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ABSTRACT: Objectives: Obstructive sleep apnoea/hypopnoea syndrome (OSAHS) is a disorder characterised by
repetitive upper airway collapse during sleep in association with daytime sleepiness. It has an estimated prevalence
of 2% and 4% among middle-aged women and men respectively. The aim of the study was to look at the association
of body mass index (BMI), age and gender and prevalence of OSAHS in the Omani population. Methods:
Polysomnography reports and hospital medical records of all patients who took part in the Sleep Study at the Sleep
Laboratory of the Clinical Physiology Department, Sultan Qaboos University Hospital, between January 1995 and
December 2006, were retrospectively reviewed. Data from both sources was gathered and analysed. Results: A
total of 1,042 sleep studies were conducted with 608 valid studies for analysis. The study showed that the apnoea/
hypopnoea index (AHI) >15 was more prevalent in men compared to women (47.9% versus 33.5%, P = 0.001). There
was significant correlation of AHI with BMI (P <0.0001) among men compared to women (P = 0.1); however, age
was significantly correlated with AHI among women (P <0.0001), but not with men (P = 0.1). Conclusion: The
results indicate that there is a gender difference in the prevalence of OSAHS and obesity is a major risk factor for
OSAHS among Omani men whereas age is found to be a risk factor for OSAHS among women.
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ADVANCES IN KNOWLEDGE

1. This is the first study to be conducted in Omani population assessing the risk factors of obstructive sleep apnoea/hypopnoea syndrome
(OSAHS) and describing the difference in the prevalence of apnoea/hypopnoea syndrome.

2. The study revealed that there is a major gender difference in the prevalence of OSAHS between men and women in Oman.

3. Age is the major determinant among women compared with men. Men are more susceptible to OSAHS at younger age compared to
worien.

APPLICATION TO PATIENT CARE

1. This article provides evidence-based information for sleep physicians to aid in the diagnosis of OSAHS.

2. It will also help them to prioritise the need for a sleep study as hospital waiting lists are long.
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BSTRUCTIVE SLEEP APNOEA/

hypopnoea syndrome (OSAHS) is a

disorder characterised by repetitive
upper airway collapse during sleep associated
with arterial oxygen desaturation. This leads to
repetitive night awakenings and excessive daytime
sleepiness.! OSAHS has also been associated with
adverse cardiovascular consequences such as
hypertension,” and ischaemic heart disease.> Major
aetiological factors, such as obesity, and craniofacial
anatomic predisposition, are both genetically and
environmentally influenced, and it is therefore
pertinent to determine the prevalence of sleep
apnoea in different populations.* It was shown
previously by Young et al that the prevalence
of OSAHS was 2% in women and 4% in men in
subjects who had an apnoea/hypopnoea index
(AHI) of more than 5 and had symptoms.” AHI is
determined by number of apnoeas and hypopnoeas
per hour of sleep. Duran et al. showed that the
prevalence was higher with AHI of more than 5 and
no symptoms, but with marginal gender difference
between males and females. However, the gender
difference became more obvious with higher levels
of AHI with higher prevalence among men in all
age groups.® Nevertheless, gender differences in
OSAHS prevalence could not be well established
due to controversial results.”

Obesity is the main risk factor for OSAHS
and more than 80% of OSAHS patients have a
body mass index (BMI) of more than 30 Kg/m.*®
Recently, obesity has been found to be a major
health problem in the Omani population with
increasing prevalence in relatively young subjects.’
Nevertheless, age also has a major role in increasing
the prevalence of OSAHS.! To date, there has been
scanty documentation of the gender difference in
the prevalence of OSAHS in the Omani population.
The aim of the study is to evaluate the association of
BMI, age, and gender difference with prevalence of
OSAHS in the Omani population.

Methods

A retrospective analysis study was conducted

among all patients (N = 1,042) listed in the registry
of the Sleep Laboratory of the Clinical Physiology
Department, of Sultan Qaboos University Hospital
(SQUH), Oman, between January 1995 and
December 2006. Polysomnography data were
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retrospectively collected from polysomnography
reports. Information on demography and related
medical disorders, e.g. hypertension, chronic
obstructive pulmonary disease (COPD), ischaemic
heart disease (IHD), hypothyroidism, behavioural
disorders and diabetes were collected from hospital
medical electronic records and paper files. Details
of data collection were previously published." The
study was approved by the Ethical Committee of
the College of Medicine & Health Sciences at Sultan
Qaboos University.

Weight and height were measured with bare
feet and light clothing, using a standard scale (Seca,
Germany) for all patients attending for a sleep study.
All the anthropometric measurements were done at
the time of the sleep study. Weight was recorded to
nearest 0.5 Kg and height to the nearest centimetre.
The BMI was calculated as weight divided by square
of height in meters (BMI = weight [Kg] / height
[m?]). Age was verified based on hospital medical
records.

A sleep study was conducted for all
patients. The study consisted of two channels
of electroencephalogram (EEQ), two
electro-oculograms (EOG), a chin and legs
electromyography (EMG) and an electro-
cardiogram (ECG). Respiratory events were
monitored by means of an airflow sensor and chest
and abdominal movement sensors. Snoring was
recorded using a microphone. Leg movements and
sleep position were also monitored using special
sensors. Oxygen saturation was assessed by pulse
oxymetry and the patient was observed with an
infra-red camera. The test is supervised by a trained
polysmnographer who was also responsible for
the manual scoring of the study. Polysomnography
records were scored manually based on the
guidelines of the American Academy of Sleep
Medicine.’> An abnormal breathing event during
objectively measured sleep was defined according
to the commonly used clinical criteria of either a
complete cessation of airflow lasting 10 seconds
(apnoea) or a discernible reduction in airflow
accompanied by a decrease of 4% in oxyhaemoglobin
saturation (hypopnoea). The apnoea/hypopnoea
index (AHI) was calculated as number of apnoeas
and hypopnoeas per hour of sleep.

Descriptive and comparative analyses were
performed using the Statistical Package for the
Social Sciences (SPSS) software (IBM, USA,



Table 1: Prevalence of co-morbidities in males and females with apnoea/hypopnoea index (AHI) <15 or AHI >15/

hour
Males Females

Comorbidity AHI <15 AHI>15 AHI <15 AHI>15

% % % %
ilsltrl(l):s obstructive pulmonary disease/ 3.9* 6.0§ 994 4.3
Hypertension 9.1* 129 22.2 22.1
Ischaemic heart disease 4.8 52 8.1 8.8
Diabetes mellitus 5.2* 4.3§ 12.6 14.7
Hypothyroidism 0.8* 1.7§ 6.7 8.8
Behavioural diseases 10.3* 0.9§ 8.1 2.9

Notes: * = P <0.05 for gender difference in co-morbidity in group AHI <15; § = P <0.05 for gender difference in co-morbidity in group

AHI >15.

Version 13.0). Parametric data were expressed as
means + standard deviation (SD). A P value of <0.05
was considered significant.

The relationship of AHI with age and BMI
was tested using Pearson’s bivariate correlations.
Correlations were estimated separately for men
and women. AHI was grouped as <15 and >15.1
per hour. Age and BMI were categorised as follows:
Age: <40 years, 41-60 and >60 years; BMI: <24.9,
25-29.9, 30-34.9 and >35 Kg/m?. An age of 40 years
was chosen based on the distribution of the sample
population.

The x* analysis was used to test the association of
AHI with gender and association of co-morbidities
with gender in both AHI groups. The first model of
binary logistic regression was used to estimate odds
of having AHI >15 included gender, age, BMI and
other associated co-morbidities like hypertension,
COPD, asthma, IHD, hypothyroidism, behavioural
disorders and diabetes. Co-morbidities were
removed from the final model as there were no
significant associations of AHI with co-morbidities
adjusted for age, BMI and gender. Finally, age
adjusted odds for having AHI >15 with BMI and
BMI adjusted odds for having AHI >15 with age
were calculated in males and females. The BMI
<24.9 Kg/m? and age up to 40 years were taken as a
reference control.

Results

The total number of patients reviewed between
January 1995 and December 2006 were 1,042. The
analysis was conducted on 608 valid sleep study

reports for patients of more than 18 years old of
age. A total of 374 reports were excluded because
of incomplete data and 60 sleep study reports for
patients under 18 years of age. The men (n = 405)
to women (n = 203) ratio of studied patients was
approximately 3:1. Women were significantly older
than men (women: 45.3 + 12.1 versus men: 39.8 +
13.2 years P = 0.0001) and had higher BMI (36.0
+ 8.7 versus 31.8 + 5.5 Kg/m? P = 0.0001). The
total number of patients who had AHI >15 was
300 (232 men and 68 women). The prevalence of
comorbidities in men and women with AHI <15 and
AHI >15 are given in Table 1. In men, the prevalence
of hypertension, IHD and hypothyroidism was
higher in the group with AHI >15 compared with
AHI <15. In women, the prevalence of COPD/
asthma, IHD, diabetes and hypothyroidism was
higher with AHI >15 [Table 1]. The AHI <15
group showed a significant gender difference for
all comorbidities except IHD, but the group AHI
>15 showed a significant gender difference only
in COPD (P = 0.005), diabetes mellitus (DM) (P =
0.007), and hypothyroidism (P = 0.018) [Table 1].

Gender was strongly associated with AHI
(x*12.1, P = 0.0001, df1). The AHI showed a weak
but significant correlation with age (r* 0.092; P
= 0.02) and BMI (r* 0.121; P = 0.004). However,
the gender difference surfaced when AHI was
correlated with age and BMI separately in males and
females. Interestingly, in males, AHI was correlated
significantly with BMI (r% 0.224; P = 0.0001), but
not with age (r* 0.066; P = 0.14). By contrast, AHI
in women showed significant correlation with age
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Table 2: Age adjusted odds for apnoea/hypopnoea index (AHI) >15 for different categories of body mass index (BMI)

in males and females

Total

BMI kg/m? OR P
< 24.9

25-29.9 1.79 0.10
30-34.9 2.50 0.011
> 35 5.03 0.0001
Age in years 1.05 1.00
Gender 0.32 0.0001

Legend: OR = Odds ratio.

(r* 0.295; P = 0.0001) but not with BMI (r% 0.117;
P=0.13).

The age adjusted odds of having AHI >15 for
pooled data were significant in all BMI categories,
the highest value being for the BMI >35 category,
and were significantly dependent on age and gender
[Table 2]. When estimated separately for gender,
men showed significant odds of having AHI >15
for all BMI categories. However, the odds were
maximum for category BMI >35 Kg/m? (Odds: 6.97,
P =0.0001). On the contrary, in women, having AHI
>15 was independent of BMI [Table 2].

In pooled data, the BMI adjusted odds of having
AHI >15 were significant for BMI (P = 0.0001) and
gender (P = 0.006). The gender difference became
prominent when BMI adjusted odds were estimated
separately for males and females. Compared with
women aged <40 years, women aged 41-60 had
odds of 2.64 (P = 0.025) and women aged >61 had
odds of 4.08 (P = 0.01) of having AHI >15. In men,
the odds of having AHI >15 were independent of
age [Table 3].

Discussion

This study was conducted for the first time in the
Omani population to understand the relationship
between OSAHS and the two main risk factors,
age and obesity. The study was conducted on a
clinic-based population sample at Sultan Qaboos
University Hospital, Oman, and was done as part
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Males Females
OR p OR pr
2.51 0.18 2.58 0.41
3.39 0.02 3.10 0.32
6.97 0.0001 Bl 0.11
0.49 1.00 1.04 0.01

of the sleep medicine audit in Oman."* The main
outcome of analysis was that having AHI >15 is
differently related to gender; in men, it is related to
BMI and not age, on the contrary, in women, it is
related to age and not BMIL

The prevalence of OSAHS of 4% in men and 2%
in women estimated by Young et al. was based on
an AHI score of 5 or higher and moderate to severe
daytime hypersomnolence.® In this study, AHI >15
was implicated as a cut-off point for OSAHS and
the results showed that 49% of the study sample had
obstructive sleep apnoea, with higher prevalence
among men (57%) compared with women (33%).
A limitation of this study is that the study sample
was hospital-based and may therefore have
selection bias. In addition, daytime sleepiness was
not assessed by a validated scale or questionnaire,
e.g. the Epworth Sleepiness Scale, which could be
a further limitation of this study. However, this
study confirmed that there is a gender difference in
the association of OSAHS with age and BMI. AHI
correlated significantly with BMI, but not with age,
in men. On the contrary, AHI in women showed
a significant correlation only with age with a four-
fold increase in risk for women older than 60 years
of age compared to women under 40 [Tables 2 and
3]. These findings could be attributed to the lower
levels of sex hormones, especially progesterone,
which occurs in post-menopausal women. The
association of reduced female sex hormones with
an increased probability of obstructive sleep apnoea



Table 3: Body mass index (BMI) adjusted odds ration (OR) for apnoea/hypopnoea index (AHI) >15 for different age

groups in males and females

Total
Age years OR P
<40
41-60 1.31 0.16
>61 1.89 0.059
BMI kg/m? 1.07 0.0001
Gender 0.30 0.006

in women is well documented.” Previous studies
found that those women with an AHI >10 had
significantly lower levels of 17-OH progesterone,
progesterone, and estradiol than those with an AHI
less than 10." Similar results were found by Redline
et al. who found in a community study that females
with OSAHS were significantly older (P <0.01) than
apnoeic male subjects and the majority of those
females were postmenopausal® However, they
found no significant difference in BMI between the
two genders.® Furthermore, Young et al. found that
postmenopausal women had a higher odds ratio
of having AHI >15 compared to perimenopausal
women (perimenopause: 1.1 [0.5, 2.2] versus
postmenopause: 3.5 [1.4, 8.8]).

Our results were in accord with the increasing
prevalence of obesity and metabolic syndrome in
the Omani population. Al-Lawati et al. found that
the prevalence of metabolic syndrome increased
with age in both sexes, but the increase was
steeper in women.’ Furthermore, in the age group
20-29 years, 4.7% of men and 2.8% of women
had metabolic syndrome. In the age group 60
years and over, the prevalence was 29.8% and
48.7%, respectively. In Durdn’s study, a strong
association between AHI and age was found in the
logistic regression model adjusted to sex and BMI,
suggesting that factors other than obesity play a role
in the presence of OSAHS.® When AHI for men and
women were pooled together, there was significant
correlation with age and BMI. The results indicated
that obesity is the main risk factor for OSAHS in
Omani men with increasing risk with higher BMIL
Similar results were found by Young et al. who

Males Females
OR P OR P
1.05 0.83 2.64 0.025
1.28 0.58 4.09 0.01
1.07 0.0001 1.04 0.06

found that male sex, age and BMI were strongly
associated with AHI >15."* A study by BaHammam
et al. found that the prevalence of obstructive sleep
apnoea among middle-aged Saudi women (35-60
years) was 40%.'* However, the population sample
was screened using the Berlin questionnaire only
and found no correlation with age. It was shown
in an urban Indian population that, when BMI was
normal, metabolic syndrome may be the first event,
followed by OSAHS as age increases and eventually
it may culminate in syndrome Z (OSAHS and
metabolic syndrome together).”” More recently, it
was found that metabolic syndrome prevalence,
including obesity is associated with increased
severity of OSAHS.*

Conclusion

Our study revealed gender difference in associations
of sleep disordered breathing in an Omani
population. Male gender and obesity led to higher
risk compared to women in the same age group.
However, age is the major predictor for obstructive
sleep apnoea among women, with a higher risk of
OSAHS in postmenopausal woman
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