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Background: More information is needed about the effect on mortality of continuous 

positive airway pressure (CPAP) in patients with obstructive sleep apnea (OSA), especially 

in women.

Methods: We employed a historical cohort study design, using data from 25,389 patients with a 

diagnosis of OSA selected from the Danish National Patient Registry for the period 1999–2009. 

We used Cox proportional hazard function to evaluate the all-cause mortality from OSA in 

middle-aged and elderly males and females who were treated, or not, with CPAP.

Results: Female OSA patients had a lower mortality than males, irrespective of whether they 

received CPAP treatment. CPAP treatment improved survival, as illustrated by the hazard ratio of 

0.62 (P,0.001). This effect was dependent on gender: CPAP had no significant effect on 20- to 

39-year-old males and females, but the overall mortality in this age group was small. Survival 

was increased by CPAP in 40- to 59-year-old and $60-year-old males, but no such effect was 

observed in females. Positive predictors of survival were young age, female gender, higher 

educational level, and low 3-year prior comorbidity as estimated by the Charlson Comorbidity 

Index. Negative predictors for survival were male gender, age $60 years, no CPAP treatment, 

prior comorbidity, and low educational level.

Conclusion: CPAP therapy is associated with reduced all-cause mortality in middle-aged and 

elderly males, but no significant effect was found in females.
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Introduction
Obstructive sleep apnea (OSA) is associated with increased morbidity and mortal-

ity and affects a significant proportion of the population. OSA increases the risk of 

cardiovascular and cerebrovascular (CVD) morbidity and mortality,1 and has been 

recognized as a source of attributable risk in patients with hypertension, obesity, dia-

betes, cardiovascular diseases, and stroke,2–7 although some studies were negative.8–12 

However, we have almost no data from more unselected patient cohorts with OSA.

Being a chronic condition, OSA has deleterious effects on patients’ social function-

ing, employment, and quality of life, and consequently represents a societal burden 

arising from increased direct and indirect costs.13 Treatment with continuous positive 

airway pressure (CPAP) reduces the associated CVD morbidity and mortality and 

other consequences of OSA.14–16 These observations are based on pooled data from 

predominantly middle-aged males with moderate to severe sleep apnea; although 
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OSA is a source of attributable risk in women and the 

elderly, few attempts have been made to evaluate the effect 

of management.17 Recent studies of small samples of patients 

suggest that CPAP affects CVD morbidities in women18 and 

elderly patients.19 Some other recent findings suggest that 

sleep apnea in the elderly tends to present milder clinical 

forms20 and that its consequences for mortality are minor,21 

although other studies suggest that OSA plays an independent 

role, influencing mortality in subjects older than 50 years of 

age.22 Therefore, the effect on all-cause mortality in women 

and elderly subjects appears to be slight. Most studies have 

used CVD end points to measure the effect of CPAP, but we 

have recently shown that prediagnostic morbidities involve 

a range of comorbidities other than CVD diseases23 and, as 

such, that OSA may have more wide-ranging consequences. 

Comorbidities prior to the diagnosis of OSA have not been 

taken into consideration in evaluating the effect of CPAP. 

Furthermore, the effect of education has not been evaluated. 

There is therefore a need for further studies of the treatment 

effect with respect to all-cause mortalities of OSA, especially 

in women and in patients older than 60 years of age.

The aim of this study was to identify patients’ all-cause 

total mortality after the diagnosis of OSA, to evaluate the 

effect of CPAP in women and men, and evaluate the potential 

effect after the age of 60 years, by examining national registry 

data for a historical cohort of patients identified and treated 

over a period of up to 11 years.

Method
Subjects
In Denmark, all hospital contacts are obliged to be recorded 

in the National Patient Registry (NPR), providing details 

of the time of all contacts and information about primary 

and secondary diagnoses. The NPR includes administrative 

information and details of all diagnoses, diagnostic methods 

(eg, polysomnography and partial polygraphy), treatment 

procedures (eg, CPAP or surgery), hospitalizations, and 

initial and follow-up ambulatory clinical contacts gathered 

from all public and private hospitals. It employs several inter-

national classification systems, including the International 

Classification of Disorders (ICD)-10. The NPR is a time-based 

national database that compiles data from all inpatient and 

outpatient contacts, which means that the data we extracted are 

representative of all patients in Denmark who have received 

a diagnosis of OSA, irrespective of other diagnoses. As data 

are available for the entire observation period it is possible to 

trace patients retrospectively and prospectively relative to the 

date of their diagnosis. There are two limitations to the NPR: 

1) a small fraction of patients who receive their diagnosis 

in the primary care sector are not identified; and 2) specific 

clinical information, such as body mass index (BMI), the 

apnea–hypopnea index (AHI), CPAP compliance data, and 

blood pressure (BP), are not sufficiently well-recorded in the 

NPR – these were therefore not included in our analysis.

Using the NPR, we identified a historical cohort of 

patients who received a diagnosis of OSA between 1999 

and 2009, consisting of all patients with ICD-10 code of 

G473, which were assigned after patient evaluation in each 

hospital (based on polysomnography and polygraphy). This 

study included adults for whom we had comorbidity data for 

the year prior to the diagnosis, so the Charlson Comorbidity 

Index (CCI)24 could be constructed, and for whom informa-

tion on education level was available. In a previous study, 

we compared 30,278 OSA patients with 120,506 control 

subjects,25 of whom 2,998 OSA patients were children.26 As 

we primarily wanted to identify the effect of CPAP treatment 

in OSA, control subjects were not included in this study.

The cohort was divided into two groups on the basis of 

whether they received CPAP treatment within the first 2 years 

following the diagnosis of OSA. In Denmark, typically, 

the indication for CPAP treatment is an AHI exceeding 

15 episodes of apnea/hypopnea per hour, or milder apnea with 

major comorbidities or symptoms attributable to OSA.

The exact date of a particular treatment (CPAP) was also 

included in this analysis; this date could have been before the 

diagnosis date derived from the patient register. Instead of 

removing patients with a CPAP treatment date before diagno-

sis, we considered the patients in the CPAP-treated group to 

have received the treatment at some point during the period, 

and limited all before/after analyses to before and after the year 

of diagnosis, instead of before and after the first treatment.

The background variables included age, gender, educa-

tion, and CCI.27,28 Educational levels were the same in the 

CPAP and non-CPAP treatment groups (Table 1). Since these 

two groups differed with respect to age and gender, we could 

Table 1 Age distribution of subjects with OSA

N %

All 25,389 100
Men 19,768 77.9
Women 5,621 22.1
Age 20–39 yrs 4,773 18.8
Age 40–59 yrs 13,897 54.7
Age $60 yrs 6,719 26.5

Abbreviations: OSA, obstructive sleep apnea; yrs, years.
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not treat either of them as a matched control group. Instead, 

we included explanatory variables to account for differences 

in the background variables. Age was divided in two groups 

(20–59 years and $60 years). Education was evaluated as 

a dichotomous dummy variable, where 0 and 1 represented 

patients with primary education and above, respectively. The 

CCI was based on comorbidity data for up to 3 years before 

the year of diagnosis.

Evaluation of mortality before diagnosis
Morbidity and mortality data were extracted as primary 

and secondary diagnoses, and further subdivided into 

main disease groups, in accordance with the World Health 

Organization (WHO) ICD-10 criteria. We estimated the pre-

diagnostic morbidity burden using the CCI.27,28 For this study, 

we used only all-cause morbidity and mortality data.

Ethics and statistical analysis
The study was approved by the Danish Data Protection 

Agency. Since all data were anonymized, neither individual 

nor ethical approval was required. Statistical analysis was 

performed using SAS 9.3 (SAS, Inc., Cary, NC, USA). We 

used a Cox proportional hazard function to estimate the 

risk of dying, where the time until death was the censored 

left-hand side variable. The explanatory variables were age 

group, gender, education level beyond basic schooling, and 

the CCI score in the 3 years before diagnosis.

Results
We identified 25,389 patients with OSA aged 20 years 

or more with comorbidity data 1 year prior to diagnosis. 

The distribution of age and gender is shown in Table 1. As 

expected, most of the patients with an initial diagnosis of OSA 

were middle-aged, and 22% were women. Patients younger 

than 20 years were not included in this analysis as mortality 

data from children have been presented elsewhere.26 Table 2 

summarizes patient distribution for those who did or did not 

receive CPAP treatment by gender, age, education, and mean 

CCI. CPAP treatment was received by 55.0% of males and 

48.9% of females within 2 years of the time of diagnosis. The 

proportion of patients receiving CPAP treatment rose with 

age, the figure being close for the two middle-aged groups 

but was 10% higher for middle-aged than for patients aged 

less than 40 years. There were no significant differences in 

educational level between CPAP- and non-CPAP-treated 

subjects. The CCI was higher for patients receiving CPAP 

treatment than for those not receiving it.

Survival after an OSA diagnosis
Survival curves for each age group with and without CPAP 

treatment are shown in Figures 1 and 2, respectively, subdi-

vided by age group (20–59 years and $60 years) and gender. 

These curves did not control for education and CCI, and were 

therefore not tested for significance.

We estimated two hazard models, the first of which 

included independent variables for CPAP/no CPAP, gender, 

age, education, and CCI. To estimate whether gender and 

age influence survival for the CPAP and non-CPAP groups 

differently, we estimated a second customized model with 

interaction terms for CPAP, with age and gender.

In the first model (Table 3), patients who received CPAP 

treatment had better survival, indicated by a hazard ratio of 

0.67 (P,0.0001) when controlling for gender, age, educa-

tion, and CCI. As was expected, women had lower mortality 

than men, older patients had higher mortality than younger 

patients, education was positively associated with survival, 

and CCI had a negative effect on survival.

In the customized model (Table 4), the contrasts in each 

age group revealed that CPAP treatment had no significant 

effect on patients aged 20–39 years (P=0.2943), but the 

overall mortality in this age group was low. For patients 

aged 40–59 years, the mortality of patients receiving CPAP 

treatment was lower, with a hazard ratio of 0.67 (P,0.0001); 

and for patients aged $60 years, CPAP treatment had an 

even greater effect on mortality, with a hazard ratio of 0.62 

(P,0.0001). The interaction term for gender and CPAP 

treatment was significant and positive, indicating that women 

had higher mortality than men when they received CPAP 

treatment.

Table 2 Distribution of percentage prevalence of CPAP treat
ment, educational level, and prior morbidity, in patients with OSA 
not receiving and receiving CPAP treatment

Non-CPAP CPAP

Number of patients N 11,758 13,631
Number of patients/year
  Men N 8,888 10,880
  Women N 2,870 2,751
Men % 45.0 55.0
Women % 51.1 48.9
Age 20–39 years % 55.0 45.0
Age 40–59 years % 45.0 55.0
Age $60 years % 42.9 57.1
Education more than primary school % 69.4 69.2
CCI Mean 0.13 0.15

SD 0.49 0.50

Abbreviations: CCI, Charlson Comorbidity Index; CPAP, continuous positive 
airway pressure; OSA, obstructive sleep apnea; SD, standard deviation.
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Figure 1 Age 20–39 years is the omitted age group.
Abbreviation: CPAP, continuous positive airway pressure.
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Figure 2 Survival, by age and CPAP treatment groups ($60 years).
Abbreviation: CPAP, continuous positive airway pressure.

Discussion
This study, which included patients from a national registry, 

revealed several important patterns: untreated OSA was 

strongly associated with lower survival; survival decreased 

with age, irrespective of gender; females had better survival 

than males, irrespective of whether they received CPAP 

treatment; higher educational level was positively associ-

ated with survival (those with higher education had better 

survival irrespective of whether they received CPAP treat-

ment); prediagnostic morbidity (CCI) had a negative effect 
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Table 3 Hazard ratios of the association between mortality and 
gender, age group, education, CCI, and CPAP

Age $20 years 95% confidence 
interval

Hazard ratio P Lower Upper

CPAP 0.67 ,0.0001 0.610 0.746

Women 0.76 ,0.0001 0.673 0.869

Age 20–39 years – –
Age 40–59 years 4.39 ,0.0001 3.236 5.944

Age $60 years 15.81 ,0.0001 11.710 21.345

More than primary  
schooling

0.64 ,0.0001 0.579 0.710

Pre-Charlson score 1.56 ,0.0001 1.502 1.615

Note: –Indicates the omitted age group.
Abbreviations: CCI, Charlson Comorbidity Index; CPAP, continuous positive 
airway pressure.

Table 4 Hazard ratios of the association between mortality and of 
gender, age group, education, CCI and CPAP (customized model)

Customized  
model

95% confidence 
interval

Hazard  
ratio

P Lower  
CI

Upper  
CI

CPAP 0.72 0.2943 0.391 1.330
Women 0.68 ,0.0001 0.569 0.802

Women CPAP 1.32 0.0356 1.019 1.698
Age 20–39 years – –
Age 40–59 years 4.50 ,0.0001 3.063 6.556

Age 40–50 years*CPAP 0.93 0.8121 0.493 1.748

Age $60 years 16.97 ,0.0001 11.475 24.274

Age $60 years*CPAP 0.85 0.6219 0.462 1.608

More than primary 
schooling

0.64 ,0.0001 0.576 0.705

Pre-Charlson score 1.57 ,0.0001 1.516 1.629

Contrasts
 �C PAP vs non-CPAP  

for age 20–39 years
0.72 0.2943 0.391 1.329

 �C PAP vs non-CPAP  
for age 40–59 years 

0.67 ,0.0001 0.561 0.794

 �C PAP vs non-CPAP  
for age $60 years

0.62 ,0.0001 0.537 0.707

Note: –Indicates the omitted age group.
Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; CPAP, 
continuous positive airway pressure; vs, versus.

on survival; and CPAP had a positive effect on mortality, not 

only in males aged 40–59 years but also, in elderly males aged 

$60 years. The hazard ratio for the younger OSA patients with 

CPAP was similar to that of the other age group, but the overall 

mortality rate in this age group was low; consequently, the 

effect of CPAP was small and nonsignificant. No significant 

association between CPAP treatment and mortality was found 

in females. Thus, young age, female gender, higher educa-

tional level, and a low frequency of comorbidities prior to an 

OSA diagnosis were all positive predictors of survival.

OSA is a known major risk factor for cardiovascular dis-

ability in terms of morbidity and mortality, irrespective of 

other major cardiovascular risk factors.29–31 CPAP is currently 

the most effective treatment for reducing associated CVD 

risks, including blood pressure, atherosclerotic manifesta-

tions,32–34 and mortality,15 in male subjects. The elderly have 

higher cardiovascular mortality rates, but CPAP may reduce 

this risk.16 CPAP treatment has been found to reduce mortal-

ity in women with OSA,18 a finding that is partly supported 

by the results of this study. We found age to be a strong risk 

factor for all-cause mortality and females to have a lower rate 

of mortality from OSA than males. In men, CPAP reduced 

mortality in the 40- to 59-year-old and the $60-year-old 

age groups. However CPAP had less effect on mortality in 

females. These results suggest that female gender has some 

protective effect on the consequences of OSA relative to male 

gender and that the effect on excess mortality in females is 

weaker than in males. The small effect on all-cause mortality 

among 20- to 39-year-old OSA patients may be due to the 

overall low mortality in this age group. OSA has especially 

been associated with cardiovascular consequences; however, 

studies of comorbidities have shown the complex comorbid-

ity13,23 in these patients, which is why we chose to adjust for 

several comorbidities using the CCI.

We do not currently know why women’s mortality rates 

were lower than those of men, but several explanations may 

be proposed. The prevalence of OSA is generally lower 

in females than in males at all ages, especially in subjects 

younger than 40 years of age. This suggests that incidence 

rates are lower in premenopausal females than in males, 

despite the potential negative impact of OSA on cardio-

vascular morbidity and mortality.35,36 As a consequence, 

women appear to be protected from the consequences of 

OSA 10–15 years earlier than are men. Patients with OSA 

often complain of insomnia.37 A greater arousability may 

protect from the severity of OSA. Other factors may include 

comorbid disease, cardiovascular risk, and lifestyle factors. 

Further evaluation of morbidities and mortality in women is 

needed to confirm these findings.

Our analysis was adjusted for age, gender, and other 

demographic variables that influence disease outcome. 

Women with OSA are more likely to be treated for depres-

sion, to have insomnia, and to have hypothyroidism than 

males with OSA.38–40 Age is also likely to have an effect, 

especially as a result of increasing health care use and indirect 

costs. Cardiovascular disease and obesity are most com-

mon in young adults and the middle-aged, whereas among 

elderly OSA patients the effects of medication and comorbid 
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depression may add to the disease burden.13,23 Other studies 

have shown weaker effects of age,41–43 even if only among 

those with comorbid cardiovascular disease.21 Due to the 

limited details provided by the mortality codes available to 

us, we decided to use all-cause mortality and found a strong 

association with age but similar survival rates for men and 

women. This suggests that OSA involves an independent risk 

association among middle-aged and elderly men and women. 

We also recently found a higher mortality rate in children with 

OSA than in matched controls.26 Children may also present 

morbidities that correspond to higher mortality rates, but 

OSA, which is independent of age, appears to be a risk factor 

for all-cause mortality. The study also indicates that comorbid 

conditions are associated with lower survival in OSA patients. 

Further analysis should include subgroup analysis of types of 

morbidities, risk factors, and the influence of medication. The 

study also revealed that low educational level was negatively 

associated with survival in OSA patients.

There are several limitations of our study: it was based 

on retrospective clinical/hospital reports submitted to the 

NPR; the diagnostic accuracy depends on clinics’ retrospec-

tive evaluation of presentation and reporting of the diagnosis 

and comorbidities; confounder variables (eg, BMI and other 

cardiovascular risk factors) were not recorded; and finally, 

symptoms and the results of clinical evaluation were not con-

sidered (eg, polysomnography, limited channel polygraphy, 

and cardiac evaluations), so our findings cannot be related 

to disease severity. The strengths of the NPR, however, are 

that it is a national database including all identified patients, 

it is time-locked (all reports must be associated with patient 

contacts), and it covers a substantial follow-up time. In addi-

tion, the study was controlled (although not a randomized 

controlled trial), leading to a potential bias toward more 

severe diseases among treated patients. Nevertheless, the 

latter factor cannot explain why males, but not females, 

showed a positive association. We therefore believe our find-

ings reflect genuine and important gender differences in the 

consequences of OSA. As this was an observational registry 

study, there was no randomization with respect to CPAP in 

these patients with OSA. There may be several reasons for 

not prescribing CPAP therapy. Subjects with mild disease 

and/or without subjective symptoms of OSA and patients 

with positional OSA (ie, OSA only in supine sleep position) 

are probably the largest group. Most of these subjects would 

have an AHI below 15/hour. There is evidence that this group 

with mild OSA have better survival than those patients with 

moderate to severe OSA. This would lead to higher survival in 

the group not treated with CPAP, in contrast with the findings 

of the present study. Another factor is that we do not know 

anything about compliance among the patients treated with 

CPAP. This means that 40%–50% of this group might not use 

CPAP after 6–12 months, thereby potentially introducing a 

bias, reducing the possible survival benefits from CPAP. It is 

reported that patients not accepting CPAP have the same high 

compliance with drugs for elevated cholesterol, for reducing 

hypertension, etc.44

We conclude that CPAP treatment is associated with 

lower mortality rates in males with OSA, including the 

middle-aged and elderly (aged $60 years). However, we 

found no significant effect on all-cause mortality of CPAP 

treatment in female OSA patients. Evaluation of female 

OSA should be carried out in future studies including 

larger groups. We have identified a special risk group with 

increased mortality: males with OSA older than 60 years, 

with comorbidities and low educational level. Interventions 

should be tested to try to improve CPAP compliance in this 

group.
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