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Objective. To study the association between sleep duration and the incidence of type 2 diabetes mellitus (T2DM) and to provide a
theoretical basis for the prevention of T2DM through a meta-analysis. Methods. PubMed, Web of Science, Scopus, Embase,
Cochrane Library, ProQuest, CNKI, Wanfang, VIP, and SINOMED were searched from their inception until May 2020. All
cohort studies on the relationship between sleep duration and T2DM in adults were included. According to the inclusion and
exclusion criteria, two authors independently assessed the literature and extracted the data. Metaregression and publication bias
were evaluated, and sensitivity and meta-analyses were conducted with RevMan 5.3. Results. A total of 17 studies were collected,
involving 737002 adults. The incidence of T2DM was 4.73% in short sleep duration (SSD) (¢ <6h), 4.39% in normal sleep
duration (NSD) (6h <t <9h), and 4.99% in long sleep duration (LSD) (f>9h). The meta-analysis demonstrated that SSD
increased the risk of T2DM compared with NSD (RR =1.22, 95% CI: 1.15-1.29, P < 0.001), LSD increased the risk of T2DM
compared with NSD (RR =1.26, 95% CI: 1.15-1.39, P < 0.001), and the risk of T2DM has no significant difference between SSD
and LSD (RR =0.97, 95% CI: 0.89-1.05, P = 0.41). The sensitivity of each study was robust and the publication bias was weak.

Conclusion. SSD or LSD can increase the risk of T2DM.

1. Introduction

Diabetes mellitus (DM) is an epidemic disease in recent
years. According to the International Diabetes Federation
Diabetes Atlas Ninth Edition published in 2019, it is esti-
mated that 463 million adults (aged between 20 and 79
years) have DM worldwide, and the prevalence has
reached 9.3%. This number is expected to reach 578 mil-
lion (10.2%) by 2030 and 700 million (10.9%) by 2045
[1]. With the aging of the population and the change of
lifestyle in China, DM has become an epidemic. The prev-
alence of DM has soared from 0.67% in 1980 to 10.4% in
2013 [2]. China has 116.4 million people with DM nowa-
days. In 2019, 0.83 million patients died of DM and com-
plications in China [1].

DM is one of the leading causes of retinopathy, vascular
disease, neuropathy, amputation, heart disease, kidney fail-
ure, and premature death [3]. There are many risk factors
for type 2 diabetes mellitus (T2DM), such as genetic factors
and an unhealthy lifestyle. Studies have shown that sleep
quality and sleep duration are also risk factors for T2DM
[4-6]. However, relevant research conclusions are inconsis-
tent. Some systematic reviews have indicated that short sleep
or long sleep are risk factors for T2DM in adult [7-10] and
risk factors for gestational diabetes mellitus in pregnant
women [11-13]. However, studies for adults have not been
updated in time. Therefore, we have conducted a meta-
analysis of cohort studies to exhibit the relationship between
sleep duration and T2DM in adults to provide the basis for
primary prevention of T2DM.
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#4 #1 AND #2 AND #3

#1 TS= (sleep duration) OR TS= (sleep amount) OR TS= (length of sleep)
#2 TS= (diabetes) OR TS= (diabetes mellitus)
#3 TS= (cohort stud*) OR TS= (concurrent studs) OR TS= (cohort analy)

Box 1: Search strategy in Web of Science.

4 articles identified through manual
g 1536 articles identified from . . & .
2 . inspection of references of included
= electronic databases * . K
S studies and reviews
i
L
- ¥
1540 total articles retrieved
for analysis
= . .
E 4>| 325duplicate articles
§ v
3 1215 articles sereened based
on title and abstract
1121 articles excluded based
on abstract information
v
=y .
= 94full-text articles assessed
= C e
‘B for eligibility
5
77 full-text articles excluded
33 review articles
23 reported incomplete data
12 commentaries
2 5 case reports
E 4 duplicate reports
é v
17 studies included in the
meta-analysis

FIGURE 1: Summary of the literature identification and selection process. * signifies Web of Science (442), PubMed (209), Scopus (490),
Embase (117), Cochrane (71), ProQuest (34), CNKI (80), WanFang (61), VIP (10), and SinoMed (22).

2. Methods

2.1. Literature Search. We followed the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
guidelines in conducting this systematic review and meta-
analysis [14]. We performed a serial literature search for
English and non-English papers from inception to May
2020. We have systemically searched the Web of Science Core
Collection (Science Citation Index Expanded: 1900-present;
Social Sciences Citation Index: 1900-present; Arts & Human-
ities Citation Index: 1975-present; Conference Proceedings
Citation Index—Science: 1996-present; Conference Proceed-
ings Citation Index—Social Science & Humanities: 1996-pres-
ent; and Emerging Sources Citation Index: 2015-present),
PubMed, Scopus, Embase, the Cochrane Library, China
National Knowledge Infrastructure (CNKI), Wanfang, VIP
database, and SINOMED from inception to the present. We
used the Boolean logic with search terms including “sleep
duration,” “sleep amount,” “length of sleep,” “diabetes,” “dia-
betes mellitus,” “cohort stud*,” “concurrent stud*,” and

“cohort analy*.” To search for all terms that begin with a word,
enter the word followed by an asterisk. Box 1 provides the
detailed search strategy for the Web of Science.

2.2. Study Eligibility and Selection Criteria. Two authors inde-
pendently determined study eligibility. Any differences in
opinion about eligibility were resolved through another
author as a third-party consensus. The inclusion criteria were
as follows: (1) cohort studies on the relationship between
sleep duration and T2DM in adults, (2) reported sleep dura-
tion, (3) diagnosed T2DM, and (4) published English and
non-English papers. Studies were not included if (1) they
are cross-sectional studies, case-control studies, case reports,
and review commentaries; (2) they do not report the inci-
dence of T2DM; (3) they have participants < 10; (4) the sub-
jects were special groups, such as pregnant women and
patients after organ transplantation; (5) sleep duration was
not reported clearly; (6) they were a duplicate report; and
(7) they reported incomplete data and the relevant data were
not available.
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TaBLE 2: Quality of included studies.

Selection Comparabilit Outcome
Study 1 2 3 4 5A ! 5% 6 7 8
Asante et al. (2020) [18] Y Y Y Y Y Y Y Y Y
Maskarinec et al. (2018) [19] Y Y Y Y Y Y Y Y Y
Kim et al. (2017) [20] Y Y Y Y Y Y Y Y Y
Han et al. (2016) [21] Y Y Y Y Y Y Y Y N
Leng et al. (2016) [22] Y Y Y Y Y Y Y Y N
Song et al. (2016) [23] N Y Y Y Y Y Y Y Y
Ding et al. (2015) [24] Y Y Y Y Y Y Y Y Y
Lou et al. (2015) [25] Y Y Y Y Y Y Y Y Y
Gao et al. (2014) [26] Y Y Y Y N N Y Y N
Heianza et al. (2014) [27] Y Y Y Y Y Y Y Y N
Boyko et al. (2013) [28] N Y Y Y Y Y Y Y N
Li et al. (2011) [29] Y Y Y Y Y Y Y Y Y
Xu et al. (2010) [30] Y Y Y Y Y Y Y Y N
Beihl et al. (2009) [31] Y Y Y Y Y Y Y Y N
Tuomilehto et al. (2009) [32] N Y Y Y Y Y Y Y N
Mallon et al. (2005) [33] Y Y Y Y Y Y Y Y Y
Ayas et al. (2003) [34] Y Y Y Y Y Y Y Y N
Y: yes; N: no.
SSD NSD Risk Ratio Risk Ratio

Study or Subgroup ~ Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

Ayas et al. 2003 698 20868 1153 45937 9.1% 1.33 [1.21, 1.46] 2003 -

Mallon et al. 2005 12 82 72 1063 1.0% 2.16 [1.22,3.81] 2005

Beihl et al. 2009 64 361 75 514 2.9% 1.21 [0.90, 1.65] 2009 N

Tuomilehto et al. 2009 19 47 68 222 1.9% 1.32[0.89, 1.97] 2009 T

Xu et al. 2010 3817 56993 5965 111731 11.0% 1.25[1.21, 1.30] 2010 '

Lietal. 2011 27 752 41 2052 1.4% 1.80 [1.11, 2.90] 2011 -

Boyko et al. 2013 461 38198 362 38357 7.3% 1.28 [1.12, 1.47] 2013 -

Gao et al. 2014 786 14305 2242 45411 9.7% 1.11 [1.03, 1.20] 2014 "

Heianza et al. 2014 534 8862 1457 28521 9.0% 1.18 [1.07, 1.30] 2014 -

Ding et al. 2015 151 8908 697 46434 59% 1.13 [0.95, 1.34] 2015 I

Lou et al. 2015 102 2188 181 7137 4.1% 1.84 [1.45,2.33] 2015 -

Song et al. 2016 265 2955 3156 37533 8.0% 1.07 [0.95, 1.20] 2016 ™

Han et al. 2016 82 1302 789 11492 4.6% 0.92 [0.74, 1.14] 2016 -

Leng et al. 2016 83 2826 160 8893 3.7% 1.63 [1.26, 2.12] 2016 -

Kim et al. 2017 154 3513 455 12665 5.8% 1.22 [1.02, 1.46] 2017 T

Maskarinec et al. 2018 3013 50922 4658 87698 10.9% 1.11 [1.07, 1.16] 2018 "

Asante et al. 2020 112 6596 121 7480 3.8% 1.05 [0.81, 1.35] 2020 T

Total (95% CI) 219678 493140 100.0% 1.22 [1.15, 1.29] ‘

Total events 10380 21652 . . . . . .

Heterogeneity: Tau? = 0.01; Chi? = 60.60, df = 16 (P < 0.00001); I> = 74% ' ' '
01 02 05 1 2 5 10
Test for overall effect: Z = 6.41 (P < 0.00001)

Favours (NSD) Favours (SSD)

F1GURE 2: Pooled results for the association between SSD and T2DM.

2.3. Definition of Variables and Outcomes. DM was definedas  of their sleep in whole hours at night. The usual sleep dura-
fasting glucose over 126 mg/dl or 2-hour postprandial glu-  tion was self-reported. Taking sleep duration 6 hours <t <9
cose (at a glucose tolerance test) over 200 mg/dl or if the sub-  hours as a reference, it is categorized as short sleep duration
jects were on diabetic drugs or insulin medication. The (SSD) (t <6 hours), normal sleep duration (NSD) (6 hours
number of hours of sleep was defined as the average length <t <9 hours), and long sleep duration (LSD) (¢ > 9 hours).
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SSD NSD

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.2.1 male and female
Beihl et al. 2009 64 361 75 514 3.3% 1.21 [0.90, 1.65] 2009 T
Tuomilehto et al. 2009 19 47 68 222 2.0% 1.32 [0.89, 1.97] 2009 T
Xu et al. 2010 3817 56993 5965 111731 17.0% 1.25[1.21, 1.30] 2010 '
Boyko et al. 2013 461 38198 362 38357 9.5% 1.28 [1.12, 1.47] 2013 -
Heianza et al. 2014 534 8862 1457 28521 12.6% 1.18 [1.07, 1.30] 2014 -
Ding et al. 2015 151 8908 697 46434 7.3% 1.13 [0.95, 1.34] 2015 ™
Leng et al. 2016 83 2826 160 8893 4.2% 1.63 [1.26, 2.12] 2016 -
Song et al. 2016 265 2955 3156 37533 10.7% 1.07 [0.95, 1.20] 2016 ™
Han et al. 2016 82 1302 789 11492 5.4% 0.92[0.74, 1.14] 2016 -
Kim et al. 2017 154 3513 455 12665 7.1% 1.22 [1.02, 1.46] 2017 ™
Maskarinec et al. 2018 3013 50922 4658 87698 16.7% 1.11 [1.07, 1.16] 2018 "
Asante et al. 2020 112 6596 121 7480 4.3% 1.05[0.81, 1.35] 2020 T
Subtotal (95% CI) 181483 391540 100.0% 1.17 [1.10, 1.25] )
Total events 8755 17963
Heterogeneity: Tau? = 0.01; Chi? = 32.16, df = 11 (P = 0.0007); I> = 66%
Test for overall effect: Z = 5.18 (P < 0.00001)
1.2.2 male
Mallon et al. (male) 2005 8 38 41 504 20.3% 2.59 [1.31, 5.12] 2005 -
Li et al. (male) 2011 13 301 17 986 19.7% 2.50 [1.23, 5.10] 2011 -
Gao et al. (male) 2014 676 11856 1832 34458 32.1% 1.07 [0.98, 1.17] 2014 =
Lou et al. (male) 2015 47 986 80 3241 27.9% 1.93 [1.36, 2.75] 2015 —
Subtotal (95% CI) 13181 39189 100.0% 1.79 [1.08, 2.95] -
Total events 744 1970
Heterogeneity: Tau? = 0.20; Chi? = 20.80, df = 3 (P = 0.0001); I = 86%
Test for overall effect: Z = 2.26 (P = 0.02)
1.2.3 female
Ayas et al. 2003 698 20868 1153 45937 73.5% 1.33 [1.21, 1.46] 2003 .
Mallon et al. (female) 2005 4 44 31 559 0.8% 1.64 [0.61, 4.43] 2005 T
Li et al. (female) 2011 14 451 24 1066 1.8% 1.38 [0.72, 2.64] 2011 N
Gao et al. (female) 2014 110 2449 410 10953 16.9% 1.20 [0.98, 1.47] 2014 ™
Lou et al. (female) 2015 55 1202 101 3896 7.1% 1.77 [1.28, 2.44] 2015 -
Subtotal (95% CI) 25014 62411 100.0% 1.34 [1.23, 1.46] ’
Total events 881 1719
Heterogeneity: Tau? = 0.00; Chi? = 4.09, df = 4 (P = 0.39); I> = 2%
Test for overall effect: Z = 6.62 (P < 0.00001)
0.1 0.2 05 1 2 5 10
Test for subgroup differences: Chi’ = 8.06, df = 2 (P = 0.02), I = 75.2% Favours (NSD)  Favours (SSD)

F1GURE 3: Gender subgroup analysis of the association between SSD and T2DM.

2.4. Data Abstraction and Validity Assessment. Data were
independently recruited from all included studies on a tem-
plate adopted from the Cochrane collaboration [15]. For all
studies, we extracted the first author, publication year, study
design, study location, study period, population, number of
T2DM, age, gender (male/female), and data acquisition.

2.5. Assessment of Risk Bias. The risk bias of the included
studies was independently assessed by two authors. The
cohort study was evaluated by the Newcastle-Ottawa Scale
(NOS), which included eight items, categorized into three
groups: the selection of study groups, comparability of
groups, and ascertainment of outcome [16]. Each study will
be evaluated by eight items, and high-quality choices were
identified with a star. There are a maximum of one star for
each high-quality item within the selection and outcome cat-
egories and a maximum of two stars for comparability.

2.6. Statistical Analysis. The meta-analyses were conducted
using Review Manager software, version 5.3 (https://
community.cochrane.org/help/tools-and-software/revman-

5). Dichotomous outcomes eligible in each study are reported
as a risk ratio (RR) with an estimated 95% confidence interval
(CI). Continuous outcomes are shown as the weighted mean
difference (WMD) with the 95% CI, which were calculated
from the mean, standard deviation (SD), P value, and sample
size in each study. Heterogeneity was assessed using Higgins
I?, which evaluates the percentage of total variation across
studies that were due to heterogeneity rather than by chance.
Thus, if I* > 50%, which was considered to reflect substantial
heterogeneity, a random effect model was used. If I? < 50%,
which was considered to reflect no heterogeneity, a fixed
effect model was employed. The chi-square tests were also
used to evaluate the heterogeneity: P < 0.1 indicates hetero-
geneity, while P> 0.1 indicates no heterogeneity. Based on
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Test for subgroup differences: Chi = 1.94, df = 3 (P = 0.59), P =0%
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SSD NSD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.3.1 Asia
Li2011 27 752 41 2052 4.7% 1.80 [1.11, 2.90] 2011 -
Heianza et al. 2014 534 8862 1457 28521 19.1% 1.18 [1.07, 1.30] 2014 N
Gao et al. 2014 786 14305 2242 45411 19.9% 1.11 [1.03, 1.20] 2014 l
Lou et al. 2015 102 2188 181 7137 11.5% 1.84 [1.45, 2.33] 2015 -
Han et al. 2016 82 1302 789 11492 12.4% 0.92 [0.74, 1.14] 2016 -
Song et al. 2016 265 2955 3156 37533 17.8% 1.07 [0.95, 1.20] 2016 ™
Kim et al. 2017 154 3513 455 12665 14.5% 1.22 [1.02, 1.46] 2017 N
Subtotal (95% CI) 33877 144811 100.0% 1.20 [1.07, 1.35] ’
Total events 1950 8321
Heterogeneity: Tau? = 0.02; Chi? = 25.21, df = 6 (P = 0.0003); I = 76%
Test for overall effect: Z = 3.01 (P = 0.003)
1.3.2 America
Ayas et al. 2003 698 20868 1153 45937 21.7% 1.33[1.21, 1.46] 2003 *
Beihl et al. 2009 64 361 75 514 5.7% 1.21 [0.90, 1.65] 2009 T
Xu et al. 2010 3817 56993 5965 111731 28.5% 1.25[1.21, 1.30] 2010 u
Boyko et al. 2013 461 38198 362 38357 16.2% 1.28 [1.12, 1.47] 2013 -
Maskarinec et al. 2018 3013 50922 4658 87698 27.9% 1.11 [1.07, 1.16] 2018 u
Subtotal (95% CI) 167342 284237 100.0% 1.23[1.14, 1.33] ’
Total events 8053 12213
Heterogeneity: Tau® = 0.01; Chi? = 21.24, df = 4 (P = 0.0003); I = 81%
Test for overall effect: Z = 5.07 (P < 0.00001)
1.3.3 Europe
Mallon et al. 2005 12 82 72 1063  15.8% 2.16 [1.22, 3.81] 2005 -
Tuomilehto et al. 2009 19 47 68 222 22.9% 1.32[0.89, 1.97] 2009 AL
Leng et al. 2016 83 2826 160 8893 30.5% 1.63 [1.26, 2.12] 2016 -
Asante et al. 2020 112 6596 121 7480 30.9% 1.05 [0.81, 1.35] 2020 -
Subtotal (95% CI) 9551 17658 100.0%  1.42[1.06, 1.89] <&
Total events 226 421
Heterogeneity: Tau? = 0.05; Chi® = 8.47, df = 3 (P = 0.04); > = 65%
Test for overall effect: Z = 2.37 (P = 0.02)
1.3.4 Oceania
Ding et al. 2015 151 8908 697 46434 100.0% 1.13 [0.95, 1.34] 2015 !
Subtotal (95% CI) 8908 46434 100.0% 1.13 [0.95, 1.34]
Total events 151 697
Heterogeneity: Not applicable
Test for overall effect: Z=1.37 (P=0.17)
0.1 0.2 05 1 2 5 10

Favours (NSD)  Favours (SSD)

FIGURE 4: Regional subgroup analysis of the association between SSD and T2DM.

clinical knowledge, the study location and study period were
considered to be responsible for heterogeneity, and so, these
parameters were set as covariates in the meta-regression.
Funnel plots judged the publication biases, and a P <0.05
was considered statistically significant [17].

2.7. IRB Approval. This meta-analysis study was approved by
the institutional review board of the Department of Hepato-
biliary and Pancreas Surgery, The First Affiliated Hospital,
X{i’an Jiaotong University.

3. Results

3.1. Eligible Studies. A total of 1540 studies were identified,
and 325 duplicated articles were excluded. One thousand
one hundred and twenty-one studies were excluded after

screening the title and abstract. After full-text screening, an
additional 77 studies were excluded due to the following cri-
teria: review article (n=33), reported incomplete data
(n=23), commentary (n=12), case report (n=5), and
duplicate report (n=4). Finally, seventeen cohort studies
were included in the present meta-analysis [18-34]. Among
them, fifteen were in English [18-25, 27, 28, 30-34] and
two were in Chinese [26, 29]. The flow chart of the study
selection is summarized in Figure 1.

3.2. Study Characteristics. A total of 17 studies were selected
for inclusion in this meta-analysis [18-34], with 737002 peo-
ple. Among them were five each from China [21, 23, 25, 26,
29], and the United States [19, 28, 30, 31, 34], and one study
each from Norway [18], South Korea [20], Britain [22], Aus-
tralia [24], Japan [27], Finland [32], and Sweden [33]. Four
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LSD NSD Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

Ayaset al. 2003 118 3221 1153 45937 7.7% 1.46 [1.21, 1.76] 2003 -

Mallonet al. 2005 4 25 72 1063  0.9% 2.36 [0.94, 5.96] 2005 |

Tuomilehtoet al. 2009 95 246 68 222 6.0% 1.26 [0.98, 1.62] 2009 T

Beihl et al. 2009 7 35 75 514 1.5% 1.37 [0.68, 2.75] 2009 -

Xu etal. 2010 348 5620 5965 111731 9.8% 1.16 [1.04, 1.29] 2010 ~

Lietal. 2011 8 227 41 2052 1.3% 1.76 [0.84, 3.72] 2011 N

Boyko et al. 2013 48 4010 362 38357 5.1% 1.27 [0.94, 1.71] 2013 I

Gao et al. 2014 56 999 2242 45411 5.9% 1.14 [0.88, 1.47] 2014 T

Heianza et al. 2014 94 1604 1457 28521 7.2% 1.15[0.94, 1.40] 2014 I

Lou et al. 2015 84 2150 181 7137 6.0% 1.54 [1.19, 1.99] 2015 -

Ding et al. 2015 101 3745 697 46434 7.1% 1.80 [1.46, 2.21] 2015 -

Han et al. 2016 252 3605 789 11492 9.0% 1.02 [0.89, 1.17] 2016 T

Leng et al. 2016 42 1335 160 8893 4.5% 1.75 [1.25, 2.44] 2016 T

Song et al. 2016 68 773 3156 37533 6.6% 1.05 [0.83, 1.32] 2016 T

Kim et al. 2017 55 1805 455 12665 5.6% 0.85[0.64, 1.12] 2017 T

Maskarinec et al. 2018 816 13071 4658 87698 10.5% 1.18 [1.09, 1.26] 2018 -

Asante et al. 2020 74 2982 121 7480 5.3% 1.53 [1.15, 2.04] 2020 _'_

Total (95% CI) 45453 493140 100.0% 126 [1.15, 1.39] ¢

Total events 2270 21652 . . . . .

T T T T T

Heterogeneity: Tau? = 0.02; Chi® = 48.01, df = 16 (P < 0.0001); I* = 67%

Test for overall effect: Z = 5.05 (P < 0.00001)
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F1GURE 5: Pooled results for the association between LSD and T2DM.

studies’ research subjects, those of Lou et al. [ 25]., Gao et al.
[26], Li et al. [29], and Mallon et al. [33] were analyzed inde-
pendently by gender. The research object of Ayas et al. is
male [34]. A summary of the included studies is presented
in Table 1.

3.3. Study Quality. The study quality for all 17 independent
studies is shown in Table 2.

4. Meta-Analysis Results

4.1. A Meta-Analysis of the Relationship between SSD and
T2DM. We have analyzed a total of 17 studies that involved
712818 participants [18-34]. The incidence of T2DM was
473% (10380/219678) in SSD (t<6h) and 4.39%
(21652/493140) in NSD (6 h <t <9h). There was high het-
erogeneity among the studies, and the random effect model
was used. Meta-analysis showed that the incidence of
T2DM in SSD was higher than that in NSD (RR=1.22,
95% CI: 1.15-1.29, P < 0.001) (Figure 2).

Subgroup analyses were performed among male [25, 26,
29, 33], female [25, 26, 29, 33, 34], and mixed male and
female [18-24, 27, 28, 30-32]. Meta-analysis showed that
the incidence of T2DM in SSD was higher than that in
NSD in the male subgroup (RR=1.79, 95% CI: 1.08-
2.95, P=0.02). Meta-analysis showed that the incidence
of T2DM in SSD was higher than that in NSD in female
subgroups (RR=1.34, 95% CI. 1.23-1.46, P <0.001).
Meta-analysis showed that the incidence of T2DM in
SSD was higher than that in NSD in the mixed male
and female subgroup (RR=1.17, 95% CI: 1.10-1.25, P <
0.001) (Figure 3).

Subgroup analyses were performed among the Asia
[20, 21, 23, 25-27, 29], America [19, 28, 30, 31, 34],
Europe [18, 22, 32, 33], and Oceania subgroups [24].
Meta-analysis showed that the incidence of T2DM in
SSD was higher than that in NSD in the Asia subgroup
(RR=1.20, 95% CI: 1.07-1.35, P=0.003). Meta-analysis
showed that the incidence of T2DM in SSD was higher
than that in NSD in the America subgroups (RR =1.23,
95% CI: 1.14-1.33, P <0.001). Meta-analysis showed that
the incidence of T2DM in SSD was higher than that in
NSD in the Europe subgroup (RR=1.42, 95% CIL: 1.06-
1.89, P=0.02) (Figure 4).

4.2. Meta-Analysis of the Relationship between LSD and
T2DM. We have analyzed a total of 17 studies that involved
538593 participants [18-34]. The incidence of T2DM was
4.99% (2270/45453) in LSD (t=9h) and 4.39%
(21652/493140) in NSD (6h < t <9h). There was high het-
erogeneity among the studies, and the random effect model
was used. Meta-analysis showed that the incidence of
T2DM in LSD was higher than that in NSD (RR=1.26,
95% CI: 1.15-1.39, P < 0.001) (Figure 5).

Subgroup analyses were performed among male [25, 26,
29, 33], female [25, 26, 29, 33, 34], and mixed male and
female [18-24, 27, 28, 30-32]. Meta-analysis showed that
the incidence of T2DM in LSD was higher than that in
NSD in the male subgroup (RR = 1.55, 95% CI: 1.08-2.21, P
=0.02). Meta-analysis showed that the incidence of T2DM
in LSD was higher than that in NSD in female subgroups
(RR=1.41, 95% CIL: 1.20-1.64, P <0.001). Meta-analysis
showed that the incidence of T2DM in LSD was higher than
that in NSD in the mixed male and female subgroup
(RR=1.22, 95% CI: 1.10-1.35, P =0.0001) (Figure 6).
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LSD NSD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year = M-H, Random, 95% CI
2.2.1 male and female
Beihl et al. 2009 7 35 75 514 1.9% 1.37[0.68,2.75] 2009 T
Tuomilehto etal. 2009 95 246 68 222 7.7% 1.26[0.98,1.62] 2009 N
Xu et al. 2010 348 5620 5965 111731 12.6% 1.16 [1.04,1.29] 2010 -
Boyko et al. 2013 48 4010 362 38357 6.4% 127[0.94,1.71] 2013 I
Heianza et al. 2014 94 1604 1457 28521 9.2% 1.15[0.94,1.40] 2014 ™
Ding et al. 2015 101 3745 697 46434 9.1% 1.80 [1.46,2.21] 2015 -
Han et al. 2016 252 3605 789 11492 11.5% 1.02[0.89,1.17] 2016 T
Leng et al. 2016 42 1335 160 8893  5.7% 1.75[1.25,2.44] 2016 -
Song et al. 2016 68 773 3156 37533 8.4% 1.05[0.83,1.32] 2016 T
Kim et al. 2017 55 1805 455 12665 7.1% 0.85[0.64,1.12] 2017 -
Maskarinec et al. 2018 816 13071 4658 87698 13.6% 1.18[1.09,1.26] 2018 -
Asante et al. 2020 74 2982 121 7480 6.8% 1.53[1.15,2.04] 2020 -
Subtotal (95% CI) 38831 391540 100.0% 1.22[1.10, 1.35] ¢
Total events 2000 17963
Heterogeneity: Tau? = 0.02; Chi? = 36.49, df = 11 (P = 0.0001); I? = 70%
Test for overall effect: Z = 3.87 (P = 0.0001)
2.2.2 male
Mallon et al. (male) 2005 1 3 41 504  3.5% 1.54[0.24,9.84] 2005
Li et al. (male) 2011 4 97 17 98  9.6% 2.39[0.82,6.97] 2011 ]
Gaoetal. (male) 2014 46 734 1832 34458 46.8% 1.18[0.89,1.56] 2014 T
Louetal (male) 2015 46 975 80 3241 40.1% 1.91[1.34,2.73] 2015 —a—
Subtotal (95% CI) 1814 39189 100.0%  1.55[1.08,2.21] >
Total events 97 1970
Heterogeneity: Tau? = 0.05; Chi® = 5.22, df = 3 (P = 0.16); I* = 43%
Test for overall effect: Z = 2.38 (P = 0.02)
2.2.3 female
Ayas et al. 2003 118 3221 1153 45937 71.0% 146 [1.21,1.76] 2003 : 3
Mallon et al. (female) 2005 3 17 31 559 2.1% 3.18[1.08,9.39] 2005
Li et al. (female) 2011 4 130 24 1066  2.3% 1.37[0.48,3.88] 2011 -
Gaoetal. (female) 2014 10 265 410 10953 6.5% 1.01[0.54,1.87] 2014 -1
Lou et al. (female) 2015 38 1175 101 3896 18.2% 1.25[0.86,1.80] 2015 T
Subtotal (95% CI) 4808 62411 100.0% 1.41 [1.20, 1.64] 2 2
Total events 173 1719
Heterogeneity: Tau? = 0.00; Chi? = 3.90, df = 4 (P = 0.42); I* = 0%
Test for overall effect: Z = 4.26 (P < 0.0001)

1 1 1 1 1 1

Test for subgroup differences: Chi? = 3.20, df = 2 (P = 0.20), I? = 37.6%
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FIGURE 6: Gender subgroup analysis of the association between LSD and T2DM.

Subgroup analyses were performed among the Asia [20,
21, 23, 25-27, 29], America [19, 28, 30, 31, 34], Europe [18,
22, 32, 33], and Oceania subgroups [24]. Meta-analysis
showed that the incidence of T2DM in LSD was higher than
that in NSD in the Asia subgroup (RR =1.12, 95% CI: 1.01-
1.25, P=0.03). Meta-analysis showed that the incidence of
T2DM in LSD was higher than that in NSD in the America
subgroups (RR=1.27, 95% CI. 1.12-1.44, P =0.0003).
Meta-analysis showed that the incidence of T2DM in LSD
was higher than that in NSD in the Europe subgroup
(RR =1.49, 95% CI: 1.24-1.79, P < 0.001) (Figure 7).

4.3. Meta-Analysis of SSD versus LSD for T2DM. There was
high heterogeneity among the studies, and the random effect
model was used. Meta-analysis showed that the incidence of

T2DM was not significantly different between SSD and LSD
(RR=0.97, 95% CI: 0.89-1.05, P = 0.41) (Figure 8).

4.4. Sensitivity Analyses. Sensitivity analyses of the associa-
tion between SSD, LSD, and T2DM were conducted. The
results indicated that the sensitivity of the association
between SSD and T2DM was robust after each study was
excluded one by one. The RR was 1.22 and 95% CI was
1.15-1.29 (Figure 9). The results indicated that the sensitivity
of the association between LSD and T2DM was robust after
each study was excluded one by one. The RR was 1.26 and
95% CI was 1.15-1.39 (Figure 10). When the Chinese litera-
ture was excluded, the meta-analysis results and heterogene-
ity did not change significantly. However, according to
gender subgroup analysis, the heterogeneity of the male
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LSD NSD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year = M-H, Random, 95% CI
2.3.1 Asian
Xu et al. 2010 348 5620 5965 111731 22.1% 1.16 [1.04, 1.29] 2010 *
Lietal 2011 8 227 41 2052 1.9% 1.76 [0.84, 3.72] 2011 N
Heianza et al. 2014 94 1604 1457 28521 13.9% 1.15 [0.94, 1.40] 2014 ™
Gao et al. 2014 56 999 2242 45411 10.5% 1.14 [0.88, 1.47] 2014 R
Lou et al. 2015 84 2150 181 7137 10.7% 1.54 [1.19, 1.99] 2015 -
Han et al. 2016 252 3605 789 11492 19.1% 1.02 [0.89, 1.17] 2016 T
Song et al. 2016 68 773 3156 37533 12.1% 1.05 [0.83, 1.32] 2016 T
Kim et al. 2017 55 1805 455 12665 9.7% 0.85[0.64, 1.12] 2017 T
Subtotal (95% CI) 16783 256542 100.0% 1.12 [1.01, 1.25] "
Total events 965 14286
Heterogeneity: Tau? = 0.01; Chi® = 14.10, df = 7 (P = 0.05); I> = 50%
Test for overall effect: Z =2.13 (P = 0.03)
2.3.2 America
Ayas et al. 2003 118 3221 1153 45937 27.5% 1.46 [1.21, 1.76] 2003 L
Beihl et al. 2009 7 35 75 514 32% 1.37 [0.68, 2.75] 2009 -1
Boyko et al. 2013 48 4010 362 38357 14.2% 1.27 [0.94, 1.71] 2013 I
Maskarinec et al. 2018 816 13071 4658 87698 55.2% 1.18 [1.09, 1.26] 2018 |
Subtotal (95% CI) 20337 172506 100.0% 1.27 [1.12, 1.44] ‘
Total events 989 6248
Heterogeneity: Tau? = 0.01; Chi® = 4.74, df = 3 (P = 0.19); > = 37%
Test for overall effect: Z = 3.66 (P = 0.0003)
2.3.3 Europe
Mallon et al. 2005 4 25 72 1063  3.8% 2.36 [0.94, 5.96] 2005 T
Tuomilehto et al. 2009 95 246 68 222 39.0% 1.26 [0.98, 1.62] 2009 i
Leng et al. 2016 42 1335 160 8893 24.9% 1.75 [1.25, 2.44] 2016 T
Asante et al. 2020 74 2982 121 7480 32.3% 1.53 [1.15, 2.04] 2020 i
Subtotal (95% CI) 4588 17658 100.0% 1.49 [1.24, 1.79] ‘
Total events 215 421
Heterogeneity: Tau? = 0.01; Chi? = 3.55, df = 3 (P = 0.31); P = 15%
Test for overall effect: Z = 4.30 (P < 0.0001)
2.3.4 Oceania
Ding et al. 2015 101 3745 697 46434 100.0% 1.80 [1.46, 2.21] 2015 !
Subtotal (95% CI) 3745 46434 100.0% 1.80 [1.46, 2.21]
Total events 101 697
Heterogeneity: Not applicable
Test for overall effect: Z = 5.57 (P < 0.00001)
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Test for subgroup differences: Chi% =19.12, df = 3 (P = 0.0003), I? = 84.3%
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FIGURE 7: Regional subgroup analysis of the association between LSD and T2DM.

subgroup and female subgroup decreased rapidly. The sensi-
tivity of each study was robust.

4.5. Metaregression for the Sleep Duration and T2DM. Metar-
egression analyses were performed in the meta-analysis of
the relationship between SSD and T2DM. The results indi-
cated that neither the study location (coefficient = 0.021, SE
=0.050, t=0.42, P=0.678, 95% CI: —0.085 to 0.127) nor
the study period (coefficient = 0.056, SE = 0.064, t =0.87, P
=0.398, 95% CI: —0.082 to 0.194) was responsible for this

heterogeneity. Other factors, such as age, cannot be fully
extracted from the text.

Metaregression analyses were performed in the meta-
analysis of the relationship between LSD and T2DM. Metar-
egression indicated that study location may have been
responsible for this heterogeneity (coefficient = 0.154, SE =
0.040, t=3.83, P=0.002, 95% CI: 0.068 to 0.239). And no
significant association was observed in the study period
(coefficient = 0.135, SE = 0.075, t =1.79, P =0.095, 95% CI:
—-0.027 to 0.297).
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Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year =~ M-H, Random, 95% CI

SSD LSD

Ayas et al. 2003 698 20868 118 3221 8.5%
Mallon et al. 2005 12 82 4 25 0.6%
Beihl et al. 2009 64 361 7 35 1.3%
Tuomilehto et al. 2009 19 47 95 246 3.7%
Xu et al. 2010 3817 56993 348 5620 12.4%
Lietal. 2011 27 752 8 227 1.1%
Boyko et al. 2013 461 38198 48 4010 5.3%
Heianza et al. 2014 534 8862 94 1604 7.7%
Gao et al. 2014 786 14305 56 999 6.1%
Ding et al. 2015 151 8908 101 3745 6.5%
Lou et al. 2015 102 2188 84 2150 5.6%
Han et al. 2016 82 1302 252 3605 6.8%
Leng et al. 2016 83 2826 42 1335 3.9%
Song et al. 2016 265 2955 68 773 6.3%
Kim et al. 2017 154 3513 55 1805 5.1%
Maskarinec et al. 2018 3013 50922 816 13071 13.8%
Asante et al. 2020 112 6596 74 2982 5.4%
Total (95% CI) 219678 45453 100.0%
Total events 10380 2270

Heterogeneity: Tau? = 0.01; Chi? = 31.73, df = 16 (P = 0.01); > = 50% ' '

Test for overall effect: Z=0.82 (P = 0.41)
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F1GURE 8: Pooled results of SSD versus LSD for T2DM.
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FIGURE 9: Sensitivity analyses of the association between SSD and T2DM.

4.6. Publication Bias Analyses. Funnel plots of publication
bias for the association between SSD, LSD, and T2DM were
assessed. The symmetry found in the funnel plots indicated
that the publication bias was weak. (Figures 11 and 12) Most
of the studies are at the top of the funnel plot, indicating that
the quality of the studies is good.

5. Discussion

The countries with the largest numbers of adults with DM
aged 20-79 years in 2019 are China, India, and America with
116.4 million, 77 million, and 31 million DM patients (aged
20-79 years), respectively, and are anticipated to remain so
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FIGURE 10: Sensitivity analyses of the association between LSD and T2DM.
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FiGure 11: Funnel plots of publication bias for the association between SSD and T2DM.

in 2030 [1]. T2DM is closely related to unhealthy lifestyles
[2]. Studies have shown that sleep is closely related to endo-
crine and metabolism [35]. With the progress of society
and the development of the economy, the pace of modern life
is getting faster and faster. Sleep discomfort causes many
health problems. Studies have found that the average Amer-
ican sleep duration is from 9 hours in 1910 to 6.8 hours in
2005 [36]. Sleep discomfort causes not only endocrine disor-

ders and other pathological states but also affects personal
mental health. Therefore, improving sleep is a good measure
to improve the quality of life.

In this meta-analysis of the association between SSD and
T2DM, the risk of T2DM with SSD was 1.22 times higher
than that with NSD, which was consistent with the conclu-
sions of other cohort studies [37-45]. The risk of T2DM in
male with SSD was 1.79 times higher than that with NSD.
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FIGURE 12: Funnel plots of publication bias for the association between LSD and T2DM.

The risk of T2DM in females with SSD was 1.34 times higher
than that with NSD. The risk of T2DM in males with SSD
was slightly higher than that in females. Subgroup analysis
by region showed that there was no significant difference
among the Asian, American, and European subgroups. The
risk of T2DM in Asia with SSD was 1.79 times higher than
that with NSD. The risk of T2DM in America with SSD
was 1.34 times higher than that with NSD. The risk of
T2DM in Europe with SSD was 1.24 times higher than that
with NSD. The mechanism of SSD leading to T2DM is still
unclear. The possible reason is that sleep deprivation causes
the imbalance of the sympathetic vagus nerve, which leads
to the decrease of 8 cell response ability, the inhibition of
insulin secretion, and the further development of insulin
resistance and T2DM. Lack of sleep may also cause the
release of a large number of inflammatory factors, inhibits
the activity of islet receptor L-arginine kinase, and leads to
insulin resistance. Some studies found that slow-wave sleep
duration decreased insulin sensitivity and increased the risk
of T2DM [46-48].

In this meta-analysis of the association between LSD and
T2DM, the risk of T2DM with LSD was 1.26 times higher
than that with NSD, which was consistent with the conclu-
sions of other cohort studies [37-45]. The risk of T2DM in
male with LSD was 1.55 times higher than that with NSD.
The risk of T2DM in females with LSD was 1.27 times higher
than that with NSD. Subgroup analysis by region showed that
there were differences among the Asian, American, and
European subgroups. The risk of T2DM in Asia with LSD
was 1.12 times higher than that with NSD. The risk of
T2DM in America with LSD was 1.27 times higher than that
with NSD. The risk of T2DM in Europe with LSD was 1.49
times higher than that with NSD. There are few studies on
the relationship between LSD and T2DM. The reason may
be that long sleeps are a poor sleep quality actually and they
may prolong sleep duration to make up for the impact of
poor sleep quality. Sleeping for a long time is harmful to

health itself. Excessive sleep duration may be associated with
other factors, such as obesity, poor social and economic sta-
tus, low physical activity, depression, sleep apnea, or other
chronic diseases. These factors can produce a confounding
effect [46, 47, 49].

The meta-analysis found that LSD or SSD will increase
the risk of T2DM. Some studies suggest that LSD or SSD
can lead to impaired fasting blood glucose, abnormal
HbA1, and insulin resistance [50-56]. There was a U-
shaped dose response relationship between sleep duration
and risk of T2DM [10, 57]. SSD or LSD increased the risk
of T2DM. Therefore, the risk of T2DM can be reduced if
the sleep duration of the patients with poor sleep is changed
and the sleep duration is maintained between 7 and 8 hours.
SSD or LSD is a risk factor for chronic diseases such as
DM, coronary heart disease, stroke, and obesity [7, 9, 58,
59]. The sensitivity of each study was robust and the pub-
lication bias was weak. While we found that the study
location may have been responsible for this heterogeneity
in the meta-analysis of the relationship between LSD and
T2DM, other factors, such as age, cannot be fully extracted
from the text.

5.1. Limitations. Limitations are listed as follows: (1) some
studies have not been retrieved. All the included studies
are published in Chinese and English, and there may be
incomplete literature retrieval, (2) the overall heterogeneity
of the study is high, suggesting that there is heterogeneity
among the studies. However, after subgroup analyses were
performed, the heterogeneity of subgroups decreased sig-
nificantly, (3) the study explored the association between
sleep duration and T2DM but paid less attention to the
association between sleep quality and T2DM, which also
indicated that we should focus on it in later research,
and (4) for special populations such as gestational diabe-
tes, postpartum diabetes, and posttransplant diabetes, there
is less attention.
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More and more studies have confirmed that an unhealthy
lifestyle plays an important role in the pathogenesis of T2DM
and glucose control in DM [60]. From the perspective of pre-
vention, appropriate sleep duration can be used as the pri-
mary prevention of T2DM [7, 9, 61, 62]. Good sleep should
be considered as an important health component in the pre-
vention and treatment of T2DM.

6. Conclusions

The purpose of the current study was to determine the cohort
studies of the relationship between sleep duration and T2DM
in adults with a systematic review and meta-analysis. This
study provides the first systematic assessment of the cohort
study of the relationship between sleep duration and
T2DM. The findings indicate that SSD or LSD is a risk factor
for T2DM. The findings of this study have several important
implications for future practice. Further research is required
to attend to the association between sleep quality and T2DM.
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