

disorders. Lastly, sleep loss also affects appetite and food intake,

thereby promoting obesity.

This study has limitations. First, due to oversight at the time of

the survey, there were a number of confounding factors, including

dietary factors, that were not included in the analysis and could be

added to further refine the study findings in the future. Second, the

study participants were all college students, which have their own

group characteristics, so the study may have selection bias, and the

results to the general population extrapolation may be limited.

Third, sleep patterns for this study were collected at baseline, and

sleep pattern profiles are subject to change over 2 years, which may

result in less reliable study findings. At last, at the time of follow-up,

most participants were missing metabolic index data due to

epidemic prevention and control; however, we performed a

sensitivity analysis for both surveys, thus ensuring the reliability

of the findings.

Nonetheless, the current study has several strengths. First, this

study is the first prospective study examining associations between

sleep patterns and metabolic health in young adults. Second, the

sleep patterns used by this study were combined with various sleep

behaviors and provided a better frame of reference for sleep. Last,

we used a combination of metabolic index data to truly reflect the

metabolic health status of individuals.
5 Conclusions

The current study was conducted in a cohort of young adults and

combined multiple sleep behaviors to assess sleep patterns, indicating

that poor sleep pattern was associated with higher metabolic risk even

after accounting for known risk factors. Further research is needed to

confirm our findings and to elucidate potential mechanisms.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Frontiers in Endocrinology 07
Author contributions

XW and FT conceived and designed the experiments. YY, ST

and LZ performed the experiments. DZ analyzed the data. LZ, YQ,

SZ, TL, and YX contributed reagents, materials, and analysis tools.

DZ wrote the paper. DZ contributed to the study design. All authors

contributed to the article and approved the submitted version.
Funding

This article was supported by the National Natural Science

Foundation of China (Grant No. 82173542), the Grants for

Scientific Research Level Improvement Plan from Anhui Medical

University (grant number: 2022xkjT004) and the Key Project for

University Talents from the Education Bureau of Anhui Province,

China (Grant No. gxyqZD2020011).
Acknowledgments

All the participants involved in the present study are

gratefully acknowledged.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1088135/

full#supplementary-material
References
1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet (2005) 365
(9468):1415–28. doi: 10.1016/S0140-6736(05)66378-7

2. Murthy VL, Abbasi SA, Siddique J, Colangelo LA, Reis J, Venkatesh BA, et al.
Transitions in metabolic risk and long-term cardiovascular health: Coronary artery risk
development in young adults (CARDIA) study. J Am Heart Assoc (2016) 5(10):
e003934. doi: 10.1161/JAHA.116.003934
3. Higgins S, Smith AN, Williams ER, Das BM, Fedewa MV, Evans EM. Sex-specific
correlates of metabolic syndrome risk in college-aged young adults. J Am Coll Health
(2022) 70(8):2527–34. doi: 10.1080/07448481.2020.1869751

4. Miller JM, Street BD. Metabolic Syndrome and Physical Activity Levels in
College Students. Metab Syndr Relat Disord (2019) 17:431–5. doi: 10.1089/
met.2019.0007
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1088135/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1088135/full#supplementary-material
https://doi.org/10.1016/S0140-6736(05)66378-7
https://doi.org/10.1161/JAHA.116.003934
https://doi.org/10.1080/07448481.2020.1869751
https://doi.org/10.1089/met.2019.0007
https://doi.org/10.1089/met.2019.0007
https://doi.org/10.3389/fendo.2023.1088135
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2023.1088135
5. Jankovic N, Schmitting S, Krüger B, Nöthlings U, Buyken A, Alexy U.
Changes in chronotype and social jetlag during adolescence and their
association with concurrent changes in BMI-SDS and body composition, in the
DONALD study. Eur J Clin Nutr (2022) 76(5):765–71. doi: 10.1038/s41430-021-
01024-y

6. Sa J, Choe S, Cho BY, Chaput JP, Kim G, Park CH, et al. Relationship between
sleep and obesity among U.S. and south Korean college students. BMC Public Health
(2020) 20(1):96. doi: 10.1186/s12889-020-8182-2

7. Li X, Huang H, Xu H, Shi Y, Qian Y, Zou J, et al. Excessive daytime sleepiness,
metabolic syndrome, and obstructive sleep apnea: two independent large cross-
sectional studies and one interventional study. Respir Res (2019) 20(1):276.
doi: 10.1186/s12931-019-1248-y

8. Zou J, Song F, Xu H, Fu Y, Xia Y, Qian Y, et al. The relationship between simple
snoring and metabolic syndrome: A cross-sectional study. J Diabetes Res (2019) 1–10.
doi: 10.1155/2019/9578391

9. Simon S, Rahat H, Carreau AM, Garcia-Reyes Y, Halbower A, Pyle L, et al.
Poor sleep is related to metabolic syndrome severity in adolescents with PCOS and
obesity. J Clin Endocrinol Metab (2020) 105(4):e1827–34. doi: 10.1210/clinem/
dgz285

10. Li X, Zhou T, Ma H, Huang T, Gao X, Manson JE, et al. Healthy sleep patterns
and risk of incident arrhythmias. J Am Coll Cardiol (2021) 78(12):1197–207.
doi: 10.1016/j.jacc.2021.07.023

11. Zhang D, Li T, Xie Y, Tao S, Yang Y, Zou L, et al. Interaction between physical
activity and outdoor time on allostatic load in Chinese college students. BMC Public
Health (2022) 22(1):187. doi: 10.1186/s12889-022-12518-0

12. Buysse DJ, Reynolds CF3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research. Psychiatry
Res (1989) 28(2):193–213. doi: 10.1016/0165-1781(89)90047-4

13. Adan A, Almirall H. Horne & stberg morningness-eveningness questionnaire: A
reduced scale. Pers Individ Dif (1991) 12(3):241–53. doi: 10.1016/0191-8869(91)
90110-W
Frontiers in Endocrinology 08
14. National Health and Family Planning Commission. High waist circumference
screening threshold among children and adolescents aged 718 years (2018). Available at:
http://www.nhc.gov.cn/wjw/pqt/201807/417de6982ab8493b91aba925b51a8a19.shtml.

15. National Health and Family Planning Commission. Screening for overweight and
obesity among school-age children and adolescents (2018). Available at: http://www.
chinanutri.cn/fgbz/fgbzhybz/201804/t20180418_162494.html.

16. Kann L, McManus T, Harris WA, Shanklin SL, Flint KH, Hawkins J, et al. Youth
risk behavior surveillance - united states, 2015.MMWR Surveill Summ (2016) 65(6):1–
174. doi: 10.15585/mmwr.ss6506a1

17. Tao S, Fu J, Wang H, Hao J, Tao F. The development of self-rating questionnaire
for adolescent problematic mobile phone use and the psychometric evaluation in
undergraduates. Chin J Sch Health (2013) 34(1):26–9.

18. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and validity.
Med Sci Sports Exerc (2003) 35(8):1381–95. doi: 10.1249/01.MSS.0000078924.61453.FB

19. Henry JD, Crawford JR. The short-form version of the depression anxiety stress
scales (DASS-21): construct validity and normative data in a large non-clinical sample.
Br J Clin Psychol (2005) 44(Pt 2):227–39. doi: 10.1348/014466505X2965

20. Skjakodegard HF, Danielsen YS, Frisk B, Hystad SW, Roelants M, Pallesen S,
et al. Beyond sleep duration: Sleep timing as a risk factor for childhood obesity. Pediatr
Obes (2021) 16(1):e12698. doi: 10.1111/ijpo.12698

21. Van Dijk D, Balkau B, Segrestin B, Gottsäter M, Gabriel R, Hatunic M, et al.
Associations between sleep duration and sleep debt with insulin sensitivity and insulin
secretion in the EGIR-RISC study. Diabetes Metab (2019) 45(4):375–81. doi: 10.1016/
j.diabet.2018.11.001

22. Koren D, Taveras EM. Association of sleep disturbances with obesity, insulin
resistance and the metabolic syndrome. Metabolism (2018) 84:67–75. doi: 10.1016/
j.metabol.2018.04.001

23. Mesarwi O, Polak J, Jun J, Polotsky VY. Sleep disorders and the development of
insulin resistance and obesity. Endocrinol Metab Clin North Am (2013) 42(3):617–34.
doi: 10.1016/j.ecl.2013.05.001
frontiersin.org

https://doi.org/10.1038/s41430-021-01024-y
https://doi.org/10.1038/s41430-021-01024-y
https://doi.org/10.1186/s12889-020-8182-2
https://doi.org/10.1186/s12931-019-1248-y
https://doi.org/10.1155/2019/9578391
https://doi.org/10.1210/clinem/dgz285
https://doi.org/10.1210/clinem/dgz285
https://doi.org/10.1016/j.jacc.2021.07.023
https://doi.org/10.1186/s12889-022-12518-0
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0191-8869(91)90110-W
https://doi.org/10.1016/0191-8869(91)90110-W
http://www.nhc.gov.cn/wjw/pqt/201807/417de6982ab8493b91aba925b51a8a19.shtml
http://www.chinanutri.cn/fgbz/fgbzhybz/201804/t20180418_162494.html
http://www.chinanutri.cn/fgbz/fgbzhybz/201804/t20180418_162494.html
https://doi.org/10.15585/mmwr.ss6506a1
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1348/014466505X2965
https://doi.org/10.1111/ijpo.12698
https://doi.org/10.1016/j.diabet.2018.11.001
https://doi.org/10.1016/j.diabet.2018.11.001
https://doi.org/10.1016/j.metabol.2018.04.001
https://doi.org/10.1016/j.metabol.2018.04.001
https://doi.org/10.1016/j.ecl.2013.05.001
https://doi.org/10.3389/fendo.2023.1088135
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Poor sleep pattern is associated with metabolic disorder during transition from adolescence to adulthood
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Sleep pattern
	2.2.1 Excessive daytime sleepiness
	2.2.2 Snoring
	2.2.3 Insomnia
	2.2.4 Sleep duration
	2.2.5 Chronotype

	2.3 Metabolic health
	2.4 Covariates
	2.5 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


