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Purpose: We executed the presented retrospective cohort study with the purpose of probing the risk of severe acute respiratory
infection (SARI) following influenza in patients with sleep apnea.
Materials and Methods: We executed this real-world study by gathering Taiwan National Health Insurance Research Database
(NHIRD) data. From a database containing 1 million individuals sampled at random from the NHIRD, we identified all patients aged
20 years or older with a sleep apnea diagnosis between 1997 and 2013 as the study group. We established a comparison cohort of
individuals without sleep apnea by randomly matching patients with respect to monthly income, gender, urbanization level, and age at
a 1:4 ratio. Follow-up was performed until death or the end of 2015 for both groups. We determined the study outcome to be the
occurrence of influenza-associated SARI.
Results: We enrolled 6508 and 26,032 patients into the study and comparison groups, respectively. A significantly higher cumulative
incidence of influenza-associated SARI was discovered in the study group (p < 0.001). In our multivariate analysis, sleep apnea,
chronic obstructive pulmonary disease, and coronary artery disease were independent risk factors for influenza-associated SARI. The
hazard ratio of sleep apnea for influenza-associated SARI was 1.98 (95% CI: 1.26–3.10) after adjustment for all comorbidities, gender,
age, monthly income, and urbanization level.
Conclusion: Sleep apnea increased the risk of influenza-associated SARI. We suggest that physicians be cautious about the
development of severe influenza illness in patients with sleep apnea. Vaccination and early oseltamivir administration should be
actively considered in this group of patients.
Keywords: sleep apnea, sleep disturbance, influenza, severe acute respiratory infection

Introduction
Influenza viruses result in the contagious respiratory disease named influenza.1 Its prevalence fluctuates, but influenza has
been estimated to affect 5% to 10% of the population of the world annually and to lead to 250,000 to 650,000 deaths
globally.2–4 Three to five million patients with influenza infection, especially elderly individuals, progress to severe acute
respiratory infection (SARI) or die of the infection annually.5–7 SARI is defined as acute respiratory illness (onset within
the preceding 10 days) characterized by fever of 38°C or higher, cough, and need for hospitalization.8 Data compiled by
Taiwan’s Centers for Disease Control revealed that hospitalization was required in approximately 0.5% of outpatient
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cases of influenza, and 7% of patients who received inpatient treatment developed severe complications or needed
intensive care.9 Free antiviral drugs are given, under the sponsorship of Taiwan’s National Health Insurance (NHI), to
those who are detected to be at high risk of influenza complications, including individuals aged younger than 5 years or
aged 65 years or older, patients with chronic medical conditions, individuals with morbid obesity (body mass index
[BMI] ≥ 30 kg/m2), pregnant women, and patients involved in institutional outbreaks.10

Sleep apnea, reflected by an apnea–hypopnea index (AHI) value of at least 5, was reported to affect approximately
17% (range, 4–50%) and 22% (range, 9–37%) of women and men, respectively.11 Sleep apnea is implicated in damage to
multiple organ systems and associated with several major complications that include diabetes mellitus (DM), metabolic
syndrome, dementia, coronary artery disease, stroke, and chronic obstructive pulmonary disease (COPD).12–19 Previous
literature has mentioned that patients with sleep apnea are more prone to influenza.20 Scholars have also discovered
people with sleep apnea to be at a relatively high risk of community-acquired pneumonia.21,22 Patients with severe sleep
apnea and obesity also tend to develop chronic hypercapnia, which may lead to deterioration of lung function following
respiratory tract infection, and are likely to require hospitalization and ventilator treatment.23,24 According to our review
of the literature, how sleep apnea is associated with influenza-associated SARI remains unclear. Accordingly, we
executed our present study to probe the SARI risk following influenza in patients with sleep apnea.

Materials and Methods
Data Source and Study Design
This retrospective cohort study was executed by employing data gathered from Taiwan’s National Health Insurance
Research Database (NHIRD). In operation since March 1, 1995, the Taiwan NHI program is a compulsory and single-
payer health care scheme providing comprehensive coverage to virtually all of Taiwan’s population (99.7%) and medical
institutions at all levels of the country.25,26 Consequently, the NHIRD is a favorable resource for nationwide population-
based studies. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and Procedure
Coding System (ICD-9-PCS) diagnostic and procedure codes are available in the NHIRD.27–29 Further information such
as clinic visits, prescription drugs, hospitalizations, radiologic examinations, and types of surgical intervention can also
be obtained from the database.30,31 The comprehensiveness of the NHIRD enables scholars to obtain population-based
evidence to help support decisions. To ensure personal privacy, names of health care providers, medical institutions, and
patients are encrypted with unique and unnamed identifiers.32,33

The data employed in this study were from the Longitudinal Health Insurance Database 2000, a database subset
comprising data on 1 million individuals who were picked from among the NHIRD’s Registry for Beneficiaries at
random in the year 2000. The random selection was executed through a systematic sampling approach. The database
comprises the entirety of claims data for the period 1997 to 2013.32,34,35 National Health Research Institutes reports
revealed the NHIRD sample and the LHID2000 sample groups to not differ significantly with respect to monthly income,
gender, urbanization level, or age.35 The Chang Gung Medical Foundation Institutional Review Board ratified the current
study (Approval No. 201801126B1).

Study Population and Comparison Group
Regarding the patient enrollment process, as displayed by the flowchart in Figure 1, the personal information of enrollees
was extracted from the NHIRD. Patients who were 20 years or older and receiving a new sleep apnea diagnosis (ICD-
9-CM codes 780.51, 780.53, 780.57) during the period from January 1, 1997, to December 31, 2013, were included;16,36

we excluded 18 patients who developed pneumonia following influenza before being diagnosed as having sleep apnea.
We finally enrolled 6508 patients with sleep apnea. To ensure accurate diagnoses, we enrolled only patients for whom the
sleep apnea ICD-9-CM codes were recorded in either the inpatient setting or at least three claims for outpatient care.36

This method has been validated in a study using the original medical records of 3766 patients; of these, 3124 (83%)
patients had PSG reports, of which 87% were confirmed to have sleep apnea.22

We also randomly selected a comparison cohort of people without sleep apnea throughout the study period from the
same database. This cohort was matched with the study group with respect to monthly income, gender, urbanization
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level, and age in a 1:4 ratio. The enrollment date for the study group was stipulated as that on which a sleep apnea
diagnostic code was first recorded. This date also marked the beginning of follow-up for the corresponding controls in the
comparison group.

Outcome and Covariate Measurements
For each patient with sleep apnea, the index date was the date sleep apnea was first diagnosed, and the same index date
was used for their matched non-sleep apnea control. We executed patients’ follow-up until death or December 31, 2015,
the end of the study period. Insurees drop out of the NHI program when they die.37 The primary outcome in our research
was influenza-associated SARI, defined as hospital admission with a diagnosis of influenza (ICD-9-CM codes 487.0,
487.1, 487.8, 488.1, 488.8).

The NHIRD constituted the source of sociodemographic data on the patients—monthly income, gender, urbanization
level, and age. The levels of urbanization of the enrollees’ residence were graded on a scale of 1 to 4 (grades 1 to 4), and
grades were calculated using a range of factors, including the population pyramid, expenditure, industrial structure, mean
annual per capita income, population density, manufacturing density, and economic activity index.38

The following comorbidities were recorded using ambulatory or inpatient claims data: DM (ICD-9-CM code 250),
obesity (ICD-9-CM code 278), stroke (ICD-9-CM codes 430–438), hypertension (ICD-9-CM codes 401–405), COPD
(ICD-9-CM codes 491, 492, 496), coronary artery disease (CAD; ICD-9-CM codes 410–414), and chronic kidney disease
(CKD; ICD-9-CM codes 582, 583, 585, 586, 588).16,29,36,39 A comorbid condition was included if the corresponding
diagnostic code appeared in either the inpatient setting or at least three claims for ambulatory care.36

Figure 1 Study population enrollment flowchart. The study group comprised patients aged 20 years or older and with a diagnosis of sleep apnea in either the inpatient
setting or at least three ambulatory care claims. The comparison group comprised patients without sleep apnea randomly matched by monthly income, gender, urbanization
level, and age at a 1:4 ratio. The end point of follow-up was death or the end of the study period for both groups.
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Statistical Analyses
The independent Student t test was executed for continuous variables; in addition, the Pearson chi-square test was
executed for categorical data. These tests were executed for the purpose of comparing the study and comparison groups
with respect to comorbid conditions and sociodemographic characteristics. Adjusted hazard ratios (HRs) for sleep apnea
and other potential confounders—age, gender, and comorbidities—for influenza-associated SARI were evaluated using
Cox proportional hazards regression. To derive the cumulative incidence of influenza-associated SARI in our two groups,
we applied the Kaplan–Meier method; furthermore, we compared curves by employing the Log rank test. We employed
SAS version 9.4 (SAS Inc., Cary, NC, USA) for all statistical analyses, with statistical significance being indicated by
two-sided p < 0.05.

Results
This study recruited 6508 patients with sleep apnea as the study group and 26,032 individuals without sleep apnea as the
comparison group. The study group was determined to have a higher proportion of male patients. Nearly half of the
patients in the study group had hypertension and a quarter had DM (Table 1). The study group was also noted to have
a higher incidence of the DM, hypertension, obesity, stroke, COPD, CAD, and CKD (Table 1). During the follow-up
period, influenza was diagnosed in 10.4% of the study cohort and 7.2% of the comparison cohort, respectively (p <

Table 1 Sociodemographic Characteristics and Comorbid Conditions of the Study Patients

Variables Sleep Apnea Non-Sleep Apnea P-value
(N=6508) (N=26032)

n % n %

Gender 1.000
Male 4484 68.9 17,936 68.9

Female 2024 31.1 8096 31.1

Age (years) 1.000
<50 3448 53.0 13,792 53.0

>50 3060 47.0 12,240 47.0

Urbanization level 1.000
1 (City) 2343 36.0 9372 36.0

2 3006 46.2 12,024 46.2

3 811 12.5 3244 12.5
4 (Villages) 348 5.4 1392 5.4

Monthly income (NTD) 1.000

0 1537 23.6 6148 23.6
1–15,840 1091 16.8 4364 16.8

15,841–25,000 2077 31.9 8308 31.9

≥25,001 1803 27.7 7212 27.7
Comorbidities

Diabetes mellitus 1548 23.8 3979 15.3 <0.001

Hypertension 3181 48.9 7870 30.2 <0.001
Obesity 322 5.0 181 0.7 <0.001

Stroke 1079 16.6 2436 9.4 <0.001

COPD 1288 19.8 2450 9.4 <0.001
CAD 1698 26.1 3512 13.5 <0.001

CKD 598 9.2 1370 5.3 <0.001
Influenza 678 10.4 1870 7.2 <0.001

Influenza-associated SARI 35 0.5 54 0.2 <0.001

Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; NTD, New Taiwan dollar.
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0.001). The incidence of influenza-associated SARI in the study group and comparison group was 0.5% and 0.2%,
respectively (p < 0.001).

Table 2 presents the potential risk factors for influenza-associated SARI. In our executed univariate analysis, patients
with sleep apnea, DM, hypertension, stroke, COPD, CAD, CKD and those aged 50 years or older had a higher risk of
SARI following influenza. The crude HR for each specified factor in the unadjusted analysis is presented in Table 2. As
revealed by our executed multivariate analysis, sleep apnea, COPD, and CAD were independent risk factors for
influenza-associated SARI (p < 0.001, 0.021, and 0.014, respectively), with the corresponding HRs (as well as 95%
CIs) being 1.98 (1.26–3.10), 1.80 (1.09–2.96), and 1.92 (1.14–3.21). Adjustments were made in the model for monthly
income, gender, urbanization level, age, and all comorbidities.

In our study, we determined the mean (standard deviation) observation duration to be 5.38 (3.81) and 5.45 (3.81)
years for the study and comparison groups, respectively. When not considering competing risk events in the Kaplan–
Meier approach, we discovered the study group to exhibit a significantly higher cumulative incidence of influenza-
associated SARI than did the comparison group (Log rank test: p < 0.001; Figure 2). The 1-, 5-, and 10-year cumulative

Table 2 Hazard Ratios for Sleep Apnea and Other Potential Confounders for Influenza-Associated SARI

Variables Crude HR 95% CI P value Adjusted
HR*

95% CI P value

Sleep apnea

No 1.00 1.00

Yes 2.63 1.72 4.02 <0.001 1.98 1.26 3.10 0.003
Age (years)

<50 1.00 1.00

>50 2.53 1.63 3.92 <0.001 1.39 0.82 2.35 0.219
Gender

Female 1.00 1.00
Male 0.86 0.56 1.33 0.493 0.83 0.52 1.32 0.430

Comorbidities

DM
No 1.00 1.00

Yes 2.22 1.43 3.44 <0.001 1.14 0.70 1.86 0.602

Hypertension
No 1.00 1.00

Yes 2.85 1.86 4.36 <0.001 1.29 0.75 2.21 0.366

Obesity
No 1.00 1.00

Yes 2.13 0.68 6.74 0.197 1.13 0.35 3.68 0.836

Stroke
No 1.00 1.00

Yes 2.16 1.31 3.55 0.003 0.83 0.48 1.46 0.525

COPD
No 1.00 1.00

Yes 3.43 2.21 5.33 <0.001 1.80 1.09 2.96 0.021

CAD
No 1.00 1.00

Yes 3.70 2.44 5.63 <0.001 1.92 1.14 3.21 0.014

CKD
No 1.00 1.00

Yes 3.17 1.85 5.45 <0.001 1.54 0.86 2.77 0.146

Note: *Model was adjusted for gender, age, urbanization level, monthly income, and all comorbidities.
Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; DM, diabetes mellitus; CI,
confidence interval.
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incidence rates of influenza-associated SARI were 0.08%, 0.46%, and 1.00%, respectively, in the sleep apnea group and
0.03%, 0.20%, and 0.38%, respectively, in the comparison group.

Discussion
Our present research is a nationwide-based study investigating the influenza-associated SARI–sleep apnea relationship.
Patients in the study group were discovered to be more likely to develop SARI and require inpatient care following
influenza infection than did those in the comparison group. A similar conclusion was reported in a recently executed
study, which revealed a higher risk of hospitalization following influenza infection in patients with sleep apnea who did
not adhere to continuous positive airway pressure (CPAP) than in those who received CPAP treatment.40 According to
these findings, we suggest that patients with sleep apnea, especially those who remain untreated, have a higher
probability of severe illness when infected with influenza. In one study involving the risk assessment of severe influenza
illness, age higher than 65 years, chronic renal disease, cardiovascular disease, neuromuscular disease, and immunosup-
pression elevated the influenza mortality risk.41 Moreover, patients with COPD required ventilator support more often.41

Asthma was noted to be associated with a relatively high likelihood of developing pneumonia.41 In our large-scale cohort
study, we also discovered COPD and CAD to be associated with a relatively high risk of influenza-associated SARI. In
addition, this study also found that the incidence of influenza in sleep apnea patients was higher than that in non-sleep
apnea patients, which is also consistent with past literature.20

Patients with sleep apnea experience partial or complete cessation of respiratory airflow during sleep, which is usually
accompanied by intermittent nocturnal hypoxemia.42,43 Apnea is then terminated by a forceful inspiratory gasp and brief
arousal, which could increase the risk of aspiration.44 The coexistence of sleep apnea and COPD, which was named
“overlap syndrome,” was observed in a substantial number of patients14 and found to result in more profound nocturnal
oxygen desaturation and a relatively high likelihood of pulmonary hypertension, thereby increasing substantially the
likelihood of morbidity and mortality.14 Sleep apnea is well known to be a common comorbidity in patients with obesity.
One study reported an association between daytime hypercapnia and relatively high BMI levels in patients with sleep
apnea.24 Coexisting obesity reduces lung compliance and capacity, creates intrinsic positive end-expiratory pressure, and
increases the work of breathing, which was linked to a relatively high risk of respiratory failure following pulmonary
infection.45 However, the results of this study showed that obesity is not an independent risk factor for SARI, which may
be due to the fact that the database used in this study does not contain the height and weight of patients. Thus, the patients
with obesity could only be identified by ICD-9 codes rather than BMI, which may lead to an underestimation of the
number of obesity patients. Further research is needed to clarify the exact association between obesity and SARI.

Figure 2 Cumulative incidence of influenza-associated SARI in patients with (solid line) and without (dashed line) sleep apnea. The results of the Kaplan–Meier approach
revealed a significantly higher cumulative incidence of influenza-associated SARI in the sleep apnea group compared with the comparison group (Log rank test: p < 0.001).
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From the epidemiological viewpoint, a relatively high risk of pneumonia has been discovered in patients with sleep
apnea.21,22 In addition, the sleep apnea severity, established according to the AHI, was reported to be positively
correlated with pneumonia severity.21 Morimoto et al found that mixed sleep apnea contributed to an elevated risk of
death from pneumonia.46 After executing a cohort study of 250,907 patients with pneumonia, Lindenauer et al
concluded that sleep apnea was linked to a higher rate of both initial ventilator use and clinical deterioration.47 One
study reported that severe obstructive sleep apnea syndrome (OSAS) was an independent predictor of cardiovascular
mortality risk.48 Another study revealed OSAS to be associated with a relatively high risk of acute kidney injury in
critically ill patients.49 These findings imply that sleep apnea has the potential to induce severe complications involving
several vital organs, and this probably explains the elevated risk of severe influenza in our sleep apnea group.
Moreover, sepsis is regarded as severe systemic inflammation in response to infections such as influenza. One study
discovered that patients with sepsis and sleep apnea had poorer prognosis than did those with sepsis but without sleep
apnea.50

For a single medical institute, obtaining an appropriately large sample and ensuring sufficient follow-up duration to
accurately evaluate the incidence of influenza-associated SARI after sleep apnea would be difficult. The NHIRD
constituted an excellent resource with which we could explore and trace numerous cases of sleep apnea and severe
influenza because of the database’s wide coverage of nearly the entire population of Taiwan. Our study demonstrated the
study group to exhibit a higher prevalence of influenza-associated SARI compared with the comparison group after
a 5.4-year mean follow-up period. To minimize possible bias, we took potential confounding factors—which included
obesity, gender, comorbidities, and age—into account. The final result confirmed sleep apnea being an independent risk
factor for influenza-associated SARI.

A few possible limitations of our executed study warrant mentioning. First, administrative claims data may constitute
a less accurate source of sleep apnea and severe influenza diagnoses than would diagnoses made in a prospective, clinical
setting. Second, we were unable to identify a patient’s sleep apnea type (central, obstructive, or mixed) from the ICD-
9-CM codes. The respective effects of these types on influenza-associated SARI thus remain unclear. Third, obesity
diagnosis was indicated by the ICD-9-CM code (278) instead of actual BMI, which could have led to misclassification
bias. Fourth, recorded data from polysomnography could not be obtained, making it difficult to explore how the severity
of sleep apnea and occurrence of severe influenza were associated. Fifth, the high prevalence of undiagnosed OSA in the
study population would lead to a higher prevalence of SARI in the control group as well. Therefore, this effect may lead
to an underestimation of the relationship between OSA and influenza-related SARI. Finally, the number of samples with
Influenza-associated SARI was small, and studies with larger sample size and longer follow-up periods are necessary in
the future.

The findings from this study may be useful in re-examining the prevention and treatment strategies for influenza
infection in patients with sleep apnea. Vaccination and early oseltamivir administration should be actively considered in
this group of patients. Additional prospective studies investigating the possible mechanism through which severe
influenza is promoted in patients with sleep apnea are warranted.

Conclusion
Our executed research is a population-based cohort study exploring the sleep apnea–influenza-associated SARI relation-
ship. We obtained strong evidence for sleep apnea as an independent risk factor for influenza-associated SARI. In
addition, patients with COPD or CAD are also at higher risk of developing influenza-associated SARI. We suggest that
physicians be cautious about the development of severe influenza in patients with sleep apnea. Vaccination and early
oseltamivir administration should be actively considered in this group of patients.
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