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BACKGROUND AND OBJECTIVES: Obstructive sleep apnea (OSA) is a common disease affecting middle-
aged patients and is associated with significant cardiovascular, cerebrovascular, and metabolic complications.
Current evidences show inconclusive association between OSA and insulin resistance (IR). This study aims to
examine the possible correlation between OSA parameters and IR.

DESIGN AND SETTINGS: This was a cross-sectional study to examine the association between OSA parameters
and IR using homeostasis model assessment (HOMA) on patients who underwent polysomnogram (PSG) in a
tertiary center between March 2011 and March 2012 (1 year).

PATIENTS AND METHODS: A total of 62 patients underwent PSG within the study period, of which 16 patients
were excluded due to abnormal fasting blood sugar. Information on patients’ medical illnesses, medications,
and Epworth sleepiness scale (ESS) was obtained. Patients’ body mass index (BMI), neck circumference, and
waist circumference (WC) were measured. Blood samples were collected after 8 hours of fasting to measure
HOMA-IR value. Overnight PSG was performed for all patients. Data was recorded and analyzed using SPSS,
version 12.0 (SPSS Inc, Chicago, USA).

RESULTS: The prevalence of IR in OSA patients was 64.3%. There was significant correlation between OSA
parameters (apnea-hypopnea index, ESS, BMI, and WC) and HOMA-IR with correlation coefficient of 0.529,
0.224, 0.261, and 0.354, respectively.

CONCLUSION: A linear correlation exists between OSA parameters and IR concluding a definite causal link
between OSA and IR. IR screening is recommended in severe OSA patients.

bstructive sleep apnea (OSA) is a condition

characterized by recurrent partial or complete

upper airway obstructions during sleep with
each episode generally being terminated by arousal
when upper airway muscle tone increases.!

Obstructive apneas are defined as cessation of airflow
due to upper airway collapse lasting at least 10 seconds.
Obstructive hypopneas are characterized by either a >50%
decrease in airflow from baseline lasting at least 10 seconds
associated with a 4% oxygen desaturation.” The standard
diagnostic test for OSA is an overnight polysomnogram
(PSG). Information from the PSG is reported as the
apnea-hypopnea index (AHI), which is used to categorize
the severity of OSA, and it represents the average number

of apneas and/or hypopneas per hour of recorded sleep. In
adults, an AHI less than 5 events per hour is considered
normal. Mild OSA is defined as an AHI between 5 and
15 events per hout, moderate OSA between 16 and 30
events per hour, and severe OSA as greater than 30 events
per hour.” The prevalence of OSA in middle-aged adults
between 30 and 60 years of age has been reported as 9% for
women and 24% for men.*

OSA is associated with increased cardiovascular
and cerebrovascular morbidity® It is also recognized
that many subjects with OSA have central obesity® and
other features of metabolic syndrome,”® namely hyper-
insulinemia, glucose intolerance, insulin resistance (IR),
dyslipidemia and hypertension.” These features of the
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metabolic syndrome are also known the “insulin resis-
tance syndrome.”

IR refers to a reduction in the expected physiologic
action of insulin due to desensitization of peripheral
tissue to insulin, Increased IR is a primary characteris-
tic of type 2 diabetes mellitus and an independent risk
factor for hypertension and coronary heart disease.'
Various methods of tests have been developed to evalu-
ate IR including hyperinsulinemic—euglycemic clamp,
the insulin suppression test, and the frequently sampled
intravenous glucose tolerance test. These tests, however,
are expensive and have a limited patient acceptance for
use in large-scale studies."

The homeostasis model assessment (HOMA) has
been proposed to assess secretion and resistance using
the fasting glucose and insulin concentration and pro-
vides a good correlation for IR."'? The formula for the
HOMA model is as follow:

HOMA-IR= Fasting insulin (WU/mL) x Fasting
glucose (mmol/L) 22.5

According to the formula, HOMA-IR is defined as
a value of more than 3 in IR patient."”

Several studies have observed possible associations
between sleep loss and hypoxemia with glucose intol-
erance and IR, respectively.**® A more recent clinic-
based study found that patients with sleep-disordered
breathing have significantly higher fasting glucose and
insulin level compared with a group of weight-matched
control subjects.'**!

While there is no local data on incidence of OSA
with IR in Malaysia as yet, we wish to test the hypoth-
esis that OSA is an independent risk for IR. We would
also want to see its correlation on disease severity by
comparing with OSA-related parameters. Positive re-

Table 1. Inclusion and exclusion criteria.

Inclusion criteria

* Adult patients between 18 and 65 years of age
* Patients who consented and agreed for PSG and
blood-taking

Exclusion criteria

e Patient with known diabetes mellitus on medication

e Patient with undiagnosed diabetes mellitus with fasting
blood sugar of more than 7.0 mmol/L

e Patient with acromegaly

* Patient with chronic renal failure

e Patient with chronic liver disease

e Patient on systemic steroid treatment

e Patient with Cushing syndrome

e Patient with thyroid disorder

e Patient on thiazide or thiazide-like diuretics

e Patient on beta-blocker

e Patient on hormonal replacement therapy

* Pregnancy
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sults and information from this study can be used in
future for the need of IR screening in OSA patients.
Funding for this study was provided by Universiti
Kebangsaan Malaysia Fundamental Research Grant,
and the study was approved by Universiti Kebangsaan
Malaysia Medical Center (UKMMC) Ethical Review
Board in March 2011.

PATIENTS AND METHODS

This is a cross-sectional study in which all patients
undergoing PSG test in UKMMC were recruited.
Patients were recruited by convenient sampling be-
tween March 2011 and March 2012. The sample com-
prised patients aged 20-60 years, mainly males (79%),
and from Malay race (71.4%). This research project
was approved by the UKMMC Faculty of Medicine's
Research and Ethics Committee, and written informed
consent was obtained. All procedures contributing to
this work comply with the ethical standards of the rel-
evant national and institutional guidelines and with the
Helsinki Declaration of 1975, as revised in 2008.

Patients with factors that could affect IR were ex-
cluded, such as current substance use, having any endo-
crine disorder other than diabetes mellitus, or insulin/
steroidal pharmacotherapy (Table 1).

Information on patients baseline characteristics,
illness(es), medication(s), and Epworth sleepiness scale
(ESS) was sought from the patient, caregiver (where avail-
able), and patient’s notes. The patients weight, height,
neck circumference, and waist circumference (WC) were
measured. Neck circumference was taken at the level of
laryngeal prominence and WC at the level of midpoint in
between 12th rib and iliac crest. Blood samples were taken
after at least 8 hours of fasting, Two milliliters of blood
was collected in a fluoride oxalate bottle to be processed
via chemistry method using Cobas Integra 700 (Roche
Diagnostics, Indianapolis, USA). For fasting serum insu-
lin (WIU/mL), 3 mL of blood was collected in a plain tube,
centrifuged at 3000 rpm for 10 minutes, and frozen at -20
degrees Celsius. The samples were processed via chemi-
luminescent method using Immulite 2000 Immunoassay
Analyzer system (Siemens Medical Solutions Diagnostic,
Erlangen, Germany). The intra-assay coefficient of varia-
tion was 5.2% to 6.4%, while the interassay coefficient of
variation was 5.9% to 8%.

AllPSGs were performed in anisolated room, usinga
computer-assisted sleep study device (SOMNOCheck
Effort Weinmann, Hamburg, Germany). Parameters
including AHI, apneas, hypopneas, arousal index, re-
spiratory disturbance index, and minimum oxygen
saturation were documented.

Data analysis was done using SPSS, version 12.0
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Table 2. Distribution of patients across 0SA parameters and HOMA-IR values.

Number of patients (n [%)]) 2-tailed
Pearson
Parameter Category HOMA-IR HOMA-IR correlation
o o (r value,
<2.99 (%) >3 (%) o)
Normal 11.0(26.2) 3(7.1)
Mild 5.0(11.9) 2(4.8)
AHI 0.72, <.01
Moderate 30(7.1) 1(24) <
Severe 2.0(4.8) 15(35.7)
Normal 14.0(33.3) 3(7.1)
Mild 4.0(9.5) 7(16.7)
ESS 0.47,<.01
Moderate 3(7.1) 8(19.0) <
Severe 0(0) 3(7.1)
Underweight 1.0(2.4) 0(0)
Normal 3.0(7.1) 0(0)
BMI Pre-obese 6.0(14.3) 1(2.4) 051, <01
Obese 1 8.0(19.0) 12 (28.6)
Obese 2 1.0(2.4) 5(11.9)
Obese 3 2.0(4.8) 3(7.1)
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Figure 1. Correlation of AHI with HOMA-IR.
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(SPSS Inc, Chicago, USA). Continuous data such as
age, body mass index (BMI), neck circumference, waist
circumference, and ESS score were tested for examin-
ing association with HOMA-IR. Comparisons of
continuous clinical parameter between subjects with dif-
ferent categorization were made by analysis of variance
(ANOVA) test, and for a difference in mean of inde-
pendent categories involved were compared by ¢ tests.
Pearson correlation was used to examine the associa-
tion of 2 parameters,

RESULTS

During the study period, 62 patients were referred to

HOMA-IR

Othorhinolaryngology clinic, UKMMC, for PSG test,
but only 42 patients were recruited. A total of 4 patients
refused to join the study, 12 were diagnosed with diabe-
tes mellitus, and 4 were excluded due to fasting blood
sugar of more than 7.0 mmol/L.

A total of 28 patients (66.7%) were diagnosed to
have OSA of various degrees; majority in severe group
(40.5%). Out of the 28 patients, 18 patients had IR,
making the prevalence of IR among OSA patients in
this study (64.3%). The distribution of patients accord-
ing to OSA severity and HOMA-IR value is illustrat-
ed in Table 2. Majority of patients with HOMA-IR
value of more than 3 were in the severe OSA group.
This is in contrast to the small number of patients with
HOMA-IR value of more than 3 in mild and moderate
OSA groups.

ANOVA test revealed a significant difference of
mean HOMA-IR between AHI groups with a P value
of .001. Further correlation study done using 2-tailed
Pearson correlation revealed a significant correla-
tion between HOMA-IR and AHI (r=0.72, P<.01).
Analysis from scatter plot regression was illustrated in
Figure 1, which showed a high significant correlation
between HOMA~-IR and AHI (R?=0.529).

The mean ESS in this study was 11.4 (4.9). The low-
est and highest scores were 3 and 22, respectively. A to-
tal of 17 patients (40.5%) scored their level of daytime
sleepiness under normal category, while 22 other patients
were equally distributed in mild and moderate groups.
Three (7.1%) others scored their symptoms as severe. All
patients in the severe ESS group had HOMA-IR value
of more than 3. This is illustrated in Table 2.

ANOVA test revealed a significant difference of
mean between HOMA-IR and ESS score with P=.01.
A 2-tailed Pearson correlation analysis revealed a sig-
nificant correlation between HOMA-IR and ESS
score (r=0.47 P<.01). Further analysis from scatter
plot regression is illustrated in Figure 2, which showed
a significant correlation between HOMA-IR and ESS
score (R?=0.224).

The mean BMI of the study population was 31.5 (6.9)
kg/m? Majority were in the obese 1 category (47.6%) at
27.5 to less than 35 kg/m?2. Table 2 illustrates the dis-
tribution of patients according to BMI category and
HOMA-IR value. Patients in the obese 2 category (35
to <40 kg/m?) had the highest percentage of IR (83.3%)
followed by those in the obese 3 category (60%).

ANOVA test revealed a significant difference of
mean HOMA-IR and BMI groups with P=.01. A
2-tailed Pearson correlation analysis revealed a signifi-
cant correlation between HOMA-IR and BMI (r=0.51
P<.01). Further analysis from scatter plot regression is
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illustrated in Figure 3, which showed a significant cor-
relation between HOMA-IR and BMI (R? = 0.261).

The mean WC was 104.7 (12.8) cm. The t test re-
vealed a significant difference between HOMA-IR and
mean WC (P=.001). A significant correlation between
HOMA-IR and WC (r=0.59 P<.01) was observed
using a 2-tailed Pearson correlation analysis. Analysis
from scatter plot regression was illustrated in Figure 4
with the correlation coefhicient of R? =0.354.

DISCUSSION

This is the first study conducted in Malaysia looking at
relationship of OSA and IR. It was a clinic-based sam-
ple in which patients, if presented with symptoms such
as excessive daytime sleepiness, disturbed nocturnal
sleep, or insomnia, were referred by general practitio-
ners and physicians for overnight PSG. None of these
patients were specifically referred for the assessment of
disorders of glucose metabolism associated with clinical
signs of OSA.

The findings of this study suggested that OSA is sig-
nificantly correlated to IR. Results demonstrated that
subjects with OSA had a significantly greater HOMA-
IR value (P=.001). This result is further supported by
a linear relationship seen in Pearson correlation study
between AHI and HOMA-IR.

In many studies of IR-related sleep-disordered
breathing, a major confounding factor in the analysis
is obesity. Measures of obesity include BMI, WC, and
waist-hip circumference ratio. Earlier studies have dem-
onstrated that obesity correlates significantly with IR.
Ip et al in 2002 investigated the relationship between
sleep-disordered breathing and IR. They found out that
obesity was the major determinant of IR, but sleep-dis-
ordered breathing parameters (AHI and minimum ox-
ygen saturation) were also independent determinants of
IR.? Elmastry et al, in their study in 2001, examined the
association of diabetes mellitus and OSA in a sample of
116 age-stratified men with hypertension selected from
subjects in a population-based study in Sweden. It was
shown that although obesity was the main risk factor
for diabetes mellitus, coexistent severe OSA may add to
the risk independently.®

IR in this present study was highly related to AHI,
and less Irelated WC and BML The analysis using scat-
ter plot regression revealed a correlation result between
HOMA-IR and AHI of R?=0.529. Therefore, we con-
cluded that the effects of AHI were greater than that
of obesity, as a correlation on the scatter plot regres-
sion showed smaller value: BMI (R?=0.261) and WC
(R?=0.354). This result is comparable to more recent
studies.
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Figure 2. Correlation of ESS with HOMA-IR.
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Figure 3. Correlation of BMI with HOMA-IR.
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Punjabi et al in 2002 studied 150 healthy men to
determine the metabolic consequences and community
prevalence of sleep-disordered breathing. After adjust-
ing for BMI and percent body fat, the increase in AHI
was associated with the worsening of IR independent
of obesity.® Another paper by him in 2004 investigated
the association between the severity of sleep-disor-
dered breathing and IR by modeling the relation be-
tween AHI and HOMA index. It consisted of 2656
participants enrolled in the multicenter Sleep Heart
Health Study. They too concluded that the severity of
AHI determined a higher value of HOMA index inde-
pendently of BMI and WC." A more recent study by
Papanas et al in 2010 also concurred with our result,
in which an increase in serum glucose was significantly
associated with OSA independent of BMI.*!

ESS was developed and validated by Dr. Murray
Johns. It is a simple, self-administered questionnaire,
which is widely used in quantifying the level of day-
time sleepiness. Nevertheless, ESS subjectively quan-
tifies sleep propensity, while the AHI is an objective
value for the severity of OSA. A comparative au-
dit of patient and partner scoring was carried out in
Gloucestershire Royal Hospital. They found out that
there was no mean difference between patient and
partner perspective in ESS score (P=.906).” The part-
ner perspective (r=0.464), but not the patient ESS
(r=0.305), correlated with AHI. In their conclusion,
ESS was found to be poor predictors of AHIL?> Their
result was supported by another audit that tested on
Berlin Questionnaire and ESS as a screening instru-
ment for OSAs. ESS was found to have low to moder-
ate sensitivity (45%) and specificity (81%), and thus it
was concluded that ESS was of low value as a screening
tool.>*

However, in this present study, the mean ESS score
was 11.36 (4.89), and an increase in ESS score was
noted to be associated with an increase in the AHI
index. The study also revealed a significant mean of
ESS for neck circumference, fasting insulin level, fast-
ing blood sugar, and HOMA-IR value (P<.05). There
was also a positive correlation seen between ESS and
HOMA-IR (r=0.47, R?=0.224), although the effect
was much smaller than it was for AHI and BMI. This
was the first paper to assess the relationship of ESS
with IR, especially in OSA patients.

WC is an independent prediction of relative disease
risk in the Asian population; it is a better indicator
than BML? This is supported by many studies indi-
cating significantly higher visceral adiposity in the East

HOMA-IR

Asian population compared to Europeans at a given
BMI.*1In this study, WC is used as opposed to waist—
hip ratio. Based on a prospective study of 48287 pa-
tients by Seidell et al, it is shown that WC alone could
replace waist-hip ratio and BMI as a single risk factor
for all?cause mortality, and WC is strongly predictive
in young and middle-aged adults, who are predomi-
nant in our study population.”” The mean WC in our
study population was 104.69 cm. To the best of our
knowledge, there is no published data describing cutoff
points for WC in the East Asian population. This may
be an area of potential future study owing to very high
ethnic differences in the distribution of WC.

This study is important in the regional setting,
as the Southeast Asian population has different di-
etary practices and lifestyle compared to the Western
counterpart where most papers on OSA and IR are
reported. The Malaysian population has a compa-
rable nutrient intake with Singaporeans, Chinese,
and Japanese but consume proportionately more car-
bohydrates compared to British, Australian, and New
Zealanders.”® The Malaysian population has a slightly
lower prevalence of IR compared to the British, where-
by findings of this study compliment the prevalence of
IR in schizophrenic patients of 68%.%

In this study, we utilized ambulatory PSG using a
computet-assisted sleep study device (SOMNOCheck
Effort Weinmann, Hamburg, Germany). This is a po-
tential limitation, as AHI may be under- or overesti-
mated. Future research could utilize the full, attended,
and manually scored polysomnogram to correct the
imprecisions at the expense of a longer waiting time
to perform the study as well as more tedious reporting
efforts needed.

In summary, the results of this study provide con-
crete evidence that OSA is associated with IR and may
have the following practical implications. As IR is as-
sociated with type 2 diabetes mellitus and a risk for
metabolic and cardiovascular complications, it appears
useful for clinicians treating patients with diagnosed
metabolic syndrome to bear in mind that they may
have some reduction of sleep quality and that hyper-
glycemia increases the likelihood of OSA. Given that
OSA itself aggravates IR, early specialist referral for
diagnosis and management of this condition is benefi-
cial. Further studies are needed to define the mecha-
nism through which OSA promotes IR. We would
also recommend a further study to determine whether
a sustained treatment of OSA reverses the associated
metabolic disturbance.
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