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ABSTRACT

Background: Obstructive sleep apnea (OSA) is an under-evaluated and under-treated problem, particularly among individuals with type 2
diabetes mellitus (T2DM). Therefore, in this study, we aim to determine the risk of OSA among adults with T2DM residing in an urban
area of Mangalore and to elucidate the determinants of OSA among the study participants. Materials and Methods: A cross-sectional
study was conducted for a period of 2 months among adult patients (> 18 years) with T2DM seeking health care at a primary care
setting located in an urban area of Mangalore. Face-to-face interviews were conducted using a semi-structured proforma. STOP-BANG
questionnaire was used to assess the risk of OSA among the study participants. The measurements, such as height, weight, and neck
circumference, were conducted using standard techniques. Results: The mean age of the study participants was 58.12 + 11.60 years.
The majority, (58.30%), were males, and 45.0% reported a family history of T2DM. A total of 108 (60.0%) experienced loud snoring
while asleep, while 149 (82.80%) experienced tiredness during daytime. The mean body mass index (BMI) was 24.64 + 4.9 kg/m?,
while a neck circumference of >40 cms was found in 28.90%. A total of 69 (38.30%) had a high risk of OSA with a STOP-BANG score
ranging from 5 to 8, while 71 (39.40%) had a score ranging from 3 to 4 (intermediate risk). The statistically significant associations
were found between age >50 years, male gender, and diabetes for > 7 years and high risk of OSA (P < 0.001). Conclusion: More than
a third of the study participants had a high risk of OSA. Age > 50 years, male gender, and diabetes for >7 years were the factors
associated with OSA.
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of sleep-related breathing disturbances. Obstructive sleep
apnea (OSA) is regarded as one such SDB problem. OSA is a
prevalent medical problem affecting nearly 2-30% of individuals

Introduction

Sleep is a complex biological state characterized by changes in
the behavioral, physiological, and electrophysiological parameters.
Among the disorders of sleep, sleep-disordered breathing (SDB)
events are an umbrella term for disorders that comprise a number

and may affect all age-groups.l'! OSA manifests as repeated
complete ot partial occlusion of the upper airway duting sleep.”
This causes hypoxia resulting in frequent arousals, which eventually

result in sleep fragmentation and symptoms of excessive daytime
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30—69 years worldwide. Although the condition is simple to ignore,
it can setiously harm the target organ.” It is currently recognized
as an important health issue that can affect a variety of organs in
the cardiovascular, neurologic, respiratory, and endocrine systems.
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Research has shown that OSA, even if asymptomatic, may lead to
increased morbidity and mortality.>

Diabetes mellitus (DM) is a chronic illness, which has been
increasing in epidemic proportions worldwide. DM affects an
estimated 10.5% of adults worldwide, and about 6.7 million
deaths are attributed to DM annually of which type 2 diabetes
mellitus (T2DM) constitutes up to 90% of all the deaths." In
India alone, the prevalence of T2DM is estimated to be around
70 million, which amounts to 8.7% of the population.®! It has
been found through studies that obesity, older age, and male
gender are the significant risk factors which may contribute
to the development of OSA.PI T2DM is also known to be a
pre-disposing factor for OSA with insulin resistance being the
mechanism responsible for the association. Additionally, some
studies also state that OSA and T2DM are bidirectional, that is,
OSA can predispose to insulin resistance and T2DM as well.['*!1
Furthermore, research highlights effective treatment of OSA in
individuals with T2DM.['!7]

There is a growing body of evidence which establishes the link
between OSA and T2DM.I"* However, OSA still remains an
under-evaluated and under-treated problem, particularly among
persons with T2DM. Besides, there exists a gap in research which
addresses this association between OSA and T2DM, especially
in Indian settings. Large discrepancies between expected
and diagnosed cases of OSA in T2DM have been reported,
suggesting that the majority of persons at risk for OSA are not
being identified. Furthermore, the problem of OSA among
persons with T2DM is relevant to family medicine and primary
care practice. Primary care settings present an opportunity
to screen persons who seek care for non-communicable
diseases (NCDs), such as T2DM, for sleep disorders, such as
OSA. Hence, we conducted this study to assess the prevalence
and factors associated with OSA among adults with T2DM
residing in an urban area of Mangalore, India.

Materials and Methods

This cross-sectional study was conducted for a period of
6 months (July 2017 to January 2018), in an Urban Health
Training Center (UHTC) at Mangalore. The UHTC serves an
underserved area named Bunder, which is inhabited by more
than 3,200 families with a total population of 21,541 and
3,964 households. During the data collection period, a total
of 4,680 patients sought health care at the UHTC, of which
348 (7.43%) were for T2DM.

Adults aged =18 years, residing in Bunder for 26 months with
documented evidence of diagnosis and treatment prescribed
for T2DM by a medical doctor, participated in the study after
providing informed consent. Persons with other types of
diabetes, such as type 1 diabetes mellitus (T1DM), secondary
diabetes, and gestational diabetes, pregnant women, those with
substance dependence, neurological disorders affecting sleep,
severe intellectual difficulties, known psychiatric morbidity that

Journal of Family Medicine and Primary Care

interfered with their participation in the study, and persons who
underwent neurosurgical procedures in the last 3 years were
excluded. Convenience sampling was applied to select the study
participants. The calculation of sample size was based on the
formula: n = Z*p*q/e’l"” Here, n is the required sample size,
and Z is the standard normal deviation, which is equal to 1.96
at 5% significance level. The prevalence of OSA among adults
with T2DM, “p,” was taken as 40.0%.I'" The permissible error
in the estimate of p: “e¢” was set at 20%. Using this formula
which considers 95% confidence limits and in addition to a
10% non-response error, the sample size was estimated to be
180 adults with T2DM. A pilot study was conducted among
20 persons with T2DM to assess the feasibility. Appropriate
modifications were made in the study proforma based on the
pilot study. The findings of the pilot study were not included in
the main analysis.

Initially, a house-to-house survey was conducted in the study
area to determine the number of adults with T2DM fulfilling
the inclusion criteria. Those who fulfilled the eligibility criteria
and gave consent were invited to participate in the study which
was conducted in the UHTC located in the study area. This
was because the data collection involved taking anthropometric
measurements using standardized instruments present in the
UHTC. It was not feasible for us to carry the instruments to
the community. At the UHTC, the eligibility was reassessed and
necessary exclusions were made.

A pre-designed, structured proforma was used to collect the
appropriate information after validation by three research experts.
The proforma contained details related to socio-demographic
profile, such as age, gender, residence, education, working status,
economic status, family type, information pertaining to duration
of diabetes, medications used, presence of complications,
and history of comorbid conditions, such as hypertension,
dyslipidemia, ischemic heart disease, asthma, chronic bronchitis,
and a family history of T2DM. The STOP-BANG questionnaire,
which is a scoring model consisting of eight easily administered
questions, starting with the acronym STOP-BANG, was used to
predict OSA among the study participants.l'? The questionnaire
consists of Yes/No answers, with a score of 1.0 for each Yes.
Thus, the scores range from a value of 0 to 8. The accuracy
of the STOP-BANG questionnaire has been validated by
polysomnography (PSG)—the gold standard for diagnosing
OSA.M' Standard procedures were used to translate the proforma
into the local language (Kannada). The weight and height of the
study participants were measured using standard procedures and
calibrated instruments (accuracy: up to 100 grams for weight and
0.1 cm for height) following which body mass index (BMI) was
also calculated. As per the STOP-BANG, if the BMI > 35 kg/m?,
one point needs to be given while measuring the risk, and this
was the basis for considering a participant as obese in this
study."¥ Blood pressure was examined using an Aneroid Dial
Type Sphygmomanometer. Before taking the measurements,
the study participants were requested to sit quietly and rest for
5 minutes. Three readings of the systolic and diastolic blood
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pressure were taken with 3-minute rest between each reading, and
the means of second and third readings were used for analysis.
If the difference between the two readings was greater than
10 mm Hg, the measurements were taken again. Conventional
bladder cuff measuring 12—13 cm wide and 35 cm long was used.
The arm and back were supported, while the cuff was positioned
at the level of the heart. Phase I and V (sudden reduction/
disappearance) Korotkoff sounds were used in auscultatory
procedures to determine systolic and diastolic blood pressure,

9 Neck circumference was measured at the middle

respectively.
of the neck between the mid-cervical spine and the superior
line of the cricothyroid membrane in standing position using a

measuring tape.?’!

The student principal investigator who collected the data was
trained by the guide/co-principal investigator and a subject
expert, before the commencement of the study. Additionally, 10%
of the interviews conducted by the student were cross-checked
on-site by the guide for completeness and adherence to the
study protocol, and supportive supervision was ensured. For
quality control during data collection, double data entry and
cross-checking were conducted.

Data were compiled and analyzed using the International Business
Machine (IBM) Statistical Package for Social Sciences (SPSS)
Statistics for Windows, version 23 (IBM Corp., Armonk,
New York, USA). Continuous variables were expressed in terms
of means and standard deviation. Frequencies and proportions
were used to express categorical variables. The Chi-square test
was applied to find out the association between the study variables
and the presence of OSA. A P value of < 0.05 was considered
as the criterion for statistical significance.

The approval from the Institutional Ethics Committee was
obtained before conducting the study. Detailed information
pertaining to the nature, objectives of the study, and test
procedures was provided to the study participants, and written
informed consent was obtained. The anonymity of the study
participants was ensured. Strict confidentiality of the information
collected was maintained. The study participants found to have
high risk of OSA on screening were referred to the medical
college hospital for further management.

Results

A total of 180 adults with T2DM participated in the study. The
mean age of the study participants was 58.12 £ 11.60 years,
and more than half (58.30%) were men. Most of the study
participants, 170 (94.40%), were on medications for T2DM.
The socio-demographic and morbidity profiles of the study
participants are depicted in Table 1.

On analysis of the various components of the STOP-BANG
questionnaire, 108 (60%) revealed that they snore loudly while
asleep, which they considered louder than talking loud enough
to be heard through closed doors. A high percentage (82.80%)
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Table 1: Socio-demographic and morbidity profile of the
study participants (n=180)

Socio-demographic factors Numbers (n=180)  Percentage
Age in years

<60 years 91 50.60

2060 years 89 49.40
Gender

Men 105 58.30

Women 75 41.70
Education

Up to primary school 99 55.0

Beyond primary school 81 45.0
Occupation

Currently employed 87 45.79

Not employed at present 93 54.21
Marital status

Married 150 83.30

Widowed/sepatated/unmarried 30 16.70
Socio-economic status’

Class I 60 33.30

Class 11 21 11.70

Class 1T 31 17.20

Class IV 42 23.30

Class V 26 14.40
Duration of diabetes

<7 years 101 56.10

27 years 79 43.90
Medication status for diabetes

On medication 170 94.40

Not on medication 10 5.60
Family history of diabetes ¢

Present 81 45.0

Absent 99 55.0

"Modified BG Prasad Classification, August 2017

felt tired or fatigued or sleepy during daytime. Neatly 29.0%
revealed that someone had observed that their breathing had
stopped during sleep. More than half (52.80%) were ecither
diagnosed or treated for hypertension. The mean BMI of the
study participants was 24.64 = 4.9 kg/m? while the mean neck
circumference was 37.71 + 3.22 cms. A total of 52 (28.90%) had
neck circumference of >40 cms [Table 2].

Further, the mean STOP-BANG score was 3.87 £ 1.65. A total
of 69 (38.30%) had high risk of OSA and had an STOP-BANG
score ranging from 5 to 8 [Figure 1].

A total of 45 (50.60%) study participants aged =60 years
had a high risk of OSA, while 24 (26.40%) study participants
aged <060 years had high risk of OSA. A statistically significant
association was found (P < 0.001). Further, a significant
association was found between high risk of OSA among those
who had T2DM <7 years and among those study participants
who had T2DM for a duration of =7 years (P < 0.001). The
factors associated with high risk of OSA are presented in Table 3.

Discussion

We undertook this study to find out the prevalence and factors
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associated with OSA among adults with T2DM residing in an
urban area. We used the STOP-BANG questionnaire to screen
the study participants for OSA and quantify the risk as high,
intermediate, and low. The STOP-BANG questionnaire is
well-recognized as a reliable OSA screening tool that is both
simple and self-reported. The validity of this method is evidenced

Table 2: Responses to the various components of the
STOP-BANG questionnaire (n=180)
STOP-BANG

Loud snoring

Numbers (n=180) Percentage

Yes 108 60.0

No 72 40.0
Tiredness during daytime

Yes 149 82.80

No 31 17.20
Stoppage of breathing while asleep

Yes 52 28.90

No 128 71.10
Diagnosed/treated for hypertension

Yes 95 52.80

No 85 47.20
Body mass index >35 kg/m?

Yes 7 3.90

No 173 96.10
Neck circumference >40 cms

Yes 52 28.90

No 128 71.10
Male gender

Yes 105 58.30

No 75 41.70

in several systemic reviews. Timofticiuc ¢# 2/ have reported in
their study that the STOP-BANG score can be used in patients
with diabetes to detect severe OSA, with the test having a
sensitivity of 88.2% and a specificity of 62.9%. We found a
high proportion, (38.30%) to be at high risk for OSA. Studies
conducted elsewhere reported the prevalence of OSA among
petsons with T2DM to be ranging from 30 to 68.4%.22%1 In
Canada, Chung ez a/P?! subjected 746 persons with T2DM to
STOP-BANG questionnaire assessment and PSG. OSA was
present in 68.4% with 29.9% mild, 20.5% moderate, and 18.0%
severe OSA. The prevalence of OSA in persons with T2DM was
58% in the Sleep Heart Study that included older individuals,
used self-reported diabetes, and an oxygen desaturation threshold
of at least 4% for defining hypopneas.” In the mult-centric
Sleep Action for Health in Diabetes (Sleep AHEAD) study,

40 (22.20%)

69 (38.30%)

¥ High (5-8)
w Intermediate (3-4)
¥ Low (0-2)

71 (39.40%)

Figure 1: Risk of obstructive sleep apnea among the study
participants (n = 180)

Table 3: Factors associated with obstructive sleep apnea risk among the study participants (n=180)

Study variables High risk of OSA (n=69) (%) Intermediate + low OSA risk (n=111) (%)  Total e df P

Age in years
<50 60 (47.60%0) 66 (52.30%) 126 15.32 1 <0.0017F
50 09 (16.70%) 45 (83.30%) 54

Gender
Women 17 (22.70%) 58 (77.30%) 75 13.35 1 <0.0017F
Men 52 (49.50%) 53 (50.50%) 105

Education
Up to primary school 42 (42.40%) 57 (57.60%) 99 1.56 1 0.212
Beyond primary school 27 (33.30%) 54 (66.70%) 81

Occupation
Employed at present 28 (32.18%) 59 (67.82%) 87 2.21 1 0.137
Not employed at present 41 (44.08%) 52 (55.92%) 93

Socio-economic status’f
Class T 26 (43.33%) 34 (56.70%) 60 3.69 2 0.158
Class 1T + Class III 23 (44.20%) 29 (55.80%) 52
Class IV + Class V 20 (29.40%) 48 (70.60%0) 68

Duration of T2DM
<7 years 28 (22.70%) 73 (72.30%) 101 10.96 1 <0.0017F
27 years 41 (51.90%) 38 (48.10%) 79

Family history of T2DM
Present 27 (33.30%) 54 (66.70%) 81 1.56 1 0.212
Absent 42 (42.40%) 57 (57.60%) 99

Hypertension
Present 58 (61.10%) 37 (38.90%) 88 43.93 1 <0.0017*
Absent 11 (12.90%) 74 (87.10%)

Chi-square test, 'Statistically significant (P<0.05), ""Modified BG Prasad Classification, August 2017
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the prevalence of OSA among obese persons with T2DM was
reported to be 86%.P In another study, the prevalence of OSA in
persons with T2DM was found to be 77% using a cut-off of 3%
for oxygen desaturations, and when the dataset was reanalyzed
using a stricter 4% criteria, this figure decreased to 58%. Similarly,
a high prevalence of OSA was observed in adults with T2DM,
ranging from 48% (Apnea-hypopnea Index: AHI 210) to
29% (AHI 220) in another study.”? In another recent study, at
least one-third of people with T2DM referred to a diabetes clinic
in Denmark were found to have symptomatic OSA.*

There appears to be a paucity of Indian studies on OSA among
adults, particularly using the STOP-BANG questionnaire as a
scteening tool. Agrawal ¢ a/P? in Dehradun, India, used the
STOP-BANG questionnaite to screen patients scheduled for
elective surgical procedures for OSA and found that 24.50% had
a high risk for OSA. A study conducted in Delhi, India, used
the Berlin questionnaire to find out the prevalence of OSA in
T2DM. Among the 325 persons with T2DM, the prevalence
of OSA in T2DM was found to be 24.3% (males 28% and
females 19.9%).1'7 Another study conducted in Bengaluru, India,
attempts to describe the occurrence of OSA among patients
with myocardial infarction (MI). Sleep studies were conducted
on the patients using PSG to quantify SDB. OSA was diagnosed
in 28.60% of the patients.”

Age >50 years, male gender, T2DM duration of =7 years, and
presence of hypertension were the factors significantly associated
with OSA. One of the studies undertaken stated a significant
association between age and risk of OSA with the risk being
higher in age-group >50 years similar to the findings of this
study.® A study conducted in China showed that OSA was not
significantly associated with gender, which was in contrast to
the findings of the study.” The findings from an Indian study
conducted in Delhi reported OSA to be not just restricted to
obese individuals but to non-obese individuals as well. However,
the severity was found to be less in non-obese individuals and
the prevalence of diabetes was higher in the obese group.”” The
association between hypertension and high risk of OSA was
significant in a study from Korea. This study also reported that
when hypertension, DM, and obesity were combined, the risk
increased synergistically (OR = 3.88).P! Some studies have also
found that the association of OSA with DM is bidirectional."*!!
The mechanism stated was that sleep disorders lead to insulin
resistance and beta-cell dysfunction that play a significant role
in the development of T2DM in those with sleep disorders.P
Aurora et alP? reported the bidirectional link between OSA
and T2DM and concluded that early identification of OSA in
patients with metabolic dysfunction—including T2DM—and
assessment for metabolic abnormalities in those with OSA could
reduce cardiovascular disease risk and improve the quality of
life of patients.

Our study is not devoid of limitations. Firstly, as this study
was conducted in a resource-constrained primary care setting,

we could not conduct PSG among the study participants and
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accurately determine the prevalence of OSA. Secondly, there may
be an element of bias, owing to poor recall of a few symptoms
among the study participants, while answering the STOP-BANG
questionnaire. Third, confounder-adjusted estimates could not
be calculated, considering the low sample size.

However, despite these drawbacks, the study provides valuable
insights into the issue of OSA among individuals with T2DM.
The strength of this study lies in its novelty. This study highlights
an underdiagnosed issue with setious implications, particulatly in
the vulnerable population, such as individuals with T2DM. As
mentioned previously, there have been very few studies on OSA
conducted in an Indian population. Moreover, STOP-BANG
approach which has been used in this study could be used as an
easy-to-administer and brief screening tool to determine risk of
OSA in primary care settings, which could be further diagnosed
by the confirmatory PSG in advanced settings. Further, the
participants who were found to have a high risk of OSA were
referred to the medical college hospital for further evaluation
and management. Thus, this study is a good attempt to screen
diabetics for OSA in a resource-constrained setting and could
pave the way for the development of a stepped-care model for
OSA care.

This study could lay the foundations for further large-scale
community-based studies to assess the prevalence of OSA
among T2DM and the general population. The development
of community-based strategies to intervene and manage OSA
among vulnerable population, such as individuals with diabetes,
should be encouraged. Implementation research to evaluate the
feasibility and effectiveness of such interventions needs to be
conducted.

Conclusion

The study highlights the risk of OSA among the 180 participants
screened using the STOP-BANG questionnaire. Nearly 38.30%
were found to have high risk of OSA, with 39.20% and 22.20%
having intermediate and high risk of OSA, respectively. This
study concludes that age >50 years, male gender, presence
of hypertension, and duration of diabetes 27 years were
significantly associated with a high risk of OSA. We recommend
mandatory screening for sleep disorders, such as OSA, among
persons with diabetes. Further, large-scale studies on this topic
are needed.
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