
Type 2 diabetes mellitus
(T2DM) patients experie-
nce a range of illness
related problems such as
extreme thirst and co-
mplications as a result of
poor glycemic control.
While health psycholo-
gists commonly focus on
self-management issues
(e.g., medication adhere-
nce, eating and exercise
behaviour), prevalent
sleep problems in this
population should also
receive more attention.
Patients with T2DM often
present with sleep distu-
rbances (Cuellar &
Ratcliffe, 2008) including
delayed sleep onset, fre-
quent awakening, rest-
lessness, and subsequent
daytime sleepiness (Ink-
ster et al. , 2013). Obstru-
ctive sleep apnea (OSA) is
one of the most common
sleep disorders in patients
with type 2 diabetes
(Cass, Alonso, Islam, &
Weller, 2013), leading to
sleep disru-ptions and
nocturnal arousals.

Poor sleep has been
linked to adverse health and functioning outcomes
including poor glycemic control (Kim et al. , 2013;

Ohkuma et al. , 2013) and reduced quality of life in
patients with type 2 diabetes (Chasens & Luyster,
2016; Seligowski et al. , 2013). There are few
studies to examine sleep problems in T2DM in
tropical settings where consistent day length,
light–dark cycle and temperatures may influence
wake time schedule and hence sleep patterns
(Reutrakul et al. , 2015). In tropical countries,
consistent long day length may encourage later
bedtime and higher temperatures (year round
average 27-34ºC) could compromise sleep
(Reutrakul et al. , 2015).

To address this gap, we examined the rates and
patterns of sleep problems in a sample of adults
with T2DM and their associations with
sociodemographic and clinical parameters. The
focus of this research was on insomnia (i.e. ,
difficulty falling and/or staying asleep), daytime
sleepiness and sleep debt (i.e. , measurable sleep
deprivation related to varying day-to-day sleep
schedules whereby reduced sleep over working days
is alternated with sleep compensation over non-
working days).

Methods

This study uses the results from the baseline of
a prospective study that was conducted at the
outpatient Endocrinology clinic of the National
University Hospital. All adult patients aged 21-64
years, diagnosed with T2DM for at least 1 year,
literate in English and able to consent and comply
with the study protocol were included. Patients
with active cardiovascular disease such as unstable
angina or recent coronary artery bypass, liver
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disease defined as transaminase > 3 times upper
limit of normal and renal disease with creatinine >
130 μmmol/L and those on treatment for
psychological or psychiatric disorders were
excluded. The study was approved by National
Healthcare Group, and all participants provided
informed consent.

Measures

Baseline data collection included questionnaire
administration, assessment of current medication,
anthropometric measurements [height (m) and
weight (kg) for subsequent BMI calculation] and
HbA1c levels (using high-performance liquid
chromatography method).
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Measures of sleep habits and sleep duration
(e.g., insufficient sleep) were captured using
validated questions from the Wisconsin Sleep
Cohort Study (Young, 2009). “Insomnia” was
accessed with the following 4 items: difficulty
falling asleep; repeatedly waking up at night-time;

waking up and finding it difficult to go back to
sleep; waking up early in the morning and finding
it difficult to get back to sleep. Response categories
for all 4 items are ‘never’ or ‘rarely’ (once/month),
‘sometimes’ (2–4 times/month), ‘often’ (5–15
times/month), and ‘almost always’ (16–30
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times/month). For the analyses, each item was
dichotomized into ‘often/almost always’ (≥5
times/month) versus ‘sometimes/rarely’ (<5
times/month) in line with previous work (Szklo-
Coxe, Young, Peppard, Finn, & Benca, 2010).

Average daily sleep duration was estimated from
the following two questions: “How many hours of
sleep do you normally get on a typical workday
night?; On a typical non-work night?”. Average
daily sleep duration was computed as [(5 ×
workday sleep) + (2 × weekend sleep)] /7.
Insufficient sleep was defined as average daily
sleep duration <7 hours/day, in accordance with
previous work (Cappuccio, Cooper, D'Elia,
Strazzullo, & Miller, 2011). Sleep debt was
estimated in hours as the average amount of
weekend sleep minus the average amount of
weekday sleep (Roenneberg et al. , 2007).

The Epworth Sleepiness Scale was used to assess
subjective wake time sleepiness (Johns, 1991).

Scores range from 0–24 with an Epworth score >10
used to define ‘excessive sleepiness’ in line with
previous work (Gander, Marshall, Harris, & Reid,
2005; O’Connor et al. , 2009).

Statistical analyses

Rates of sleep symptoms were compared using
Statistics Calculator, version 4.0 (Stat Pac). Other
statistical analyses were performed with SPSS 22
(Chicago, IL) with significance set at 0.05.

Descriptive statistics were performed to provide
information on the characteristics of the total
sample and prevalence of sleep problems.
Univariate two-sample t-tests, ANOVAs or chi-
square tests were used to examine the association
of each demographic and clinical factor with the
various sleeping patterns/behaviors (as appropriate
for continuous or categorical variables) .
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Results

Baseline demographic, clinical and sleep
characteristics of the 213 participants are shown in
Table 1. The mean age (SD) of the population was
45.0 (12.1) years old, with 63.4% being males.
There were 49.8% Chinese, 11.3% Malays, 29.1%
Indians and 9.9% belonging to other ethnicities.
For treatment regimen, 59.8% were on oral
medications only and 36.8% on both oral and
insulin. About 70% of patients had at least one
comorbidity.

Rates of sleeping problems varied across sleep
indicators. As shown in Table 1 insufficient sleep
duration (i.e. , <7 hours) and excessive sleepiness
was reported by 57.2% and 77.9% of patients
respectively.

There were significantly lower percentages of
patients who reported sleeping difficulties
indicative of insomnia (having difficulty falling or
staying asleep during night; waking up early), i.e. ,
11.8% to 17.9% (ps < .05).

Sleep debt ranged between – 2.5 hours to 8.5
hours indicating contrasting practices in our
sample.

Analyses indicated few significant associations
between self-reported sleep with socio-
demographic and clinical parameters.

Higher sleep debt was associated with younger
age (r = -.23, p= .001) and less years of education (
r =.15, p = .043).

Sleeping difficulties were associated with a
higher BMI, and shorter sleep duration. There were
no significant associations with self-report
sleepiness, sleep debt or any other demographic
and clinical parameter.

Analyses showed that BMI was significantly
higher in those reporting difficulty getting to sleep
(31.02 ± 5.85 vs. 28.68 ± 5.40, p = .031), those
repeatedly waking up at night-time (30.81 ± 5.55
vs. 28.98 ± 5.01, p = .046) and those reporting
awakenings and finding it hard to get back to sleep

(30.91 ± 5.25 vs. 28.61 ± 5.54, p = .019) compared
to those who did not report any of these insomnia
symptoms.

Discussion

Study findings indicated that sleep disturbances
among patients with T2DM are common. Yet, such
symptoms typically are not elicited or addressed in
routine consultations.

Of particular concern are the low/insufficient
sleep duration and excessive daytime sleepiness
shown to affect more than 50% of patients with
type 2 diabetes mellitus in Singapore. Estimates are
higher than those reported in population cohort
studies in Singapore (Singapore Chinese Health
Study) (e.g., Pan, De Silva, Yuan, & Koh, 2014;
Shankar, Koh, Yuan, Lee, & Yu, 2008) but
comparable to studies on DM (Plantinga, Rao, &
Schillinger, 2012; Skomro, Ludwig, Salamon, &
Kryger, 2001; Sridhar & Madhu, 1994). Symptoms
typically associated with diabetes such as frequent
nocturia (awakening at night due to the need to
urinate) and obstructive sleep apnea that often
coexists with DM may compromise sleep (Foster et
al. , 2009; Plantiga et al. , 2012).

There was marked variability in sleep debt in our
sample – sleep debt reflects the varying sleep
duration across the week whereby insufficient sleep
during weekdays is alternated with sleep
compensation over weekends as shown in young
adult population studies both in Singapore and
western settings (Lo, Leong, Loh, Dijk, & Chee,
2014). While sleep debt has been examined in
adolescents with DM (Ruiz, Rangel, Rodríguez,
Rodríguez, & Rodríguez, 2014), this has been
largely overlooked in adult patients with DM. The
preliminary findings of our study show an average
sleep debt of 1.2 hours but not uniformly across
T2DM patients. The associations of increased sleep
debt with age and education are likely to reflect
the competing lifestyle/social demands among the
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patient segments that are more likely to be
occupational and socially active. As employment
was not captured we could not explore this further.
More work is needed to map sleep variations in this
population and profile patients that may be more
vulnerable to sleep deficits.

The rates of insomnia symptoms were
substantially lower, yet far from negligible. Such
symptoms were found to be associated with
increased BMI, similar to findings in other T2DM
studies (Arora et al. , 2016) and epidemiological
studies across all age segments (Kripke, Garfinkel,
Wingard, Klauber, & Marler, 2002; Sekine et al. ,
2002).

More work is needed to unravel determinants of
sleep problems and sources of individual variability
so as to guide development of interventions. The
lack of significant associations to sociodemographic
and clinical characteristics suggests that other
variables are more important.

Some study limitations should be noted. First,
the cross-sectional nature of the study does not
provide causal evidence. As obesity is associated
with both disturbed sleep and diabetes, it is not
clear if these problems are to be attributed to
diabetes. Second, all the sleep variables were not
objectively measured, though they were based on
standardized questionnaires. Lastly, as this is a
clinic-based convenience sample excluding patients
with severe cardiovascular and renal complications,
whether the findings can be generalized to a larger
population remains to be investigated.

In conclusion, the observed sleep disturbances
highlight the need to increase awareness of
patients and health care providers so as to better
diagnose and manage these symptoms.

References

Arora, T., Chen, M. Z., Omar, O. M., Cooper, A. R.,
Andrews, R. C., & Taheri, S. (2016). An
investigation of the associations among sleep
duration and quality, body mass index and
insulin resistance in newly diagnosed type 2
diabetes mellitus patients.

, 3-11.
doi:10.1177/2042018815616549

Cappuccio, F. P., Cooper, D., D'Elia, L., Strazzullo,
P., & Miller, M. A. (2011). Sleep duration
predicts cardiovascular outcomes: A systematic
review and meta-analysis of prospective studies.

, 1484-1492. doi:
10.1093/eurheartj/ehr007

Cass, A. R., Alonso, W. J., Islam, J., & Weller, S. C.
(2013). Risk of obstructive sleep apnea in
patients with type 2 diabetes mellitus.

(7), 492-500. Retrieved from
http://www.stfm.org/FamilyMedicine/Vol45Issu
e7/Cass492

Chasens, E. R., & Luyster, F. S. (2016). Effect of
sleep disturbances on quality of life, diabetes
self-care behavior, and patient-reported
outcomes. , 20-23.
doi:10.2337/diaspect.29.1.20

Cuellar, N. G., & Ratcliffe, S. J. (2008). A
comparison of glycemic control, sleep, fatigue,
and depression in type 2 diabetes with and
without restless legs syndrome.

(1), 50-56. Retrieved from
http://www.aasmnet.org/jcsm/ViewAbstract.asp
x?pid=27079

Foster, G. D., Sanders, M. H., Millman, R., Zammit,
G., Borradaile, K. E., Newman, A. B., . . . Darcey,
V. (2009). Obstructive sleep apnea among obese
patients with type 2 Diabetes. ,
1017-1019. doi:10.2337/dc08-1776

Gander, P. H., Marshall, N. S., Harris, R., & Reid, P.
(2005). The Epworth sleepiness scale: influence
of age, ethnicity, and socioeconomic
deprivation. Epworth sleepiness scores of adults

sleep problems in patients with Type 2 Diabetes MellitusGriva et al.



in New Zealand. (2), 249-253. Retrieved
from
http://www.journalsleep.org/ViewAbstract.aspx
?pid=26113

Inkster, B., Riha, R. L., Van Look, L., Williamson,
R., McLachlan, S., Frier, B. M., . . . Reynolds, R.
M. (2013). Association between excessive
daytime sleepiness and severe hypoglycemia in
people with type 2 diabetes: The Edinburgh type
2 diabetes study. , 4157-4159.
doi:10.2337/dc13-0863

Johns, M. W. (1991). A new method for measuring
daytime sleepiness: The Epworth sleepiness
scale. (6), 540-545. Retrieved from
http://www.journalsleep.org/ViewAbstract.aspx
?pid=24884

Kim, B. K., Kim, B. S., An, S. Y., Lee, M. S., Choi, Y.
J. , Han, S. J. , . . . Kim, D. J. (2013). Sleep
duration and glycemic control in patients with
diabetes mellitus: Korea national health and
nutrition examination survey 2007-2010.

1334-1339.
doi:10.3346%2Fjkms.2013.28.9.1334

Kripke, D. F., Garfinkel, L., Wingard, D. L., Klauber,
M. R., & Marler, M. R. (2002). Mortality
associated with sleep duration and insomnia.

, 131-136.
doi:10.1001/archpsyc.59.2.131

Lo, J.C., Leong, R.L., Loh, K.K., Dijk, D.J. , & Chee,
M.W. (2014). Young adults' sleep duration on
work days: Differences between east and west.

1-12.
doi:10.3389/fneur.2014.00081

O'Connor, G. T., Caffo, B., Newman, A. B., Quan, S.
F., Rapoport, D. M., Redline, S., . . . Shahar, E.
(2009). Prospective study of sleep-disordered
breathing and hypertension: The sleep heart
health study.

1159-1164.
doi:10.1164/rccm.200712-1809OC

Ohkuma, T., Fujii, H., Iwase, M., Kikuchi, Y., Ogata,
S., Idewaki, Y., . . . Kitazono, T. (2013). Impact
of sleep duration on obesity and the glycemic
level in patients with type 2 diabetes: The

Fukuoka diabetes registry.
611-617. doi:10.2337/dc12-0904

Pan, A., De Silva, D. A., Yuan, J. M., & Koh, W. P.
(2014). Sleep duration and risk of stroke
mortality among Chinese adults: Singapore
Chinese health study. , 1620-5.
doi:10.1161/STROKEAHA.114.005181

Plantinga, L., Rao, M. N., & Schillinger, D. (2012).
Prevalence of self-reported sleep problems
among people with diabetes in the United
States, 2005-2008.
E76. doi:10.5888/pcd9.110244

Reutrakul, S., Siwasaranond, N., Nimitphong, H.,
Saetung, S., Chirakalwasan, N.,
Ongphiphadhanakul, B., . . . Crowley, S. J.
(2015). Relationships among sleep timing, sleep
duration and glycemic control in type 2 diabetes
in Thailand.
1469-1476. doi:10.3109/07420528.2015.1105812

Roenneberg, T., Kuehnle, T., Juda, M., Kantermann,
T., Allebrandt, K., Gordijn, M., & Merrow, M.
(2007). Epidemiology of the human circadian
clock 429-438.
doi:10.1016/j.smrv.2007.07.005

Ruiz, N., Rangel, A., Rodríguez, C., Rodríguez, L., &
Rodríguez, V. (2014). Relationship among
nocturnal sleep deficit, excess weight and
metabolic alterations in adolescents.

511-518.
doi:10.1590/S0325-00752014000600006

Sekine, M., Yamagami, T., Handa, K., Saito, T.,
Nanri, S., Kawaminami, K., . . . Kagamimori, S.
(2002). A dose–response relationship between
short sleeping hours and childhood obesity:
results of the Toyama birth cohort study.

163-170.
doi:10.1046/j.1365-2214.2002.00260.x

Seligowski, A. V., Pless Kaiser, A. P., Niles, B. L.,
Mori, D. L., King, L. A., & King, D. W. (2013).
Sleep quality as a potential mediator between
psychological distress and diabetes quality of
life in veterans with type 2 diabetes.

1121-1131.
doi:10.1002/jclp.21866

sleep problems in patients with Type 2 Diabetes MellitusGriva et al.



Shankar, A., Koh, W. P., Yuan, J. M., Lee, H. P., &
Yu, M. C. (2008). Sleep duration and coronary
heart disease mortality among Chinese adults in
Singapore: A population-based cohort study.

1367-
1373. doi:10.1093/aje/kwn281

Skomro, R. P., Ludwig, S., Salamon, E., & Kryger, M.
H. (2001). Sleep complaints and restless legs
syndrome in adult type 2 diabetics.

417-422. doi:10.1016/S1389-
9457(01)00110-1

Sridhar, G. R., & Madhu, K. (1994). Prevalence of
sleep disturbances in diabetes mellitus.

183-186.
doi:10.1016/0168-8227(94)90103-1

Szklo-Coxe, M., Young, T., Peppard, P. E., Finn, L.
A., & Benca, R. M. (2010). Prospective
associations of insomnia markers and symptoms
with depression.

709-720.
doi:10.1093/aje/kwp454

Young, T. (2009). Rationale, design, and findings
from the Wisconsin sleep cohort study: Toward
understanding the total societal burden of sleep-
disordered breathing. ,
37-46. doi:10.1016/j. jsmc.2008.11.00

Yin Woan Vanessa Lee
Department of Psychology, National University of
Singapore, Singapore

Konstadina Griva
Department of Psychology, National University of
Singapore, Singapore

psygk@nus.edu.sg

Priyathanaa D/O Kalyanasundram
Department of Psychology, National University of
Singapore, Singapore

Yung Seng Lee
Department of Paediatrics, Yong Loo Lin School of
Medicine, National University of Singapore, Singapore

Division of Paediatric Endocrinology and Diabetes,
Khoo Teck Puat-National University Children’s Medical
Institute, National University Health System,
Singapore

Singapore Institute for Clinical Sciences, Agency for
Science, Technology and Research, Singapore

Luor Shyuan Maudrene Tan
Saw Swee Hock School of Public Health, National
University of Singapore, Singapore

sleep problems in patients with Type 2 Diabetes MellitusGriva et al.



Eric Yin-Hao Khoo
Department of Medicine, National University Health
System, Singapore

Mohamed Amir
Department of Psychology, National University of
Singapore, Singapore

Hwee-Lin Wee
Saw Swee Hock School of Public Health, National
University of Singapore, Singapore

Department of Pharmacy, National University of
Singapore, Singapore

sleep problems in patients with Type 2 Diabetes MellitusGriva et al.




