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Purpose: Sleep insufficiency and circadian rhythm disturbances in college students have 
become prominent. Current findings show that sleep insufficiency is closely related to 
inflammation. Studies on the correlation between chronotype and inflammatory factors are 
still lacking. Therefore, this research intended to examine the relationships between sleep 
duration, chronotype and inflammatory cytokines in young adults, and to estimate the 
correlation between chronotype and inflammatory cytokines stratified by sleep duration.
Patients and Methods: We conducted a cross-sectional study in April and May 2019. 
Participants were recruited from two colleges located in central China. The Pittsburgh Sleep 
Quality Index (PSQI) and the Morning and Evening Questionnaire-5 (MEQ-5) were admi-
nistered to assess sleep duration and chronotype. Sleep duration less than 7 hours was 
defined as insufficient sleep. Fasting venous blood was collected to measure plasma levels 
of inflammatory markers including IL-1β, IL-6, TNF-α and IL-10.
Results: A total of 723 participants were included in this study, with a mean age of 18.68 
years (standard deviation=0.99). After adjusting for confounding factors, the results of 
generalized linear model showed that sleep insufficiency was positively correlated with IL- 
1β, TNF-α and IL-10; and evening-types (E-types) were positively associated with the levels 
of IL-1β and IL-6 (p<0.05). Compared to the control group (sleep sufficiency and M-types), 
there were positive interaction effects of sleep insufficiency and neutral-types (N-types) on 
the levels of IL-1β, IL-6, TNF-α and IL-10 (p<0.05). The hierarchical regression model 
showed that N-types and E-types were positively correlated to the levels of IL-1β, IL-6, 
TNF-α and IL-10 among college students with sleep insufficiency (p<0.05).
Conclusion: The levels of inflammatory markers were higher among college students with 
sleep insufficiency and E-types. N-types and E-types were positively correlated with IL-1β, 
IL-6, TNF-α and IL-10 among college students with sleep insufficiency.
Keywords: sleep duration, circadian rhythm, chronic inflammation, young adults

Introduction
College life represents an important transition period for young adults characterized by 
increased social involvement. During this critical period, lifestyles acquired will affect 
the future life of young college students.1 Insufficient sleep is a serious public health 
problem in college students.2 It is generally considered that chronotype is one of an 
expression of circadian rhythm.3 The most common methods of classification used in 
chronotype is morning-types (M-types), neutral-types (N-types) and evening-types 
(E-types).4 M-types prefer to sleep and get up early, and it is most efficient to perform 
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physical and intellectual activities in the morning; E-types 
prefer to sleep and get up late, and feel and perform better in 
the afternoon or evening; N-types display between these two 
types.5 Changes in chronotype are primarily characterized by 
delayed sleep phase syndrome in late adolescence.6 Several 
studies have demonstrated that circadian rhythm disorder 
also exists at surprising levels in the college students.7,8 

Circadian rhythm regulation or adequate sleep is evidently 
essential for normal metabolic health.9 It has been found that 
unhealthy sleep habits adversely affect physical, cognitive, 
emotional and academic well-being.10 Specifically, sleep 
problems affect circadian hormonal profiles and inflamma-
tory markers, and may damage executive function, attention 
and decision-making capacity.11

Like many biological processes, sleep is associated with 
immunity and inflammation and changes in circulating 
immune cells.11 Inflammation is a process by which the 
body responds to injury or infection.12 Cytokines are proved 
to be biomarkers of chronic low-grade inflammation which 
transmitting information from the immune system, regulating 
the inflammatory processes and mediating local and systemic 
reactions.13 Interleukin-10 (IL-10),14 interleukin-1β (IL-1β),15 

interleukin-6 (IL-6),16 and tumor necrosis factor-α (TNF-α)17 

are important cytokines involved in chronic inflammation. IL- 
10 is generally considered to be an anti-inflammatory cyto-
kine, which can inhibit the production of pro-inflammatory 
markers.18 Sleep duration has been suggested to be related to 
an increased risk of cardiovascular morbidity, neurocognitive 
impairment, diabetes and mortality. Inflammation is consid-
ered to be one of the main associations between sleep duration 
or sleep disorders and these illnesses.10,19 Unfortunately, there 
are currently rare research on the relationship between chron-
otype and inflammatory factors.

Rarely, investigation on the interaction between sleep 
duration and chronotype, and limited substantive evidence 
on the interaction effects of them on inflammation in college 
students. Research reported that daytime sleepiness and 
E-types were related to self-regulation.20 Investigation has 
revealed that in adolescents with insomnia, shorter sleep 
duration was associated with increased levels of 
inflammation.21 What is more, a survey in the United States 
showed that the combined effects of adolescents’ sleep dura-
tion and quality were predictors of adolescents’ social mood 
adjustment.22 On the contrary, a Swedish study showed that 
there was no interaction between adolescents’ sleep duration 
and sleep problems on health.23

To be sure, it is imperative to examine the interaction 
between sleep duration and chronotype, which can 

promote the health and function of the entire life process. 
Therefore, a cross-sectional study was conducted to make 
inquiries about the relationships between sleep duration, 
chronotype and its interaction effects on inflammatory 
cytokines among college students in China.

Materials and Methods
Participants and Procedure
Participants were enrolled in the College Student Behavior 
and Health Cohort Study, which is an ongoing cohort 
designed to track behaviors, physical and mental health in 
college students from the first year to the third year in China. 
Baseline data was analyzed in the present study. Participants 
were selected from a medical university located in Hefei, 
Anhui Province and a distinguished federated university 
situated in Shangrao, Jiangxi Province between April and 
May 2019. Cluster random sampling was used, with the 
faculty as the primary sampling unit. The baseline survey 
consisted of electronic questionnaires scanned with smart-
phones and physical examination. We received a total of 
1135 valid questionnaires that collected baseline information 
on sociodemographic and health-related factors, and the 
response rate was 98.6%. Blood samples were collected in 
771 students. Finally, a total of 723 valid respondents both 
have survey data and blood samples were analyzed. The 
study protocol was approved by the Ethics Committee of 
Anhui Medical University (No. 20170291). Written 
informed consents were obtained from all participants before 
completing the survey, which was conducted in accordance 
with the principles of the Declaration of Helsinki.

Measures
Demographic Factors
Sociodemographic data were collected by questionnaire, 
including gender, age, height, weight, residential area (rural 
or urban), any siblings (yes or no), self-reported family 
economy (low, medium or high), self-rated health (high, 
medium or low), parental education level (primary school 
and below, middle school or senior high school and above).

Sleep Duration and Chronotype
Sleep duration during the past month was assessed by 
a question in the Pittsburgh Sleep Quality Index (PSQI): 
“During the past month, how many hours of actual sleep 
did you get at night?”.24 According to sleep time duration 
recommendations proposed by National Sleep Foundation of 
America, the appropriate sleep duration for young adults 
(18–25 years) is between 7 and 9 hours. Therefore, responses 
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were categorized into two groups: less than 7 hours (sleep 
insufficiency) and 7 hours or more (sleep sufficiency).25 The 
Morning and Evening Questionnaire-5 (MEQ-5) was well 
validated and used as a self-reported measurement of 
chronotype.26 The MEQ-5 questionnaire comprised five 
items, which evaluated the habit of sleep among participants. 
In accordance with total scores (4 to 25 points), chronotype 
could be parted into three groups including evening-types (4 
to 11 points), neutral-types (12 to 17 points), and morning- 
types (18 to 25 points).

Inflammatory Cytokines
Laboratory analyses were performed on blood samples to 
evaluate IL-1β, IL-6, TNF-α and IL-10, as systemic 
inflammatory markers. During the physical examination, 
5 mL of fasting venous blood samples were collected on 
6:00 to 8:00 in the morning using vacuum blood collection 
tube with anticoagulant (EDTA). The blood samples were 
centrifuged for 10 min at a set speed of 3000 revolutions 
per minute within 2 hours. The upper plasma samples were 
stored at −80°C. Liquid-phase protein suspension chip 
(Luminex) was used in the detection process. Plasma 
inflammatory markers were detected by multi-bead 
enzyme-free analyzer MILLIPLEX ® MAP instrument 
(Merck Millipore). Within the analysis of variation, the 
intra-assay coefficient of variation of IL-1β, IL-6, TNF-α 
and IL-10 were all <5%, and the inter-assay coefficient of 
variation were <15%, <20%, <15%, <20%, respectively. 
The assay had a lower detection limit of IL-1β, IL-6, TNF- 
α and IL-10 of 0.14 pg/mL, 0.11 pg/mL, 0.16 pg/mL, 0.56 
pg/mL, respectively. All inflammatory markers were log 
transformed to settle skewness.

Covariates
Health behaviors included cigarette use, alcohol use, phy-
sical activity, afternoon napping and symptoms of depres-
sion. Two questions from the Young Risk Behavior 
Surveillance System questionnaire were modified to mea-
sure current cigarette and alcohol use.27 Cigarette use was 
measured by “How many days did you smoke during the 
past month?” Alcohol use was measured by “How many 
days did you have at least one drink during the past 
month?” The answers are recoded into “yes” or “no”. 
Physical activity was assessed using International 
Physical Activity Questionnaire Short Form (IPAQ-SF) 
was used to measure physical activity.28 Physical activity 
level was divided into 3 categories: low, moderate and 
high. Afternoon napping was measured by “Are you in 

the habit of taking afternoon napping?” and answers are 
recoded into “yes” or “no”.24 Symptoms of depression 
were measured by the Patient Health Questionnaire 9 
(PHQ-9).29 PHQ-9 was used to screen for depressive 
symptoms during the last 2 weeks, which contains 9 
items. The total score (0 to 27 points) was divided into 
a dichotomous variable with a critical value of 4 points.

Statistical Analyses
All statistical analyzes were conducted using SPSS version 
23.0 (SPSS, Chicago, IL, USA). Continuous variables of the 
normal distribution in present study were represented as 
mean and standard deviation (SD), while categorical vari-
ables were summarized using frequencies (n) and percen-
tages (%). Two independent sample t-test, and Chi-square 
tests were used to assess the demographic characteristics 
stratified by sleep duration. ANOVA was performed to assess 
the differences in levels of inflammatory factors between 
chronotype. The generalized linear models we performed 
were to investigate the relationships between sleep duration, 
chronotype and inflammatory factors. We also introduced the 
interactive terms of sleep duration * chronotype. Regression 
coefficients were measured for the explanatory factors, 
adjusting for age, self-rated health, physical activity, after-
noon napping and depressive symptoms. Existing findings 
showed that E-types were characterized by late bedtimes and 
greater physical and mental activity in the evening and cause 
more sleep problems, worse sleep quality, and more beha-
vioral problems compared to M-types. Therefore, the heal-
thier group, M-types were recognized as the control 
group.30,31 All statistical tests were two-sided and signifi-
cance was set at p<0.05.

Results
Participant Characteristics
Table 1 manifests the demographic descriptive information 
of 723 participants (32.9% males and 67.1% females) aged 
16–26 years old (M=18.68, SD=0.99). Of the 723 partici-
pants, the proportion of sleep insufficiency were 56.2%. 
The proportions of M-types, N-types and E-types were 
14.8%, 74.8% and 10.4% among college students. 
Nevertheless, no sex-based difference was found in sleep 
duration (p=0.955). There were no significant differences 
on BMI (p=0.080), residential area (p=0.202), any siblings 
(p=0.717), self-reported family economy (p=0.361), par-
ental educational level (p=0.944; p=0.464), cigarette use 
(p=0.185) and alcohol use (p=0.942) between different 
groups of sleep duration. College students with higher 
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Table 1 Characteristics of the Study Sample

Variables Total Sample 
(n=723)

Sleep Sufficiency 
(n=317)

Sleep Insufficiency 
(n=406)

χ2/t value P value

Gender

Male 238 (32.9) 104 (43.7) 134 (56.3) 0.003 0.955

Female 485 (67.1) 213 (43.9) 272 (56.1)
Age, mean±SE 18.68±0.99 18.81±1.07 18.57±0.90 3.257 0.001

BMI, mean±SE 20.73±2.59 20.54±2.22 20.84±2.84 −1.752 0.080

Residential area

Rural 407 (56.3) 170 (41.8) 237 (58.2) 1.630 0.202
Urban 316 (43.7) 147 (46.5) 169 (53.5)

Any siblings
No 185 (25.6) 79 (42.7) 106 (57.3) 0.132 0.717
Yes 538 (74.4) 238 (44.2) 300 (55.8)

Self-reported family economy

Low 160 (22.1) 75 (46.9) 85 (53.1) 2.040 0.361
Medium 525 (72.6) 229 (43.6) 296 (56.4)

High 38 (5.3)

Self-rated health

High 435 (60.1) 208 (47.8) 227 (52.2) 11.242 0.004
Medium 265 (36.7) 105 (39.6) 160 (60.4)

Low 23 (3.2) 4 (17.4) 19 (82.6)

Father’s education level

Primary school and below 160 (22.1) 72 (45.0) 88 (55.0) 0.114 0.944
Middle school 350 (48.4) 152 (43.4) 198 (56.6)
Senior high school and above 213 (29.5) 93 (43.7) 120 (56.3)

Mother’s education level

Primary school and below 322 (44.5) 140 (43.5) 182 (56.5) 1.534 0.464
Middle school 249 (34.5) 104 (41.8) 145 (58.2)
Senior high school and above 152 (21.0) 73 (48.0) 79 (52.0)

Cigarette use
No 678 (93.8) 293 (43.2) 385 (56.8) 1.755 0.185
Yes 45 (6.2) 24 (53.3) 21 (46.7)

Alcohol use

No 567 (78.4) 249 (43.9) 318 (56.1) 0.005 0.942
Yes 156 (21.6) 68 (43.6) 88 (56.4)

Physical activity

High 212 (29.3) 49 (42.2) 67 (57.8) 16.263 <0.001
Medium 395 (54.6) 151 (38.2) 244 (61.8)
Low 116 (16.1) 117 (55.2) 95 (44.8)

Afternoon napping
Yes 631 (87.3) 263 (41.7) 368 (58.3) 9.442 0.002
No 92 (12.7) 54 (58.7) 38 (41.3)

Depressive symptoms

No 433 (59.9) 208 (48.0) 225 (52.0) 7.704 0.006
Yes 290 (40.1) 109 (37.6) 181 (62.4)

(Continued)
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age, lower self-rated health status, having a nap habit, 
lower level of physical activity or suffering from depres-
sive symptoms were more likely to experience sleep insuf-
ficiency (p<0.05). The mean level of IL-1β, IL-6, TNF-α 
and IL-10 were 0.32±0.26 pg/mL, 0.72±0.32 pg/mL, 0.77 
±0.21 pg/mL and 1.92±0.31 pg/mL, respectively. There 
were statistical differences in the levels of all inflamma-
tory cytokines in this study among sleep duration.

The Comparison of Inflammatory 
Cytokines Among Different Groups of 
Sleep Duration or Chronotype
Figure 1 shows the comparison of inflammatory cytokines 
among different groups of sleep duration or chronotype. 
There were statistical differences in the levels of IL-1β, 
IL-6, TNF-α and IL-10 in this study among different 
groups of sleep duration or chronotype (p<0.05). Further, 
the levels of IL-1β, IL-6 and TNF-α and IL-10 were 
significant higher in sleep insufficiency and E-types group.

Generalized Linear Model Analysis of 
Sleep Duration, Chronotype and 
Inflammatory Cytokines
Table 2 describes the results of sleep duration, chronotype 
and inflammatory cytokines analysis using the generalized 
linear model. The results indicated that inflammatory cyto-
kines were statistically positively correlated with sleep 
duration or chronotype. After controlling for age, self- 
rated health, physical activity, afternoon napping, and 
depressive symptoms, the level of inflammatory cytokines 
were higher in sleep insufficiency group (IL-1β: B=0.064, 

p=0.001; TNF-α: B=0.042, p=0.008; IL-10: B=0.089, 
p<0.001). The levels of inflammatory cytokines were 
higher in E-types (IL-1β: B=0.096, p=0.013; IL-6: 
B=0.125, p=0.009).

The interaction effects of sleep duration and chrono-
type on inflammatory cytokines are shown in Table 2. 
Crude and adjusted models showed that among college 
students sleep duration and chronotype had a positive 
multiplicative interaction effect on inflammatory cyto-
kines. Compared to the reference group (sleep sufficiency 
and M-types), students with sleep insufficiency and 
N-types were more likely to be with higher levels of 
inflammatory markers including IL-1β (B=0.144, 
p=0.008), IL-6 (B=0.197, p=0.003), TNF-α (B=0.140, 
p=0.001) and IL-10 (B=0.190, p=0.004).

Generalized Linear Models of the 
Associations Between Chronotype and 
Inflammatory Cytokines Stratified by 
Sleep Duration
Figure 2 shows the results of the generalized linear models 
of the connections between chronotype and inflammatory 
cytokines stratified by sleep duration. E-types were statis-
tically positively correlated with the levels of inflamma-
tory markers in students with sleep insufficiency. After 
controlling for age, self-rated health, physical activity, 
afternoon napping, and depressive symptoms, N-types 
(IL-1β: B=0.117, p=0.004; IL-6: B=0.161, p=0.001; 
TNF-α: B=0.107, p=0.001; IL-10: B=0.135, p=0.003) 
and E-types (IL-1β: B=0.139, p=0.006; IL-6: B=0.201, 
p=0.001; TNF-α: B=0.119, p=0.003; IL-10: B=0.146, 

Table 1 (Continued). 

Variables Total Sample 
(n=723)

Sleep Sufficiency 
(n=317)

Sleep Insufficiency 
(n=406)

χ2/t value P value

Chronotype

M-types 107 (14.8) 65 (60.7) 42 (39.3) 20.353 <0.001
N-types 541 (74.8) 231 (42.7) 310 (57.3)

E-types 75 (10.4) 21 (28.0) 54 (72.0)

Inflammatory cytokines, mean±SE

IL-1β 0.32±0.26 0.27±0.26 0.36±0.25 −4.418 <0.001
IL-6 0.72±0.32 0.70±0.34 0.74±0.30 −1.997 0.046

TNF-α 0.77±0.21 0.74±0.22 0.79±0.20 −3.549 <0.001

IL-10 1.92±0.31 1.86±0.33 1.97±0.29 −4.742 <0.001

Note: Inflammatory factors were log-transformed before analysis. 
Abbreviations: SE, Standard Error; BMI, body mass index; M-types, Morning-types; N-types, Neutral -types; E-types, Evening-types; IL-1β, interleukin-1β; IL-6, interleukin- 
6; TNF-α, tumor necrosis factor-α; IL-10, interleukin-10.
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p=0.012) were statistically positively correlated with the 
level of inflammatory markers in college students reported 
sleep insufficiency.

Discussion
As far as we know, this is the first study to investigate the 
independent effects of sleep duration, chronotype and com-
bination of them in relation to inflammation in college stu-
dents’ crowd. The findings suggested that sleep insufficiency 
and E-types were positively related to the level of inflamma-
tory markers. Furthermore, we confirmed the interaction 
effects of sleep insufficiency and E-types on the level of 
inflammatory markers among Chinese college students. The 
paradox is that sleep duration and chronotype were positively 
associated with IL-10, which is considered an anti- 
inflammatory cytokine under most circumstances.

We observed that 56.2% of participants reported sleep 
insufficiency, which was lower than in previous studies.32 

Furthermore, the proportion of M-types, N-types and 
E-types among college students was 14.8%, 74.8% and 
10.4%, respectively. Similarly, in another investigation of 
1st-year college students, the distribution of chronotype 
also got consistent results.33 Moreover, the percentage of 
sleep insufficiency in E-types students was 72.0%, which 
was higher than that of M-types (39.7%) and N-types 
(57.3%). The current results were compatible with for-
merly covered in Korean adolescents as well.34

College students should represent a specially and huge 
group in society. The lifestyles developed during college 
period could have a broad and profound impact on health 
such as immune system.1 Inflammation underlies widely 
various physiological and pathological processes.35 

Inflammation mechanism is an important defense mechan-
ism for the body to restore homeostasis and tissue function 
and exists in most non-communicable chronic diseases.36 

The present study indicated that sleep insufficiency was 

Figure 1 The comparison of inflammatory cytokines among different groups of sleep duration or chronotype. 
Notes: Results are presented as mean and standard deviation, (A–D) show the difference in the levels of IL-1β, IL-6, TNF-α and IL-10 between sufficient sleep group and 
insufficient sleep group, (E–H) show the difference in the levels of IL-1β, IL-6, TNF-α and IL-10 among different chrontype; inflammatory cytokines were log-transformed 
before analysis; *P<0.05, **P<0.01. 
Abbreviations: IL-1β, interleukin-1β; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; IL-10, interleukin-10; M-types, Morning-types; N-types, Neutral-types; E-types, 
Evening-types.
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Table 2 Generalized Linear Models of Sleep Duration, Chronotype and Inflammatory Cytokines

Inflammatory Cytokines Crude Model Adjusted Model

B 95% CI P value B 95% CI P value

IL-1β Sleep Duration
≥ 7 h Ref. Ref.

< 7 h 0.085 0.048–0.123 <0.001 0.064 0.026–0.102 0.001

Chronotype

M-types Ref. Ref.

N-types 0.072 0.019–0.126 0.008 0.046 −0.007–0.100 0.091
E-types 0.131 0.055–0.208 0.001 0.096 0.020–0.173 0.013

Sleep Duration * Chronotype

Sleep insufficiency* N-types 0.150 0.043–0.258 0.006 0.144 0.038–0.250 0.008

Sleep insufficiency* E-types 0.113 −0.049–0.274 0.173 0.092 −0.067–0.251 0.257

IL-6 Sleep duration
≥ 7 h Ref. Ref.

< 7 h 0.048 0.001–0.094 0.046 0.024 −0.023–0.071 0.316

Chronotype

M-types Ref. Ref.

N-types 0.079 0.014–0.145 0.018 0.054 −0.012–0.120 0.110
E-types 0.158 0.065–0.251 0.001 0.125 0.031–0.220 0.009

Sleep Duration * Chronotype

Sleep insufficiency* N-types 0.201 0.068–0.334 0.003 0.197 0.065–0.328 0.003

Sleep insufficiency* E-types 0.132 −0.067–0.331 0.194 0.113 −0.083–0.310 0.258

TNF-α Sleep Duration
≥ 7 h Ref. Ref.

< 7 h 0.055 0.025–0.086 <0.001 0.042 0.011–0.073 0.008

Chronotype

M-types Ref. Ref.
N-types 0.050 0.007–0.093 0.022 0.033 −0.011–0.076 0.142

E-types 0.079 0.017–0.140 0.012 0.055 −0.007–0.117 0.084

Sleep Duration * Chronotype

Sleep insufficiency* N-types 0.141 0.054–0.228 0.001 0.140 0.054–0.226 0.001

Sleep insufficiency* E-types 0.141 0.011–0.272 0.034 0.128 −0.001–0.258 0.052

IL-10 Sleep duration
≥ 7 h Ref. Ref.

< 7 h 0.110 0.065–0.156 <0.001 0.089 0.043–0.135 <0.001

Chronotype

M-types Ref. Ref.
N-types 0.074 0.009–0.138 0.026 0.039 −0.026–0.104 0.240

E-types 0.112 0.020–0.204 0.018 0.066 −0.027–0.159 0.162

Sleep duration * Chronotype

Sleep insufficiency* N-types 0.194 0.064–0.324 0.003 0.190 0.062–0.318 0.004

Sleep insufficiency* E-types 0.198 0.003–0.394 0.047 0.184 −0.008–0.376 0.061

Notes: Crude model was not adjusted by any variables, adjusted model was adjusted by age, self-rated health, physical activity, afternoon napping, and depressive symptoms; 
Sleep duration * Chronotype indicated the multiplicative interaction between sleep duration and chronotype; inflammatory factors were log-transformed before analysis. 
Abbreviations: B, regression coefficient; CI, confidence interval; IL-1β, interleukin-1β; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; IL-10, interleukin-10; M-types, 
Morning-types; N-types, Neutral -types; E-types, Evening-types.
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related to higher levels of inflammatory factors including 
IL-1β, TNF-α and IL-10, which is consistent with other 
studies.37,38 In addition, we also found that E-types were 
statistically related to higher levels of IL-1β and IL-6. Yet 
little research has examined the effect of chronotype on 
inflammation in college students. Recently, there was 
a pilot study on the role of inflammatory factors in sleep, 
circadian preference, and health found that in adolescents 
with higher CRP, shorter sleep duration was associated 
with greater emotional health risks; however, among ado-
lescents with higher IL-6, small effect size simple slopes 
were observed between evening preference and behavior.39

A major finding of this present research was that N-types 
and E-types were only associated with elevated levels of 
inflammatory factors in college students with insufficient 
sleep. Short sleep duration has been proved to be with sys-
temic Inflammation in young adults.40,41 Sleep duration and 
chronotype are interconnected. A large school-based study 
showed that none of the chronotype met the minimum recom-
mended amount of sleep duration on school nights; and 
E-types had shorter school day sleep duration than M-types, 
with N-types displaying a moderate sleep duration between 
these two extremes.42 Perhaps this is why compare to M-types, 
N-types and E-types were only associated with elevated levels 
of inflammatory factors, and the correlation sizes of N-types 
on inflammatory factors were lower than those of E-types. 
Insufficient sleep is strongly associated with sympathetic acti-
vation, and elevated levels of epinephrine and norepinephrine 

could be served as its evidence.43,44 The changes in the levels 
of these two nerve mediators may be caused in part by stimu-
lation of leukocyte adrenergic receptors and activation of 
nuclear factor (NF)-κB-mediated NLRP3 inflammasome 
inflammatory signaling pathways.45,46 Likewise, it has been 
posited that circadian rhythm disorder triggers an immune 
cascade that eventually activates inflammatory factors, which 
are general markers of systemic inflammation.47 For this rea-
son, the results of this study further support the proposal that 
sleep is related to inflammation. Future research should 
explore the associations of sleep insufficiency and chronotype 
with activation of the sympathetic nervous system.

In the present investigation, it was extraordinary that 
insufficient sleep or E-types was associated with higher 
levels of IL10, and IL-10 was considered to be an anti- 
inflammatory cytokine in most instances. Nevertheless, 
some studies have also found contradictory results for IL- 
10.48 However, similar results were obtained when the cir-
cadian rhythm was disturbed. IL-10 was decreased due to 
circadian misalignment in a randomized controlled trial of 
adults in the United States.49 One potential explanation is that 
IL-10 may require cofactors to function as an anti- 
inflammatory mediator.50 Moreover, IL-10 has different sig-
naling mechanism pathways for each subset of immune 
cells.51 Recently, the possibility of pro-inflammation of IL- 
10 has been reported. For example, when used during cancer 
treatment, it may be pro-inflammatory.52 Thus, additional 
rigorous scientific research is needed to better clarify the 

Figure 2 Generalized linear models of the associations between chronotype and inflammatory cytokines stratified by sleep duration. 
Notes: The black icon indicated the sufficient sleep group (≥7 h), the gray icon indicated the insufficient sleep group (<7 h); crude model was not adjusted by any variables, 
adjusted model was adjusted by age, self-rated health, physical activity, afternoon napping, and depression; inflammatory factors were log-transformed before analysis. 
Abbreviations: CI, confidence interval; IL-1β, interleukin-1β; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; IL-10, interleukin-10; M-types, Morning-types; N-types, 
Neutral-types; E-types, Evening-types.
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potential and vital role of IL-10 in the relationship between 
sleep and immune system.

One of the advantages of the present study was 
a multitude of sample of Chinese college students as partici-
pants, which may cause our findings more compelling. 
Moreover, we explored the interactions between sleep dura-
tion and chronotype on the level of inflammation, and further 
stratified by sleep duration, which more accurately estimate 
the relationship of them. Last but not least, we analyzed the 
relationships between a variety of inflammatory biomarkers, 
not just one, sleep duration and chronotype that make the 
results more convincing. Nonetheless, the following restric-
tions were recognized in this research. Firstly, our research 
was not a longitudinal study that has limitation in determin-
ing the causal relationship of sleep duration, chronotype and 
inflammation among college students. Our research is still 
ongoing and further longitudinal analysis will be performed 
in the future. Secondly, data of sleep pattern were based on 
subjective responses of college students, which were not able 
to avoid recall bias. Further studies should be undertaken, 
including more objective measures of sleep patterns such as 
polysomnography and actigraphy.

Conclusion
Our findings suggested that sleep insufficiency, N-types 
and E-types were positively associated with inflammation. 
In addition, N-types and E-types were particularly related 
to inflammation factors among Chinese college students 
with sleep insufficiency. Inflammation may be an inter-
mediate mechanism between sleep and health in college 
students. The present findings should be replicated in long-
itudinal studies to determine the direction of this associa-
tion. Our study provides evidence that maintaining 
a healthy sleep pattern, such as getting enough sleep 
duration and maintaining a healthy routine, are advanta-
geous to healthy development in college students.

Abbreviations
BMI, body mass index; B, regression coefficient; CI, con-
fidence interval; IL-10, interleukin-10; IL-1β, interleukin- 
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