Association between sleep quality and type 2
diabetes at 20-year follow-up in the Southall and
Brent REvisited (SABRE) cohort: a triethnic analysis
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ABSTRACT

Background The risk of developing type 2 diabetes
associated with poor sleep quality is comparable to
other lifestyle factors (eg, overweight, physical inactivity).
In the UK, these risk factors could not explain the two
to three-fold excess risks in South-Asian and African-
Caribbean men compared with Europeans. This study
investigates (1) the association between mid-life sleep
quality and later-life type 2 diabetes risk and (2) the
potential modifying effect of ethnicity.

Methods The Southall and Brent REvisited cohort is
composed of Europeans, South-Asians and African-
Caribbeans (median follow-up 19 years). Complete-case
analysis was performed on 2189 participants without
diabetes at baseline (age=51.7+7 SD). Competing risks
regressions were used to estimate the HRs of developing
diabetes associated with self-reported baseline sleep
(difficulty falling asleep, early morning waking, waking
up tired, snoring and a composite sleep score), adjusting
for confounders. Modifying effects of ethnicity were
analysed by conducting interaction tests and ethnicity-
stratified analyses.

Results There were 484 occurrences of incident type

2 diabetes (22%). Overall, there were no associations
between sleep exposures and diabetes risk. Interaction
tests suggested a possible modifying effect for South-
Asians compared with Europeans for snoring only
(p=0.056). The ethnicity-stratified analysis found an
association with snoring among South-Asians (HR 1.41,
95% Cl 1.08 to 1.85), comparing those who snored
often/always versus occasionally/never. There were no
elevated risks for the other sleep exposures.
Conclusion The association between snoring and type
2 diabetes appeared to be modified by ethnicity, and was
strongest in South-Asians.

INTRODUCTION

There is growing evidence for an association
between sleep duration or quality and type 2
diabetes. Compared with sleep duration, fewer
studies have explored the potential long-term
effect of sleep quality on type 2 diabetes.! While
sleep duration refers to the number of hours asleep,
sleep quality includes the subjective feeling of being
rested, insomnia subtypes (eg, difficulty initiating
sleep, difficulty maintaining sleep, early morning
awakening), habitual snoring and other sleep-
disordered breathing (SDB) that may lead to sleep
fragmentation (ie, repetitive short awakenings).**

," Nishi Chaturvedi, Therese Tillin,% Caroline Dale,**

Evidence suggests that the relative risks of devel-
oping type 2 diabetes associated with difficulty
initiating sleep, difficulty maintaining sleep and
obstructive sleep apnoea (OSA) are 1.55, 1.72
and 1.49, respectively.* OSA is a severe but rela-
tively common form of SDB, characterised by loud
snoring, breathing cessation and repeated nocturnal
awakenings.’ These effect sizes are comparable to
well-established type 2 diabetes risk factors, and
only marginally smaller than having a family history
of diabetes or overweight.*

Several possible mechanisms link poor sleep
quality to impaired glucose metabolism and other
cardiometabolic risks factors.®” In one study, three
nights of laboratory-controlled sleep fragmentation
without changing total sleep duration showed a
25% decreased insulin sensitivity®; comparable to
a difference in type 2 diabetes risk associated with
being 8-13 kg heavier.” This suggests an adverse
effect of poor sleep quality independent of total
sleep duration. Another mechanism may involve
energy imbalance through the upregulation of appe-
tite (via decreased leptin and increased ghrelin)'® or
reduced total energy expenditure due to day-time
fatigue'' that predispose to weight gain and risk
of type 2 diabetes.®” Other hypothesised pathways
to impaired glycaemic control and insulin resis-
tance involve increased evening cortisol levels and
increased sympathetic tone which inhibits insulin
release.™

Even fewer studies investigating the association
between sleep quality and type 2 diabetes risk have
included ethnic minorities,” despite a twofold to
threefold increased risk in some groups compared
with Europeans.'® These excess risks appear only
partially due to well-established biological and
environmental risk factors.”> Given that poor
sleep quality may be more prevalent among ethnic
minorities,"* we hypothesised that there would be
(1) a deleterious association between sleep quality
measures (difficulty falling asleep, early morning
waking, waking up feeling tired, and snoring)and
type 2 diabetes risk and (2) stronger associations
among South-Asians or African-Caribbeans.

METHODS

Study design and population

Southall and Brent REvisited (SABRE) (2008-
2012) is a multiethnic community-based prospec-
tive cohort composed of older Europeans,
South-Asians and African-Caribbeans from London,
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set up to examine ethnic differences in cardiometabolic disor-
ders. Median follow-up period was 19 (IQR=15-20) years. At
baseline (1988-1991), there were more Europeans (48.8%) than
South-Asians (38.8%) and African-Caribbeans (12.4%)." Partic-
ipants were between 40 and 69 years old and 75% were men."?
Participants’ ethnicity was initially determined by interviewers
based on grand-parental origin and confirmed by participants.'’
All South-Asians and African-Caribbeans were first-generation
migrants. The African-Caribbeans originated from the Carib-
bean (91.5%) or West Africa."’ South-Asian participants orig-
inated from the Indian subcontinent, including Punjabi Sikhs
(52%), Gujarati or Punjabi Hindus (20%), Muslims (15%) and
other South-Asians (15%). Survivors at follow-up were between
57 and 90 years old. A detailed cohort profile and follow-up
information are available elsewhere.” '* The present study used
data from baseline and 20-year follow-up.

Measures

Exposure: sleep quality

At baseline, participants answered four questions on sleep
quality, including whether they had difficulty falling asleep,
woke up too early, felt tired on waking up and snored in the past
30 days. The first three questions were adapted from Jenkin’s
Sleep Questionnaire,'® which is a brief, validated, reliable and
widely-used sleep disturbance questionnaire. Responses were
recoded as binary variables.

The snoring variable was dichotomised with ‘often’ and
‘almost always’ coded ‘yes’, whereas ‘occasionally’ and never’
were coded ‘no’. As one of the prominent symptoms for SDB,
habitual snoring was used as a proxy marker. Although polysom-
nography is the gold standard diagnostic tool, questionnaires
have previously been used to assess SDB prevalence.'’ ™

To summarise the multidimensional nature of sleep health,’
we constructed a composite measure of overall sleep quality
from a principal component analysis using the methodology
from Topriceanu et al.** This score was a weighted average of
sleep exposures using the first principal weights, standardised
with mean=0and SD=1.

Outcome: incident type 2 diabetes

Because sleep disturbances may be a symptom of type 2 diabetes,
participants with diabetes at baseline were excluded to ensure
that sleep quality exposures preceded any type 2 diabetes
outcome. Baseline type 2 diabetes was ascertained by (1) self-
report of doctor diagnosis or (2) receipt of antidiabetes medi-
cations (3) fasting blood glucose =7.0mmol/L or postload
glucose after an oral glucose tolerance test (OGTT) =11 mmol/L
following WHO criteria.*!

For incident type 2 diabetes, participants were directly
followed up using (1) primary care medical record review of diag-
nosis or prescribed antidiabetic medication, (2) self-completion
questionnaires of physician diagnosis with year of diagnosis or
named antidiabetic medication and (3) OGTT =11 mmol/L at
follow-up."

Participants who had died due to type 2 diabetes between
baseline and follow-up but did not have a recorded year of diag-
nosis were excluded from the analysis, as this information was
necessary for competing risks regression modelling.

Covariates

Several baseline measured covariates were adjusted for in three
hierarchical models. Model 1 controlled for demographic factors
(age, sex, ethnicity and socioeconomic position (SEP) measured

| All participants at baseline (n=4985) |

_| Exclude participants with diabetes (n=803) |

| Participants without diabetes at baseline (n=4182) |

Lost to follow-up, missing
covariates (n=1993)

| Complete Cases (n=2189) |

Figure 1  Flow chart to obtain the complete case sample (n=2189).

by years of education); model 2 additionally adjusted for self-
reported health behaviours (smoking status, physical activity);
model 3 additionally adjusted for general adiposity (body mass
index, BMI). These covariates were established a priori risk
factors for type 2 diabetes' ** and also associated with sleep.
Our study controlled for general adiposity instead of central
adiposity (using waist-to-hip ratio) as general adiposity may
be more important in relation to sleep quality, particularly for
OSA.”

Statistical analyses
Statistical analyses were carried out using RStudio V.1.1.456 and
Stata V.16.

This study used a complete-case analysis (CCA) (figure 1,
n=2189) to ensure comparability across different models.
From a baseline of 4985 participants, this study excluded
participants with prevalent diabetes (n=803), those lost
to follow-up (LTFU) for diabetes status, year of censoring
for incident diabetes and year of censoring for all-cause
mortality and participants with missing data on any covari-
ates (n=1993).

Descriptive statistics

Baseline characteristics were presented for all covariates,
grouped by incident type 2 diabetes status and ethnicity.
Results are expressed as geometric mean=SD for continuous
variables and frequency with percentages for categorical
variables. All formal tests of differences between groups were
conducted using one-way analysis of variance for continuous
variables and Pearson’s y” tests for categorical variables. The
patterns of sleep quality exposures were also examined by
ethnicity and incident type 2 diabetes status.

Competing risks regression
Competing risks hazard regression models were used to calculate
(sub)HRs and 95% Cls of developing type 2 diabetes for the four
sleep quality exposures specified within the same model. Those
who reported no sleep problems formed the reference group.
The outcome for the survival model was time from baseline
until the development of type 2 diabetes or censoring. Death
from other causes than type 2 diabetes was considered as a
competing event, as a previous investigation in SABRE supports
ethnic differences in the association between sleep quality and
various causes of mortality: early morning waking seemed to
increase the risk of CVD mortality among Europeans, while
difficulty falling asleep seemed to moderately increase the risk of
all-cause mortality in South-Asians.”* Participants without death
notification were censored at the end of the follow-up time.
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The three hierarchical competing risk models were speci-
fied and fitted in the whole analytical sample. We checked the
proportional hazards assumption in all models by including
time-varying covariates.

Modifying effects of ethnicity

The potential modifying effects of ethnicity on the association
between sleep quality and incident type 2 diabetes were explored
by adding four interaction terms for each ethnicity*sleep quality
exposure in the fully adjusted model (model 3). The Europeans
formed the reference group. Any interaction terms below the
alpha threshold of 0.10 were taken forward by running the
models within ethnicity-stratified samples using an alpha of 0.05.

Sensitivity analysis

A single sleep assessment at baseline may not capture changes
over the long follow-up period, thus, we analysed the risk of
incident diabetes in the first-half vs the second-half of follow-up
(ie, =10 years or >10 years of follow-up) by testing for interac-
tions (follow-up period*sleep variable), followed by a stratified
analysis of each time periods.

Attrition

Over one-third of participants without diabetes at baseline were
LTFU despite extensive efforts for tracing and follow-up. Miss-
ingness on all other covariates was negligible (<7%). Baseline
characteristics of those LTFU or had missing covariates were
compared with the CCA sample.

RESULTS

Baseline characteristics

Table 1 shows the baseline characteristic of participants
stratified by ethnicity and incident diabetes status. Among
the 2189 complete cases, 484 people (22%) had developed
type 2 diabetes at 20-year follow-up. Only 14% of the
Europeans developed type 2 diabetes, compared with 33%
of South-Asians and 30% of African-Caribbeans. Type 2
diabetes incidence was associated with nearly all covariates,
except for SEP.

Pattern of sleep quality exposures

Early morning waking was the most commonly reported
sleep problem (41%), followed by tiredness on waking
(38%), snoring (38%) and difficulty falling asleep (19%). For

A hard to sleep B early morning waking
100 100
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Figure 2 Prevalence of sleep problems by ethnicity and incident T2D
status. Y-axis represents the percentage of ‘yes' respondents for the
sleep quality exposures. Sample sizes (% of complete case sample): (A)
n=406 (19%); (B) n=887 (41%); (C) n=834 (38%); (D) n=823 (38%).
AC, African-Caribbeans; EU, Europeans; SA, South-Asians; T2D, type 2
diabetes.
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all ethnicities combined, snoring prevalence was found to
be different between people who developed type 2 diabetes
and those who did not (43% and 36%, respectively). This
difference seemed to be driven by snoring patterns among
South-Asians (figure 2). Snoring was reported by 47% of
South-Asians who developed type 2 diabetes, in contrast with
349% by people who did not develop type 2 diabetes. Inter-
ethnic differences were also found for difficulty sleeping and
early morning waking; African-Caribbeans tended to have
greater difficulty falling asleep; South-Asians tended to wake
up too early.

Competing risks regression

Table 2 presents the HRs and 95% Cls for the risk of developing
type 2 diabetes at 20-year follow-up, as well as the number of
participants who developed type-2 diabetes and person-years
followed-up in the exposed and reference groups. For the indi-
vidual sleep exposures, we confirmed that the proportional

Table 1 Baseline characteristics by incident type 2 diabetes (T2D) status and ethnicity, complete cases (N=2189)
Incident T2D (N=484) No T2D (N=1705)
EU SA AC EU SA AC
Baseline characteristics (N=168) (N=232) (N=84) P value (N=1031) (N=473) (N=201) P value
Age (years) 51.5 (6.4) 49.4 (6.2) 53.1(5.7) 0.489 52.9(7.2) 50.3 (6.9) 52.8 (6.3) 0.003**
Sex (proportion male) 132 (79) 212 (91) 50 (60) <0.001*** 802 (78) 393 (83) 114 (57) <0.001***
SEP (years of education) 104 (2.2) 12.3 (3.6) 10.8 (2.7) 0.032* 10.7 (2.6) 12.4 (3.8) 11.0 (3.0) <0.001***
Physical activity (MJ/wk) 10.7 (6.7) .4 (5.9) 10.8 (7.7) 0.664 11.6 (7.3) (6.8) 11.4 (6.7) 0.015*
Smoking status <0.001*** <0.001***
Never smoker 53(32) 161 (69) 60 (71) 325(32) 383 (81) 129 (64)
Ex-smoker 59 (35) 45(19) 13 (15) 326 (32) 49 (10) 40 (20)
Current smoker 56 (33) 26 (11) 11(13) 380 (37) 41(9) 32 (16)
BMI (kg/m?) 283 (4.7) 26.7 (3.2) 29.0 (4.8) 0.922 25.5 (3.6) 25.4 (3.7) 26.9 (4.2) <0.001***
Values represent means (SDs) or n (%).
P value from either one-way ANOVA or Pearson’s xz test. P:***<0.001, **<0.01, *<0.05. Bold P values represent P<0.05.
AC, African-Caribbeans; ANOVA, analysis of variance; BMI, body mass index; EU, Europeans; SA, South-Asians; SEP, socioeconomic position.
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Table 2  Overall and ethnicity-stratified analysis reported in HRs (95% Cl), complete case analysis (n=2189)

Number of type-2 diabetes occurrences

and person-years followed up P-value for

Sleep variable (Cases/P-Y) Model 1 Model 2 Model 3 interaction
Difficulty Falling Asleep No Yes

All 383/30741 101/6631 1.21(0.96 to 1.54) 1.18 (0.93 to 1.50) 1.21(0.95 to 1.54)

Europeans 136/17591 32/3324 1.26 (0.84 to 1.89) 1.25(0.83 to 1.89) 1.26 (0.83 to 1.93) -

South-Asians 184/9708 4812216 1.28 (0.91 to 1.79) 1.12 (0.80 to 1.59) 1.16 (0.82 to 1.65) 0.748

African-Caribbeans 63/3442 21/1091 1.16 (0.65 to 2.10) 1.18 (0.64 t0 2.17) 1.12 (0.62 to 1.99) 0.786
Early Morning Waking No Yes

All 272122367 212/15005 1.12 (0.93 to 1.35) 1.14(0.94 t0 1.38) 1.11(0.92 to 1.34)

Europeans 104/13291 6417624 1.04 (0.75 to 1.44) 1.04 (0.75 to 1.44) 1.00 (0.72 to 1.40) -

South-Asians 112/6294 120/5630 1.17 (0.90 to 1.53) 1.21(0.93 to 1.58) 1.21(0.92 to 1.58) 0.392

African-Caribbeans 56/2782 28/1751 0.67 (0.38 to 1.19) 0.68 (0.38t0 1.21) 0.60 (0.33 to 1.09) 0.133
Waking up Tired No Yes

All 301/23096 174114276 0.82 (0.68 to 1.01) 0.80 (0.66 to 0.98) 0.80 (0.66 to 0.98)

Europeans 104/12757 64/8158 0.88 (0.62 to 1.21) 0.84(0.60t0 1.17) 0.87 (0.62 t0 1.22) -

South-Asians 155/7558 7714366 0.75 (0.56 to 1.00) 0.71(0.53 to 0.95) 0.72 (0.54 t0 0.97)  0.389

African-Caribbeans 51/2781 33/1752 1.16 (0.71 t0 1.91) 1.18 (0.72 to 1.94) 1.14 (0.68 t0 1.92) 0.607
Snoring No Yes

All 277/13985 207/23387 1.33(1.10 to 1.60) 1.32 (1.10 to 1.59) 1.15(0.96 to 1.39)

Europeans 100/7974 68/12941 1.15(0.83 to 1.58) 1.12 (0.82 to 1.54) 0.91 (0.67 to 1.23) -

South-Asians 123/4479 109/7445 1.53(1.17 to 1.98) 1.56 (1.20 to 2.03) 1.41(1.08 to 1.85)  0.056

African-Caribbeans 54/1532 30/3001 1.07 (0.68 to 1.68) 1.09 (0.69 to0 1.72) 0.93 (0.59 to 1.46) 0.945

Model 1: adjusted for age, sex and ethnicity, socioeconomic position; model 2: model 1 plus physical activity and smoking status; model 3: model 2 plus BMI; P=p values for interaction by ethnicity
(ethnicity*sleep quality exposure), alpha threshold=0.10, Europeans as the reference group. Bold values represent HR and 95%(Cl that do not cross 1.00 or P values for interaction by ethnicity

<0.10.
BMI, body mass index; P-Y, person-years followed up.

hazards assumption was met and therefore present results from
the models without time-varying covariates. In the overall
sample, there was some evidence for an association between
snoring and type 2 diabetes (models 1 and 2) but this attenuated
to the null when general adiposity was included in the model.
No association was found for the composite sleep quality score
either.

Modifying effects of ethnicity

The interaction effect models suggested a potential modifying
effect of being of South-Asian origin compared with Europeans
for snoring only (p=0.056).

In the ethnicity-stratified analysis (table 2), a distinctly
stronger association for snoring was found for South-Asians (HR
1.41, 95% CI 1.08 to 1.85) (model 3). There was no evidence
for this association among Europeans or African-Caribbeans in
any models. There was a relatively strong negative association
between waking up tired and incidence of type 2 diabetes (0.72,
0.54-0.97) (model 3) among South-Asians.

For difficulty falling asleep and early morning waking, there
were no apparent associations with type 2 diabetes risk across
all models. For the overall sleep quality measure, the propor-
tional hazards assumption was not met in the South-Asian
subsample but no associations with type 2 diabetes were found
across all models. Please refer to online electronic supple-
mental material 1.

Sensitivity analysis

There was no strong evidence of an interaction with length of
follow-up for snoring, difficulty falling asleep and waking up
tired. There was a strong interaction for early morning waking
(p=0.004); the stratified analysis by the two time periods

(<10 years or >10 years) suggested a stronger association
with type 2 diabetes risk in the later period. Results stratified
by follow-up period are presented in online electronic supple-
mental material 2.

DISCUSSION

Results show that snoring was associated with incident type
2 diabetes, but was observed only in South-Asians and not in
Europeans or African-Caribbeans. Difficulty falling asleep, early
morning waking, feeling tired on waking up, and the composite
sleep quality measure were not associated with type 2 diabetes
risk across all ethnic groups.

The association found for snoring among South-Asians is
comparable to the pooled unadjusted relative risk for OSA in
the same meta-analysis,* which is striking considering OSA is
a severe form of SDB The two-fold increased type 2 diabetes
risk associated with snoring observed only in South-Asians
represents a novel finding. To extend previous work on ethnic
differentials in type 2 diabetes risk,"® our findings suggest that
snoring could play a more prominent role in type 2 diabetes
pathogenesis in South-Asians. Our study lacked objectively
diagnosed SDB (including OSA). Nevertheless, previous studies
show that the progression of increased apnoea/hypopnoea index
(indicating OSA presence and severity) among primary snorers
and untreated patients with mild-to-moderate OSA were signifi-
cantly associated with length of time.?

For OSA specifically, hypothesised mechanisms involve sleep
fragmentation, intermittent hypoxia (periodic deoxygenation
and reoxygenation of blood due to recurrent airway blockage),
and reduced total sleep duration. These states may predispose
to glucose intolerance and insulin resistance through systemic
inflammation and increased oxidative stress.”® As a proxy for
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SDB, it is possible that frequent snoring may share some of these
mechanisms in South-Asians.

The association between snoring and type 2 diabetes risk inde-
pendent of adiposity was consistent with findings from a meta-
analysis that included OSA.?” Obesity is a prominent shared risk
factor for OSA and type 2 diabetes. Fat deposition surrounding
the neck, chest and abdomen may compromise airway space and
collapsibility, predisposing individuals to OSA.* Yet, frequent
snoring has also been independently associated with glucose
intolerance in lean adults.?’

Our null findings for difficulty falling asleep and difficulty
maintaining sleep (measured as ‘early morning waking’) were
not comparable with a recent meta-analysis.* Study-specific
characteristics may explain these results. Studies included in the
meta-analysis typically involved ethnically homogenous groups
from wealthy countries. Although most of these studies included
similar self-reported sleep quality questions, the accuracy of
self-reported sleep has been found to vary by ethnicity due to
systematic differences in the perception and reporting of sleep
measures.’’ This may partly contribute to the observed hetero-
geneity by ethnicity in this study. Moreover, Jenkin’s Sleep scale
has not been cross-culturally validated. These questions may be
more appropriate for Western monophasic sleep cultures (one
sleep session at night) but less suited for the siesta sleep culture
(daytime napping and nocturnal sleep) common in Caribbean
communities.’’ Future sleep research should use cross-culturally
validated sleep questionnaires or multigroup analysis to ensure
measurement invariance across ethnic groups.

Our study had several limitations. Using a single self-reported
sleep assessment that has not been compared against objec-
tive measures (eg, polysomnography) may have attenuated the
observed associations due to measurement error. Other studies
that used questionnaires to measure snoring frequency as a
proxy for SDB typically also include other SDB or OSA symp-
toms (eg, snoring intensity, apnoea-like symptoms and daytime
sleepiness).'””” Using sleep quality data at one time point in
20years do not allow us to capture the cumulative exposures
and changes over time. Ageing is associated with decreased sleep
quantity and quality,** and more day-time napping.>* Retirement
may have changed participants’ sleep quality if sleep disturbances
such as insomnia were work-related (eg, work-related stressors).
More free time post-retirement may also allow for longer sleep
or napping to compensate for poor sleep quality. Indeed, labo-
ratory experiments have found that recovery sleep following
a time of restricted sleep could partially reverse disruption in
glucose metabolism over the short term.’* For migrant groups,
poor sleep quality caused by acculturative stress might also
improve over time on successful integration to the host society.**
We attempted to address some of these limitations through the
sensitivity analysis, which found a stronger association for early
morning waking in the later period. Early waking in mid-life,
presumably for work, could perhaps have a protective effect
related to higher SEPs. Future research should use repeated
measures to characterise trajectories of sleep quality alongside
changes in sleep duration.*®3”

Another limitation of observational studies includes residual
confounding, particularly for family history of diabetes and
dietary patterns (eg, hypercaloric diets, caffeine intake).*®
Other unmeasured aspects of SEP (eg, wealth), migration-
related health determinants and adverse childhood exposures
may also explain observed ethnic differences.”” Furthermore,
attrition may introduce bias but it is difficult to ascertain the
direction of bias. Certain differences between the CCA and
LTFU sample may contribute to overestimation (ie, more males,

fewer never-smokers and more ex-smokers in the CCA sample)
whereas others may contribute to underestimation (ie, more
Europeans, fewer African-Caribbeans, more years of education
and slightly lower BMI in the CCA sample) online electronic
supplemental material 3.

Given the comparable effect size of poor sleep quality with
well-established type 2 diabetes risk factors, identifying cost-
effective and scalable early interventions to optimise sleep
quality and duration show potential for type 2 diabetes preven-
tion. While outside the scope of this study, there is also value
in exploring sleep interventions for the management of type 2
diabetes. In a systematic review of clinical practice guidelines
(CPG) to identify sleep recommendations for type 2 diabetes
management,*® 86% of the CPGs identified suboptimal sleep as
potentially causing or contributing to diabetic comorbidities but
few discussed sleep as a therapeutic target.

In conclusion, our findings suggest that sleep quality,
particularly snoring in the middle age is associated with
the development of type 2 diabetes in later life, even after
adjusting for well-established type 2 diabetes risk factors.
This association was only found in South-Asians but not
among the Europeans and African-Caribbeans. Findings
do not suggest significant associations for difficulty falling
asleep, early morning waking and waking up tired. This
warrants further investigation into the apparent ethnic
inequality and any sources of resilience due to changes in
sleep pattern postretirement. This study may inform strat-
egies for type 2 diabetes prevention among South-Asians
through screening for frequent snoring, SDB or OSA as risk
factors for type 2 diabetes.

What is already known on this subject

» Poor sleep quality (difficulty falling asleep, difficulty
maintaining sleep and sleep-disordered breathing) is
associated with increased risk of developing type 2 diabetes.

» Current literature lacks evidence for ethnically diverse
cohorts with lengthy follow-up.

What this study adds

» Findings suggested that snoring (proxy for sleep-disordered
breathing) was associated with incident type 2 diabetes,
observed only in South-Asians but not in Europeans and
African-Caribbeans.

» Future studies should identify causes of this apparent ethnic
inequality by considering changes in sleep quality after
retirement and other aspects of sleep (eg, duration, timing).

» Opportunities to reduce ethnic-health inequalities in type 2
diabetes risk include screening for snoring as a risk factor
among South-Asians and examining whether available
treatments may reverse this risk.

Acknowledgements The authors are grateful to the participants for their
continued support and to the SABRE Study Group who contributed to the study
design, study management and primary data collection.

Contributors CD and VG conceived the study idea and design. ZLO, VG and TT
contributed to the design of analyses and jointly performed the statistical analyses. ZLO
wrote the manuscript under the supervision of CD and VG. NC and TT contributed to the
design and acquisition of the data. All authors contributed to the interpretation of the
results, critically appraised the manuscript and approved the final draft. VG guarantees
the work carried out, had access to all of the study data and takes responsibility for the
integrity of the data and accuracy of the data analysis. CD and VG are joint last authors.

Ong ZL, et al. J Epidemiol Community Health 2021;75:1117-1122. doi:10.1136/jech-2020-215796 121

"ybuAdoo Ag paiosiold 1senb Ag zzoz ‘2 Areniga uo jwod g yosly:dny wouy papeojumoq “TZ0OZ 8uUnr TT U0 96/GT2-0202-Y28l/9TT 0T se paysiignd 1siy :yjiesH Anunwwo) |olwspidy ¢



Original research

Funding SABRE was funded at baseline by the UK Medical Research Council 12 Stamatakis KA, Punjabi NM. Effects of sleep fragmentation on glucose metabolism in
(G8802774) and Diabetes UK. Follow-up studies have been funded by the Wellcome normal subjects. Chest 2010;137:95-101.
Trust (WT 082464), British Heart Foundation (SP/07/001/23603 and CS/13/1/30327) 13 Tillin T, Hughes AD, Godsland IF, et a/. Insulin resistance and truncal obesity as
and Diabetes UK (13/0004774). NC received support from the National Institute for important determinants of the greater incidence of diabetes in Indian Asians and
Health Research University College London Hospitals Biomedical Research Centre. African Caribbeans compared with Europeans: the Southall and Brent revisited (sabre)
Support has also been provided at follow-up by the National Institute of Health cohort. Diabetes Care 2013;36:383-93.
Research Clinical Research Networks (NIHR) Diabetes Research Network (DRN 151 14 Chen X, Wang R, Zee P, et a/. Racial/Ethnic differences in sleep disturbances: the
and DRN 375). This present study is entirely independent of the funding bodies, multi-ethnic study of atherosclerosis (MESA). Sleep 2015;38:877-88.
who played no role in these analyses or in the decision to submit the manuscript 15 Tillin T, Forouhi NG, McKeigue PM, et a/. Southall and Brent revisited: cohort profile
for publication. VG is funded by a joint grant from the British Heart Foundation and of sabre, a UK population-based comparison of cardiovascular disease and diabetes
Diabetes UK (15/0005250). in people of European, Indian Asian and African Caribbean origins. Int J Epidemiol
Competing interests None declared 2012,41:33-42.
’ 16 Jenkins CD, Stanton BA, Niemcryk SJ, et al. A scale for the estimation of sleep
Patient consent for publication Not required. problems in clinical research. J Clin Epidemiol 1988;41:313-21.
Ethics approval The baseline study was approved by Ealing, Hounslow and 17 Li. S, Jin X, Yan C etal. Habitual snoring in school-aged children: environmental and
Spelthorne, Parkside and University College London research ethics committees. biological predictors. Respir Res 2010;11:144. o
The follow-up study was approved by St. Mary's Hospital Local Research Ethics 18 Petry C, ,Plere|ra MU, Pitrez PMC, et al. Preyalenaa dg sintomas de distrbios
Committee (reference 07/HO712/109). respiratorios dq sono em escollares brasileiros. J Pediatr 2008;84:123—9.
19 Archbold KH, Pituch KJ, Panahi P, et al. Symptoms of sleep disturbances among
Provenance and peer review Not commissioned; externally peer reviewed. children at two general pediatric clinics. / Pedliatr 2002;140:97-102.
Data availability statement Data are available on reasonable request. Datamay 20 Topriceanu C,TillinT, Chaturvedi N. The association between plasma metabolites
be obtained from a third party and are not publicly available. The dataset analysed and slgep quality in the Southall and _Brent reV|sl|ted (sabre) study: a cross-sectional
are available from the SABRE Study Group but restrictions apply to the availability of analysis. J Sleep Res 2020:13245. doi:10.1111/jsr13245 ,
these data, which were used with permission for the current study, and so are not 21 WHO. Definition, diagnosis and classification of diabetes mellitus and its
publicly available. Data are however available from the corresponding author upon complications : report of a WHO consultation. Part 1, Diagnosis and dlassification of
reasonable request and with permission from the SABRE Study Group. diabetes mellitus. Geneva: WHO, Dept of NCD Surveillance, 1999,
. ) ) 22 Tillin T, Hughes AD, Wang Q, et al. Diabetes risk and amino acid profiles: cross-
Supplemental material This content has been supplied by the author(s). It sectional and prospective analyses of ethnicity, amino acids and diabetes in a South
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have Asian and European cohort from the sabre (Southall and Brent revisited) study.
been peer-reviewed. Any opinions or recommendatlor_]s dllscussed_ ar(_elsolely those Diabetologia 2015;58:968-79.
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 23 Wosu AC, Vélez JC, Barbosa C, et al. The relationship between high risk for obstructive
_respon5|b|I|ty arising from any reliance placed on the content. Where the content sleep apnea and general and central obesity: findings from a sample of Chilean
includes any t(ansla_ted mfaterlal, BMJ dOQS not warrant the accuracy gnd re[lab!l|ty college students. ISRV Obes 2014:2014:1-8.
of thg translations (including but not limited to Io;al regulatlonsl, clinical guidelines, 24 Kwok CS, Kontopantelis E, Kuligowski G, et al. Self-Reported sleep duration and
terminology, drug names and drug dosages), and s not responsible for any error quality and cardiovascular disease and mortality: a Dose-Response Meta-Analysis. J
and/or omissions arising from translation and adaptation or otherwise. Am Heart Assoc 2018:7.
Open access This is an open access article distributed in accordance with the 25 Berger G, Berger R, Oksenberg A. Progression of snoring and obstructive sleep
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits apnoea: the role of increasing weight and time. £ur Respir / 2009;33:338-45.
others to copy, redistribute, remix, transform and build upon this work for any 26 Reutrakul S, Mokhlesi B. Obstructive sleep apnea and diabetes: a state of the art
purpose, provided the original work is properly cited, a link to the licence is given, review. Chest 2017;152:1070-86.
and indication of whether changes were made. See: https:/creativecommons.org/ 27 Wang X, BiY, Zhang Q, et al. Obstructive sleep apnoea and the risk of type 2 diabetes:
licenses/by/4.0/. a meta-analysis of prospective cohort studies. Respirology 2013;18:140-6.
28 Schwartz AR, Patil SP, Laffan AM, et a/. Obesity and obstructive sleep apnea:
ORCID iDs pathogenic mechanisms and therapeutic approaches. Proc Am Thorac Soc
Zhen Ling Ong http://orcid.org/0000-0002-4236-2902 2008;5:185-92.
Victoria Garfield http://orcid.org/0000-0002-5127-0890 29 Shin C, Kim J, Kim J, et al. Association of habitual snoring with glucose and
insulin metabolism in nonobese Korean adult men. Am J Respir Crit Care Med
2005;171:287-91.
REFERENCES 30 Jackson CL, Patel SR, Jackson WB, et al. Agreement between self-reported and

1 Watson NF, Badr MS, Belenky G, et al. Recommended amount of sleep for a healthy objectively measured sleep duration among white, black, Hispanic, and Chinese
adult: a joint consensus statement of the American Academy of sleep medicine and adults in the United States: multi-ethnic study of atherosclerosis. Sleep 2018;41.
sleep research Society. Sleep 2015;38:843—4. doi:10.1093/sleep/zsy057. [Epub ahead of print: 01 Jul 2018].

2 Buysse DJ. Sleep health: can we define it? does it matter? Sleep 2014,37:9-17. 31 Williams NJ, Grandne MA, Snipes A, et al. Racial/Ethnic disparities in sleep health and

3 Krystal AD, Edinger JD. Measuring sleep quality. Sleep Med 2008;9 Suppl 1:510-17. health care: importance of the sociocultural context. Sleep Health 2015;1:28-35.

4 Anothaisintawee T, Reutrakul S, Van Cauter E, et a/. Sleep disturbances compared to 32 D'Ambrosio C, Redline S. Sleep Across the Lifespan. In: Impact of sleep and sleep
traditional risk factors for diabetes development: systematic review and meta-analysis. disturbances on obesity and cancer. New York, NY: Springer New York, 2014: 1-23.
Sleep Med Rev 2016;30:11-24. http://link.springer.com/

5 St-Onge M-P, Grandner MA, Brown D, et al. Sleep duration and quality: impact 33 Stanley N.The physiology of sleep and the impact of ageing. European Urology
on lifestyle behaviors and cardiometabolic health: a scientific statement from the Supplements 2005;3:17-23.

American heart association. Circulation 2016;134:e367-86. 34 van Leeuwen WMA, Hublin C, Sallinen M, et al. Prolonged sleep restriction affects

6 Reutrakul S, Mokhlesi B, Apnea 0S. And diabetes: a state of the art review. Chest glucose metabolism in healthy young men. Int J Endocrinol 2010;2010:1-7.
2017;152:1070-86. 35 Grandner MA, Williams NJ, Knutson KL, et a/. Sleep disparity, race/ethnicity, and

7 Knutson KL, Ryden AM, Mander BA, et al. Role of sleep duration and quality in the socioeconomic position. Sleep Med 2016;18:7-18.
risk and severity of type 2 diabetes mellitus. Arch Intern Med 2006;166:1768. 36 Baden MY, Hu FB, Vetter C, et al. Sleep duration patterns in early to middle adulthood

8 Tasali E, Mokhlesi B, Van Cauter E. Obstructive sleep apnea and type 2 diabetes: and subsequent risk of type 2 diabetes in women. Diabetes Care 2020;43:1219-26.
interacting epidemics. Chest 2008;133:496-506. 37 Ferrie JE, Kivimaki M, Akbaraly TN, et al. Change in sleep duration and type 2

9 Clausen JO, Winther K, Pedersen O, et al. Insulin sensitivity index in young healthy diabetes: the Whitehall Il study. Diabetes Care 2015;38:1467-72.

Danish Caucasians 1195. J Clin Invest . 1996;98:1195-209 https://dm5migudzj3pb. 38 Ojo 0. Diabetes in ethnic minorities in UK: the role of diet in glucose dysregulation
cloudfront.net/manuscripts/118000/118903/cache/118903.1-20140626150550- and prevalence of diabetes. J Food Nutr Disord 2013;02.
covered-253bed37cadc1ab43d105aefdf7b5536.pdf 39 Montesi L, Caletti MT, Marchesini G. Diabetes in migrants and ethnic minorities in a
10 Motivala SJ, Tomiyama AJ, Ziegler M, et al. Nocturnal levels of ghrelin and leptin and changing world. World J Diabetes 2016;7:34—44. doi:10.4239/wjd.v7.i3.34
sleep in chronic insomnia. Psychoneuroendocrinology 2009;34:540-5. 40 Smyth A, Jenkins M, Dunham M, et al. Systematic review of clinical practice guidelines
11 Knutson KL, Spiegel K, Penev P, et al. The metabolic consequences of sleep to identify recommendations for sleep in type 2 diabetes mellitus management.
deprivation. Sleep Med Rev 2007;11:163-78. Diabetes Res Clin Pract 2020;170:108532. doi:10.1016/j.diabres.2020.108532
1122 Ong ZL, et al. J Epidemiol Community Health 2021;75:1117-1122. doi:10.1136/jech-2020-215796

"ybuAdoo Ag paiosiold 1senb Ag zzoz ‘2 Areniga uo jwod g yosly:dny wouy papeojumoq “TZ0OZ 8uUnr TT U0 96/GT2-0202-Y28l/9TT 0T se paysiignd 1siy :yjiesH Anunwwo) |olwspidy ¢



