Prevalence, clinical characteristics, and predictors of obesity
hypoventilation syndrome in a large sample of Saudi patients
with obstructive sleep apnea

Abmed S. BaHammam, FRCE FCCP

ABSTRACT

SO AR NCH\ [ SVEV YOS T V5 TP U R RPN - - Blaay!
e s LAJ}Q-} L;'; Jas u;'j‘ Q\,&}U} cL@J Egﬂr,,.!\ ‘JaﬁLA;-l}
At g;\_lw.sy\ ol G bl sl oM e 8 S

(}J

oihis ot Uiny o 1693 e Sazo W i, 01 on ot ;g ol
) ké) ool r.@-bhpl @ HIESA I (ﬁ}J\ b oasle J
(*U.'z:..ng E;A‘M}JV uwé.'..:.” ey 3.:‘..;}“.: (-@-"4—:—"":‘*} (:} (‘5““ SLST
L;l(*ZOOZﬁLgu.ABJLd\ be- wéj J}‘ﬂ’ C}J‘Uﬁ(’}‘)\ (ajﬁs\-lzb}v’

22012 e

e adl L3 U &gl 28 G Mae e eis € .uJ :@\..J\
e 1693 fof e 235 (LY 1 66.7) (8.5%) L L@f 144
o L(-'}».S‘ ST golaoYl il Cad gy bl oo AL A.ULU
57.4+13.4) |es ST iedly Lo N G pel ol o Dhan 20
Jlie 44.6£10.8)) ST ook AsS 250 (Ll 46.8+13.7 Jlae
& G 0 S U8 S6 S giny (P8 S 35.749.2
8,5 1 guiahy (A e 41.6£6.7 Jlir 56.5£12.7) Jsi sl
90%wup-wuwm§yb¢.uucww¢,}wbm I J bt
i3y e sde La5ey (1ads 10.5£20.5 plis 71.0£34.3)
isluf a3 5 46.5434.1 Jilan 68.2+47.1) ef o yil) LT uiicl
S rall a3l Jaadl S sl sV JE ety L (o
5,2 p<0.001 (1. 17,,«,3\ Jleaml) pall 3 Dby S 6 grams OF
oS YUl ety gl 0301 3,58 J gy ((1.10-1.25 =2z
=ias) &% ¢p<0 001 (1.05 &l Jlz=)) 90% o J57 iy

el o M & el e a3l O 250 Lls” (1.04-1.06

o G ALs Ay Lo M iy el ek Re e ies :AEW]
ol .JJJ) O,J\ LSt L;:’.L,MN\ ‘_,.,.L.,J\ Cab gy omlall JU’J"“'J\
(nd\ ey 4yl (}J 8,5 Jsby (._)J\ @ ubyfimﬂ B
umwvumu?dwuvﬁf90%wdﬁ\wuwsyu

el L M & gl

Objectives: To assess the prevalence, clinical
characteristics, and predictors of obesity hypoventilation
syndrome (OHS) in a large sample of Saudi patients
with obstructive sleep apnea (OSA).

OPEN ACCESS

Methods: 'This prospective observational study
consisted of 1693 patients who were diagnosed to
have sleep-disordered breathing using type I attended
polysomnography (PSG) between January 2002 and
December 2012 in the University Sleep Disorders
Center (USDC) at King Saud University Hospital,
Riyadh, Kingdom of Saudi Arabia.

Results: Out of 1693 OSA patients, OHS was
identified in 144 (8.5%) (women 66.7%). Compared
with the pure OSA patients, the OHS patients were
significantly older (57.4+13.4 years versus 46.8+13.7
years), had a higher body mass index (44.6+10.8
versus 35.7+9.2 kg/m?), a higher daytime partial
pressure of carbon dioxide (PaCO,) (56.5+12.7 versus
41.6+6.7 mmHg), a longer duration of nocturnal
oxygen saturation (nSa0,) <90% (71.0+34.3 versus
10.5+20.5 minutes), and a higher apnea hypopnea
index (68.2+47.1 versus 46.5+34.1 events/hour). A
multivariate logistic regression analysis showed that
serum bicarbonate (odds ratio [OR]=1.17, p=0.0001,
confidence interval [CI]=1.10-1.25), and duration of
nSa0, <90% (OR=1.05, »=0.0001, CI=1.04-1.06)
were predictors of OHS.

Conclusion: Obesity hypoventilation syndrome is
common among Saudi OSA patients referred to
the Sleep Disorders Center. Serum bicarbonate and
duration of nSaO, <90% are independent predictors
of OHS among patients with OSA.
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leep-related breathing disorders, also referred to

as sleep-disordered breathing (SDB), are common
conditions thatencompassseveral disorders characterized
by an abnormality in the frequency, pattern, upper
airway resistance, and/or depth of breathing during
sleep. Each disorder has its own diagnostic criteria. The
most common SDB disorder is obstructive sleep apnea
(OSA).! The spectrum of SDB syndromes also includes
obesity hypoventilation syndrome (OHS).> Obesity
hypoventilation syndrome was first described in 1955 as
“Pickwickian syndrome.” Because most patients with
OHS have frequent episodes of obstructive respiratory
events during sleep and significant desaturation, OHS
was incorrectly considered by some to be a severe form
of OSA.* The International Classification of Sleep
Disorders, third edition (ICSD-3), defines OHS as the
combined presence of obesity (BMI>30 kg/m?) with
awake arterial hypercapnia (partial pressure of carbon
dioxide (PaCO,)>45 mmHg) and SDB in the absence
of other causes of alveolar hypoventilation.* The OHS
is under recognized, with only approximately 30% of
hospitalized patients receiving a correct diagnosis when
admitted with acute-on-chronic hypercapnia respiratory
failure.”® Because OHS patients have more progressive
disease courses, higher health-care utilization, poorer
prognoses, and higher risks of hospitalization and death
compared with pure OSA patients,”® it is essential
to study the clinical characteristics of this group of
patients to aid general physicians in understanding
and recognizing the disorder. Therefore, this study
was conducted to assess the prevalence, clinical
characteristics, and predictors of OHS in a large sample
of Saudi OSA patients presenting to the Sleep Disorders
Clinic with clinical suspicion of SDB.

Methods. Subjecss. This observational study was
conducted in the University Sleep Disorders Center
(USDC) at King Saud University Hospital, a tertiary-
care university center in the Kingdom of Saudi Arabia.
The USDC is a tertiary referral center that receives
patients from various regions of the Kingdom. The local
ethics committee approved the study, and informed
consent was obtained from all participants. We included
consecutive patients (218 years old) who were referred
to the Sleep Disorders Clinic (SDC) with symptoms
suggestive of OSA, underwent polysomnography
(PSG) between January 2002 and December 2012,
and chose to participate in the study. A detailed history
and physical examination were performed by a sleep
medicine specialist during the initial assessment, and
spirometry was performed according to the American
Thoracic ~ Society/European  Respiratory  Society
task force guidelines using a Master Screen (Jaeger,
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Wiirzburg, Germany).” Arterial blood gases (ABGs)
were drawn after 15 minutes of rest while the subjects
were awake, seated and breathing room air, and they
were analyzed using a GEM® Premier™ 4000 analyzer
(Instrumentation Laboratory, Lexington, MA, USA).
Spirometry and ABGs are part of the work-up of patients
with diagnosed SDB in the USDC. Comorbidities data
were obtained by history from the patient and from the
medical chart of the patient. Daytime sleepiness was
evaluated using the Epworth Sleepiness Scale (ESS),"
a validated, specialized sleep questionnaire containing
8 items that assess the likelihood of dozing in a variety
of daily living situations. We excluded patients with
congestive heart failure, chronic lung and neurological
diseases, and thoracic vertebrae abnormalities, as well as
those taking hypnotic medications. During the study
period, 1973 patients were referred to the sleep disorders
center with clinical suspicion of OSA. Among those,
1693 patients were diagnosed to have SDB, agreed to
participate, and completed the required investigations.
Sleep study. Standard in-lab type | PSG was performed
to monitor brain activity (electroencephalogram
with electrodes placed at C3A2, C4A1, O1A2, and
O2A1), muscle tone (electromyogram of both the
legs and chin), eye movements (electrooculogram),
electrocardiogram, oxygen saturation (finger pulse
oximeter), chest and abdominal wall movements
(thoracic and abdominal belts), airflow (thermistor and
nasal prong pressure transducer), sleep position (body-
position sensor), and snoring (microphone). The PSG
recording was performed using Alice® 5 and Alice® 6
diagnostic equipment (Respironics Inc., Murrysville,
PA, USA). Manual scoring of the electronic raw data
was performed manually by expert certified sleep
technologists in accordance with established criteria."
Apnea was defined as a drop in the peak thermal sensor
excursion greater than or equal to 90% of baseline for
at least 10 seconds. The event was scored as obstructive
apnea in the presence of continued respiratory effort
and central apnea if associated with absent inspiratory
effort throughout the entire period of absent airflow.
Hypopnea was defined as a reduction in airflow of
>30% of baseline that lasted for at least 10 seconds
and resulted in either a >3% decrease in oxygen
saturation from the pre-event baseline or an arousal.

Disclosure. This study was supported by a grant from
the College of Medicine Research Center, Deanship
of Scientific Research, King Saud University Project,
Riyadh, Kingdom of Saud Arabia.
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The apnea-hypopnea index (AHI) score was defined
as the number of apneas and hypopneas per hour of
sleep and was calculated for the entire sleep duration.
The OSA was defined according to the International
Classification of Sleep Disorders (ICSD 2014): 1) AHI
>5 obstructive events/hour associated with one of the
following: excessive daytime sleepiness or unrefreshing
sleep, gasping, or choking during sleep, observed apnea
or loud snoring or the patient has been diagnosed with
hypertension, coronary artery disease, atrial fibrillation,
or type 2 diabetes mellitus; or 2) AHI 215 obstructive
events/hr.* The desaturation index was defined as the
number of desaturation events (23% decrease in oxygen
saturation from the pre-event baseline) per hour of
sleep. Sleep efhiciency was calculated as the total sleep
time/time in bed x 100.

The OHS was diagnosed if the following criteria
were met: the presence of hypercapnia during
wakefulness (PaCO, >45 mm Hg), as measured by
arterial PCO,; the presence of obesity (BMI >30 kg/
m?); and hypoventilation not primarily due to a lung
parenchymal or airway disease, pulmonary vascular
pathology, a chest wall disorder (other than mass
loading from obesity), medication uses, a neurological
disorder, muscle weakness, or a known congenital or
idiopathic central alveolar hypoventilation syndrome.*
Sleep hypoventilation was defined by an increase in
end-tidal PCO, to a value >55 mm Hg for 210 minutes
or by an increase in end-tidal PCO, of 210 mm Hg
during sleep (compared with an awake supine value) to
a value exceeding 50 mm Hg for 210 minutes."" The
OHS patients were divided into 2 groups: OHS with
OSA if OHS criteria were met and the AHI score was
25 events/hour and pure OHS if the OHS criteria were
met and the AHI score was <5 events/hour.

Statistical analysis. The data are expressed as the
mean and standard deviation (SD) in both the text
and tables. Student’s t-tests were used to compare the
means for continuous data. For categorical data, the
Chi square test was used. The results were considered
statistically significant if p<0.05. To explore predictors
of OHS, a univariate logistic regression model was used
in a preliminary analysis; one explanatory variable was
tested in the model at a time. Subsequently, variables
with significant p-values were further evaluated
using a multivariate logistic regression model."”* The
multicollinearity was assessed by the correlation matrix
among variables included in the model. The variables
with high correlation were removed from the model.
After fixing the multicollinearity, it was also re-assed by
evaluating the standard error in the model. The overall
accuracy of this model to predict OHS subjects (with a
predicted probability of 20.5) is 93.3%. The sensitivity
is given by 66% and the specificity is 96.7%. The area
under the curve (ROC) is 0.962. The Nagelkerke R
Square shows that approximately 63.8% of the variation
in the outcome variable (OHS) is explained by this
logistic model. Hosmer-Lemeshow goodness of fit test
assured the model fit (p=0.218).

Results. During the study period, 1973 patients
were referred to the sleep disorders center with clinical
suspicion of OSA. Among those, 1693 patients (1076
men and 617 women) were diagnosed to have SDB
(OSA and OHY). Figure 1 shows the study population
flow diagram. Table 1 presents the baseline characteristics
and PSG findings of the overall study group, as well as
of the OHS and pure OSA patients. The participants
had a mean age of 47.7+14.0 years, a BMI of 36.3+9.6

I 1973 patients were referred with a clinical suspicion of OSA ]

v

)

1076 men
| | 1693 were diagnosed by PSG 280 patients were not
to have OSA or OHS diagnosed to have OSA or OHS
1028 men ™ 4
1549 were diagnosed by have 144 were diagnosed by have
| 96 women | | 48 men

Figure 1 - Study population flow diagram among patients referred for obstructive sleep apnea. OSA - obstructive sleep apnea, PSG - polysomnography,

OHS - obesity hypoventilation syndrome
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Table 1 - Demographic and sleep characteristics of all participants and comparisons between pure OSA and OHS

patients.

Variables All (n=1693) Pure OSA (n=1549) OHS (n=144) P-value
Gender (Male) 1076 (63.6) 1028 (66.4) 48 (33.3) 0.000*
Age (Years) 47.7+14.0 46.8+13.7 57.4+13.4 0.000°
Body mass index (kg/m?) 36.3+9.6 35.749.2 44.6+10.8 0.000°
Neck circumference (inch) 15.7+1.5 15.6+1.4 16£1.9 0.011°
Epworth sleepiness scale 10.3+5.7 10.1£5.8 11.7+5.6 0.004°
pH 7.4+0.05 7.4+0 7.4+0.1 0.000°
PaCOZ(mmHg) 43.5£9.2 41.6x6.7 56.5+12.7 0.000°
PaO, (mmHg) 75.8+14.1 78+12.9 61+13.2 0.000°
HCO, (mmol/L) 26.6+4.6 25.7+3.4 33+6.2 0.000°
Hemoglobin level (g/dL) 14.1+1.9 14.1+1.8 13.7£2.5 0.008"
Hematocrit 41.5+5.4 41.6+5.3 40.6+7.3 0.191°
FEV1 (% predicted) 82.5+22.4 85.3+18 56.8+26.1 <0.001°
FVC (% predicted) 81.4x21.7 86.6£19.3 57.4+24.6 <0.001°
FEV1/FVC % 84.3+10.3 84.5+11.2 85.5+10.1 0.4°
Total sleep time (min) 180.7+88.0 186.3+88.4 119.9+£54.9 0.000°
Sleep efficiency (%) 72.5£19.1 73.3+18.7 64.8+21.2 0.000°
Stage N1 (%) 12.2+11.4 12.0+11.8 13.7+£13.7 0.089*
Stage N2 (%) 69.2+14.7 68.8+14.7 73.4+17.7 0.000°
Stage N3 (%) 4.4+8.4 4.5+8.4 3.247.9 0.090°
Stage REM (%) 12.2+10.1 12.6£9.9 8.3+11.4 0.000
Apnea hypopnea index (AHI) (event/hr) 48.4+35.8 46.5+34.1 68.2+47.1 0.000°
AHI during NREM (events/hr) 46.8+37.7 44.9+35.9 67.2449.1 0.000°
AHI during REM (events/hr) 48.9+36.7 48.7+36.4 51.4+41 0.479°
Desaturation index (event/hr) 29.3+31.3 27.2429.2 52.0+42 0.000°
Duration of 7820, <90% (min) 15.7+£27.8 10.5+£20.5 71+34.3 0.000°
Duration of #520,<95% (min) 50.7+36.9 47.2+35.8 88.4+25.3 0.000°
Lowest recorded 7520, (%) 80.1+13.7 81.7+11.8 62.7+19 0.000°
Mean ﬂSaO2 (%) 92.9+6.7 93.8+5.7 83.4+8.9 0.000°
Arousal index (arousal/hr) 51.4+33.4 49.9+32 67.8+42.9 0.000°

OSA - obstructive sleep apnea, OHS - obesity hypoventilation syndrome, 75a0, - nocturnal oxygen saturation,
FEV1 - forced expiratory volume in 1 second, FVC - forced vital capacity, REM - rapid eye movement sleep,
NREM- non-rapid eye movement sleep, PaO, - partial pressure of oxygen, HCO, - bicarbonate. *p-value based on
Chi square test, "p-value based on Student’s t-test

Table 2 - Comparison between comorbidities in obstructive sleep apnea
and obesity hypoventilation syndrome among 1693 patients
referred to the sleep disorder center.

Variables (I?:il: 4 (n9155129) P-value
n (%)
Arterial hypertension 102 (70.8) 554 (36.7) <0.001*
Ischemic heart disease 19 (13.2) 102 (6.6) 0.006*
Diabetes mellitus 73 (51.0) 417 (26.9) <0.001*
Bronchial asthma 48 (33.3) 352 (22.7) 0.006*
Hypothyroidism 27 (18.8) 135 (8.7) <0.001
Hypercholesterolemia 41 (28.5) 381 (24.6) 0.354*

OHS - obesity hypoventilation syndrome, OSA - obstructive sleep apnea,
* p-value based on Chi square test

kg/m?, and an ESS score of 10.3+5.7. Among patients
diagnosed to have SDB, 8.5% (144/1693) patients met
the criteria for OHS. Among the OSA patients with a
BMI>40 kg/m? (n=379), the OHS prevalence was 21%
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(n=79). The OHS patients had a mean age of 57.4+13.4
years, a BMI of 44.6+10.8 kg/m?, and an ESS score of
11.7£5.7. The mean BMI of OHS women was 44.9+9.7
kg/m?* and of men was 44.1+12.4 kg/m? (p=0.7). The
postmenopausal status among pure OSA women was
61.9% (n=323), and among OHS women was 88.5%
(n=85), (p=0.0001). Among the OHS patients, 84
(58%) were recruited from the Sleep Disorders Clinic
for an elective sleep study, and 61 (42%) were initially
admitted with hypercapnic respiratory failure. In the
latter patient group, the sleep study was performed once
the patient was stable and prior to their discharge from
the hospital.

Comparisons of the anthropometric, spirometric,
and sleep characteristics of both the pure OSA and
OHS groups are displayed in Table 1. The OHS
patients were older and had higher BMIs, greater neck
circumferences, and higher ESS and AHI scores. The
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Table 3 - Comparison between patients with pure hypoventilation (OHS) and patients with OHS and obstructive

sleep apnea (OSA).
Variables Pure hypoventilation OHS with OSA P-value
(n=9) (n=135)
Gender (male) 0 (0) 48 (35.6) 0.028*
Age (year) 57.1£12.5 57.4:13.6 0.950°
Body mass index (kg/m?) 46.8+14.7 44.5+10.6 0.634°
Neck circumference (inches) 14.5+1.2 16.1£1.9 0.021*
Epworth sleepiness scale 11.4£3.2 11.745.7 0.914°
pH 7.4+0.1 7.4+0.1 0.516°
PaCO, (mmHg) 56.4+12.2 56.5+£12.8 0.984°
PaO, (mmHg) 61.8+10.6 60.9+13.4 0.844°
HCO, (mmol/L) 29.7+5.9 33.3+6.1 0.114°
Hb (g/dL) 12.5+2.1 13.7£2.5 0.180°
HcT 35.1+4.8 41.1+7.3 0.077°
Total sleep time (min) 111.9+84 120.5+52.8 0.653"
Sleep efficiency (%) 54.5+22.6 65.5+21.1 0.135"
Stage N1 (%) 19.8+14.2 13.3+13.6 0.165°
Stage N2 (%) 71.2+13.5 73.5+18 0.709°
Stage N3 (%) 2.244.3 3.3+8.1 0.673"
Stage REM (%) 5+10.8 8.6+11.4 0.361°
Apnea hypopnea index (AHI) (event/hr) 2+1.7 72.6+45.3 0.000*
AHI during NREM (events/hr) 1.8+1.8 71.6+47.5 0.000*"
AHI during REM (events/hr) 10.5+24.3 54.2+40.5 0.011*
Desaturation Index (event/hr) 26.9+41 53.6+41.7 0.064°
Duration of #7520, <90% (min) 44.2+46.8 72.8+32.7 0.015®
Duration of #7520, <95% (min) 55.2+45.6 90.6+22 0.000*"
Minimum O2 (%) 85.1+10.3 61.2+£18.5 0.000*"
Mean O, (%) 88.2+10.6 83+8.7 0.091°
Arousal index (arousal/hr) 24.6+15 70.7+42.6 0.002*>

*P<0.05, “p-value based on Chi square test, "p-value based on student’s t-test, n8a0,- nocturnal
oxygen saturation, Hb hemoglobin, Het - hematocrit, PaO, - partial pressure of oxygen, HCO,
- bicarbonate, Hb - hemoglobin, REM - rapid eye movement sleep

OHS group had a higher proportion of women than
the OSA group (66.7% versus 33.6%, p=0.0001).
Among patients with SDB, the prevalence of OHS was
significantly higher among women than among men
(15.6% [96/617] versus 4.5% [48/1076]), (p=0.0001).
An analysis of pulmonary function tests showed that
the OHS patients had lower PaO, values, higher PaCO,
and HCO, values, and a more restrictive spirometric
pattern reflected by lower FEV1 and FVC values. Sleep
study analyses revealed that OHS patients spent more
time in the N2 stage and less time in the N3 and REM
stages compared with OSA patients. In addition, AHI
scores, desaturation indexes, and duration of nocturnal
oxygen saturation (nSa0,) <90% were significantly
higher in the OHS group.

Table 2 compares the prevalence of comorbidities
in the OHS and OSA patients. Although all included
comorbidities were prevalent in both groups (pure
OSA and OHS), comorbidities were significantly more

prevalent among the OHS patients. The most prevalent
comorbidities were hypertension 70.8%, diabetes
mellitus 51.0%, and bronchial asthma 33.3%. The
OHS patients were then divided into 2 groups (Table 3):
OHS with OSA (135 patients, 93.75%, mean AHI:
72.6%45.3) and pure OHS (9 patients, 6.25%, mean
AHI: 2.0+1.7/hour). The comparison between the 2
groups showed no differences in the anthropometric
features. However, the OHS with OSA patients had
longer durations of nSaO, <90% (72.8+32.7% versus
44.2+46.8%), and they exhibited a lower minimum
nSa0, (61.2+18.5% versus 85.1+10.3%) and a higher
arousal index (70.7+42.6 arousals/hour versus 24.6+15
arousals/hour).

A univariate regression analysis revealed that
age (OR=1.06), female gender (OR=3.95), BMI
>30 kg/m*> (OR=6.83), HCO, (OR=1.37), and
duration of nSaO, <90% (OR=1.05) were predictors
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Table 4 - Comparison of obesity hypoventilation among patients with obstructive sleep apnea in previous studies.

Authors Number  Study design Country Age BMI AHI  OHS (%)
Mokhlesi et al* 359 Prospective USA 48 43 62 (20)
Laaban and Chailleux'® 1,141 Retrospective France 56 34 55 (11)
Verin et al?! 218 Retrospective France 55 34 51 (10)
Kessler et al'” 254 Prospective France 54 33 76 (13)
Resta et al"? 219 Prospective Italy 51 40 42 (17)
Glope et al'® 175 Retrospective Spain N/A 32 42 (14)
Akashiba et al't 611 Retrospective Japan 48 29 52 9)
Trakada et al® 276 Prospective Greece 54.7 34.7 33.6 (13.8)
Alzaabi et al” 107 Retrospective UAE 45.6 33.8 48.4 (16.8)
Current study 1693 Prospective Saudi Arabia 47.7 36.3 48.4 (8.5)

OHS - obesity hypoventilation syndrome, OSA - obstructive sleep apnea, AHI - apnea hypopnea index,
USA - United States of America, UAE - United Arab Emirates, BMI - Body mass index

of OHS. A multivariate logistic regression analysis
adjusted for other variables then showed that HCO,
(OR=1.17, p<0.001, CI=1.10-1.25) and duration of
nSa0, <90% (OR=1.05, p<0.001, CI=1.04-1.06) were
predictors of OHS.

Discussion. This study is one of the largest studies
to describe the clinical characteristics of OHS patients
and to determine the prevalence of OHS among OSA
patients (Table 4). This investigation revealed that the
prevalence of OHS among patients referred to the Sleep
Disorders Clinic with OSA was 8.5%. Previous studies
reported a prevalence of OHS among patients with
OSA that ranged from 9-20% (Table 4)."*** In a large
French retrospective study (n=1141), the prevalence
of OHS was 11% among OSA patients.'® Studies that
reported a high prevalence of OHS recruited patients
with high BMIs (240 kg/m?). Mokhlesi et al** reported
a prevalence of 20% in a sample of obese OSA patients
with a mean BMI of 43 kg/m”. In a subgroup analysis
of subjects with a BMI >40 kg/m? in the French study,
the prevalence of OHS was 24%.'"® In our study, the
mean BMI in the studied group was 36.3 kg/m*. We
found that the prevalence of OHS among OSA patients
with a BMI 240 kg/m* was 21%, which is similar to
that in previous studies in populations with a BMI >40
kg/m?. In our study, among patients diagnosed with
OHS, the proportion of women was higher (66.7%).
Based on previously published studies, the proportion
of diagnosed patients with OHS tends to be higher
among men (60%);"* however, male predominance is
not as clear as in OSA patients. In fact, some studies
demonstrated a higher proportion of OHS among
women.">** Most of the previous studies did not assess
the gender difference in the prevalence of OHS among
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patients diagnosed with SDB. In fact, the majority of
the previous studies reported the gender proportion
among OHS patients, which was misinterpreted
by some as prevalence. Among patients with OSA,
Akashiba et al'* reported higher prevalence of OHS
among women (11.6%, [5/43]) compared with men
(8.8% [50/568]) in Japan. In a recent study from
the United Arab Emirates,” although the proportion
of men with OHS was higher (77.4%); however, the
prevalence of OHS among women diagnosed with
OSA was higher (31.8% [7/22] versus 12.9% [11/85]).
The OHS was more prevalent among women and
the women with OHS were older than the men with
OHS.” In our study, the prevalence of OHS among
patients diagnosed with SDB was higher among women
(15.6% [96/617] versus 4.5% [48/1076]). Therefore, it
seems that women are at a higher risk for OHS. The
cause for this is unknown. However, this finding can be
related to postmenopausal status, as most of the OHS
women in our study (88.5%) were postmenopausal. The
risk of SDB has been reported to be at least 2.5 times
higher among postmenopausal than premenopausal
women.”*? It is well documented as well that obesity
in general is more common among women.*® In Saudi
Arabia, obesity is more prevalent among women with a
prevalence in women of 44% and in men of 26.4%.”
As OHS is a disease of the morbidly obese, this is a
possible explanation for the higher prevalence of OHS
among women. Another possible explanation is leptin
resistance. Recent data suggests that leptin may act
as a powerful respiratory stimulant. A mouse model
of obesity and leptin deficiency exhibited abnormal
patterns of breathing with elevated levels of CO, and
reduced ventilatory response to CO, during wakefulness
and sleep in a manner similar to that seen in humans
with OHS.?® In obese subjects, serum leptin levels are
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significantly higher compared with lean subjects, which
suggest that a central resistance to leptin may occur in
obesity.”? Moreover, obese hypercapnic patients had
higher fasting serum leptin levels than eucapnic patients
and that serum leptin levels were shown to be better
predictors of hypercapnia than body fat percentage.®"*
Gender differences in leptin concentration in obese
subject have been reported. Serum leptin levels have
been reported to be up to 4 times higher in obese
women than men.*® It is possible that obese women
may develop more resistance to the central effects of
leptin compared with men and hence have a higher
prevalence of OHS.

An additional analysis revealed that 6.25% of our
patients had hypoventilation without obstructive
events (pure OHS). Previous studies have shown that
the majority of patients with OHS have concomitant
OSA (90%). The remaining 10% of patients have
non-obstructive sleep hypoventilation (characterized
by an AHI <5), which is defined as either an increase
in PaCO, of >10 mmHg above that of wakefulness or
significant oxygen desaturation, neither of which is the
result of apneas or hypopneas.>?

Previous studies that attempted to determine risk
factors or predictors of hypercapnia (OHS) in cohorts
of patients with OSA reported mixed results.”? In the
current study, OHS patients had higher AHI scores
than those for pure OSA patients (68.2 versus 46.5
events/hour). Even when we compared OHS patients
with OSA patients with a BMI >30 kg/m?, AHI scores
were higher among the OHS patients (68.2 versus 51.3
events’hour). However, AHI was not identified as a
predictor of OHS. In a previous study, Mokhlesi et al**
defined an AHI of 100/h as a highly specific threshold
for the detection of patients with OHS. Nevertheless,
the severity of AHI is not universally accepted as a good
predictor of OHS. The use of AHI severity as a predictor
of OHS may lead to significant under recognition of
this serious medical problem.*

Serum bicarbonate was identified as an independent
predictor of OHS in our study. Because serum
bicarbonate is a continuous variable, a one-unit
increase in serum bicarbonate causes a 14% increase
in the probability of having OHS. In their prospective
sample of patients with OSA, Mokhlesi et al** reported
that a serum bicarbonate threshold of 27 mmol/L had
a sensitivity of 92% and specificity of 50% in predicting
OHS. Duration of nSaO, <90% was identified as an
independent predictor of OHS in our study. Our
findings concur with those of previous studies that
showed that severe prolonged oxygen desaturation
during sleep is a predictor of hypercapnia in OSA
patients.'®%

An important finding of this study is the high
prevalence of comorbidities in OHS patients. We know
from previously published data that SDB is associated
with increased cardiovascular comorbidities and diabetes
mellitus.** However, OHS patients have a much higher
prevalence of serious comorbidities compared with
OSA patients. Arterial hypertension was the most
prevalent comorbidity, affecting more than two-thirds
of OHS patients, followed by diabetes mellitus and
bronchial asthma. Our data is consistent with those of
previous studies that assessed comorbidities in OHS
patients.””¥*® However, our study had a larger sample
size. obesity hypoventilation syndrome is a systemic
process that involves multiple organ systems. Therefore,
it is imperative to approach the obese patient with a
multidisciplinary view to optimize therapy for each
affected system.

In the present study, 42% of the OHS patients
were admitted with acute hypercapnic respiratory
failure. Obesity hypoventilation syndrome is generally
overlooked as a cause of acute hypercapnic respiratory
failure in morbidly obese patients.® These patients
may frequently be misdiagnosed as having chronic
obstructive pulmonary disease (COPD) or chronic
heart disease, resulting in delays in receiving the
appropriate treatment.® As a result, many patients may
be treated inappropriately and may not have undergone
an assessment of their hypoventilation and SDB.*¥
Previous studies have shown that only one-third of OHS
patients receive the correct diagnosis when admitted
with acute hypercapnic respiratory failure.** The
OHS is a serious disorder if left untreated, associated
with increased morbidity and mortality.” Therefore,
early recognition is essential to prevent complications.
Additionally, several previous studies have reported
improved survival and a reduction in the need for
hospitalization in treated compared with untreated
OHS patients.”

The current study has several limitations that need
to be addressed. The studied sample comprised patients
referred to the Sleep Disorders Center with a clinical
suspicion of OSA; therefore, they do not represent
the general population. Future studies should aim
to determine the prevalence of OHS in the general
population. Another limitation is the small number
of patients with pure OHS. However, pure OHS
represents approximately 10% of OHS patients in
previously published studies. Therefore, it is difficult to
recruit a large number of patients.

In summary, this study showed that OHS is common
among Saudi patients referred to the Sleep Disorders
Center with OSA. Our study showed that OHS among

Saudis is more prevalent among women. The prevalence
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of serious comorbidities is very high among patients
with OHS. Serum bicarbonate and duration of nSaO,
<90% are independent predictors of OHS among
patients with OSA. As a result of the obesity epidemic,
the prevalence of OHS is likely to increase. Therefore,
a high index of suspicion is necessary to facilitate early
diagnosis and treatment of OHS.
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