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Abstract
Background: According to the American Diabetes Association, 9.3% of the US
population had diabetes in the year 2012, which corresponds to 29.1 million people. On the
other hand, the overall prevalence of hypertension amongst individuals in the US, that were
18 years or older was 29.1% between 2011 and 2012. The intention of this study was to
focus on comparing the prevalence of co-morbidities amongst the bariatric surgery patients
who also have OSA.
Methods: In this retrospective study, we collected data from 749 obese outpatients,
which had been scheduled for bariatric surgery. We then selected the data of the 258
patients that had been recommended to undergo the overnight sleep study. The patients
were interviewed by a Board Certified Sleep Physician. The sleep studies were conducted
at a 9-bed sleep facility. During the initial consultation, we focused on collecting data related
to various comorbidities including hypertension, diabetes, hypothyroidism, asthma, and
COPD. The OSA diagnosis and severity was based on Apnea Hypopnea Index (AHI), which
is defined as the total events of apnea and hypopnea per hour of sleep. An AHI, which is
less than or equal to 5 AHI/hour is considered normal, 6 to 15 AHI/hour as mild OSA, 16 to
30 AHI/hour is moderate and greater than 30 AHI/hour is considered severe OSA.
Results: Our research showed that the bariatric surgery patients that had been
diagnosed with OSA on the basis of abnormal polysomnography results, were more
prevalent to have Hypertension, diabetes mellitus, and hypothyroidism. Whereas, asthma
was more common in the patients that did not have OSA (56%). HTN and DM were more
prevalent in the category of patients that had moderate to Severe OSA. Whereas, asthma
and hypothyroidism were less likely in the patients that had a higher AHI, as compared to
those patients that had an AHI less than 15.
Conclusions: We concluded that the comorbidities like HTN, DM, and hypothyroidism
were more prevalent in the diagnosed OSA patients (by polysomnography) that were
undergoing bariatric surgery. While, asthma was more prevalent in the non-OSA population.
Among the OSA population, HTN and DM were more prevalent in the patients that had
moderate to severe OSA. Whereas, asthma and hypothyroidism were more common in the
patients that had been diagnosed with mild OSA.
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According to the American Diabetes Association, 9.3% of the US population had
diabetes in 2012, which corresponds to 29.1 million people. Among these, only 21
million were diagnosed whereas the remaining 8.1 million were left undiagnosed
[1]. On the other hand, overall prevalence of hypertension in 18 years or older in US
was 29.1% between 2011 and 2012.This prevalence was nearly equal among women
(28.5%) and men (29.7%) [2]. Approximately 82% of the adults having hypertension
in 2009-2010 were aware of their condition, and nearly 76% were on antihypertensive
drugs [3]. In the reviewed data, the definition of hypertension is described as either
having blood pressure ≥140/90, 130/85, 130/80 mmHg or the use of antihypertensive
drugs [4,5]. The prevalence of hypertension tends to increase by decreasing the cut off
points of diagnostic blood pressures [4,5].
Certain environmental factors like lack of exercise and physical activity due to
sedentary life style and dependence on transportation may also promote obesity [6].
This goes hand in hand with the easy availability of inexpensive, palatable unhealthy
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foods; attractive marketing gimmicks and whole sale distribution
[6]. Because of this increasing obesity, it is becoming a challenge
for the health care providers to control the weight of people
suffering from DM2 [7,8]. Due to a global increase in the
prevalence of DM2, it is expected to hit 552 million in about 15
years from now [9].
OSA is particularly prevalent in middle aged obese man but
now its existence is increasingly noted among women and even
in lean subjects [10]. Despite the strong association of OSA
with obesity and cardiovascular problems, it is recognized and
managed as a ‘localized respiratory track disorder’ rather than
a ‘systemic problem [11]. In obese individuals, the increased
burden and work load affects the respiratory system [12,13].
Other than pulmonary embolism, OSA, asthma, pneumonia and
reactive airway disease, a number of respiratory disorders are
related to obesity [14].
In the last ten years prior to the new millennium, studies
showed that 4% of men and 2% of women between the ages
of 45-65 were suffering from OSA [15]. However, more recent
studies show that 10% of men and 3% of women between the
ages of 30-49 have OSA [16]. Currently, with the rapid rise in
the prevalence of obesity in our society, it is being considered as
an epidemic. OSA has been shown to be even more prevalent in
obese individuals, with studies showing figures as high as 60 to
70% amongst the obese population [17].

OSA has been characterized as the periodic hypopneas
and apneas during sleep, due to the obstruction in the upper
respiratory tract [18]. The consistent deoxygenation of
hemoglobin results in increased respiratory efforts [12,13],
interrupted sleep and frequent night time awakenings [19]. This
drastically affects daily living, as it results in excessive daytime
tiredness and sleepiness [20]. OSA patients have an increased
prevalence of DM2 [21], hypertension [22] and cardiovascular
risks, like stroke [23]. Most of these OSA patients go untreated
even though the prevalence of OSA is very high [20].

For the management of OSA, the most recently recommended
treatment options that are offered to patients include traditional
weight loss methods, customized oral apparatus and positive
airway pressure machines [24,25]. Weight loss has shown to
dramatically decrease the symptoms of OSA [26]. The data also
declares that weight loss impressively decreases the severity and
risk of other obesity related comorbidities [27,28]. Patients that
don’t succeed in losing weight through the traditional methods
of weight loss management have shown to benefit from Bariatric
Surgery [29,30]. The universal guidelines for Bariatric Surgery
consists of the following constituents: being 18-65 years of
age and having a BMI equal to or more than 40 kg/m2 or a BMI
equal to or more than 35 kg/m2 and the presence of any obesity
related comorbidities (resistant hypertension, established heart
disease, severe degenerative osteoarthritis or respiratory failure)
[31,32]. Patients that suffer from OSA should be informed about
an increased risk of intra-operative complications if they wish to
undergo Bariatric Surgery.
The OSA patients that are undergoing bariatric surgery are
at an increased risk of general anesthesia related complications
like hypertension, hypoxemia, arrhythmias and hypercapnia. Due
to the altered lung physiology and dysmorphic chest anatomy,
there are increased chances of complications [33,34]. Bariatric
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surgeons have decided to make OSA evaluation a compulsory
pre-operative screening, regardless of symptoms [35] due to the
significant number of undiagnosed OSA patients that plan on
going for the procedure [36-40].

Polysomnography has been declared the standard screening
method for diagnosing OSA. The patient requires an overnight
stay at a sleep laboratory to meet the demands of a standardized
sleep study. The physical examination and the patient history are
insignificant in diagnosing obstructive sleep apnea [41,42]..

The intention of this study was to focus on multi-ethnic
bariatric surgery patients of underserved areas of the New York
City and compare the prevalence, severity and co-morbidities of
OSA in obese versus non-obese patients.

Method

In this retrospective study, we collected data from 749 obese
outpatients, scheduled for bariatric surgery. They were referred
by four different surgeons of the hospital, situated in New York
City, between January 1st 2015 to December 31st 2015, regardless
of having OSA symptoms or not. Among those, we selected 258
patients, who went for the overnight sleep study.
The sleep studies were conducted by a Board Certified Sleep
Physician at 9 bed sleep clinic. The data regarding co-morbidities
that was collected during the initial consultation included
hypertension, diabetes mellitus, asthma and hypothyroidism.
The study was broadly categorized into OSA and non-OSA and
then further sub-stratified into mild and moderate to severe OSA
on the basis of apnea/hypopnea index (AHI).

The overnight polysomnography was conducted by using a
digital system (Alice Phillips Respironic Sleepware G3 version
7.3.4). The polysomnographic data was scored manually and was
interpreted by an experienced board certified sleep physician
according to the current guidelines [43,44]. The most recent
criteria was used for the purpose of scoring sleep stages [44].
The guidelines suggest that the occlusion of airflow in the
upper respiratory tract for more than ten seconds is an “apnea
event”, while a “hypopnea event” is defined as a nasal pressure
decrement of 30% or more, together with an episode lasting more
than ten seconds with 3% or more oxyhemoglobin desaturation.
The OSA diagnosis and severity was based on Apnea Hypopnea
Index (AHI), which is defined as the total events of apnea and
hypopnea per hour of sleep. Less than equal to 5 AHI/hour is
considered normal, 6 to 15 AHI/hour as mild OSA, 16 to 30 AHI/
hour moderate and greater than 30 AHI/hour is considered
severe OSA.
Data was organized by using Microsoft excel and mean,
percentages and relative risk were calculated where appropriate.

Results

Table 1 data suggests that out of 258 people, 124 (48%) had
OSA. Hypertension, diabetes mellitus, and hypothyroidism were
more prevalent in bariatric surgery candidates diagnosed as
OSA on polysomnography. Whereas, asthma was more common
in normal patients (56%). The probability of having diabetes
mellitus was 1.93 times more in OSA patients under going
bariatric surgery as compared to non OSA bariatric surgery
candidates. Similarly, OSA diagnosed population waiting for
bariatric surgery was 1.57 times more likely to have hypertension
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NORMAL

OSA

Participants

n=258
(n)

134

124

%

51.9379845

48.0620155

Female

(n)

119

84

%

46.124031

32.5581395

Male
Asthma
DM
HTN
Hypothyroid

(n)

15

40

%

5.81395349

15.503876

(n)

45

35

%

17.4418605

13.5658915

(n)

19

34

%

7.36434109

13.1782946

(n)

31

45

%

12.0155039

17.4418605

(n)

4

9

%

1.5503876

3.48837209

Relative Risk

0.84
1.93
1.57
2.41

Table 1: Prevalence of comorbidities among OSA and normal population.
Control

Moderate

Severe

Participants

n=258
(n)

193

29

36

%

74.8062016

11.2403101

13.9534884

Female

(n)

167

19

17

%

64.7286822

7.36434109

6.58914729

Male
Asthma
DM
HTN
Hypothyroid

(n)

26

10

19

%

10.0775194

3.87596899

7.36434109

(n)

64

7

9

%

24.8062016

2.71317829

3.48837209

(n)

32

9

12

%

12.4031008

3.48837209

4.65116279

(n)

49

11

16

%

18.9922481

4.26356589

6.20155039

(n)

11

2

0

%

4.26356589

0.7751938

0

Table 2: Prevalence of comorbidities among mild, moderate and severe OSA
population.

as compared to non OSA population. On the other hand, Asthma
was 0.84 times less likely in bariatric surgery candidates having
OSA. Data further suggests that pre-operative bariatric surgery
patients having AHI more than 5 were 2.41 times more probable
of having hypothyroidism as compared to those having AHI less
than 5.
Table 2 compares mild from moderate to severe OSA
population. HTN and DM were more prevalent in moderate to
Severe OSA candidates, whereas, despite of having high AHI,
asthma and hypothyroidism were less likely in the group as
compared to those having AHI less than 15.

Discussion

When we look at the statistics it becomes evident that both,
hypertension and diabetes mellitus have some sort of direct or
indirect co-relation with obesity [45]. Patients who suffer from
DM2 or obesity face the same sort of challenges as they struggle
to lose their body weight.

In the present era, in US (United States) alone, a disturbing
35% of the population above 20 years of age are found to be
obese [46]. The most prevalent form of sleep disorder breathing
(SDB) associated with hypertension, metabolic syndrome and
DM2, which results in the increased risk of cardiovascular disease
Volume 2 • Issue 6 • 032
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is Obstructive Sleep Apnea (OSA) [47]. In patients suffering from
OSA the prevalence of metabolic syndrome has been shown to be
on the higher side. The main risk factor for OSA is obesity [48].
Now OSA is being considerably counted as the most common
cause of secondary arterial hypertension [48].

According to Min H J et al., 87.7% of their selected population
had OSA with resistant HTN, as both disease have similar risk
factors [49]. Whereas, in our study only 36% of the population
had OSA with HTN. Henderson LA et al., postulated that central
nervous system changes especially in brain stem circuitry and
sympathetic activity contributes to the prevalence of HTN in
OSA patients. They further mentioned that positive pressure
ventilation can reverse these alterations in central nervous system
[50]. Pengo MF and his team also discovered a considerable
decrement in blood pressure and heart rate after using positive
airway pressure for two weeks in OSA patients associated with
HTN [51].
In our selected population, 27.4% people having DM were also
diagnosed with OSA. Among those, 78% had AHI greater than 15,
indicating that DM is more prevalent in patients with moderate
to severe OSA. Similarly, Lam DC et al., found 54% prevalence
of OSA in diabetic patients, which is much higher than ours, but
only 33% of those had moderate to severe OSA, which is lower as
compared to our data [52]. The metabolic syndrome in diabetic
patients with OSA improved after one year of CPAP treatment
[53]. Ronksley PE et al.,evaluated that DM is more prevalent in
severe OSA patients [54]. Our data also suggests that DM is more
prevalent (62%) in moderate to severe OSA.
Bahammam SA et al., showed 0.4% prevalence of clinical
hypothyroidism in OSA patients [55], whereas in our study
the prevalence was 0.07%. According to Kapur VK et al.,
hypothyroidism is not associated with OSA and the treatment of
hypothyroidism has no effect on OSA [56].

According to Jonassen TM et al., asthma is associated with
OSA [57], but our selected population showed less prevance of
asthma in OSA than non OSA population with 0.84 times relative
risk reduction. Teodorescu M et al., support severe OSA to be
more prevalent in asthmatic patients [58]. Whereas, among the
OSA population, our data suggests that asthma is more prevalent
in mild (32%) than moderate to severe OSA patients (24%).
Currently, our data is limited to a single lab which can cause
selection bias. We were unable to collect data regarding Epworth
scoring scale and Stop Bang criteria related to severity based OSA
groups. In future studies, we will focus on gathering the data on
the basis of ethnicities.
We concluded that HTN, DM and hypothyroidism were more
prevalent in obese population under going bariatric surgery,
which were diagnosed as OSA on polysomnography. Asthma
was more prevalent in non OSA population. Among the OSA
population, HTN and DM were more prevalent in moderate to
severe OSA, whereas, asthma and hypothyroidism were more
common in mild OSA patients.
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