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INTRODUCTION

ABSTRACT

Introduction: Obstructive sleep apnea (OSA) and Diabetes Mellitus (DM) are growing health
challenges worldwide. However, the relation of OSA with type 2 diabetes is not well understood
in developing countries. This study described the prevalence and predictors of OSA in type 2
DM patients using a screening questionnaire. Materials and Methods: Patients aged 4oyears
and above with type 2 diabetes mellitus were recruited into the study consecutively from the
outpatient clinics of a university hospital. They were all administered the Berlin questionnaire
and the Epworth sleepiness scale (ESS) to assess the risk of OSA and the tendency to doze
off, respectively. Anthropometric details like height, weight and body mass index (BMI) were
measured and short-term glycaemic control was determined using fasting blood glucose.
Results: A total of 117 patients with type 2 diabetes mellitus were recruited into the study. The
mean (SD) age, height and BMI was 63 years (11), 160 cm (9) and 27.5 kg/m?(5.7), respectively.
Twenty-seven percent of the respondents had a high risk for OSA and 22% had excessive
daytime sleepiness denoted by ESS score above 10. In addition, the regression model showed
that for every 1 cm increase in neck circumference, there is a 56% independent increase in the
likelihood of high risk of OSA after adjusting for age, sex, BMI, waist, hip circumferences and
blood glucose. Conclusion: Our study shows a substantial proportion of patients with type 2
diabetes may have OSA, the key predictor being neck circumference after controlling for obesity.
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and metabolic conditions like insulin resistance and
type 2 DM.*7

Obstructive sleep apnea (OSA) and diabetes mellitus
(DM) are growing health challenges in both high and
low-income countries.”? OSA is often the result of
inspiratory flow limitation and obstruction resulting in
snoring and recurrent apnoeic episodes during sleep. It
frequently manifest as excessive daytime somnolence,
poor performance at work and increased predisposition
to domestic and occupational accidents.?

Several epidemiologic studies have shown that OSA is
independently associated with cardiovascular diseases
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OSA has also been shown to impact on glycaemic control
among DM patients independent of the effect of obesity.*
The postulated mechanisms of this effect include sleep
fragmentation, frequent arousals, intermittent hypoxaemia
and consequently, hyper-activation of sympathetic
mechanisms leading to poor glucose control.?

However, the impact of OSA among patients with type
2 diabetes is unknown and infrequently studied in
developing countries where the burden of DM is substantial
and increasing.’ To the best of our knowledge, there is no
study on the prevalence and predictors of OSA in patients
with diabetes in Nigeria or any population of patients with
diabetes in West Africa.

We hypothesise that OSA is prevalent in type 2 diabetes.
We aimed to describe the prevalence of OSA in type 2 DM
patients using a screening questionnaire and to ascertain the
predictors of a high risk of OSA after adjusting for obesity.
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MATERIALS AND METHODS

This was a cross-sectional questionnaire-based survey of
patients attending the outpatient endocrinology clinics
of Wesley Guild Hospital (WGH), llesha and Ife Specialist
Hospital (ISH), Ile-Ife. Both hospitals are part of Obafemi
Awolowo University Hospital, Nigeria. Patients who were
confirmed diabetic based on World Health Organisation
(WHO) criteria of fasting glucose of at least 7.0 mmol/l and
commenced on oral hypoglycaemic agents were recruited
consecutively into the survey.!

The Berlin questionnaire was administered to all the
eligible participants. The Berlin questionnaire is a validated
instrument widely used to screen for obstructive sleep
apnea.'! Itincludes questions on snoring, witnessed apnea,
wake time sleepiness and self-reported hypertension. It is
classified into three categories. Category 1 includes five
questions on snoring and witnessed apnoea. Category
2 includes three questions on wake time sleepiness and
drowsiness behind the steering wheel while category 3
comprises self-reported diagnosis of high blood pressure
and body mass index (BMI). Category 1 and 2 were
considered positive if two or more questions were reported
positive at least three times/week, while category 3 was
positive if participant have been diagnosed as hypertensive
or had BMI greater than 30 kg/m? Participants that satisfied
the criteria in two or more categories were regarded as high
risk while the others were considered low risk for OSA.

Snoring was classified as simple for those who snore two
times/week or less and habitual for those who snore
greater than three times/week and as loudly as talking.
Non-snorers were those who answered negative to the
question: “Do you snore?”

Epworth sleepiness scale

Sleepiness was measured using the Epworth Sleepiness
Scale (ESS). The ESS is a validated questionnaire that
is used to assess the risk of daytime somnolence and it
has been shown to be valid and sensitive.!? It estimates a
participant’s likelihood to doze off or fall asleep in eight
different scenarios associated with daily activities. Each
item was measured by a four-point scale, with a possible
score ranging from zero (0) to 24. A score of greater than 10
was regarded as indicative of excessive daytime sleepiness.

Diabetic control on the short term was evaluated using
the most recent fasting blood glucose. Patients who had
their most recent fasting glucose below 6.1 mmol/]1 were
considered controlled while those with fasting glucose
values equal or above 6.1 mmol/l were considered
uncontrolled.

Data analysis
The analysis was done using Stata 11.2 (Stata Corp., College
Station, TX, USA).»® Categorical data were presented

using proportions and frequencies while continuous data
was presented in mean and standard deviation. Where
appropriate, the chi-square test or fisher’s exact test was
used to test for differences between proportions while
the student t test and analysis of variance (ANOVA) was
used to compare continuous variables. Logistic models
were developed to assess the key predictors of OSA while
adjusting for confounding variables like age, sex, BMI and
waist circumference. The results are presented as adjusted
odds ratios (OR) with 95% confidence intervals (95% CI).
A two-sided P value <0.05 indicate statistical significance.
Ethical clearance was obtained for the survey from the local
university hospital ethics board.

RESULTS

A total of 117 patients with type 2 DM aged 40 years and
above were recruited into the survey. Forty-four percent
of the respondents were men. The mean age (SD) was
64.1 (10.4) and 62.0 (11.3) years for men and women,
while the mean BMI was 27.1 (6.8) and 27.9 (4.9) kg/m?,
respectively [Table 1].

Men had larger necks (P < 0.001) while the women were
more likely to have large waist and hip circumferences
(P<0.001).

Table 2 shows that 27% of the respondents had a high risk
for OSA and 22% had excessive daytime sleepiness denoted
by ESS score above 10. About 76% of the respondents had
BMI of at least 25 kg/m? and 73% of the participants had
uncontrolled diabetes based on their most recent fasting
glucose.

Table 3 shows the results of the bivariate comparison of
the risk of OSA. It shows that those with a BMI of at least
30 kg/m? and habitual snorers were more likely to have a
high risk of OSA (P < 0.05) and (P < 0.01), respectively. Age,
excessive daytime sleepiness, measures of regional obesity
like waist and hip circumferences and fasting blood glucose
levels were not significant determinants of risk of OSA.

Table 1: General characteristics of the participants

Variables Mean = SD P value*
Men Women

Age (years) 64.1+10.4 62.0+11.3 0.307
Height (cm) 164.3+11.0 158.0+6.5 0.000
Weight (kg) 72.8+12.5 69.8+13.3 0.219
Body Mass Index (Kg/m?) 27.1+6.8 27.9%4.9 0.509
Neck circumference (cm) 37.0%3.4 34.3%2.4 0.000
Waist circumference (cm) 96.0+9.8 101.2+9.0 0.003
Hip circumference (cm) 99.7+10.8 108.0+10.3 0.000
Systolic Blood pressure 136.7+24.3 142.9+20.6 0.162
(mmHg)

Diastolic Blood pressure 78.6£12.3 80.3+12.6 0.503

(mmHqg)
*Student t test. Significant set at 0.05. Significant values are in bold
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Table 2: Distribution of risk factors by age group

Table 3: Bivarate analysis of OSA risk and

Age group (years) 40-49 50-59 60-69 70 and above  Total potential risk factors
n (%) OSA
ESS Score Variables Total High risk Low risk P value
ESS>10 3(12) 10(38) 4(a5) 9 (35) 26 (22) respondents
ESS<10 9(120) 23(25) 34(38) 24 (26) 90 (78) N % N %
SDB Risk Age group
Low risk 9(10) 25(29) 28(32)  25(29)  87(73) 40-49 12 3 94 9 103 0.962%
High risk 3(9) 9(28) 12(37) 8(25) 32(27) 50-59 34 9 281 25 287
Snoring 60-69 40 12 37.5 28  32.2
Non snorer 8(10) 21(27) 23(30) 25 (32) 77 (65) 70 and above 33 8 25.0 25 28.7
Simple snorer 1(4) 7(28) 122(48) 5(20) 25 (21) BMI (Kg/m?)
Habitual snorer 3(27) 6(35) 5(29) 3(17) 17 (14) Less than or equal 24 26 6 207 20  24.4 0.049%
Witnessed Apnea 25-29 48 8 27.6 40  48.8
None or 1-2 times/wk 10 (10) 30(30) 35(35) 24 (24) 99 (95) 30 and above 37 15 517 22 26.8
3 times/wk or more — 1(20)  2(40) 2 (40) 5(5) Waist circumference
Waist circumference Below or equal 94 cm 32 7 226 25  29.8  0.446
Below or equal 94 cm 6(19) 9(28) 10(312) 7 (22) 32(28) Above g4 cm 83 24 774 39 70.2
Above 94 cm 6(7) 23(28) 28(34) 26 (31) 83 (72) Waist-Hip Ratio
DM Status Below or equal 0.95 62 17 54.8 45 53.6  0.904
Controlled (FBS < 6.1 4(12) 6(19) 15(47) 7(22) 32 (27) Above 0.95 53 14  45.2 59  46.4
mmol/| Snoring
Uncontrolled FBS 26.1 = 8(9) 28(32) 25(29)  26(30)  87(73) Non-snorer 77 4 126 73 83.9 0.000
mmol/l Simple Snorer 25 14 437 11 12.6
BMI (Kg/m?) Habitual Snorer 17 14 437 3 35
Less than or equal 24 1(4) 10(38) 8(31) 7(30) 26 (23) Witnessed Apnea
25-29 8(26) 11(23) 15(31) 14(29)  48(43) 2 times/week or less 99 29 93.6 70 959 0.610
30and above 3(8) 10(27) 14(38) 10 (27) 37.(33) 3 times/week or more 5 2 6.4 3 4.1
ESS - Epworth sleepiness scale; OSA — Obstructive sleep apnea; DM - Diabetes EDS
mellitus; BMI — Body mass index
Yes (ESS>10) 26 9 30 17  80.2  0.247
No (ESS<10) 90 21 70 69 19.8
Respondents with a high risk of OSA had mean neck =~ PMCONTROL
circumferences and BMIs significantly larger than those FBG<6.2 mmol/l 32 12 625 20 230 | 0213
FBG=6.1 mmol/l 87 20 37.5 67 77.0

with a low risk [Table 4]. In the logistic regression
analysis with risk of OSA as dependent variable, the
results showed that for every cm increase in neck
circumference, there is a 56% independent increase
in the likelihood of a high risk of OSA adjusting for
age, sex, general and regional obesity (BMI, waist, hip
circumferences) and blood glucose (fasting glucose and
2 hours post prandial) [Table 5].

DISCUSSION

Our study showed that 27% of patients with type 2 DM
has a high risk for OSA. In addition, neck circumference
was a key predictor of OSA among patients with type 2
diabetes after controlling for obesity, age, sex, height and
blood glucose.

The ‘gold standard’ for diagnosis of OSA is overnight
Polysomnography. However, in its absence,
questionnaire based surveys are good screening tools
for efficient selection of those with a high risk for
obstructive sleep apnea syndrome. Netzer et al, in a
survey of 1,008 adults attending a primary care clinic
using the Berlin questionnaire, showed that being in the
high-risk group predicted an Apnea-Hypopnea Index

ESS — Epworth sleepiness scale; EDS — Excessive daytime sleepiness; OSA — Obstructive
sleep apnea; DM — Diabetes mellitus; BMI —Body mass index; FBG — Fasting blood
glucose; *Fisher’s exact test

(AHI) of >5 with a sensitivity of 0.86 and a positive
predictive value of 0.89.!1

Questionnaire estimates are generally under estimates as
they are often lower in sensitivity compared to analysis
based on full overnight sleep studies. So, our reports
suggest that the actual prevalence of sleep disorders and
apnea may be much higher than presently reported.

Obstructive sleep apnea syndrome is estimated to occur in 3-7%
of men and 2-5% of women in the general population, however,
reports from several studies suggest that the prevalence among
patients with type 2 diabetes may be higher.5*

West and colleagues in a review of the prevalence of
obstructive sleep apnea in men with type 2 diabetes using
symptoms of daytime sleepiness, snoring and reported
apnoeic episodes derived from the Berlin questionnaire
found that 57% of the respondents were scored as high risk
for sleep apnea while 39% were low risk.'> Studies based
on full polysomnography suggest that the prevalence of
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Table 4: Study parameters according to risk of obstructive sleep apnea

Variables High Risk Low Risk P value*
Mean SD 95%Cl Mean SD 95% Cl
Age (years) 62.94 11.08 58.94 66.93 62.84 10.74 60.55 65.13 0.97
BMI (kg/m2) 29.96 8.42 26.76 33.17 26.69 4.18 25.78 27.61 0.01
Neck circumference (cm) 36.84 3.57 35.53 38.15 35.06 2.86 34.44 35.68 0.01
Waist circumference (cm) 100.73 9.33 97.30 104.15 98.10 9.83 95.96 100.23 0.20
Hip circumference (cm) 107.21 10.03 103.53 110.89 103.17 11.62 100.65 105.69 0.09
Systolic BP (mmHq) 142.76 25.90 132.91 152.61 138.57 21.09 133.79 143.36 0.39
Diastolic BP (mmHg) 81.72 12.27 77.06 86.39 78.70 12.26 75.92 81.48 0.26
Fasting Blood Glucose (mmol/l) 8.27 5.19 6.12 10.41 8.40 5.59 7.02 9.78 0.92
2 hours postprandial (mmol/l) 11.43 5.15 9.40 13.47 12.01 6.82 10.41 13.60 0.69
ESS total score 8.10 5.98 5.87 10.33 6.95 5.28 5.82 8.09 0.32

ESS — Epworth sleepiness scale; OSA — Obstructive sleep apnea; BMI - Body mass index; *Two-sided P value. Significant values in bold

Table 5: Logistic regression analysis of predictors
of OSA in type 2 Diabetes Mellitus

OSA OR SE 95% C.I. P value
Age (years) 0.99 0.03 0.93 1.06 0.795
Height (cm) 0.99 0.06 0.88 113 0.918
ESS > 10 (ref ESS < 10) 1.41 124 0.25 7.86 0.697
Sex (male) 0.45 0.46 = 0.06 3.30 0.434
BMI (Kg/m?) 126 014 091 148 o0.217
Neck circumference (cm) 1.56 0.29 1.08 2.25 0.018
Waist circumference (cm) 0.92 0.06 0.80 1.05 0.214
Fasting Blood Glucose (mmol/l) = 1.26 o0.20 | 0.83 1.63 0.391
Two hours Postprandial (mmol/l) = 0.84 0.13 | 0.63 113 o0.257

OR - 0Odds ratio; SE — Standard error; Cl — Confidence interval; ESS — Epworth
sleepiness scale; OSA — Obstructive sleep apnea; BMI — Body mass index

OSA in type 2 DM is high. Resnick et al, in a survey of 216
diabetic men, who participated in the Sleep Heart Health
Study, found that 58% of the respondents had mild OSA
(AHI = 5) while 24% had moderate-severe OSA (AHI > 15).*¢
Foster et al, also observed in an analysis of the data of 122
obese men with type 2 diabetes enrolled in the Sleep Action
for Health in Diabetes (AHEAD) study trial, 86.6% of the
participants had some degree of 0SA.'” Similarly, Aronsohn
et al, in another report based on physician diagnosed DM
in a primary care setting, noted that 77% of the patients
had OSA based on AHI of at least 5.1

The presence of co morbid conditions like OSA
potentially impacts on the control of DM and the
effectiveness of the strategies for reducing the medium
and long-term complications.!® Obstructive sleep apnea
and type 2 diabetes share common risk factors especially
visceral adiposity, advancing age and obesity.}*?° Obesity
impacts on the development of obstructive sleep apnea
syndrome and the risk of developing diabetes or its
effective control. However, recent reports suggest that
independent of obesity, sleep disorders also exerts
a direct effect on the development and control of
diabetes.!®

We also found that neck circumference predicts a high
risk of OSA after adjusting for height, obesity and blood

glucose level. We noted that after adjusting for age, sex,
height, BMI and waist circumference, for every centimetre
increase in neck circumference, the risk of OSA increases
by over 50%. Our finding supports previous studies that
showed that neck circumference is an important predictor
of obstructive sleep apnea syndrome. Davies et al, in a
study of 150 patients referred to a sleep clinic reported
that neck circumference corrected for height is a more
useful predictor of obstructive sleep apnea than general
obesity.?! Stradling and colleagues in an analysis of 1,001
randomly selected middle aged men from the register
of a general practice clinic, observed that self-reported
snoring correlated best with neck size, smoking and
nasal stuffiness. In addition, they noted that nocturnal
hypoxaemia of at least 4% dip in oxygen saturation was
best predicted by neck size and use of alcohol but less so
with age or obesity.?

Our study has some limitations. Firstly, the lack of
confirmatory tests of overnight polysomnography and
pulse oximetry means the possibility of misclassification
of some cases cannot be excluded. However, the Berlin
questionnaire has been shown to be sensitive in detecting
positive cases. More so, the direction of effect for this
questionnaire-based study is more likely to be an
underestimate rather than an overestimate. Secondly,
glycated haemoglobin values are not reported. This would
have been a more reliable measure of the level of glucose
control.

However, among the strengths of the present study are
the facts that, it pioneers and highlights the need for
further sleep studies among patients with diabetes in
low-income countries, especially research focussing on
the contributory impact of sleep disorders on the control
of diabetes. Physicians need to consider the possibility of
OSA even in the absence of symptoms especially in type 2
diabetics with large neck circumferences. It is important
for care providers to understand the role of sleep apneain
the morbidity due to diabetes in order to adopt a holistic
approach in their care.
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In conclusion, the present study shows that OSA is a
common disorder among persons with diabetes in Nigeria
and neck circumference is the key determinant after
adjusting for age, sex, height and obesity.
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