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Study Objectives: To investigate adherence to continuous positive airway pressure (CPAP) therapy and identify barriers to CPAP use among patients with 
obstructive sleep apnea (OSA) in India.
Methods: A self-devised semistructured questionnaire (which collected patients’ demographic information, socioeconomic position, and information 
about disease status, symptoms, and complications) was administered to consecutive patients with moderate to severe OSA from June 2015 to August 
2016. Patients were grouped according to CPAP device buying behavior (buyers versus nonbuyers) and CPAP compliance behavior (compliant 
versus noncompliant).
Results: Out of 187 patients with moderate-severe OSA, 79 patients were enrolled for this study. The overall adherence rate (usage > 4 hours per night 
on > 70% nights) was 30.3%. Among the patients in the buyer group, adherence was 82.7%. Fifty patients did not buy a CPAP device; 30 of these 50 patients 
(60%) said financial constraints were the most important reason for not buying a CPAP device. Patients without financial constraints had higher chances—
odds ratio (95% confidence interval) = 4.85 (1.6–16.1)—of buying a CPAP device than patients with financial constraints. Patients with more severe disease 
(ie, lower nadir oxygen saturation during sleep, higher apnea-hypopnea index, or presence of obesity hypoventilation syndrome) were more likely to buy and 
use a CPAP device.
Conclusions: The main cause of nonuse of CPAP in India is the inability to buy a CPAP device. In patients who are able to buy a CPAP device, adherence 
was significantly higher (82.7%) compared to adherence in the study’s overall population (30.3%). Furthermore, patients with more severe OSA were 
more likely to buy a device and adhere to CPAP. Patients’ behaviors and attitudes are also important barriers in using CPAP. There needs to be increased 
awareness of the benefits of CPAP therapy among patients.
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 INTRODUCTION

The first-line treatment for obstructive sleep apnea (OSA) is 
continuous positive airway pressure (CPAP). CPAP has been 
proven to reduce daytime sleepiness, improve quality of sleep 
and fatigability, and decrease the cardiovascular complications 
of OSA such as hypertension, coronary arterial disease, and 
cerebrovascular disease.1 Unfortunately, poor adherence to 
CPAP therapy reduces its effectiveness and thereby also limits 
its beneficial outcomes.2

OSA is highly prevalent in the Indian population with a 
prevalence of 13.74% in snorers and 3.57% in nonsnorers.3 
Many studies have investigated the use of CPAP by patients 
with OSA in Western countries, and nonadherence to CPAP 
is high—in the range of 46% to 83%.4 In most of the Western 
countries, the cost of a CPAP device is either reimbursed or 
provided by the medical insurance companies; cost does not 
play a major role in CPAP adherence. The main reason for non-
adherence is nonacceptance on the part of the patient. Condi-
tions are different in most of the third-world countries, where 
insurance access is minimal, and insurance companies usually 
do not cover the cost of a CPAP device. In India, CPAP is not 
covered by any private insurance companies. Only some gov-
ernment employees are able to be reimbursed for CPAP ther-
apy, and that too ranges from 30% to 100% depending upon 
the reimbursement rules of various government offices. CPAP 
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is generally an out-of-pocket expense for most of the Indian 
population. As such, socioeconomic factors play a major role 
in usage of CPAP.

In India, awareness of OSA and CPAP is low as sleep medi-
cine is still in its infancy. Most often patients are not convinced 
of the need for this therapy for various reasons, but the most 
important of which is financial burden. The current study 
shows that if a patient is able to buy a CPAP device, then she 
usually adheres to the therapy.

To our knowledge, this is the first study to report CPAP ad-
herence rates and barriers to CPAP use in India. Although it 
is a general perception among Indian physicians that patients 
do not buy a CPAP device due to its high cost, no study has 
been done to confirm this belief. The objectives of the current 

BRIEF SUMMARY
Current Knowledge/Study Rationale: To our knowledge, this 
is the first study to report adherence rates to continuous positive 
airway pressure (CPAP) therapy in India. Furthermore, the 
barriers preventing the use of CPAP in third world countries need 
to be identified.
Study Impact: This study shows that cost is the most important 
barrier to CPAP uptake in patients with obstructive sleep apnea 
in India. If a patient is able to buy a CPAP device, her adherence 
is significantly better compared to the rate of CPAP adherence 
reported in Western countries.
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study are to report the proportion of patients in India who do 
not use CPAP despite therapeutic indication, and to understand 
the reasons and barriers for the nonuse of CPAP in this patient 
population.

METHODS

Study Setting and Population
The population for this cross-sectional study was consecutive 
patients in whom OSA was diagnosed in the authors’ sleep lab-
oratory from June 2015 to August 2016. This sleep laboratory 
is the only level 1 polysomnography laboratory in central In-
dia. The laboratory caters to referred patients as well as walk-
in patients. Patients with OSA who were older than 18 years of 
age, with an apnea-hypopnea index (AHI) > 15 (moderate to 
severe OSA), and were advised to use CPAP therapy were in-
cluded. In this sleep laboratory, patients with mild OSA are not 
advised to use CPAP therapy. Patients who did not give consent 
to be a part of the study were excluded.

Procedure
All eligible patients were invited to participate in the study and 
written informed consent was obtained from willing patients. 
Patients with OSA who were advised to use CPAP therapy at-
tended a one-on-one counseling session with a sleep physician 
along with at least one family member. These patients were 
provided with information about OSA and CPAP. At no cost 
to the patient, CPAP or bilevel PAP devices were distributed 
for a 1-week trial. After 1 week, the devices were reviewed 
along with the downloaded compliance data. At least 1 month 
after prescribing CPAP, these patients were called and asked to 
schedule an in person interview. The interviews took place at 
AIIMS Bhopal Sleep Medicine OPD.

Study Instrument
A self-devised semistructured questionnaire (Hindi and Eng-
lish language) was developed after reviewing existing lit-
erature. It included details regarding patients’ demographic 
information, socioeconomic position, and information about 
disease status, symptoms, and complications. Data regard-
ing routine clinical examinations, anthropometry, Epworth 
Sleepiness Scale (ESS), STOP-BANG assessment, and routine 
laboratory investigations was also gathered. Patients’ under-
standing of the disease and its severity, perceived barriers, 
benefits, and self-efficacy for CPAP usage were assessed. This 
was done through open-ended questions and probes. Patients 
were asked to provide the number of hours of CPAP usage per 
night in the past month, and this was cross-referenced with 
downloaded compliance data. Patients were labeled complaint 
if they were using CPAP for at least 4 hours per night. ESS was 
used to assess daytime sleepiness.

A modified Kuppuswami scale was used as a socioeconomic 
scale.5 It is currently the most common validated scale for so-
cioeconomic stratification in the Indian population. This scale 
includes the education and occupation of the head of the family 
and monthly family income. Education of the head of the fam-
ily has a score ranging from 1 (for illiterate) to 7 (for honors). 

Occupation of the head of the family has a score ranging from 
1 (unemployed) to 10 (professional). Similarly, monthly family 
income (according to 2014 update) has a score of 1 (< 1,865 In-
dian rupee [INR] which is approximately 28 United States dol-
lars [USD]) to 12 (> 36,997 INR or approximately 560 USD). 
The sum of these 3 scores classifies a family into 5 different so-
cioeconomic classes (lower class < 5; upper-lower class 5–10; 
lower-middle class 11–15; upper-middle class 16–25; and upper 
class 26–29).

Polysomnography Analysis
Level 1 polysomnography (PSG) with manual titration was 
done in all patients. Alice 6 (Koninklijke Philips N.V., Amster-
dam, Netherlands) was used for PSG. Scoring was done first 
by a sleep technician, then by a resident doctor posted in the 
sleep laboratory, and then finally by a treating sleep physician. 
Results of titration done in PSG were classified as “optimal,” 
“good” and “adequate.” A titration was considered “optimal” 
if it reduced the AHI to less than 5 events/h for an at least 
a 15-minute duration, and if it included supine REM sleep at 
the selected pressure that was not continually interrupted by 
spontaneous arousals or awakenings. A titration was consid-
ered “good” if it reduced the AHI to less than or equal to 10 
events/h or by 50% from the baseline AHI, and included supine 
REM sleep that was not continually interrupted by spontane-
ous arousals or awakenings at the selected pressure. A titration 
was considered “adequate” if it did not reduce the AHI to 10 
events/h or lower, but did reduce the AHI by 75% from the 
baseline AHI (especially in patients with severe OSA). Also, 
those titrations that met the criteria for “optimal” or “good” but 
supine REM sleep did not occur at the selected pressure were 
considered “adequate.” 6 Patients were asked about their expe-
rience during the in-hospital titration PSG, and the responses 
were classified as “good,” “nothing different,” and “difficult.” 
Patients were also asked whether they had difficulty tolerating 
the mask or CPAP pressure during the titration PSG.

Patients were divided into groups based on whether or not 
they purchased a CPAP device in accordance with their physi-
cian’s recommendation. These groups were labeled buyers and 
nonbuyers. Those in the buyers group were further classified 
as compliant or nonusers. Compliance was defined as the us-
age of CPAP for > 4 hours per night on > 70% nights. Patients 
categorized into the nonbuyer and nonuser groups were also 
grouped into the noncompliant group (Figure 1). We assessed 
CPAP buying behavior of the buyers versus nonbuyers groups 
and CPAP compliance behavior of the compliant versus non-
compliant groups.

Data Analysis
Data entry and analysis were performed using Epi Info version 
7.2.0.1 software (Centers for Disease Control and Prevention, 
Atlanta, Georgia, United States). Numerical variables were sum-
marized as median and interquartile range. For categorical vari-
ables, count and proportion were used for summarization, and 
prevalence was estimated in proportion and in 95% confidence 
intervals. Chi-square was used to find an association between 
compliance and buying behavior with various categorical vari-
ables; t tests were also used when independent variables were 
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numerical. We used binary logistics regression analysis to iden-
tify independent determinants of noncompliance. A data-driven 
approach was used to select independent factors to be entered 
in the regression model, wherein those variables with values of 
P < .1 were selected. Also, if 2 or more variables were highly 
correlated, then 1 was selected from the group. For the quali-
tative analysis of open-ended questions or semiopen questions, 
patients’ statements were recorded verbatim by the interviewer. 
Then these statements were translated in English and content 
analysis was done. Frequency charting of themes was presented.

Ethical Concern
An approval from All India Institute of Medical Sciences Bho-
pal Institutional Human Ethical Committee was obtained for 
conducting the study.

RESULTS

Study Population (Figure 1)
During the study period, PSG was done in 198 patients; 187 
patients had moderate to severe OSA and were prescribed PAP 
therapy and were called for this study. Out of these, 79 pa-
tients were followed in the sleep clinic after a mean duration of 
160.97 ± 99.12 days after CPAP prescription. Fifty patients did 

not buy a CPAP device; 29 patients bought a CPAP device and 
24 patients were finally using CPAP. The adherence rate was 
30.3% (24 of 79) among total patients and 82.7% (24 out of 29) 
among patients who bought CPAP.

Socioeconomic and Demographic Characteristics 
(Table 1)
The median (interquartile range) age of the 79 patients who fol-
lowed up was found to be 53 years (44–60). The only variable 
found to have significant results was average monthly income 
when cross-tabulated with adherence to treatment (P = .029).

The 7 categories of income defined by the modified Kuppus-
wami socioeconomic scale were combined into 2 because we 
had a small sample size (ie, income less than and above 36,997 
INR [approximately 550 USD]). There was a nearly significant 
difference found between these 2 groups in CPAP device buy-
ing behavior (P = .058) and a significant difference when com-
pliance to treatment was compared (P = .029). Patients with 
higher income were more compliant with CPAP.

To find out the possible effect of socioeconomic status, we 
combined the upper 2 and the lower 3 classes of the modified 
Kuppuswami scale (due to small sample size) and formed 2 
groups (upper class and lower class). No significant difference 
was found with compliance behavior or buying behavior be-
tween these 2 groups.

Figure 1—Flowchart depicting study algorithm.

CPAP = continuous positive airway pressure, IQR = interquartile range, PSG = polysomnography.
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Of 79 patients, only 18 (22.7%) could receive reimbursement 
for CPAP. There was no significant difference seen in compli-
ance or buying behavior in patients with reimbursement versus 
patients without reimbursement (P = .159).

Smoking and alcohol had no significant relation with CPAP 
adherence.

Baseline Characteristics (Table 2)
There was also a nearly significant difference found in adher-
ence behavior with baseline ESS (P = .052). Patients who were 
more sleepy were more adherent to CPAP. A significant differ-
ence was seen between change in ESS and adherence to CPAP. 
Patients who were using CPAP had significant reduction in 
sleepiness (P = .003). A significant difference was also seen 
between buying behavior and adherence with respect to nadir 
oxygen saturation during sleep, AHI, and obesity hypoventila-
tion syndrome. Patients with more severe disease were more 
eager to buy CPAP and were more adherent to therapy.

Titration (Table 2)
Patients who had been advised to use CPAP at a pressure > 10 
cm H2O were more likely to purchase a CPAP device (odds 
ratio [CI] = 5.2 [1.7–15.9]; P = .002) and adhering to therapy 
(odds ratio [CI] = 7.2 [1.9–27.3]; P = .001) when compared to 
those advised to undergo CPAP at a pressure ≤ 10 cm H2O. Pa-
tients who had a higher CPAP pressure requirement were more 
likely to buy and use a CPAP device.

Patient responses to the experience during in-hospital ti-
tration were classified as “good,” “nothing different,” and 
“difficult.” This experience on analysis was found to have a 
significant effect on CPAP adherence (odds ratio [CI] = 3.9 
[1.3–11.4]; P = .010). If the patient had any difficulty in tolerat-
ing CPAP pressure or had mask intolerance, then she was more 
likely to buy and use a CPAP device.

Comorbidities (Table 3)
There were no significant differences found in the buyers ver-
sus nonbuyers groups nor the adherent versus nonadherent 
groups in any of the comorbid conditions except hypertension, 
which showed a nearly significant correlation with compliance 
behavior (odds ratio [CI] = 3.4 [0.8–12.9]; P = .061). Patients 
with hypertension were relatively more adherent to CPAP.

Reasons for Not Buying (Nonbuyers, n = 50)
The individuals in the nonbuyers group were asked for rea-
sons (one or more) for not purchasing a CPAP device (Table 4, 
Figure 2). Although the most common reason was financial 
constraints (34/50, 68%), there were also a fair number of other 
reasons reported. These patients were also asked to identify the 
most important reason for not purchasing. Again, most of the 
patients (30/50, 60%) said cost was the biggest prohibitory fac-
tor. Some patients reported some other unique reasons as the 
most important for not being able to buy a CPAP device; these 
responses included:

Table 1—Socioeconomic and demographic characteristics.

Buyers
Nonbuyers (c)

Buyers Versus 
Nonbuyers

(a + b) versus c

Compliant Versus 
Noncompliant

a versus (b + c)
Compliant (a) Nonusers (b) P OR (CI) P OR (CI)

Age, years, median (IQR) 55 (48.5–55.5) 54 (43–60) 54 (44–61) .439 N/A .373 N/A
Sex .226 0.5 (0.1–1.4) .396 1.6 (0.5–4.6)

Male (n = 58) 16 (27.5) 3 (5.1) 39 (67.2)
Female (n = 21) 8 (38.1) 2 (9.5) 11 (52.3)

Socioeconomic status, n (column %) .127 6.1 (0.7–51.2) .257 4.5 (0.5–37.7)
Upper and upper middle 23 (95.8) 5 (100.0) 41 (82.0)
Lower middle and below 1 (4.2) 0 (0.0) 9 (18.0)

Education, n (row %) .780 N/A .552 N/A
Graduate and above (n = 56) 16 (28.6) 4 (7.1) 36 (64.3)
Middle to intermediate to post-high school 
diploma (n = 17) 5 (29.4) 1 (5.9) 11 (64.7)

Up to primary school certificate (n = 6) 3 (50.0) 0 (0.0) 3 (50.0)
Monthly family income, n (row %) .058 3.0 (1.1–8.3) .029 3.0 (1.1–8.2)
 > 36,997 INR (n = 38) 16 (42.1) 3 (7.9) 19 (50.0)
 < 36,997 INR (n = 41) 8 (19.5) 2 (4.9) 31 (75.6)

Reimbursement* 8/18 (44.4) 2/18 (11.1) 8/18 (44.4) .159 2.4 (0.9–6.2) N/A N/A

* = values given are out of the 18 patients who were reimbursed. INR = Indian rupee, IQR = interquartile range, OR = odds ratio.
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Table 2A—Baseline characteristics.

Buyers
Nonbuyers (c)

Buyers Versus 
Nonbuyers

(a +b) versus c

Compliant Versus 
Noncompliant

a versus (b + c)
Compliant (a) Nonusers (b) P OR (CI) P OR (CI)

Follow up duration, days, mean ± SD 152.33 
± 100.77

196.4 
± 127.94

161.6 
± 96.70 .945 N/A .613 N/A

STOP BANG, median (IQR) 5.00 (4.50 to 6.00) 5.00 
(5.00 to 5.00)

6.00 
(5.00 to 8.00) .109 N/A .061 N/A

ESS score, median (IQR) 11.50 
(9.00 to 15.5)

11.00 
(10.00 to 15.00)

10.00 
(7.00 to 14.00) .138 N/A .052 N/A

Current ESS score, median (IQR) 2.50 (1.00 to 4.50) 7.00 
(6.00 to 8.00)

10.00 
(7.00 to 13.00) N/A N/A NA N/A

Change in ESS score, median (IQR) −7.00 
(−9.00 to −3.50)

−6.00 
(−7.00 to −3.00)

−0.50 
(−6.00 to 4.00) .010 N/A .003 N/A

BMI, kg/m2, median (IQR) 34.32 
(26.65 to 38.91)

40.58 
(34.63 to 44.38)

31.39 
(26.73 to 56.3) .749 N/A .449 N/A

Lowest oxygen saturation, %, 
median (IQR)

66.00 
(51.00 to 79.00)

85.00 
(84.00 to 86.00)

83.00 
(73.00 to 90.00) .019 N/A .020 N/A

Sleep efficiency, %, median (IQR) 80.00 
(65.00 to 85.80)

79.00 
(75.00 to 83.00)

83.40 
(74.80 to 83.40) .105 N/A .144 N/A

AHI, events/h, median (IQR) 80.80 
(53.85 to 109.85)

43.50 
(37.00 to 46.70)

46.65 
(24.70 to 79.00) .007 N/A .002 N/A

Titration, n (row %)
Optimal (n = 39) 12 (30.7) 3 (7.7) 24 (61.5) .632 N/A .727 N/A
Good (n = 10) 4 (40.0) 1 (10.0) 5 (50.0)
Adequate (n = 30) 8 (26.7) 1 (3.3) 21 (70.0)

OHS, yes/no (n = 13/66) 8/16 0/5 5/45 .042 3.4 (1.0–11.7) .007 5.0 (1.4–17.4)
CPAP pressure, cm H2O, n (row %) .002 0.1 (0.06–0.5) .001 0.1 (0.03–0.5)

 ≤ 10 3 (10.0) 2 (6.7) 25 (83.3)
 > 10 21 (44.7) 3 (6.3) 23 (49.0)

First CPAP experience, n (row %) .093 2.2 (0.8–5.8) .010 3.9 (1.3–11.4)
Good (n = 41) 18 (43.9) 1 (2.4) 22 (53.7)
Difficult and nothing different (n = 36) 6 (15.8) 4 (10.5) 26 (68.4)

Titration night problem (any problem 
with CPAP mask or pressure), yes/no 
(n = 22/57)

2/22 2/3 18/32 .033 N/A .010 0.2 (0.1–0.9)

AHI = apnea-hypopnea index, BMI = body mass index, CPAP = continuous positive airway pressure, ESS = Epworth Sleepiness scale, IQR = interquartile 
range, OHS = obesity hypoventilation syndrome, OR = odds ratio, SD = standard deviation.

Table 2B—Binary logistic regression analysis for predictors of noncompliance.

Variables
Regression 
Coefficient P Odds Ratio Exp (B)

95% CI for Odds Ratio Exp (B)
Lower Upper

Income < 36,997 INR 1.187 .043 3.276 1.040 10.322
Apnea-hypopnea index −0.021 .027 0.979 0.961 0.998
CPAP pressure < 10 cm H2O −0.405 .560 0.667 0.170 2.608
Difficult titration night experience 1.572 .008 4.816 1.505 15.409
Constant 1.048 .223 2.853

CI = confidence interval, CPAP = continuous positive airway pressure, INR = Indian rupee.
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•	 “I feel too lazy to use the machine every day”
•	 “I have not been taught how to use the machine 

properly”
•	 “I want to use the machine not on a regular basis but on 

and off”
•	 “I am an Army soldier and I am always on the move in 

difficult areas, so I can’t carry the machine every time”
•	 “I want my other family members to undergo PSG as 

they have the same symptoms and then I want them to 
use as well, only then will I also start using”

•	 “Administrative delay in procuring from government”

Reasons for Buying but Not Using (Nonusers, n = 5)
Five patients were not using CPAP despite buying a CPAP de-
vice. Most of these patients gave “no difference in their lives 
after using CPAP” as the most important reason for not adher-
ing to CPAP. Other responses included “I feel too lazy to use 
CPAP,” “I feel discomfort in nose on using CPAP,” and “I am 
too busy to use CPAP” (Table 4).

Compliant Group (n = 24)
Patients who used CPAP more than 4 hours per night for more 
than 70% of nights were categorized into the compliant group. 

Table 3—Comorbidities.

Buyers
Nonbuyers (c)

Buyers Versus 
Nonbuyers

(a + b) versus c

Compliant Versus 
Noncompliant

a versus (b + c)
Past History Of Compliant (a) Nonusers (b) P OR (CI) P OR (CI)

Hypertension .100 3 (0.7–11.6) .061 3.4 (0.8–12.9)
Present (n = 58) 21 (36.2) 2 (3.4) 35 (60.3)
Absent (n = 21) 3 (14.3) 3 (14.3) 16 (76.2)

Diabetes mellitus .941 0.9 (0.3–2.7) .994 1.003 (0.3–2.8)
Present (n = 23) 7 (30.4) 1 (4.3) 15 (65.2)
Absent (n = 56) 17 (30.3) 4 (7.1) 35 (62.5)

Coronary artery disease .411 1.8 (0.4–7.4) .641 1.3 (0.3–5.2)
Present (n = 11) 4 (36.4) 2 (18.2) 5 (45.4)
Absent (n = 68) 20 (29.4) 3 (4.4) 45 (66.2)

Cerebrovascular accident .901 0.8 (0.07–9.8) N/A N/A
Present (n = 3) 0 (0.0) 1 (33.3) 2 (66.7)
Absent (n = 76) 24 (31.6) 4 (5.3) 48 (62.1)

Depression .370 3.3 (1.03–10.5) .127 0.4 (0.1–1.3)
Present (n = 15) 7 (46.6) 2 (13.3) 6 (40)
Absent (n = 64) 17 (26.6) 3 (4.7) 44 (68.7)

Forgetfulness .362 0.6 (0.2–1.6) .212 1.8 (0.6–4.9)
Present (n = 38) 9 (23.6) 3 (7.9) 26 (68.4)
Absent (n = 41) 15 (36.6) 2 (4.9) 24 (58.5)

High lipids/cholesterol .210 1.8 (0.7–4.6) .072 0.4 (0.1–1.09)
Present (n = 31) 13 (35.1) 1 (3.2) 17 (54.8)
Absent (n = 48) 11 (22.9) 4 (8.3) 33 (68.8)

Motor vehicle accident .792 0.8 (0.2–3.07) .809 0.8 (0.2–3.1)
Present (n = 12) 4 (33.3) 0 (0.0) 8 (66.6)
Absent (n = 67) 21 (31.3) 5 (7.5) 42 (62.2)

Seizures N/A N/A N/A N/A
Present (n = 1) 1 (100.0) 0 (0.0) 0 (0.0)
Absent (n = 78) 23 (29.5) 5 (6.4) 50 (64.1)

Headache .458 0.6 (0.2–1.9) .594 1.3 (0.4–3.9)
Present (n = 23) 6 (28.0) 1 (4.34) 16 (69.6)

Values are presented as n (row %). CI = confidence interval, OR = odds ratio.
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All 24 patients in this group said that they had a significant im-
provement in their health. Patients were asked an open-ended 
question regarding improvement in their health; analysis of the 
responses was done qualitatively. The most common response 
was that they had a decrease in daytime sleepiness. Other re-
sponses included a reduction in sleep during the day, better 
control of hypertension, decreased nocturia, better sleep dur-
ing the night, controlled weight, better lifestyle, decreased 
forgetfulness, and better efficiency at work. One patient who 
had uncontrolled nocturnal seizures had resolution of seizures 
after starting CPAP. In previous studies, resolution of snoring, 
better sleep, reduced daytime sleepiness, feeling of wellness, 

better memory, decreased headaches, and better control of co-
morbidities were found to be the most important reasons for 
CPAP compliance.7–9

Some patients also reported problems using the CPAP 
machine, the most common being mask leakage (41.1%). Six 
patients (25%) reported problems in obtaining money for pur-
chasing the machine (Table 5).

Comparing Groups With Financial Constraints (Table 6)
Because income was found to be one of the major determinants 
of CPAP device buying behavior, we divided the total sample 
population into 2 groups: those who said they had financial 
constraints and those who did not have financial constraints 
in buying CPAP. Patients who said they did not have financial 
constraints in buying a CPAP device were more likely (odds 
ratio [CI] = 4.85 [1.6–16.1]) to buy a CPAP device than patients 
who said they had financial constraints.

When we compared the income of patients who said that 
money was one of the primary reasons for not being able to buy 
a CPAP device with those who said they bought a CPAP device 
despite financial constraints, we found no difference in income 
in these 2 groups. This shows that the attitude of patients to-
ward their disease is also an important factor apart from cost 
of a CPAP device.

Binary logistic regression analysis was performed by enter-
ing all variables with P < .1 at the same time in the model. 

Table 4—Reasons for not buying/using CPAP.
Nonbuyers (n = 50)

Perception about CPAP 
Ineffective 	 6	 (12) [1]
Costly 	34	 (68) [30]
Cannot use throughout life 	14	 (28) [0]
Want to use CPAP intermittently 	 1	 (2) [1]
Not convinced about CPAP 	12	 (24) [0]
I don’t like CPAP 	 8	 (16) [0]
Other doctors said CPAP not needed 	 2	 (4) [2]
Try other therapies like weight loss, surgery 	12	 (24) [1]
Not taught how to use properly 	 2	 (4) [2]

Personal discomfort
Cannot sleep with mask 	13	 (26) [0]
Claustrophobic with mask 	10	 (20) [4]
Nasal discomfort 	 9	 (18) [1]
Laziness 	 1	 (2) [1]

Perception about OSA
Unsatisfied with polysomnography study 	 4	 (8) [1]
Don’t have OSA 	 4	 (8) [1]
Insignificant disease 	 6	 (12) [1]

Social discomfort
Ashamed of using CPAP 	 3	 (6) [0]
People will make fun of me 	 2	 (4) [0]
Spouse doesn’t want me to use CPAP 	 2	 (4) [0]
Other family members should use CPAP as well 	 1	 (2) [1]

Occupational barriers
Army soldier; so always on move 	 1	 (2) [1]
Administrative delay in procurement 	 2	 (4) [2]

Nonusers (n = 5)
Problem with machine

I do not feel any difference in my life with CPAP 	 3	 (60) [1]
When I use CPAP, I feel discomfort in nose 	 1	 (20) [0]
I cannot use CPAP throughout life 	 1	 (20) [0]
I don’t believe in this therapy 	 1	 (20) [0]
I feel lazy to apply CPAP 	 2	 (40) [2]
Too busy to use CPAP 	 1	 (20) [1]
Machine didn’t work properly 	 1	 (20) [1]

Perception about disease
I do not believe I have OSA 	 1	 (20) [0]
I don’t think this disease is significant 	 1	 (20) [0]

Values presented as n, (%), [number indicating it was the most important 
reason]. CPAP = continuous positive airway pressure, OSA = obstructive 
sleep apnea.

Figure 2—Word cloud showing reasons for not buying 
CPAP.

 CPAP = continuous positive airway pressure.
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Selected independent variables were CPAP pressure, titration 
night experience, AHI, and family income. AHI, nadir oxygen, 
and presence of obesity hypoventilation syndrome were highly 
correlated or interdependent on each other; therefore, only AHI 
was entered. On multivariate analysis, family income < 36,997 
INR and difficult titration night experience were significant 
predictors of nonadherence. Higher values of AHI were asso-
ciated with better compliance (negative regression coefficient) 
(Table 2B).

DISCUSSION

CPAP is an unorthodox treatment for most patients, in which 
the patient does not simply take a pill, but instead she has to use 
a machine that pushes air under pressure to keep the airway 
open. Only 17% to 54% of patients remain adherent to CPAP.4 
Most of the data for adherence available are from Western 
countries where cost is not a major barrier to obtaining CPAP 
because most of the population is covered by insurance, and 
CPAP is covered by private insurance companies. In contrast, 
CPAP in India is currently not covered by private insurance 
companies, and only some government employees receive re-
imbursement for CPAP costs.

Data from India—or any other third-world country—on 
CPAP adherence and the economical barriers for obtaining 
CPAP are scarce in the existing literature. The objectives of 
the current study were to report adherence rates to CPAP and 

identify reasons for nonadherence to CPAP in Indian patients 
with OSA. In our study, we found resistance at the very first 
step (ie, purchasing/acquiring the CPAP device) as the most 
important reason for nonadherence. This is evident from the 
fact that 24 of 29 patients who purchased CPAP were using 
CPAP for approximately 6 hours per night every day (82.7% 
CPAP buyers were adherent). Overall adherence was 30.3% 
(24 of 79 patients).

Because cost was the most important barrier in purchase of 
a CPAP device in our study, we compared the income of buy-
ers and nonbuyers. The patients with monthly family income 
more than 36,997 INR (approximately 550 USD) were three 
times more likely to buy and comply with CPAP compared to 
the group with lower income. These results are consistent with 
those from Somers et al. who found that patients with higher 
income were more likely to purchase of CPAP.9 Similarly, Si-
mon-Tuval et al. has shown a 140% increase in acceptance of 
CPAP therapy with each increase in income level.8

Because we had approximately 25% of CPAP device buyers 
who said that they had difficulty obtaining money for a CPAP 
device, we compared their income with those who did not buy 
a CPAP device due to financial constraints. We found that there 
was no difference in the income of these 2 groups. This sug-
gests that the patient’s attitude and mindset could also be seen 
as a hindrance in CPAP device purchase. OSA is a neglected 
disorder in India; people see it as a disease of only “snoring.” 
Knowledge about its complications is poor among patients as 
well as doctors, perhaps contributing to the patients’ belief that 
CPAP treatment is not worth purchasing.

CPAP in India is currently not insured by private insur-
ance companies, and only some government employees are 
reimbursed for CPAP costs. There was no difference in buy-
ing behavior in those patients who had access to CPAP device 
reimbursement when compared to others. This might be due to 
lack of awareness about OSA as a disease in society and also 
due to the attitude of patients toward this disease.

Tarasiuk et al. studied the role of financial incentive on 
uptake of CPAP. Patients in a financial incentive group were 
provided CPAP at a subsidized rate of $55 and controls had 
to pay the entire amount ($330–$660) themselves. They found 
that CPAP acceptance was 43% higher in the financial incen-
tive group compared to the control group.10 This shows that if 
patients are given support to buy a CPAP device, acceptance of 
CPAP significantly increases.

We did not find sex or socioeconomic status (according to 
the modified Kuppuswami scale) to affect compliance or buy-
ing behavior of CPAP. In a study conducted to find predictors 

Table 6—Perceived money problem.
Variable Compliant Patients Noncompliant Patients P Odds Ratio (CI)

Perceived no money problem (n = 40) 6 (15.0%) 34 (85.0%) .002 4.85 (1.6 to 16.1)
Perceived money problem (n = 39) 18 (46.1%) 21 (53.8%)
Income of perceived no money problem, INR, median (IQR) 52,500 (37,000–100,000) 40,000 (25,000–15,000) .591 N/A
Income of perceived money problem, INR, median (IQR) 25,000 (15,000–50,000) 22,500 (18,000–50,000) .969 N/A

CI = confidence interval, INR = Indian rupee, IQR = interquartile range.

Table 5—CPAP usage in compliant group.
Number of days used in a week

Mean (SD) 6.83 (0.48)
Median (IQR) 7 (7 to 7)

Number of hours per night use
Mean (SD) 6.33 (1.17) 
Median (IQR) 6 (5 to 7)

CPAP has improved my health, n (%) 24 (100)
Problems faced in using CPAP, n (%)

Mask leak 7 (41.1)
Dry mouth in morning 5 (29.4
Retching in morning 1 (5.8)
Fullness of abdomen in morning 3 (17.6)
Ulcer on nose 1 (4.1)
Problem in arranging money, n (%) 6 (25.0)

CPAP = continuous positive airway pressure, IQR = interquartile range, 
SD = standard deviation.
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of long-term CPAP use in Israel, female sex was found to be a 
barrier in CPAP acceptance.11 Although in India, unfortunately, 
the health of females is often neglected, surprisingly in our 
study, we did not find any effect of sex on CPAP acceptance.

Increased CPAP acceptance with increasing age has been 
previously reported,8 but in our study age was not found to 
be a significant factor determining adherence or purchase of a 
CPAP device.

Education has been previously shown to affect adherence to 
CPAP therapy.8,9 It has been shown that patients living in areas 
with a higher percentage of graduates were more likely to be 
adherent to treatment. Whereas in some other studies,12 and 
the one conducted by us, we did not find adherence to depend 
on education status of the patient. In our study, smoking and 
drinking alcohol were not found to have any influence on ad-
herence, but some studies found a negative effect of smoking 
or alcohol on overall adherence to CPAP therapy.11–13

As expected there was great decline in ESS in the adherent 
group. It was also seen that change in sleepiness after using 
CPAP has a great effect on adherence with CPAP. We also ob-
served that the adherent group had a higher baseline sleepiness 
score than the nonadherent group, which implies that patients 
with higher baseline sleepiness are more likely to be adherent 
to CPAP; similar results were shown by McArdle et al. where 
most of the patients with ESS score higher than 10 were found 
to be adherent even after 3 years of prescription compared to 
lower ESS scores.11

Obesity hypoventilation syndrome is often associated with 
severe OSA. Patients with obesity hypoventilation syndrome 
were 3.4 times more likely to buy a CPAP device and 5 times 
more likely to adhere to CPAP therapy than patients with-
out obesity hypoventilation syndrome. This means that the 
more severe the disease, the more likely the patients are to 
undergo therapy.

Similarly, patients who had more severe OSA (ie, higher 
AHI, lower nadir oxygen saturation) were more likely to buy 
and use a CPAP device as compared to those with less severe 
OSA. This finding is in agreement with other studies where 
severity of the disease was one of the most important factors 
for determining adherence.8,11,12,14 Similarly, it was observed 
that patients with CPAP pressure of more than 10 cm H2O are 
5 times more likely to buy and 7.2 times more likely to com-
ply with treatment. CPAP pressures > 10 cm H2O have been 
shown to be associated with CPAP adherence.15 A possible rea-
son for this could be that usually more severe OSA requires 
higher pressure, so patients with more severe OSA who require 
higher pressure are more adherent than patients with a lower 
CPAP requirement.

Many studies done in the past have shown a positive corre-
lation with experience with CPAP during in-hospital titration. 
Drake et al. report that improvement in sleep on the titration 
night is a major predictor of future compliance of the patient 
with CPAP.16 Likewise in our study, the patients who did not 
face any problems relating to the CPAP pressure or mask were 
3.9 times more likely to be adherent to the therapy and 2.2 
times more likely to purchase a CPAP device. High satisfaction 
levels on the morning after in-hospital titration was also a posi-
tive influence, both on buying and compliance behavior. So, if 

a patient is comfortable with PSG titration, he or she is more 
likely to adhere to treatment. This again highlights the impor-
tance of having a written protocol for titration and having a 
good sleep technician so that titration is done satisfactorily and 
patients are more likely to use CPAP.

Although another study has shown a relationship between 
hypertension and increased compliance in the form of increase 
in number of days of use, our study failed to find any relation-
ship between hypertension or any other comorbidity associ-
ated with OSA.13

Identifying the barriers to CPAP uptake in Indian patients 
was one of the main objectives of our study. There have been 
very few studies conducted in the past where cost as a barrier 
was studied. In a study done in Israel (where CPAP therapy is 
not covered under reimbursement), cost of a CPAP device was 
found to be one of the major factors along with side effects of 
CPAP, failure to adapt to therapy, and patients wanting to try 
other therapies.8 In a study done in Canada (where health in-
surance covered cost of CPAP), poor titration night experience 
was the most important factor.7

In India, many people do not have insurance coverage, and 
even those who do, they do not have insurance that covers 
CPAP therapy. In our study, financial constraints were the 
most significant barrier to CPAP therapy. Out of 50 nonbuyers 
34 (68%) patients reported it to be one of the reasons and 30 
(54.5%) patients called it the most important reason for not 
being able to purchase CPAP (Table 4). In our study, only 5 
patients left treatment after buying a CPAP device. Reasons 
for stopping CPAP were “no difference in sleep quality” or 
discomfort with the mask or laziness to use the CPAP device. 
In a study done at Mount Sinai Hospital Sleep Clinic in Mon-
treal, the main reason for nonadherence was found to be the 
tendency of patients to switch over to dental devices. Other 
reasons were preference of surgery over noninvasive CPAP, 
noise of the apparatus, and mask issues (especially claustro-
phobia).7 As dental sleep medicine is still not developed in In-
dia, alternate treatment options are very limited to patients 
with OSA at our center. This might be the reason for the dif-
ference in responses in 2 studies.

Among the CPAP-adherent patients, all of them agreed that 
CPAP has been helpful in improving their health and they were 
satisfied with the treatment and were eager to continue CPAP 
therapy. Among the patients who bought a CPAP device, 82.7% 
(24 of 29) were regularly using CPAP. This shows that in India 
the most important prohibitive factor for CPAP device usage is 
cost. If a patient is able to purchase a CPAP device, then she is 
more likely to adhere to CPAP compared to Western countries, 
where adherence is around 46% to 83%.4

Limitations
Limitations of this study include small sample size, and the 
fact that it was a single-center study done at a public hospital; 
this could lead to referral bias. Multicenter studies should be 
undertaken on a pilot basis in other parts of India to understand 
the main concerns underlying resistance of patients toward ac-
quiring and complying with CPAP treatment. Another limita-
tion of this study is that it does not report long-term adherence 
data of CPAP usage.
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CONCLUSIONS

The main reason for not using CPAP in India is the inability 
to buy a CPAP device. In patients who are able to buy a CPAP 
device, adherence was significantly higher (82.7%) compared 
to adherence in the overall population (30.3%). Patient behav-
iors and attitudes are also important barriers to CPAP therapy. 
Awareness regarding benefits of CPAP needs to be increased 
among patients. Patients with more severe OSA are more likely 
to buy and adhere to CPAP therapy.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
BMI, body mass index
CI, confidence interval
CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale
INR, Indian rupee
IQR, interquartile range
OHS, obesity hypoventilation syndrome
OR, odds ratio
OSA, obstructive sleep apnea
PAP, positive airway pressure
PSG, polysomnography
REM, rapid eye movement
SD, standard deviation
USD, United States dollars
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