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ABSTRACT
Aims/Introduction: Sleep disturbances caused by painful diabetic neuropathy (PDN) might have substantial impacts on the
multifaceted aspects of PDN, including quality of life. There are no convincing data on the validation or reliability of sleep problem
measurements in patients with PDN in Korea. This large population-based cross-sectional study examined psychometric properties
of the Medical Outcomes Study (MOS) Sleep Scale in patients with PDN in Korea.
Materials and Methods: Measurements of patient-reported outcomes (Brief Pain Inventory-short form, MOS Sleep Scale and
EuroQoL Health [EQ-5D]) were documented. PDN was diagnosed if the average daily pain intensity was ‡4 based on the visual
analog scale or if patients were taking medication for their current pain.
Results: There were 577 patients with PDN (41.6% with diabetic peripheral neuropathy). The internal consistency of reliability for
the MOS Sleep Scale was 0.80 as measured by Cronbach’s alpha. The extent to which multiple items in a dimension were intercor-
related and formed a dimension measuring the same underlying concept (Pearson’s correlation coefficient) ranged from 0.24 to
0.71 (all P < 0.001). Each item of the MOS Sleep Scale was significantly correlated with the average pain score and the pain
interference score (Pearson’s correlation coefficients ranged from 0.20 to 0.28 and from 0.29 to 0.40, respectively; all P < 0.001).
The correlations between the EQ-5D index and the MOS Sleep Scale ranged from -0.27 to -0.31 (all P < 0.001).
Conclusions: The MOS Sleep Scale showed good reliability in the evaluation of PDN in Korean type 2 diabetic patients.
(J Diabetes Invest, doi: 10.1111/jdi.12066, 2013)
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INTRODUCTION
Diabetic peripheral neuropathy (DPN) is the most common
long-term complication of diabetes, and is a risk factor for foot
ulceration and lower extremity amputation. It was reported that
63.8% of type 2 diabetic patients experience some degree of
pain1. Chronic painful diabetic peripheral neuropathy (PDN)
can cause symptoms that persist for many years and severely
impairs the quality of life1,2. Patients with PDN reported that
the pain caused substantial disruptions in sleep and the enjoy-
ment of life, as well as moderate interference in recreational

activities, normal work, mobility, general activity, social activi-
ties and mood3, with PDN patients having greater impairment
than non-diabetic controls2.
Sleep disturbances are well established as being associated

with depression, anxiety, impaired social functioning, hospital-
ization, chronic medical conditions and mortality4,5. Patients
with painful DPN reported impaired sleep relative to the gen-
eral population and other chronic diseases6. In contrast, links
between sleep and metabolic control were established, and
chronic sleep impairment might represent a novel risk factor
for type 2 diabetes mellitus, potentially influencing the progres-
sion of this condition7,8. Thus, sleep problems caused by PDN
might have substantial impacts on the multifaceted aspects of
this disease, including quality of life.
The measurement of a patient’s experiences of pain and

sleep through validated instruments before the use of medical
equipment could provide important information. There are a
number of sleep questionnaires that are designed to measure
the quality of sleep or the impact of sleep problems on daily
function and quality of life in patients with PDN9. A 12-item
self-report sleep measure was developed in the Medical
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Outcomes Study (MOS) to provide a concise assessment of
important dimensions of sleep, including initiation, mainte-
nance, respiratory problems, quantity, perceived adequacy and
somnolence10. However, there are no convincing data on the
validation or reliability of these measurements in PDN
patients in Korea. The aim of the present study was to exam-
ine psychometric properties of the MOS Sleep Scale in
patients with PDN based on a large population-based cross-
sectional study in Korea.

METHODS
Study Population
Patients with type 2 diabetes from 40 hospitals across Korea
were enrolled in the present multicenter, cross-sectional, obser-
vational study from December 2009 to June 2010. The main
characteristics of the study design were published elsewhere11.
Initially, 4,000 eligible patients were consecutively enrolled from
outpatient departments of multicenters during the study period.
Of these, 1,388 (33.5%) patients had DPN based on the diag-
nostic criteria of a previously reported study11. PDN was diag-
nosed if the average daily pain intensity was ‡4 (moderate or
more pain) using the visual analog scale (VAS) or if patients
were taking medication for their current pain. Diabetic compli-
cations were categorized and defined as definite criteria accord-
ing to a previous study11. Each patient received written
information about the study and all participants gave informed
consent. The study was approved by the local ethics committees
of each of the 40 hospitals.

Patient-Reported Outcome Measures
The patients completed patient-reported outcome measures
questionnaires. This included the Brief Pain Inventory (BPI)-
short form, MOS Sleep Scale and EuroQol Health (EQ-5D). All
of these measures were completed during clinic visits.

BPI-Short Form
The BPI is a patient-completed numeric rating scale that
assesses the severity of pain (severity scale), its impact on
daily functioning (interference scale) and other aspects of
pain (e.g., location of pain, relief from medication)12. The
modified short form used in the present study includes the
four-item pain severity scale (worst, least, average and current
pain) and the seven-item pain interference scale (general
activity, mood, walking ability, normal work, relationships
with other people, sleep and enjoyment of life). Each BPI
item uses a 0–10 numeric rating scale anchored at 0 for ‘no
pain’ and 10 for ‘pain as bad as you can imagine’ for sever-
ity, and ‘does not interfere’ to ‘completely interferes’ for
interference. The ‘average pain score’ was defined using the
scale rating average pain. The ‘pain interference score’ was
defined using the scale that pain has interfered with sleep
during the previous 24 h. Support for the reliability and
validity of the USA English version has been reported in
patients with painful DPN13.

MOS Six-Item Sleep Scale
The MOS Sleep Scale was applied to patients to assess their qual-
ity of sleep. Results supported the construction of six subscales
based on the 12 items in the MOS Sleep Scale. A shorter version
of the MOS Sleep Scale of the index was also developed based
on considerations of item content and item-total correlations.
This six-item version was used in the present study (Appen-
dixS1). Participants were asked to recall sleep quality during the
previous 4 weeks. The MOS Sleep Scale yields several dimen-
sions of sleep, including initiation, maintenance, adequacy,
somnolence and respiratory impairments. Participants were
asked to respond on a six-scale score, ranging from ‘none of the
time’ to ‘all of the time’. Item responses were assigned scores
using conventional scoring rules, with higher scores indicating a
greater severity of sleep disturbance. A sleep problem index
(SPI), using the sum of all six sleep items, was also scored to
provide a measure of overall sleep quality. Support for the
reliability and validity of the German, Polish and USA English
versions has been reported in patients with painful DPN14.

EQ-5D
The impact of PDN on patient quality of life was assessed
using the EQ-5D. The EQ-5D has a five-item standardized
health profile measure15,16. Each item reflects one dimension of
quality of life (motility, self-care, usual activities, pain/discom-
fort and anxiety/depression) coded at one of three levels. The
recall period was ‘today.’ The scores from the five domains can
be used to calculate a single preference-based index score.
In addition, the EQ-5D contains a VAS that asks the patients
to rate their current health state from 0 to 100, where 0 repre-
sents the worst imaginable health state and 100 represents the
best imaginable health state. The reliability and validity has
been established for a number of disease entities.

Statistical Analysis
All data are expressed as mean – standard deviation (SD),
unless stated otherwise. The internal consistency of reliability
was assessed by Cronbach’s coefficient alpha computed for the
derived factors from the factor analysis, using the criterion of
an alpha coefficient of ‡0.7 for acceptable reliability. In addi-
tion, internal consistency of reliability was evaluated using inter-
correlations between each item of the MOS Sleep Scale.
Construct validity of the MOS Sleep Scale was evaluated by
examining the statistical relationships between the MOS Sleep
Scale and the average pain score, the pain interference score,
and EQ-5D. Pearson correlation coefficients were used to evalu-
ate these relationships. The statistical package SAS for Windows
(SAS Institute, Cary, NC, USA) was used for the analyses.
A P-value <0.05 was considered statistically significant.

RESULTS
Patient Characteristics
It was found that 1,388 (33.5%) patients had DPN based on the
diagnostic criteria of a previously reported study11. Of these, 577
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patients (41.6%) with PDN were included for analysis in the pres-
ent study. The demographic and clinical characteristics of the
study population are shown in Table 1. This analysis included
233 males and 344 females with a mean age of 63.6 – 10.6 years.
The mean duration of diabetes was 13.1 – 8.1 years. The inci-
dences of diabetic retinopathy and nephropathy were 37.6 and
27.2%, respectively. The average pain score and the pain interfer-
ence score were 3.5 – 2.5 and 3.0 – 3.5, respectively, as derived
from the BPI-short form. A mean SPI of 186.9 – 141.8 was cal-
culated from the sum of all items in the MOS Sleep Scale.
The internal consistency of reliability reached 0.80 for the

MOS Sleep Scale when measured by Cronbach’s alpha. Cron-
bach’s alpha ranged from 0.74 to 0.81 for the multi-item
dimensions if any single item was deleted (Table 2). The extent
to which multiple items in a dimension were intercorrelated
and formed a dimension measuring the same underlying con-
cept (Pearson’s correlation coefficient) ranged from 0.24 to 0.71
(all P < 0.001; Table 3 and Appendix S2).
The construct validity of the MOS Sleep Scale was evaluated

by correlations with the average pain score and the pain inter-
ference score (Table 4 and Appendix S2). Each item of the

MOS Sleep Scale was significantly correlated with the average
pain score and the pain interference score (Pearson’s correlation
coefficients ranged from 0.20 to 0.28 and from 0.29 to 0.40,
respectively, all P < 0.001). Correlations of ‡0.40 were found
between the SPI of the MOS Sleep Scale and the pain interfer-
ence score, and between the ‘sleep adequacy’ score of the MOS

Table 1 | Clinical and demographic characteristics of patients with
painful diabetic neuropathy

Clinical parameters Mean – SD

Age (years) 63.6 – 10.6
Female 344 (59.6)
Duration of diabetes (years) 13.1 – 8.1
BMI (kg/m2) 25.0 – 3.7
Fasting plasma glucose (mg/dL) 147.0 – 64.7
HbA1c (%) 7.9 – 1.7
Hypertension† 397 (68.8)
Dyslipidemia† 298 (51.7)
Diabetic retinopathy† 217 (37.6)
Diabetic nephropathy† 157 (27.2)
Average pain score‡ 3.5 – 2.5
Pain interference score‡ 3.0 – 3.5
Sleep problem index§ 186.9 – 141.8

MOS Sleep Scale
MOS-1 45.2 – 37.0
MOS-2 8.7 – 21.0
MOS-3 38.0 – 38.7
MOS-4 36.9 – 36.4
MOS-5 19.3 – 27.5
MOS-6 38.7 – 36.7

Data are expressed as mean – standard deviation for continuous vari-
ables and as frequency (%) for categorical variables (n = 577). MOS-1,
sleep adequacy; MOS-2, respiratory problem during sleep; MOS-3, sleep
initiation problem; MOS-4, sleep maintenance problem; MOS-5, somno-
lence; MOS-6, sleep adequacy. BMI, body mass index; HbA1c, glycated
hemoglobin; PDN, painful diabetic neuropathy. †Defined as definite
diagnostic criteria in reference11. ‡Derived from the Brief Pain Inventory-
short form. §Derived from the Medical Outcomes Study (MOS) Sleep
Scale.

Table 2 | Cronbach’s coefficient alpha of the Medical Outcomes Study
Sleep Scale

MOS Sleep Scale Correlation
with total

Cronbach’s alpha
if item removed

MOS-1 0.65 0.74
MOS-2 0.35 0.81
MOS-3 0.62 0.75
MOS-4 0.64 0.75
MOS-5 0.40 0.80
MOS-6 0.66 0.74

Medical Outcomes Study (MOS)-1, sleep adequacy; MOS-2, respiratory
problem during sleep; MOS-3, sleep initiation problem; MOS-4, sleep
maintenance problem; MOS-5, somnolence; MOS-6, sleep adequacy.

Table 3 | Pearson’s correlation coefficients between items of the
Medical Outcomes Study Sleep Scale

MOS-1 MOS-2 MOS-3 MOS-4 MOS-5 MOS-6

MOS-1 – 0.24* 0.49* 0.47* 0.28* 0.71*
MOS-2 0.24* – 0.26* 0.28* 0.28* 0.25*
MOS-3 0.49* 0.26* – 0.61* 0.29* 0.47*
MOS-4 0.47* 0.28* 0.61* – 0.35* 0.48*
MOS-5 0.28* 0.28* 0.29* 0.35* – 0.31*
MOS-6 0.71* 0.25* 0.47* 0.48* 0.31* –

*P < 0.001. Medical Outcomes Study (MOS)-1, sleep adequacy; MOS-2,
respiratory problem during sleep; MOS-3, sleep initiation problem;
MOS-4, sleep maintenance problem; MOS-5, somnolence; MOS-6, sleep
adequacy.

Table 4 | Pearson’s correlation coefficient between the Medical
Outcomes Study Sleep Scale and the average pain score and pain
interference score

MOS-1 MOS-2 MOS-3 MOS-4 MOS-5 MOS-6 SPI†

Average
pain
score‡

0.21* 0.28* 0.28* 0.28* 0.22* 0.20* 0.34*

Pain
interference
score‡

0.40* 0.33* 0.39* 0.36* 0.29* 0.35* 0.50*

*P < 0.001. †Derived from the Medical Outcomes Study (MOS) Sleep
Scale. ‡Derived from the Brief Pain Inventory-short form. MOS-1, sleep
adequacy; MOS-2, respiratory problem during sleep; MOS-3, sleep initia-
tion problem; MOS-4, sleep maintenance problem; MOS-5, somnolence;
MOS-6, sleep adequacy. SPI, sleep problem index.
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Sleep Scale and the pain interference score. Correlations ranging
between 0.30 and 0.40 were found between the pain interference
score and ‘respiratory problem during sleep,’ ‘sleep initiation
problem,’ ‘sleep maintenance problem,’ and ‘sleep adequacy’
scores of the MOS Sleep Scale, and between the SPI of the MOS
Sleep Scale and the average pain score. The highest correlation
(0.50) was found between the SPI and the pain interference
score. The correlations between the EQ-5D index and the MOS
Sleep Scale ranged from -0.27 to -0.31 (all P < 0.001; Table 5).

DISCUSSION
In the present study, we assessed the psychometric properties
of the MOS Sleep Scale in patients with PDN based on a large
population-based cross-sectional study in Korea. The MOS
Sleep Scale was found to have acceptable reliability between
type 2 diabetic patients with PDN. There was a moderate cor-
relation with the pain interference score on the seven items of
the MOS Sleep Scale, but relatively weak correlations with the
average pain score and EQ-5D outcomes.
Preliminary support for the MOS Sleep Scale was provided

in a developmental sample of 3,445 individuals with chronic
illness who participated in the cross-sectional phase of the
MOS10. In the preceding time, this instrument has proven its
usefulness in evaluating the associations between sleep distur-
bance and various parameters in chronic illnesses, such as con-
gestive heart failure, depression and chronic obstructive
pulmonary disease17–19. This measurement also showed good
psychometric properties in patients with PDN in a population-
based clinical trial carried out in several countries14. These
earlier studies were carried out mostly with Caucasians in Wes-
tern countries. The present study is the first to report on the
validation of the MOS Sleep Scale in patients with PDN based
on a large nationwide-study in Korea, and provides additional
information regarding the reliability and validity of this instru-
ment among patients with PDN.
The internal consistency of MOS Sleep Scale reliability

showed good results measured by Cronbach’s alpha in the
present study. The measurement by the MOS Sleep Scale
exceeded Nunnally’s threshold of acceptable reliability (i.e.,
‡0.7), providing support for its use in the assessment of sleep
disturbance in patients with PDN20. Deletion of a single item
reduced or subtly increased (only in MOS-2) Cronbach’s alpha,

which suggests that all six items of this instrument might be
retained. The internal consistency of reliability assessed by
intercorrelations between each item of the MOS Sleep Scale
was also acceptable for all items. In particular, the close correla-
tion between two items of ‘sleep adequacy’ with the same
dimension supports good reliability (r = 0.71).
Correlations between the MOS Sleep Scale and the average

pain score, and between the pain interference score and the
EQ-5D index provided evidence for construct validity. Measure-
ments that were conceptually related to the MOS Sleep Scale,
including the average pain score, the pain interference score
and EQ-5D, correlated well with all items of the MOS Sleep
Scale for the present study population. This shows the relation-
ship between sleep and other elements of quality of life in
patients with PDN, and is consistent with previous studies
showing that sleep disturbance has an impact not only on
physical functioning, but also on mental and social functioning,
in DPN patients2,4,14. All of the relationships in the present
study were in the expected directions; as sleep scores increased,
so did the average pain and pain interference scores, whereas
the quality of life decreased. It was suggested that the pain
score and the pain interference score of the BPI-short form
correlated well with the MOS Sleep Scale, providing good
evidence that this measurement is representative of the
construct of sleep disturbance caused by pain.
The MOS Six-Item Sleep Scale of the present study is a brief,

self-administered assessment with five theoretical dimensions
and six items to measure key aspects of sleep, such as
adequacy, disturbance and somnolence, in general or clinical
populations. This instrument is a brief survey that takes
approximately 1–2 min to complete. Thus, its design should
allow clinicians to easily apply this instrument to patients with
PDN in clinical practice. In addition, the results showed the
reliability and validity of the translated Korean version of the
MOS Sleep Scale, and supported the cross-cultural validity of
the different language versions of the MOS Sleep Scale.
The results of the present study are subject to some limita-

tions. First, the cross-sectional design of the present study did
not permit exploration of causal relationships between sleep
disturbance and pain. In addition, we could not apply some
tests, such as the test–retest reliability and responsiveness to
changes in clinical status (e.g., pain scores), because only a sin-
gle assessment and not multiple assessments were made. Never-
theless, the strength of the present study is that our results are
based on the largest available data set in Korea. Other limita-
tions of this study were related to the secondary analysis of the
observational design of the original study. Furthermore, because
a validated tool for clinical diagnosis of PDN was not used in
this study, it is not clear if patients were rating pain of different
etiology. In addition, it is not known what effects concurrent
medications have on sleep scale measurements. However,
consistency between sleep scales and other variables could be
independent of interpatient variation. Furthermore, the study
enrolled 577 patients, which was a respectable sample size. The

Table 5 | Pearson’s correlation coefficients between the Medical
Outcomes Study Sleep Scale and EuroQoL Health

MOS-1 MOS-2 MOS-3 MOS-4 MOS-5 MOS-6 SPI†

ED-5Q -0.27* -0.31* -0.29* -0.30* -0.27* -0.28* -0.40*
VAS‡ -0.29* -0.27* -0.25* -0.25* 0.27* -0.31* -0.38*

*P < 0.001. †Derived from the Medical Outcomes Study (MOS) Sleep
Scale. ‡Derived from EuroQoL Health (EQ-5D). MOS-1, sleep adequacy;
MOS-2, respiratory problem during sleep; MOS-3, sleep initiation prob-
lem; MOS-4, sleep maintenance problem; MOS-5, somnolence; MOS-6,
sleep adequacy. SPI, sleep problem index; VAS, visual analog scale.
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MOS Sleep Scale was compared with measures of pain and
quality of life, but not sleep, in this study. Thus, it does not
provide empirical evidence to support the interpretation of the
MOS Sleep Scale in the context specific sleep outcomes in the
population studied. Finally, although the present study is a
valuable contribution to the reliability of the MOS Sleep Scale
in this study population, further detailed assessment is required
to confirm its content validity.
In conclusion, the present study provides evidence of the

good reliability and validity of the MOS Sleep Scale in patients
with PDN in Korea. The MOS Sleep Scale is relatively simple
and can be easily applied in daily practice. Therefore, the MOS
Sleep Scale can be used to assess sleep disturbance caused by
pain in patients with PDN. The easy and appropriate assess-
ment of sleep disturbance using this instrument might help us
to improve the quality of life in diabetic patients. Further stud-
ies are required to examine the MOS Sleep Scale’s test–retest
reliability and responsiveness to any intervention for PDN
using clinical trials or other repeated measure designs.
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