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Abstract

Background: Obesity is prevalent in patients with type 2 diabetes (T2D) and
negatively impacts diabetes outcomes. While studies in the general population
have established a link between sleep duration and obesity, this relationship in
T2D remains unclear.

Objectives: To assess the association between sleep duration and adiposity in
patients with T2D.

Methods: This prospective study of adults enrolled in the SLEEP T2D study from
13 UK NHS Trusts. Sleep duration was self-reported using the Pittsburgh Sleep
Quality Index (PSQI) and categorized as short (< 6 h/ night), long (> 9h/night) or
(normal > 6-9h/night). Adiposity was assessed using body mass index (BMI) and
waist circumference.

Results: Among 229 patients (61% male, mean age 61.2 (£11.7) years, 63.7%
with BMI >30kg/m?). At baseline, sleep duration negatively correlated with BMI
(r=-0.27, p<0.001) and waist circumference (r=-0.25, p=0.001). After adjust-
ing for potential confounders in different models, short sleep duration was associ-
ated with higher BMI (p=—1.01; p=0.006) and waist circumference (f=—1.91;
p=0.01). Following a median follow-up of 26.5months, short sleep at baseline
was associated with a 5% or more gain in BMI (adjusted OR 10.03; 95% CI 1.55-
64.84; p=0.01).

Conclusion: Short sleep duration is associated with higher adiposity measures
(BMI and waist circumference) and weight gain in patients with T2D. Addressing
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area are warranted.
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1 | INTRODUCTION
Obesity and type 2 diabetes (T2D) are strongly linked,
with over 90% of individuals diagnosed with T2D also
exhibiting overweight or obesity.! Obesity is a major
risk factor for the onset and progression of T2D.!
Consequently, the global prevalence of T2D and obesity
has increased simultaneously. In 2022, 16% of the adult
global population was living with obesity, and this fig-
ure is expected to rise.? According to the International
Diabetes Federation, approximately 463 million people
had T2D in 2019, which is predicted to reach around 700
million by 2045.% Excess body weight adversely impacts
individual survival, cardiometabolic health, and physi-
cal and mental well-being and imposes significant costs
on the healthcare system and society at large.* Similarly,
T2D is associated with an increased risk of mortality,
cardiovascular disease, microvascular complications
and elevated healthcare costs.” Hence, there is an urgent
need to address obesity in patients with T2D, as this is
likely to have a significant positive effect on people's
health and healthcare system costs.®

To alleviate the burden of obesity in patients with
T2D, it is essential to identify modifiable factors that
might impact weight. One such factor could be sleep-
ing duration. Sleep disorders are more prevalent in pa-
tients with T2D compared to the general population.’
Alongside the rise in obesity and T2D prevalence, inad-
equate sleep has become one of the significant public
health risks widespread across all age groups.® Despite
the American Academy of Sleep Medicine (AASM) rec-
ommendation for sufficient sleep across all ages to pro-
mote a healthy life,” recent studies have shown a decline
in average sleep duration due to changes in modern life-
styles.'® In 2014, short sleep (< 7h/night) affected more
than 35% of United States (U.S.) adults, leading the U.S.
Centres for Disease Control and Prevention (CDC) to
declare short sleep duration a public epidemic.™ Short
sleep duration has been linked to various adverse out-
comes, including cardiovascular disease and metabolic
diseases such as T2D and obesity.'* Hence, optimising
sleep duration might contribute to reducing adverse
health outcomes.

The relationship between sleep duration, obesity and
T2D is likely bidirectional."® Several systematic reviews

sleep duration may reduce the burden of obesity in T2D, and future studies in this

body mass index, sleep duration, type 2 diabetes, waist circumference

What's new

+ The objective of this study is to assess the lon-
gitudinal relationship between sleep duration
and various adiposity measures in patients with
T2D.

« The main aim is to determine whether shorter
sleep duration is associated with weight gain in
patients with T2D.

« The findings suggest that short sleep duration is
significantly associated with increased adipos-
ity measures in patients with T2D and acts as a
risk factor for weight gain.

« Clinicians managing patients with T2D and
obesity should incorporate sleep duration as
a critical factor in treatment and prevention
strategies.

have shown that short sleep duration (and in some long
sleep) was associated with an increased risk of obesity and
T2D." Even though the links between sleep duration and
obesity are well studied in the general population, there
is no data about this relationship in people with T2D, and
there is little data about the relationship between sleep du-
ration and body fat distribution. Therefore, in this study,
we aimed to assess the relationship between sleep dura-
tion and adiposity measures in patients with T2D cross-
sectionally and longitudinally. We hypothesised that short
sleep duration is associated with increased adiposity mea-
sures in a patient with T2D. We further hypothesised that
the presence of short sleep duration contributes to weight
gain.

2 | METHODS

The data for this project are derived from the SLEEP T2D
study, an observational cohort study investigating the
feasibility of continuous positive airway pressure (CPAP)
randomized control trials (RCTs) in a subpopulation with
obstructive sleep apnea (OSA). The study protocol and the
RCT results have already been published.'>'® Here, we re-
port findings from the observational study.
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2.1 | Study design 2.3 | Data collection
In this longitudinal analysis, we incorporated baseline ~ 2.3.1 | Sleep assessment

data from all study participants, irrespective of their en-
rollment in the RCT or not, to explore the relationship
between sleep duration and adiposity measures over a 2-
year follow-up period. The project was approved by the
National Research Ethics Committee West Midlands—
The Black Country, reference 18/WM/0070 and con-
ducted in accordance with the recommendations guiding
physicians in biomedical research involving human sub-
jects, as adopted by the 18th World Medical Association
(WMA) General Assembly in Helsinki, Finland, 1964,
and amended by the 48th WMA General Assembly in
Somerset West, Republic of South Africa, 1996."

2.2 | Setting and Participants

Patients were consecutively recruited from diabetes
outpatient departments across 13 UK National Health
Services (NHS) Trusts (Appendix S1 in the online sup-
plement file). All participants provided informed con-
sent. Recruitment spanned from July 2018 to February
2020, concluding early due to the onset of the COVID-19
pandemic. Study data were collected and managed using
REDCap (Research Electronic Data Capture), a secure,
web-based platform designed to streamline and support
data collection for research purposes.'’

Study inclusion criteria.

« 18years old or above;
« Diagnosed with T2D;
« An eGFR >15mL/min/1.73m? in the last 12 months.

Study exclusion criteria.

« Diagnosed with type 1 diabetes;

 Diagnosed with OSA, active malignancy or chronic kid-
ney disease for reasons other than diabetes;

« On chemotherapy, immunosuppressant drugs or home
oxygen treatment;

« A history of frequent hospital admissions due to respi-
ratory infection;

 Received contrast imaging within the last 2 months;

e Pregnant;

« Planning to have bariatric surgery during the study;

« Demonstrated an inability to follow the study protocol;

« Demonstrate inability to provide informed consent;

« A professional driver, operator of heavy machinery or
worker at a high altitude;

« A history of falling asleep while driving in the last
2years.

Sleep duration was assessed using the validated
Pittsburgh Sleep Quality Index (PSQI), a self-reported
questionnaire designed to assess sleep quality over
1month. The PSQI comprises 19 self-rated items that
generate seven components, culminating in a global
sleep quality score.'® The score of the 7 components is
added to give values between 0 and 21. Poor sleep qual-
ity was defined as PSQI >5."

Sleep duration is one of the key components of the
PSQI, where participants report their average sleep dura-
tion over the past month. This method has been validated
and applied across various populations and clinical set-
tings.'® For this analysis, short sleep duration was defined
as (< 6h/night), long sleep duration (> 9h/night)* and a
normal sleep duration of (> 6-9) is recommended by the
American Academy of Sleep Medicine (AASM).*!

OSA was assessed through a home-based, single over-
night cardiorespiratory sleep study utilizing a portable
multichannel device (ApneaLink Air, ResMed). The re-
sults were interpreted according to the guidelines of the
American Academy of Sleep Medicine.'® Apnoea was de-
fined as a cessation or > a 90% reduction in airflow for at
least seconds.** Hypopnea was defined as > 30% reduction
in airflow for > 10seconds, along with > 4% drop in oxy-
gen saturation.”? OSA diagnosis was based on the apnoea-
hypopnoea index (AHI) of greater than events/h.*

2.3.2 | Adiposity measures assessment

Height was measured with a rigid stadiometer to the
nearest 0.1 cm and weight in light indoor clothing to the
nearest 0.1kg.”® They were measured while patients were
standing in a relaxed position. BMI was calculated as
weight divided by height squared (kg/m?).>

Waist, hip and neck circumferences were measured
using an inelastic measuring tape. Waist circumference
was measured between the inferior ribcage border and
the superior aspect of the iliac crest.** Hip circumference
was measured at its widest point over the greater trochan-
ters.” Neck circumference was measured midway of the
neck, between the mid-cervical spine and mid-anterior
neck.

High waist circumference was defined as > 102cm (40
inches) in males and > 88 cm (35 inches) in females.?® The
BMI was divided into categories, including underweight
or normal weight (< 25kg/m?), overweight (25-29.9kg/
m?) and obesity (> 30kg/m?). Moreover, BMI gain was de-
fined as a 5% or more increase in BMI from baseline.*’
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2.3.3 | General/clinical assessment

The following demographic and biological measures were
collected:

« Age,gender, ethnicity, diabetes duration and medication;

 Blood pressure;

 Biochemistry assessment, including eGFR, HbAlc, lip-
ids and urine albumin.

2.4 | The Impact of the COVID-19
Pandemic

During the COVID-19 pandemic, the National Health
Service (NHS) and research institutions redirected to
support frontline efforts. Consequently, this severely im-
pacted non-COVID-19 research projects, including ours.
In February 2020, we stopped recruitment to ensure
patient and staff safety, continuing follow-ups and data
collection remotely, which led to missing data for some
variables and outcomes. The pandemic caused variabil-
ity in the study end-visit duration and delayed data re-
trieval, with some exceeding 2years. Access restrictions
at the trial unit site at the University of Birmingham
caused a delay in data entry. To address these challenges,
the ethics committee approved all necessary protocol
amendments.

2.5 | Statistical analysis

Data analysis was performed using Stata 17. Data are pre-
sented as frequency, mean (SD) or median (IQR) depend-
ing on the distribution. Histograms and the Shapiro-Wilk
test were employed for normality testing. The independ-
ent t-test or Mann-Whitney U test was utilized to compare
independent continuous variables based on data distribu-
tion, whereas the chi-squared test was applied to compare
categorical variables.

The correlation between sleep duration and adipos-
ity measures as continuous variables was assessed using
Pearson or Spearman tests.

To assess the relationship between sleep duration and
obesity, we used multiple linear regression. To assess if the
baseline short sleep duration was associated with future
weight gain, we used a logistic regression. Adiposity mea-
sures (BMI and waist circumference) were the outcome
variables, whereas sleep duration (exposure) and another
potential confounder were independent variables. The se-
lection of variables included in the regression models was
guided by biological plausibility and established findings
in the literature. Statistical significance was defined as

Consented enrolled in the study (n=229)

Excluded (n=1)
>eGFR

Baseline cross-sectional analysis (n=228)

Participants who have sleep duration data at
baseline (n=204)

Patients who lost
follow-up (n=112)

Participants who have sleep duration data at
follow-up (n=92)

FIGURE 1 Participants' pathway through the study.

p<0.05. All statistical test conditions/assumptions were
adhered to throughout the analysis.

3 | RESULTS

The SLEEP T2D project enrolled a total of 229 patients.
The study flow chart is presented in Figure 1. The study
population was predominantly male (61.0%, n=122),
with a mean age of 61.2 (+11.6) years. The majority of
participants were White Europeans, 83.5% (n=168).
Most of the population had obesity, 63.7% (n=123), and
exhibited reasonable glycaemic control. A summary of
the clinical and biochemical baseline characteristics
in the total cohort and by sleep duration category is in
Table 1.

Compared to patients in the normal sleep group, pa-
tients in the short sleep group were younger, heavier and
had lower diastolic blood pressure. Although they were
prescribed more insulin (56.3% vs. 46.5%) and GLP-1 re-
ceptor agonists (20% vs. 13.9%) than those in the normal
sleep group, this difference was not statistically signifi-
cant. Patients in both groups (short and normal) had simi-
lar diabetes durations and total cholesterol levels.

3.1 | Sleep Duration

A total of 204 patients provided self-reported sleep dura-
tion as a part of the PSQI questionnaire. The mean (SD)
sleep duration was 6.30 (1.7) h. Short sleep duration was
self-reported in 54.9% (n=112). Due to the limited number
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TABLE 1 Patient characteristics at baseline.

Total (N'=204)

Demographics
Age (years), mean (SD) 61.2(11.6)
Gender: male, n (%) 122 (61.0)
Ethnicity: White, n (%) 168 (83.5)
Smoking and alcohol status, n (%)
Smoking (ex/current) 117 (57.6)
Alcohol (ex/current) 108 (53.5)
Diabetes duration and medication used
Diabetes duration (years), Median [IQR] 13 (6-19)
Insulin: Yes, n (%) 105 (51.9)
GLP-1 agonist): Yes, n (%) 33(17.7)
Lipid lowering agents (statin): Yes, n (%) 141 (71.9)
Anti-hypertensive (ACE inhibitor): Yes, 87 (45.3)
n (%)
Blood pressure (mmHg)
Blood pressure (Systolic mmHg), 132.9 (15.9)
mean (SD)
Blood pressure (diastolic mmHg), 75.7 (10.6)
Mean (SD)
Total cholesterol (mmol/L), mean (SD) 4.1(1.1)
HbA1c (mmol/mol), mean (SD) 65.7 (21.4)
eGFR (mL/min/1.73 m?), mean (SD) 82.6 (26.6)
Adiposity measures
BMI (kg/m?), mean (SD) 33.8(7.9)
Obesity (BMI > 30kg/m?), n (%) 123 (63.7)
Waist circumference (cm), mean (SD) 113.9 (15.2)
High waist, n (%) 135 (66.2)
Hip circumference (cm), mean (SD) 114.5(13.6)
Neck circumference (cm), mean (SD) 41.8 (4.5)

DIABETIC B

p-value (short
vs. normal)

Short sleep
duration (N=112)

Normal sleep
duration (N=88)

59.8 (10.9) 62.7 (12.5) 0.03
59 (53.6) 61 (70.9) 0.01
88 (79.3) 77 (88.5) 0.08
66 (58.9) 49 (56.3) 0.71
49 (43.8) 57 (66.3) 0.002
13 (6-19.5) 12 (6-19) 0.96
63 (56.3) 40 (46.5) 0.17
21 (20.0) 11 (13.9) 0.28
79 (73.2) 58 (69.1) 0.53
49 (45.4) 37 (45.6) 0.96

133.2(15.9) 133.4 (15.9) 0.86

74.2 (10. 5) 77.8 (10.5) 0.03
4.2 (1.0) 4.1(1.1) 0.84

67.1 (20.7) 64.8 (21.5) 0.38

81.9(29.1) 83.0(23.1) 0.79

35.7 (8.8) 31.7 (5.9) 0.002
74 (70.5) 49 (57.7) 0.06

116.9 (16.2) 109.4 (13.0) 0.001
73 (65.2) 58 (65.9) 0.91

117.6 (15.3) 111.1 (10. 5) 0.001
42.3 (4.8) 41.5(4.2) 0.24

Note: Data are presented as median (IQR) or mean (SD). Categorical variables are presented as n (%). Analysis was performed using the chi-squared test for
categorical variables, the independent ¢-test for normally distributed variables, and the Mann-Whitney U test for non-normally distributed variables.

Abbreviations: eGFR, glomerular filtrate rate; GLP-1, glucagon-like peptide 1; HbAlc, glycated haemoglobin.

of patients with long sleep duration (n=4), this group was
excluded from the analysis based on sleep duration catego-
ries but was included when sleep duration was examined
as a continuous variable.

3.2 | Sleep quality

Out of 229 participants enrolled in the SLEEP T2D, 194
reported their baseline data on sleep quality and the
total PSQI score. The prevalence of poor sleep was 75.8%

(n=147). The clinical and biochemical baseline charac-
teristics of the study population according to sleep quality
category are shown in Table S1 in the online supplement
file.

In linear regression, sleep quality was significantly as-
sociated with BMI ($=0.57, p<0.0001) and waist circum-
ference (8=1.20, p <0.0001). In the adjusted analysis, both
BMI and waist circumference remained independently as-
sociated with sleep quality (f =0.42, p=0.008 and $=1.37,
p <0.0001, respectively) (Table S2 in online supplement
file). The association remained significant after adjusting
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TABLE 2 Assessing the association

Model R’ Coefficient 95% CI p-value . .
between sleep duration and adiposity
BMI measures, including BMI and waist
Unadjusted 0.09 —1.47 —211t0—0.83  <0.001 circumference, based on baseline cross-
Model! 0.18 ~1.30 1.99t0 —0.60  <0.001 sectional analysis using multiple linear
2 regression.
Model 0.23 —-1.17 —1.90 to —0.44 0.002
Model® 0.27 —-1.01 —1.74 to —0.28 0.006
Model* 0.41 —-0.74 —1.54 to 0.06 0.07
Waist circumference
Unadjusted 0.06 —2.36 —3.74 to —0.99 0.001
Model! 0.10 —2°37. —3.92to —0.83 0.003
Model® 0.15 -2.35 —-3.95t0—0.75  0.004
Model® 0.24 —1.91 —3.47 to —0.35 0.01
Model* 0.35 —0:92 —2.73 t0 0.89 0.31

Abbreviations: BMI, body mass index; CI, confidence interval.

Model' is adjusted for age, ethnicity, gender, and diabetes duration.

Model? is adjusted for age, ethnicity, gender, diabetes duration, insulin use and GLP-1 receptor use.

Model® is adjusted for age, ethnicity, gender, duration of diabetes, insulin use, GLP-1 receptor use,

smoking status and alcohol use.

Model* is adjusted for age, ethnicity, gender, diabetes duration, insulin use, GLP-1 receptor use, smoking

status, alcohol use and apnoea hypopnea index (AHI).

for OSA, which suggests that higher BMI and waist cir-
cumference were associated with a higher PQSI score, in-
dicating poorer sleep quality.

3.3 | Baseline cross-sectional
analysis of the relationship between sleep
duration and adiposity measures

There were significant differences in adiposity measures
between patients with short sleep duration and those with
normal sleep duration (Table 1). Patients with short sleep
duration had higher BMI, waist and hip circumferences
than patients with normal sleep duration.

Sleep duration correlated negatively with BMI and
waist circumference (r=-0.27, p<0.001 and r=-0.25,
p=0.001, respectively) (Figure S1 in online supplement
file). Hence, a shorter sleep duration is associated with
higher BMI and waist circumference.

3.4 | Sleep Duration and Adiposity
Measure at Baseline: Multivariable
Analysis

After adjustment for potential confounders (as detailed
in Table 2), shorter sleep duration was associated with
higher BMI and waist circumference (Table 2). This
association remained significant even after adding the
AHI to the model in the case of the BMI. Additionally,

using GLP-1 receptor agonists was associated with a
higher waist circumference (f=7.06: p=0.05) in model
4, which could be attributed to prescribing GLP-1 re-
ceptor analogues in patients with a higher adiposity.
Another significant association with adiposity measures
was that alcohol was associated with higher waist cir-
cumference (p < 0.001).

3.5 | Sleep duration and BMI:
longitudinal analysis

A longitudinal analysis was conducted on a subset of
study participants with available baseline and follow-up
data (n=92). Among the 92 patients with follow-up sleep
data, 9 had missing baseline sleep duration information.
Of the 37 identified as short sleepers at baseline, 24 re-
mained short sleepers, while 13 transitioned to normal
sleep duration. Conversely, of the 44 patients with nor-
mal sleep duration at baseline, 11 shifted to short sleep
duration, and 33 maintained their normal sleep patterns.
Of the 2 patients with long sleep duration, 1 transitioned
to normal sleep, while the other remained a long sleeper.
The median follow-up period was 26.5 months (IQR 22.9-
31.5). No significant changes in adiposity measures were
observed in patients between baseline and study end, re-
gardless of whether patients initially categorized as short
or normal sleepers experienced changes in their sleep pat-
terns during the follow-up period (Table S3 in online sup-
plement file).
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TABLE 3 Assessing the association

between baseline sleep duration and the Model

follow-up adiposity measures, including BMI

BMI and waist circumference, using Unadjusted

multiple linear regression. Model!
Model?
Model®
Model*

Waist circumference

Unadjusted
Model®
Model®
Model®
Model®

DIABETIC NI

R? Coefficient 95% CI p value
0.13 —1.43 —2.27 to —0.59 0.001
0.24 —1.52 —2.48 to —0.56 0.002
0.29 —1.64 —2.68 to —0.60 0.002
0.36 —-1.41 —2.47 to —0.34 0.01
0.85 0.36 —1.54 to 2.27 0.70
0.13 —3.35 —5.34to —1.36 0.001
0.17 —3.46 —5.79 to —1.13 0.004
0.21 —3.95 —6.48 to —1.43 0.003
0.29 —3.28 —5.87 to —0.70 0.01
0.83 —0.54 —2.20to 1.10 0.50

Abbreviations: BMI, body mass index; CI, confidence interval.

Model' is adjusted for age, ethnicity, gender and diabetes duration.

Model? is adjusted for age, ethnicity, gender, diabetes duration, insulin use and GLP-1 receptor use.

Model® is adjusted for age, ethnicity, gender, duration of diabetes, insulin use, GLP-1 receptor use,
smoking status and alcohol use.

Model* is adjusted for age, ethnicity, gender, diabetes duration, insulin use, GLP-1 receptor use, smoking
status and alcohol use, apnoea hypopnea index (AHI) and baseline BMI.

Model® is adjusted for age, ethnicity, gender, diabetes duration, insulin use, GLP-1 receptor use, smoking
status and alcohol use, AHI and baseline WC.

TABLE 4 Association between baseline short sleep duration
and weight gain (defined as a 5% or more increase in BMI from

baseline).
p
Pseudo-R*> OR 95% CI value
5% gained in BMI
Unadjusted 0.07 4.30 1.06-17.38 0.04
Model* 0.15 8.53  1.42-51.08  0.01
Model® 0.16 10.03 1.55-64.84 0.01

*Adjusted for age, diabetes duration, sex, smoking status and alcohol
consumption.

bAdjusted for age, diabetes duration, sex, smoking status, alcohol
consumption, insulin use and GLP-1 receptor use.

Using linear regression, shorter sleep duration at
baseline was associated with higher study end BMI
and waist circumference despite adjusting for multiple
variables, except when the baseline value of the adi-
posity measure was inserted into the regression model
(Table 3).

To assess whether short duration at baseline was as-
sociated with clinically meaningful weight gain (defined
as a BMI increase of 5% or more from baseline), we con-
ducted a logistic regression analysis. After adjusting for
relevant confounders, short sleep duration at baseline re-
mained significantly associated with a 5% or more gain in
BMI with OR 10.03 (95% CI 1.55-64.84; p=0.01) (Table 4).

However, caution is advised when interpreting the OR
due to the imbalance in sex distribution.

4 | DISCUSSION

This is the first report investigating the relationship be-
tween sleep duration and adiposity measures in patients
with T2D with several novel findings. Short sleep dura-
tion is very common among patients with T2D and is as-
sociated with greater adiposity at baseline. In addition,
shorter sleep was associated with higher adiposity meas-
ures at the end of the follow-up. Short sleep duration
was associated with higher chances of weight gain, at
least 5%, during the follow-up. Furthermore, poor sleep
quality was associated with higher BMI and waist cir-
cumference at baseline.

The findings of this study are consistent with studies
in the general population, which also demonstrate an
association between short sleep and obesity.'"*° Results
from a meta-analysis involving 45 cross-sectional stud-
ies in population-based studies of adults and children
from around the world (604,509 adults and 30,002 chil-
dren) suggested a strong relationship between short
sleep duration and obesity, with an OR 1.55 (1.43-1.68;
p<0.0001) in the adult population.?® Our findings add
to the strength of the evidence linking short sleep dura-
tion to obesity by extending the findings to people living
with T2D.
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The relationship between sleep duration, adiposity,
and T2D is complex and multifactorial. Short or inef-
ficient sleep duration can impact energy homeostasis,
beta cell function and insulin sensitivity through several
pathways. Key mechanisms include hormonal imbal-
ances, such as alterations in the ghrelin-to-leptin ratio,
which regulates hunger and satiety, as well as changes in
brain activity in response to food stimuli and a reduction
in glucagon-like peptide-1 (GLP-1) levels. Collectively,
these physiological changes might lead to increased ap-
petite and promote weight gain. Additionally, short sleep
duration impacts cortisol secretion, resulting in distur-
bance of the glucose-insulin metabolism and substrate
oxidation and, ultimately, increased risk of obesity.n’29
In addition to these metabolic effects, more awake time
may allow more eating and fatigue, contributing to lower
physical activity and reduced energy expenditure.”® The
health consequences of chronic sleep deprivation are
broad and significant. Short sleep duration has been
associated with various significant health outcomes,
including mortality,®® hypertension, cardiovascular dis-
ease (CVD) and stroke,*” conditions commonly seen in
patients with T2D. This adds further importance to ad-
dressing short sleep duration as part of the care delivered
to people with T2D.

Despite the fact that short sleep duration is very com-
mon and has significant health implications, there are
limited resources dedicated to promoting longer sleep
duration. Several studies have highlighted the health
benefits of increased sleep duration, including improved
blood pressure, better glucose levels and reduced crav-
ing for high-calorie foods.*® One interventional study on
healthy adults indicated that extending sleep improves
insulin sensitivity.** Similarly, recent randomised control
trials (RCTs) have shown that sleep extension positively
influences both blood pressure and insulin regulation.
Additional research has linked increased sleep duration
with decreased insulin resistance and reduced appe-
tite.***” Experimental studies also suggested that short
sleep duration enhances the risk of obesity in adults.
In the LIFE study, a two-phase RCT, participants in the
non-randomized phase experienced an average weight
loss of 6.3 kg, with 60% losing at least 4.5 kg. This success-
ful weight loss was associated with increased sleep du-
ration.* Furthermore, bariatric surgery has been shown
to improve sleep quality and prolong sleep duration.*
These findings collectively highlight the potential health
benefits of sleep extension and emphasise the need for
additional resources and interventions to increase sleep
duration to improve overall health outcomes. However,
the potential benefits of sleep extension in patients with
T2D need to be examined in appropriately designed
studies.

Our study has several strengths and limitations. This is
the first study to investigate the longitudinal relationship
between sleep duration and adiposity measures, specifi-
cally BMI and waist circumference, in patients with T2D.
A key strength lies in including a well-characterized co-
hort with a comprehensive range of demographics and
clinical variables measured, allowing adjustment for a
wide range of potential confounders. However, a signifi-
cant limitation is the smaller sample size available for the
longitudinal analysis, largely due to the disruption caused
by the COVID-19 pandemic, limiting the generalizabil-
ity of our findings. Recruitment occurred from July 2018
until it was halted in February 2020 due to the COVID-19
pandemic, which might affect the outcome, as individu-
als underwent lifestyle changes during and after the pan-
demic. However, the effect of the COVID-19 pandemic fell
outside this analysis's scope.

The data used in this analysis are from the SLEEP
T2D study, an observational study with an embedded
randomised control trial for a subgroup of participants
randomly assigned to CPAP or No CPAP. The study was
powered for its primary feasibility outcomes but not for
the secondary outcomes, including the association be-
tween sleep duration and obesity in patients with T2D.

The association between short sleep duration and ad-
iposity measures remained significant even after adjust-
ing for AHI, a key diagnostic measure for OSA. However,
due to the poor CPAP compliance in our study, it was
difficult to assess the impact of CPAP on the relationship
between sleep duration and adiposity measures in this
study. Despite the influence of key confounders such as
socio-economic status and shift work, those factors were
not included in the data set due to the descriptive nature
of the analysis.

Additionally, there is a reliance on self-reported sleep
duration. Despite that self-reported sleep duration can in-
troduce bias, self-reported sleep duration has been widely
used.*! Several studies have compared self-reported with
measured sleep duration. These studies showed a moder-
ate correlation between self-reported and measured sleep
duration. More importantly, people over-reported their
habitual sleep duration, with the overestimation being
more significant among short sleepers than those with a
normal sleep length. For example, persons sleeping 5h
over-reported their sleep duration by 1.2h and those sleep-
ing 7h over-reported by 0.4h.**** This suggests that the
prevalence of short sleep duration in our sample could be
underreported. However, those with short sleep duration
in our study population are very likely to have short sleep
duration using measured sleep duration. While some of
the patients with normal sleep duration in our study (es-
pecially those with 6 h of sleep) might be misclassified it is
likely that our results remain true.
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In conclusion, short sleep duration is associated with
increased adiposity measures in patients with T2D.
We also found that short sleep duration is very com-
mon in patients with T2D; hence, interventional studies
are needed to evaluate whether increasing the average
amount of sleep might be beneficial and potentially be
used as a treatment strategy in patients with T2D to lose
weight.
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