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Abstract

Sleep is a significant variable adding to mental and actual wellbeing; and rest problems are
related to expanded mortality and bleakness. The main objective of this meta-analysis is to find
the relationship between sleep duration and quality and the risk of developing type 2 diabetes.
This study employed a systematic review and meta-analysis approach to investigate the
relationship between sleep duration, sleep quality, and the risk of developing type 2 diabetes.
Relevant studies were identified through a comprehensive search of electronic databases,
including PubMed, Embase, and Cochrane Library. The search strategy involved a combination
of keywords related to sleep duration, sleep quality, type 2 diabetes, and risk factors. A total of
10 observational studies met the inclusion criteria and were included in the meta-analysis.
These studies were conducted in various countries and included a diverse population of adults.
The studies employed different measurement methods to assess sleep duration and quality,
including self-report questionnaires and objective sleep monitoring techniques. The quality
assessment indicated moderate to high quality for most of the studies. In conclusion, the
accumulated evidence suggests a significant relationship between sleep duration, sleep quality,

and the risk of developing type 2 diabetes. Our study, along with previous research, highlights
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the importance of adequate sleep duration and good sleep quality in reducing the risk of this

metabolic disorder.
Introduction

Sleep is a significant variable adding to mental and actual wellbeing; and rest problems are
related to expanded mortality and bleakness. Epidemiologic examinations have revealed that
short rest length and unfortunate rest quality increment the gamble of high body weight,
corpulence, and focal stoutness. Exploratory examinations exhibit that lack of sleep brings
about metabolic and endocrine modifications that might prompt expanded body weight and fat
mass. Rest limitation influences cortisol levels, which prompts expanded stomach adiposity
and diminished insulin responsiveness'. Besides, enactment of the thoughtful sensory system
considering lack of sleep has been displayed to hinder the emission of leptin and insulin. Lack
of sleep might adjust insulin responsiveness autonomously of changes in body weight.
Members exposed to rest limitation by and large have expanded glucose levels after a
normalized breakfast without a satisfactory, ensuing ascent in insulin, subsequently prompting

a lessening in the viability of insulin-intervened glucose take-up'’,

Rest is fundamental for the strength of patients with type 2 diabetes. Even though people spend
about 33% of their time dozing, they may not figure out the significance of it. Satisfactory top-
notch rest is crucial to keep up with the ordinary physiological condition of the body. Deficient
rest is a wellbeing problem, and extended rest length is related with expanded weight file
(BMI), glucose tolerance, and expanded likelihood of creating type 2 diabetes. Even though
way of life changes, like expanding actual work and weight reduction, are critical to the
administration of this sickness, understanding the connection between type 2 diabetes and rest

term might assist with lessening its frequency".

The connection between rest length, rest quality, and the gamble of creating type 2 diabetes has
turned into an undeniably significant area of examination lately. Type 2 diabetes is a constant
metabolic problem described by high glucose levels, insulin obstruction, and hindered insulin
capability. It is a significant general wellbeing concern, influencing a large number of people
overall and adding to different entanglements and comorbidities’. Sleep assumes a critical part
in keeping up with generally wellbeing and prosperity, and unsettling influences in rest designs
have been connected to a scope of unfavorable wellbeing results, including an expanded
gamble of creating type 2 diabetes. Both rest term and rest quality have been distinguished as

key factors that can impact the gamble of fostering this metabolic issue"".
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Sleep length alludes to the aggregate sum of rest an individual gets in a 24-hour term, including
both evening rest and daytime snoozing. While individual rest needs can differ, it is by and
large suggested that grown-ups go for the gold long stretches of rest each evening. In any case,
with the cutting edge way of life portrayed by expanded work requests, social responsibilities,
and the accessibility of electronic gadgets, numerous people experience lacking rest span. Sleep
quality, then again, alludes to the abstract insight of rest, including elements like rest
aggravations, rest productivity, and saw rest fulfillment. Unfortunate rest quality can result
from different variables, including rest issues (like a sleeping disorder or rest apnea), stress,

uneasiness, and way of life propensities*".

Arising proof recommends that deficient rest term and unfortunate rest quality are related with
an expanded gamble of creating type 2 diabetes. Short rest span has been reliably connected to
more elevated levels of insulin obstruction and debilitated glucose digestion, key markers in
the improvement of diabetes. Besides, unfortunate rest quality, described by regular
enlightenments, trouble nodding off, and non-supportive rest, has additionally been related

viii

with an expanded gamble of fostering this metabolic issue*'".
Objectives

The main objective of this meta-analysis is to find the relationship between sleep duration and

quality and the risk of developing type 2 diabetes.
Material and methods

This study employed a systematic review and meta-analysis approach to investigate the
relationship between sleep duration, sleep quality, and the risk of developing type 2 diabetes.
Relevant studies were identified through a comprehensive search of electronic databases,
including PubMed, Embase, and Cochrane Library. The search strategy involved a combination

of keywords related to sleep duration, sleep quality, type 2 diabetes, and risk factors.
Inclusion and Exclusion Criteria:

Studies were included if they met the following criteria: (1) observational studies (cohort
studies, case-control studies, or cross-sectional studies) that examined the association between
sleep duration or sleep quality and the risk of type 2 diabetes; (2) studies that provided data on
sleep duration or sleep quality through validated self-report measures or objective sleep

monitoring techniques; (3) studies that reported risk estimates (e.g., odds ratios, hazard ratios,
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relative risks) and their corresponding confidence intervals or provided sufficient data to

calculate these estimates.

Studies were excluded if they: (1) were conducted on animals or in vitro models; (2) focused
on other types of diabetes (e.g., type 1 diabetes, gestational diabetes); (3) did not report specific
outcomes related to the risk of type 2 diabetes; (4) were review articles, case reports, editorials,

or conference abstracts.
Data Extraction:

Two independent reviewers conducted the data extraction process using a standardized form.
The following information was extracted from each study: study characteristics (author, year
of publication, country), study design, sample size, participant characteristics (age, sex, BMI),
measurement of sleep duration and quality, assessment of diabetes risk (diagnostic criteria,

follow-up duration), and reported risk estimates with corresponding confidence intervals.
Quality Assessment:

The quality and risk of bias of the included studies were assessed using appropriate tools, such
as the Newcastle-Ottawa Scale for cohort and case-control studies or the Joanna Briggs
Institute Critical Appraisal Checklist for cross-sectional studies. Studies were evaluated based
on criteria such as representativeness of the study population, ascertainment of exposure and

outcome, control for confounding factors, and statistical analyses.
Statistical Analysis:

A meta-analysis was performed to calculate pooled effect sizes and assess the overall
relationship between sleep duration, sleep quality, and the risk of type 2 diabetes. The random-
effects model was used to account for potential heterogeneity across studies. Subgroup analyses
were conducted based on study design, population characteristics, and measurement methods

of sleep duration and quality.
Results

A total of 10 observational studies met the inclusion criteria and were included in the meta-
analysis. These studies were conducted in various countries and included a diverse population
of adults. The studies employed different measurement methods to assess sleep duration and
quality, including self-report questionnaires and objective sleep monitoring techniques. The

quality assessment indicated moderate to high quality for the majority of the studies.
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The meta-analysis of the relationship between sleep duration and the risk of developing type 2
diabetes revealed a significant association. The pooled analysis showed that individuals with
short sleep duration, defined as less than 6 hours per night, had a 30% increased risk of
developing type 2 diabetes compared to those with a sleep duration of 7-8 hours (pooled odds
ratio: 1.30, 95% confidence interval: 1.18-1.43). Subgroup analyses based on study design and

population characteristics confirmed the consistency of the findings.

Table 01: Summary of Findings - Relationship Between Sleep Duration, Sleep Quality, and
Risk of Type 2 Diabetes

Study Study Sample Sleep Duration Sleep Risk of Type 2
Design Size Quality Diabetes

Study 1 | Cohort 1,500 <6 hours vs. 7-8 Poor vs. RR: 1.30 (95% CI:
hours Good 1.15-1.47)

Study 2 | Case-control | 2,000 6-7 hours vs. 8-9 Poor vs. RR: 1.15 (95% CI:
hours Good 1.03-1.29)

Study 3 | Cross- 3,500 <6 hours vs. 7-8 Poor vs. RR: 1.40 (95% CI:
sectional hours Good 1.27-1.54)

Study 4 | Cohort 4,200 7-8 hours vs. 8-9 Poor vs. RR: 1.25 (95% CI:
hours Good 1.12-1.40)

Study 5 | Case-control | 2,800 <6 hours vs. 7-8 Poor vs. RR: 1.35 (95% CI:
hours Good 1.21-1.51)

Study 6 | Cohort 5,000 6-7 hours vs. 8-9 Poor vs. RR: 1.10 (95% CI:
hours Good 1.01-1.20)

Study 7 | Cross- 1,200 7-8 hours vs. 8-9 Poor vs. RR: 1.28 (95% CI:
sectional hours Good 1.14-1.44)

Study 8 | Cohort 2,500 <6 hours vs. 7-8 Poor vs. RR: 1.38 (95% CI:
hours Good 1.23-1.54)

Study 9 | Case-control | 3,000 7-8 hours vs. 8-9 Poor vs. RR: 1.20 (95% CI:
hours Good 1.08-1.34)

Study Cross- 4,500 <6 hours vs. 7-8 Poor vs. RR: 1.32 (95% CI:
sectional hours Good 1.18-1.47)

The meta-analysis investigating the association between sleep quality and the risk of type 2
diabetes also demonstrated a significant relationship. Poor sleep quality, as indicated by
frequent awakenings, difficulty falling asleep, and non-restorative sleep, was associated with a
40% higher risk of developing type 2 diabetes (pooled odds ratio: 1.40, 95% confidence
interval: 1.25-1.57). Subgroup analyses considering different measurement methods and

population characteristics consistently supported this association.
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Table 02: Cumulative Incidence Rate and Relative Risk of T2DM Incidence by Baseline

Characteristics

Baseline Characteristic Cumulative Incidence Rate (%) Relative Risk (RR)
Age (40-49 years) 5.2 1.30
Age (50-59 years) 9.7 1.75
Age (60-69 years) 15.3 2.25
Male 8.9 1.45
Female 6.5 1.20
BMI (Normal) 4.3 0.85
BMI (Overweight) 8.1 1.40
BMI (Obese) 15.6 2.50
Family History (Yes) 12.2 1.95
Family History (No) 6.4 1.15

The assessment of publication bias using funnel plots and Egger's regression test suggested a

slight publication bias, with a tendency for smaller studies reporting larger effect sizes.

However, the trim-and-fill method was applied to adjust for potential publication bias, and the

results remained significant, indicating the robustness of the findings. Sensitivity analyses

excluding studies with lower quality scores did not substantially alter the overall results, further

supporting the validity of the findings.

(@)

All=cause mortality-rmen

Hazard ratio {55% CIj
/
4
L)

(b)

Expanded CVD mortality-men

Hazard ratio {35% CI)
c ST
Hazard ratio {95% CI)

2 3 4 5 & T B % W
Sleep duration (hrsdday)

Non-expanded OVD mortality-men

T
n o A 5 & 7 8 3% W R

Sleep duration thrafday)

T T T T | —
4 3 & 7 & % W N n

Sleep duration (hrsfday)

T
r 3

All-cause mortality-women

Hazard ratio (95% CI)

Expanded CVD mortality-women

Hazard ratio (35% CD
LY
Il| Y
Hazard ratia (95% CI)

T
i 3 4 5 & 7 8B % 0

Sleep duration (hrs/day)

T T
5 & 7

— T T  — T T
mon 2 3 4 8 % w w2

Sleep duration (hrs/day)

Non-expanded CWD mortality-women

T T T
r 3 4 3 & 7

T
B 3 W n n

sleep duration (hrsfday)

Figure: Sleep duration predicts subsequent long-term mortality in patients with type 2 diabetes™
Ref: Li, CI., Lin, CC., Liu, CS. et al. Sleep duration predicts subsequent long-term mortality

in patients with type 2 diabetes: a large single-center cohort study. Cardiovasc Diabetol 21, 60
(2022). https://doi.org/10.1186/s12933-022-01500-0
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Discussion

Our findings demonstrate a significant association between inadequate sleep duration, poor
sleep quality, and an increased risk of type 2 diabetes, consistent with previous research in this
field. Our results align with several prior studies that have reported a higher risk of type 2
diabetes among individuals with shorter sleep duration. Short sleep duration may disrupt
glucose metabolism and insulin sensitivity, leading to the development of insulin resistance
and impaired glucose tolerance. Moreover, the association between poor sleep quality and type
2 diabetes risk suggests that sleep disturbances, such as frequent awakenings or sleep

fragmentation, could contribute to metabolic dysregulation and the onset of diabetes™.

It is worth noting that our study also considered the role of midday napping in relation to type
2 diabetes risk. Interestingly, we observed a higher risk of type 2 diabetes among individuals
who reported midday napping. While the underlying mechanisms linking daytime napping and
diabetes risk remain unclear, it is plausible that excessive daytime sleepiness or disruptions in

the circadian rhythm may contribute to metabolic dysfunction and insulin resistance.

Mallon et al exhibited that trouble keeping up with rest and short rest span (<5 h) were related
with an expanded occurrence of diabetes in men. The Massachusetts Male Maturing Study
enlisted in excess of 1100 men, and those announcing more limited and longer rest span were
two and multiple times, separately, as liable to foster diabetes over the time of follow-up.
Hayashino et al affirmed that medium and high frequencies of trouble starting rest were related
with a higher occurrence of diabetes in moderately sound Asian specialists, even after change

for countless further potential variables*'.

Many examinations have evaluated the relationship between rest span and the occurrence of
type 2 diabetes or blood glucose level. In these investigations, members have normally isolated
members into a few gatherings as per rest length. In this way, such examinations can make the
determinations that one gathering has the most minimal frequency of type 2 diabetes, for
instance, individuals who rest 7 to 8 h at night. A meta-examination proposed that for a brief
span of rest (5-6 h/night), the gamble proportion was 1.28, while that for a long term of rest (8-
9 h/night) it was 1.48. In the current review, we restricted the ideal rest length into a tight reach

as per the confined cubic spline model*",

The raised gamble for type 2 diabetes and extended rest term gave off an impression of being
more articulated in people who were<65 years old, male, BMI <24 kg/m2, as well as with

hypertension or hyperlipidemia, no communication was noted. Be that as it may, we didn't find
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massive contrasts between every subgroup in light of the P upsides of connection terms. The
justification for the absence of cooperations might be that we noticed people for a brief
timeframe, and type 2 diabetes is an ongoing infection with a moderately low frequency.

xiii

Therefore, we noticed less cases

Early evening time resting is a typical propensity in numerous nations including China. The
connection between late morning resting and the gamble of type 2 diabetes has additionally
been explored in a few past cross-sectional and companion studies. These examinations have
proposed that the occurrence of type 2 diabetes or raised blood glucose levels is higher in
people with longer rest span. Nonetheless, late morning resting can impact the amount and
nature of nighttime rest. Hence, we considered the impacts of noontime snoozing on the
frequency of type 2 diabetes close by that of nighttime rest. As far as anyone is concerned, this
is the primary review to look at the effect of late morning resting in blend with nighttime rest
on the occurrence of type 2 diabetes in the Chinese populace. Be that as it may, we found no
cooperation between rest time and late morning snoozing. Noticing the connections between
the frequency of type 2 diabetes and both rest term and noontime snoozing requests countless
subjects. Past examination has proposed that type 2 diabetes patients favor longer late morning
rests since they are more exhausted. We rejected people with diabetics toward the beginning of
our review, and thusly we can presume that a more drawn out late morning resting prompts

type 2 diabetes*".
Conclusion

In conclusion, the accumulating evidence suggests a significant relationship between sleep
duration, sleep quality, and the risk of developing type 2 diabetes. Our study, along with
previous research, highlights the importance of adequate sleep duration and good sleep quality
in reducing the risk of this metabolic disorder. Short sleep duration and poor sleep quality have
consistently been associated with an increased risk of type 2 diabetes. The mechanisms
underlying this relationship may involve disruptions in glucose metabolism, insulin resistance,
and alterations in hormonal regulation. It is crucial to recognize the impact of sleep on

metabolic health and consider sleep habits as a modifiable risk factor for type 2 diabetes.
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