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Abstract
Objectives  To determine whether insomnia at baseline is 
a risk factor for new-onset asthma.
Methods  We recruited 48 871 patients with insomnia 
(insomnia group) newly diagnosed between 2002 and 
2007, and 97 742 matched controls without insomnia 
(control group) from Taiwan’s Longitudinal Health 
Insurance Database 2000. All of the patients were 
followed up for 4 years to see whether new-onset asthma 
developed. Patients with previous asthma or insomnia 
were excluded. The Poisson regression was used to 
estimate the incidence rate ratios (IRRs) and 95% CIs of 
asthma. Cox proportional hazard regression was used to 
calculate the risk of asthma between the two groups.
Results  After a 4-year follow-up, 424 patients in the 
insomnia group and 409 in the control group developed 
asthma. The incidence rate of asthma was significantly 
higher in the insomnia group (22.01vs10.57 per 10 000 
person-years). Patients with insomnia have a higher risk of 
developing new-onset asthma during the 4-year follow-up 
(HR: 2.08, 95% CI 1.82 to 2.39). The difference remained 
significant after adjustment (adjusted HR: 1.89, 95% CI 
1.64 to 2.17).
Conclusions  This large population-based study suggests 
that insomnia at baseline is a risk factor for developing 
asthma.

Introduction
Insomnia is a sleep disorder that makes falling 
asleep or staying asleep difficult or prevents 
people who awaken early in the morning 
from returning to sleep at least three nights 
per week for at least 3 months, despite an 
adequate opportunity for sleep.1 The preva-
lence of insomnia is about 25% in Taiwanese 
adults,2 and other countries report preva-
lences ranging from 9% to 50%.3–5 Insomnia 
has long been linked with multiple physical 
conditions, allergies, cancer, hypertension, 
diabetes, migraine, headache, osteoporosis, 
fibromyalgia, rheumatoid arthritis, arthrosis, 
musculoskeletal disorders and obesity.4 More-
over, impaired sleep is related to developing 
anxiety and depression.6–8 It also burdens the 
public health sector, reduces quality of life 
and leads to more traffic accidents.9–15 

Asthma is a heterogeneous disease char-
acterised by recurrent attacks of breathless-
ness and wheezing caused by chronic airway 
inflammation.16  Patients with severe asthma 
may have the problems of insufficient sleep, 
poor sleep hygiene and clinically significant 
insomnia.17 18 Although it is well known that 
insomnia is more prevalent in patients with 
asthma,4 19 Sivertsen et al20 reported that the 
association might be bidirectional. They did 
not, however, focus on a single disease, and 
whether a respondent had asthma was based 
only on answers from a personal question-
naire rather than on a professional diagnosis, 
nor did the study adjust for confounding 
factors. Therefore, we did a prospective 
cohort study based on clinical diagnoses to 
determine whether insomnia is a risk factor 
for new-onset asthma.

Materials and methods
Study design and cohorts
Taiwan launched a single-payer National 
Health Insurance (NHI) programme on 
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Strengths and limitations of this study

►► The  National Health Insurance Research 
Database  (NHIRD) does not contain patient 
information before 1996.

►► NHIRD does not include results of pulmonary 
function tests or blood tests for inflammatory 
cytokines, severity levels or the actual duration of 
insomnia.

►► NHIRD does not include some important confounding 
factors, such as exposure to house dust mites, 
smoking habits, body mass index, family history or 
medical compliance.

►► Methodology strengths of this study is the large 
sample size and long-term follow-up which provide 
considerable statistical power.

►► This study can reflect the real-world situation in 
Taiwan and is more generalisable than are hospital-
based or city-based databases.
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Figure 1  The flowchart of study subjects 
selection. LHID, Longitudinal Health Insurance Database.

1 March 1995. The NHI databases, one of the largest and 
most complete population-based datasets in the world, 
include medical claims information on almost the entire 
population in Taiwan (>98% in 2009). The data used 
in this study were taken from the Longitudinal Health 
Insurance Database 2000 (LHID2000), which contains all 
claims data from 1996 to 2011 of 1 million (ca. 5% of all 
enrollees) representative beneficiaries randomly selected 
from Taiwan’s National Health Insurance Research Data-
base (NHIRD) in 2000. The LHID2000 provides encrypted 
patient identification numbers, sex, date of birth, dates 
of admission and discharge, the International Classifica-
tion of Diseases,  Ninth Revision—Clinical Modification 
(ICD-9-CM) codes of diagnoses and procedures, details of 
prescriptions and expenditure amounts for all outpatient 
and inpatient medical benefit claims. The institutional 
review board of Chi Mei Medical Center approved the 
study and waived the requirement of informed consent 
because the datasets analysed contained only deidentified 
patient information.

Participants
We did a prospective cohort study with two study groups: 
the insomnia group (patients with newly diagnosed 
insomnia from 2002 to 2007) and an age-matched, 
sex-matched and index  date-matched control group 
(patients without insomnia). Patients in the insomnia 
group (ICD-9-CM codes: 307.41, 307.42, 780.50, 
780.52) were diagnosed with insomnia during at least 
one inpatient hospitalisation or more than three times 
during outpatient clinic visits within 1 year as previous 
studies.21–24  Patients diagnosed with asthma (ICD-9-CM 
code: 493) before insomnia were excluded.

The flowchart of study subjects selection presented in 
figure  1. Each patient with insomnia was age-matched, 
sex-matched and index  date-matched to two patients 

without insomnia. The index dates for the insomnia 
group patients were the dates of their first registration. 
Those index dates were used to create index dates for 
each control group patient. To investigate the risks of 
developing asthma during the follow-up period, we 
tracked each participant no more than 4 years from their 
index date until new-onset asthma, death or the end 
of the 4-year follow-up. The asthma was also defended 
as patients with asthma diagnosis at least one inpatient 
hospitalisation or more than three times during outpa-
tient clinic visits within 1 year.

Definition of comorbidities
The diagnoses of different physical and mental condi-
tions were based on ICD-9-CM codes during at least one 
inpatient hospitalisation or more than three times during 
outpatient clinic visits within 1 year before index date. 
Comorbidities were as follow: hypertension (401–405, 
362.11, 437.2), depression (311, 296.2, 296.3, 300.4), 
anxiety (293.84, 300.0x, 300.10, 300.2x, 300.5, 309.21), 
allergic rhinitis (477.x), urticaria (708.x), atopic derma-
titis (691.x), bronchiolitis (466.11, 466.19, 079.6), sleep 
apnoea (327.23, 780.51, 780.53, 780.57), cardiovascular 
disease (stroke and coronary heart disease) (430–438, 
410–414).

Statistical analysis
Pearson’s χ2 test was used to compare differences in the 
baseline characteristics and comorbid medical disorders 
between the insomnia and control cohorts. The incidence 
rate was calculated as the number of asthma cases during 
the follow-up, divided by the total person-years for each 
group. Poisson regression was used to estimate the inci-
dence rate ratios (IRRs) and 95% CIs of asthma between 
the two groups. A Kaplan-Meier analysis of the cumula-
tive incidence rates of asthma was plotted to describe 
the proportion of patients with asthma, and the log-rank 
test was used to analyse the differences between the two 
cohorts. In addition, Cox proportional hazard regression 
was used to calculate the risk of asthma between patients 
with and without insomnia during the follow-up period. 
SAS V.9.4 was used for all statistical analyses. Significance 
was set at P<0.05 (two sided). The detectable HR of 1.02 
between insomnia group and compared controls was esti-
mated at 90% statistical power and the probability of type 
I error at 0.05.

Results
The insomnia group contained 48 871 patients and the 
control group contained 97 742 (table 1). Insomnia was 
more common in women (59.96%) and in the middle-
aged group (35–49 years: 33.29%). Insomnia group 
patients were more likely to have comorbidities, such 
as hypertension (HTN) (21.72% vs 15.12%), anxiety/
depression (10.15% vs 1.69%), allergic rhinitis (3.56% 
vs 1.60%), urticaria (2.37% vs 0.97%), atopic dermatitis 
(0.51% vs 0.31%), sleep apnoea (0.18% vs 0.02%) and 
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Table 1  Baseline demographic characteristics of patients in the insomnia and control groups

Insomnia (n=48 871) n (%) Control (n=97 742) n (%) P*

Age group (years)

 � <34 9515 (19.47) 19 031 (19.47) 1.00

 � 35–49 16 269 (33.29) 32 541 (33.29)

 � 50–64 13 611 (27.85) 27 221 (27.85)

 � ≥65 9476 (19.39) 18 949 (19.39)

Sex

 � Male 19 569 (40.04) 39 138 (40.04) 1.00

 � Female 29 302 (59.96) 58 604 (59.96)

Comorbidity

 � Hypertension 10 616 (21.72) 14 781 (15.12) <0.001

 � Anxiety/
 � depression

4961 (10.15) 1649 (1.69) <0.001

 � Allergic rhinitis 1742 (3.56) 1561 (1.60) <0.001

 � Urticaria 1158 (2.37) 949 (0.97) <0.001

 � Atopic dermatitis 247 (0.51) 299 (0.31) <0.001

 � Bronchiolitis 57 (0.12) 130 (0.13) 0.44

 � Sleep apnoea 87 (0.18) 21 (0.02) <0.001

 � Cardiovascular disease 4936 (10.10) 6187 (6.33) <0.001

Geographic region

 � North 22 674 (46.40) 46 019 (47.08) <0.001

 � Central 11 144 (22.80) 17 352 (17.75)

 � South 13 803 (28.24) 32 264 (33.01)

 � East 1250 (2.56) 2107 (2.16)

SES (monthly insurable wage in NT$)†

 � <20 000 36 415 (74.51) 69 456 (71.06) <0.001

 � 20 000–40 000 8370 (17.13) 18 507 (18.93)

 � >40 000 4086 (8.36) 9779 (10.00)

*P determined using χ2 tests.
†US$1=NT$30.
NT$, New Taiwan dollar; SES, socioeconomic status.

cardiovascular disease (CVD) (10.10% vs 6.33%) than 
were control group patients. The insomnia group tended 
to have lower incomes than did the control group.

After a 4-year follow-up, 424 patients in the insomnia 
group and 409 patients in the control group had developed 
asthma. The incidence rate of asthma was significantly 
higher in the insomnia group (22.01 vs 10.57 per 10 000 
person-years; IRR: 2.08 (95% CI 1.82 to 2.39; P<0.001) 
(table 2). Patients with insomnia had a higher probability 
of developing asthma during the 4-year follow-up (HR: 
2.08; 95% CI 1.82 to 2.39). This difference was still signif-
icant after adjustment (adjusted HR (AHR): 1.89; 95% CI 
1.64 to 2.17) (table 3). Advanced age was also related to a 
higher risk for developing asthma (≥65 years: AHR: 8.13; 
95% CI 5.89 to 11.23). Patients with higher incomes were 
less likely to develop asthma (NT$>40 000: AHR=0.62; 
95% CI 0.44 to 0.89). People living in eastern Taiwan were 
more likely to have new-onset asthma then those living 

in other regions of Taiwan (AHR=2.01; 95% CI 1.44 to 
2.81). The subgroup analysis showed that insomnia was 
associated with a greater risk of asthma in patients with 
HTN and CVD (table 4). A Kaplan-Meier survival curve 
shows that the insomnia group had a higher cumulative 
incidence rate of asthma than did the control group 
(P<0.001) (figure 2).

Discussion
This is the largest cohort study focused on the association 
between insomnia and new-onset asthma, and the first 
one on an Asian population. We found that patients with 
insomnia who sought medical assistance had a significant 
risk for developing asthma within 4 years of asking for 
treatment. In this study, the incidence of asthma in control 
group was 10.57 per 10 000 person-years. This finding is 
similar to the most recent epidemiology study25 in Taiwan 
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Table 3  Cox proportional hazard regressions for the development of asthma during the follow-up period

Variable Crude HR (95% CI) Adjusted HR (95% CI)*

Insomnia

 � No Ref Ref

 � Yes 2.08 (1.82 to 2.39) 1.89 (1.64 to 2.17)

Age group

 � <34 Ref Ref

 � 35–49 1.52 (1.07 to 2.15) 1.57 (1.11 to 2.22)

 � 50–64 2.69 (1.93 to 3.75) 2.45 (1.75 to 3.43)

 � ≥65 11.95 (8.78 to 16.26) 8.13 (5.89 to 11.23)

Sex

 � Male Ref Ref

 � Female 0.88 (0.76 to 1.00) 1.00 (0.87 to 1.15)

Comorbidity

 � Hypertension 3.47 (3.02 to 3.98) 1.24 (1.06 to 1.45)

 � Anxiety/
 � depression

2.08 (1.64 to 2.65) 1.19 (0.93 to 1.53)

 � Allergic rhinitis 1.46 (0.99 to 2.14) 1.33 (0.90 to 1.96)

 � Urticaria 1.01 (0.57 to 1.78) 0.81 (0.46 to 1.44)

 � Atopic dermatitis 1.64 (0.68 to 3.95) 1.15 (0.48 to 2.78)

 � Bronchiolitis 1.88 (0.47 to 7.52) 2.09 (0.52 to 8.38)

 � Sleep apnoea 3.29 (0.82 to 13.17) 2.82 (0.70 to 11.37)

 � Cardiovascular disease 4.84 (4.16 to 5.63) 1.80 (1.52 to 2.14)

Geographic region

 � North Ref Ref

 � Central 1.29 (1.08 to 1.55) 1.26 (1.05 to 1.51)

 � South 1.28 (1.09 to 1.50) 1.18 (1.00 to 1.38)

 � East 2.45 (1.68 to 3.29) 2.01 (1.44 to 2.81)

SES (monthly insurable wage in NT$)†

 � <20 000 Ref Ref

 � 20 000–40 000 0.27 (0.21 to 0.36) 0.53 (0.40 to 0.71)

 � >40 000 0.35 (0.25 to 0.49) 0.62 (0.44 to 0.89)

*Parameters were adjusted for all covariates included in the model.
†US$1=NT$30.
NT$, New Taiwan dollar; Ref, reference value; SES, socioeconomic status.

Table 4  Stratified analysis for patients with hypertension or cardiovascular disease

Patients with HTN (n=25 397) AHR (95% CI) P Patients with CVD (n=11 123) AHR (95% CI) P

Control 1.00 (ref.) 1.00 (ref.)
Insomnia 1.59 (1.28 to 1.97) <0.001 1.38 (1.06 to 1.79) 0.02

AHR, adjusted HR; CVD, cardiovascular disease; HTN, hypertension; ref., reference value.

that the incidence of asthma was 9.8 per 10 000 person-
year. In contrast, the insomnia group had significant 
higher incidence of asthma—22.01 per 10 000 person-
year than the control group and the general population 
in previous study.25 Several studies have reported link-
ages between insomnia and chronic illnesses, including 
asthma. A cross-sectional study19 of 3283 adults showed 

a higher prevalence of insomnia in those with asthma 
(adjusted  OR (AOR)  1.6; 95% CI 1.3 to 2.0). A 5-year 
prospective study26 of 2316 middle-aged adults reported 
that patients with insomnia at baseline had a higher inci-
dence of asthma (AOR=17.9; 95% CI 2.28 to 140) than 
did patients without insomnia. But no causal relationship 
between insomnia and asthma was supported in these 
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Figure 2  The probability of developing asthma in insomnia 
and control group.

two studies. Unlike those two studies, our study excluded 
patients who had previously been diagnosed with asthma, 
and we followed our patients for 4 years, which provided 
evidence that insomnia is a risk factor for developing 
asthma.

Sivertsen et al20 reported that insomnia was a significant 
risk factor for incidence of asthma in an 11-year large 
population-based prospective cohort study consisted 
of 24 715 participants (OR=1.47; 95% CI 1.16 to 1.86). 
Brumpton et al27 also found that insomnia symptoms 
were associated with increased risk of incident asthma 
in the same population-based which consisted of 17 927 
participants (three insomnia symptoms, OR=1.70; 
95% CI 1.37 to 2.11). However, they used questionnaires 
to define insomnia and provided no information about 
the severity or duration of their participants’ poor sleep. 
The diagnoses of asthma and comorbidities were based 
on self-reports instead of physician-reported diagnoses. 
Their sample size was smaller than was ours, and the 
confounding factors adjusted for in their analysis did not 
include specific asthma or insomnia-related comorbidities 
such as atopy. In contrast, we used ICD-9 CM codes from 
Taiwan’s LHID2000, which indicated the patients’ physi-
cian-diagnosed illnesses, including insomnia, asthma and 
all comorbidities. Besides, we believed that the insomniacs 
in our cohort suffered from more severe sleep-related 
symptoms that needed medical assistance. Our findings 
were statistically significant after our analyses had been 
fully adjusted for the most common confounding factors 
related to asthma and insomnia.

Although our findings and those of other studies17 18 20 
indicate a significant association between insomnia and 
asthma, the pathophysiology of insomnia-related asthma 
is still unclear. Nonetheless, the common inflamma-
tory pathway between insomnia and asthma should 
be considered, and several mechanisms have been 
proposed to explain the potential relationship between 
insomnia and asthma. First, poor sleep increases inter-
leukin 6 (IL-6) production, and this response lasts until 

daytime.28 29  Patients with stable and acute asthma had 
significantly higher IL-6 production levels in serum, 
sputum and bronchoalveolar lavage fluid than did healthy 
controls.30 31 IL-6 production in the airway promotes 
allergic airway inflammation in mice. In contrast, using 
IL-6 knockout mice in the same model showed signifi-
cantly less mucus secretion.32 33 Therefore, insomnia 
might contribute to inducing IL-6 production and 
that might exacerbate airway hypersensitivity. Second, 
nuclear factor kappa-light-chain-enhancer of activated B 
cells (NF-κB) can be induced by sleep loss.34 Prolonged 
airway epithelial NF-κB activation has been reported in 
patients with asthma. Even temporal NF-κB activation 
in the airway epithelium is sufficient to induce airway 
hyper-responsiveness in mice.35 Thus, the higher inci-
dence of asthma in patients with insomnia might be the 
result of temporal or persistent NF-κB activation induced 
by sleep loss. Third, insomnia is related to a reduction 
in interferon gamma (IFN-γ).36 IFN-γ production, which 
inhibits airway epithelial inflammation, is lower in 
patients with asthma than in healthy controls.37 38 These 
studies suggest that IFN-γ plays a significant role between 
insomnia and asthma.

The strengths of our study are its prospective cohort 
design and that we used the LHID2000, a subset of 
Taiwan’s NHIRD, which contains physician-provided clin-
ical diagnoses instead of illnesses self-reported by patients. 
The LHID2000 reflects the real-world situation in Taiwan 
and is more generalisable than are hospital-based or city-
based databases. The large sample size and long-term 
follow-up also provide considerable statistical power.

Our study also has some limitations. First, the NHIRD 
does not include results of pulmonary function tests or 
blood tests for inflammatory cytokines, severity levels 
or the actual duration of insomnia, some important 
confounding factors, such as exposure to house dust 
mites, smoking habits, body mass index, family history or 
medical compliance. Second, we did not assess the associ-
ation between the medication for insomnia and asthma. 
However, it would be interesting to note if there were 
any differences in the development of asthma in those 
patients with insomnia who were treated versus those who 
were not. Further study is warranted to investigate the 
drug effect. Third, some patients might have minor asth-
matic symptoms and have not been diagnosed yet before 
insomnia. Forth, sampling bias, such as a higher number 
of individuals likely to seek medical care among insomnia 
group than control group is possible and it may confound 
the analysis. Finally, because the NHIRD does not contain 
patient information before 1996, some of our patients 
might have been misclassified if they were diagnosed with 
asthma or insomnia before that year.

Conclusion
We found that patients with insomnia who required 
medical assistance had a higher risk for developing 
new-onset asthma. Proper treatments for patients with 
insomnia   might help prevent the progress of airway 
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inflammation. Additional study is needed to identify the 
actual mechanism that connects insomnia and asthma.

Author affiliations
1Department of Family Medicine, Jiannren Hospital, Kaohsiung, Taiwan
2Department of Intensive Care Medicine, Chi Mei Medical Center, Liouying, Taiwan
3Department of Internal Medicine, Chi Mei Medical Center, Yung Kang, Tainan, 
Taiwan
4Department of Intensive Care Medicine, Chi Mei Medical Center, Tainan, Taiwan
5Department of Recreation and Healthcare Management, Chia Nan University of 
Pharmacy and Science, Tainan, Taiwan
6Department of Medical Research, Chi Mei Medical Center, Tainan, Taiwan
7Department of Hospital and Health Care Administration, Chia Nan University of 
Pharmacy and Science, Tainan, Taiwan
8Department of Healthcare Administration and Medical Informatics, Kaohsiung 
Medical University, Kaohsiung, Taiwan
9Department of Safety, Health, and Environmental Engineering, Chung Hwa 
University of Medical Technology, Tainan, Taiwan

Contributors  Y-CL, C-CL and K-CC designed the study, interpreted the data and 
drafted and revised the article. C-CC, C-MC and S-RC contributed to interpreting the 
data and revising the article. C-HH and S-FW contributed to the statistical analysis. 
K-CC critically reviewed and revised the article. All of the authors read and agreed 
with the final version of the manuscript.

Competing interests  None declared.

Patient consent  Detail has been removed from this case description/these case 
descriptions to ensure anonymity. The editors and reviewers have seen the detailed 
information available and are satisfied that the information backs up the case the 
authors are making.

Ethics approval  Institutional review board of Chi Mei Medical Center.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data sharing statement  The data on the study population that were obtained 
from the NHIRD (https://​nhird.​nhri.​org.​tw/​en/) are maintained in the NHRI (http://​
nhird.​nhri.​org.​tw/). The NHIRD is limited for research purposes only. Applicants 
must follow the Computer-Processed Personal Data Protection Law (http://
www.winklerpartners. com/?p=987) and related regulations of National Health 
Insurance Administration. All applications are reviewed for approval of data 
release. Interested researchers may submit queries related to data access to ​
nhird@​nhri.​org.​tw.

Open Access This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits 
others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: http://​creativecommons.​org/​
licenses/​by/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1.	 American Psychiatric Association. Diagnostic and Statistical Manual 

of Mental Disorders, Fifth Edition. Arlington, VA: American Psychiatric 
Association, 2013.

	 2.	 Kao CC, Huang CJ, Wang MY, et al. Insomnia: prevalence and 
its impact on excessive daytime sleepiness and psychological 
well-being in the adult Taiwanese population. Qual Life Res 
2008;17:1073–80.

	 3.	 Cunnington D, Junge MF, Fernando AT. Insomnia: prevalence, 
consequences and effective treatment. Med J Aust 2013;199:36–40.

	 4.	 Sivertsen B, Krokstad S, Øverland S, et al. The epidemiology of 
insomnia: associations with physical and mental health. The HUNT-2 
study. J Psychosom Res 2009;67:109–16.

	 5.	 Walsh JK. Clinical and socioeconomic correlates of insomnia. J Clin 
Psychiatry 2004;65(Suppl 8):13–19.

	 6.	 Roane BM, Taylor DJ. Adolescent insomnia as a risk factor for early 
adult depression and substance abuse. Sleep 2008;31:1351–6.

	 7.	 Neckelmann D, Mykletun A, Dahl AA. Chronic insomnia as a risk 
factor for developing anxiety and depression. Sleep 2007;30:873–80.

	 8.	 Jaussent I, Bouyer J, Ancelin ML, et al. Insomnia and daytime 
sleepiness are risk factors for depressive symptoms in the elderly. 
Sleep 2011;34:1103–10.

	 9.	 Chien KL, Chen PC, Hsu HC, et al. Habitual sleep duration and 
insomnia and the risk of cardiovascular events and all-cause death: 
report from a community-based cohort. Sleep 2010;33:177–84.

	10.	 Kronholm E, Laatikainen T, Peltonen M, et al. All-cause mortality, 
cardiovascular mortality and morbidity in Finland. Sleep Med 
2011;12:215–21.

	11.	 Ozminkowski RJ, Wang S, Walsh JK. The direct and indirect 
costs of untreated insomnia in adults in the United States. Sleep 
2007;30:263–73.

	12.	 Vgontzas AN, Liao D, Pejovic S, et al. Insomnia with short 
sleep duration and mortality: the Penn State cohort. Sleep 
2010;33:1159–64.

	13.	 Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Sleep duration 
as a risk factor for diabetes incidence in a large U.S. sample. Sleep 
2007;30:1667–73.

	14.	 Gangwisch JE, Malaspina D, Boden-Albala B, et al. Inadequate 
sleep as a risk factor for obesity: analyses of the NHANES I. Sleep 
2005;28:1289–96.

	15.	 Smolensky MH, Milia LD, Ohayon MM, et al. Medical conditions, and 
road accident risk. Accid Anal Prev 2011;43:533–48.

	16.	 Global Initiative for Asthma. GINA Report, Global Strategy for Asthma 
Management and Prevention. 2015 http://​ginasthma.​org/​gina-​report-​
global-​strategy-​for-​asthma-​management-​and-​prevention/.

	17.	 Meltzer LJ, Ullrich M, Szefler SJ. Sleep duration, sleep hygiene, and 
insomnia in adolescents with asthma. J Allergy Clin Immunol Pract 
2014;2:562–9.

	18.	 Sundbom F, Lindberg E, Bjerg A, et al. Asthma symptoms and nasal 
congestion as independent risk factors for insomnia in a general 
population: results from the GA(2)LEN survey. Allergy 2013;68:213–9.

	19.	 Budhiraja R, Roth T, Hudgel DW, et al. Prevalence and 
polysomnographic correlates of insomnia comorbid with medical 
disorders. Sleep 2011;34:859–67.

	20.	 Sivertsen B, Lallukka T, Salo P, et al. Insomnia as a risk factor for ill 
health: results from the large population-based prospective HUNT 
Study in Norway. J Sleep Res 2014;23:124–32.

	21.	 Chen PJ, Huang CL, Weng SF, et al. Relapse insomnia increases 
greater risk of anxiety and depression: evidence from a population-
based 4-year cohort study. Sleep Med 2017;38:122–9.

	22.	 Huang CL, Weng SF, Wang JJ, et al. Risks of treated insomnia, 
anxiety, and depression in health care-seeking physicians: 
a nationwide population-based study. Medicine 2015;94:e1323.

	23.	 Chuang YC, Weng SF, Hsu YW, et al. Increased risks of 
healthcare-seeking behaviors of anxiety, depression and 
insomnia among patients with bladder pain syndrome/interstitial 
cystitis: a nationwide population-based study. Int Urol Nephrol 
2015;47:275–81.

	24.	 Mp W, Lin HJ, Weng SF, et al. Insomnia subtypes and the 
subsequent risks of stroke. Stroke 2014;45:1349–54.

	25.	 Wu TJ, Wu CF, Lee YL, et al. Asthma incidence, remission, relapse 
and persistence: a population-based study in southern Taiwan. 
Respir Res 2014;15:135.

	26.	 Zhang J, Lam SP, Li SX, et al. Long-term outcomes and predictors of 
chronic insomnia: a prospective study in Hong Kong Chinese adults. 
Sleep Med 2012;13:455–62.

	27.	 Brumpton B, Mai XM, Langhammer A, et al. Prospective study of 
insomnia and incident asthma in adults: the HUNT study. Eur Respir 
J 2017;49:1601327.

	28.	 Burgos I, Richter L, Klein T, et al. Increased nocturnal interleukin-6 
excretion in patients with primary insomnia: a pilot study. Brain 
Behav Immun 2006;20:246–53.

	29.	 Voderholzer U, Fiebich BL, Dersch R, et al. Effects of sleep 
deprivation on nocturnal cytokine concentrations in depressed 
patients and healthy control subjects. J Neuropsychiatry Clin 
Neurosci 2012;24:354–66.

	30.	 Neveu WA, Allard JL, Raymond DM, et al. Elevation of IL-6 in 
the allergic asthmatic airway is independent of inflammation 
but associates with loss of central airway function. Respir Res 
2010;11:28.

	31.	 Yokoyama A, Kohno N, Fujino S, et al. Circulating interleukin-6 
levels in patients with bronchial asthma. Am J Respir Crit Care Med 
1995;151:1354–8.

	32.	 Rincon M, Irvin CG. Role of IL-6 in asthma and other inflammatory 
pulmonary diseases. Int J Biol Sci 2012;8:1281–90.

	33.	 Neveu WA, Allard JB, Dienz O, et al. IL-6 is required for airway 
mucus production induced by inhaled fungal allergens. J Immunol 
2009;183:1732–8.

	34.	 Irwin MR, Wang M, Ribeiro D, et al. Sleep loss activates cellular 
inflammatory signaling. Biol Psychiatry 2008;64:538–40.

 on O
ctober 22, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018714 on 28 N

ovem
ber 2017. D

ow
nloaded from

 

https://nhird.nhri.org.tw/en/) are maintained in the NHRI (http://nhird.nhri.org.tw/). The NHIRD is limited for research purposes only. Applicants must follow the Computer-Processed Personal Data Protection Law (http://www.winklerpartners. com/?p=987
https://nhird.nhri.org.tw/en/) are maintained in the NHRI (http://nhird.nhri.org.tw/). The NHIRD is limited for research purposes only. Applicants must follow the Computer-Processed Personal Data Protection Law (http://www.winklerpartners. com/?p=987
https://nhird.nhri.org.tw/en/) are maintained in the NHRI (http://nhird.nhri.org.tw/). The NHIRD is limited for research purposes only. Applicants must follow the Computer-Processed Personal Data Protection Law (http://www.winklerpartners. com/?p=987
https://nhird.nhri.org.tw/en/) are maintained in the NHRI (http://nhird.nhri.org.tw/). The NHIRD is limited for research purposes only. Applicants must follow the Computer-Processed Personal Data Protection Law (http://www.winklerpartners. com/?p=987
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1007/s11136-008-9383-9
http://dx.doi.org/10.5694/mja13.10718
http://dx.doi.org/10.1016/j.jpsychores.2009.05.001
http://dx.doi.org/10.1093/sleep/30.7.873
http://dx.doi.org/10.5665/SLEEP.1170
http://dx.doi.org/10.1093/sleep/33.2.177
http://dx.doi.org/10.1093/sleep/30.3.263
http://dx.doi.org/10.1093/sleep/33.9.1159
http://dx.doi.org/10.1093/sleep/30.12.1667
http://dx.doi.org/10.1093/sleep/28.10.1289
http://ginasthma.org/gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/gina-report-global-strategy-for-asthma-management-and-prevention/
http://dx.doi.org/10.1016/j.jaip.2014.02.005
http://dx.doi.org/10.1111/all.12079
http://dx.doi.org/10.5665/SLEEP.1114
http://dx.doi.org/10.1111/jsr.12102
http://dx.doi.org/10.1016/j.sleep.2017.07.016
http://dx.doi.org/10.1097/MD.0000000000001323
http://dx.doi.org/10.1007/s11255-014-0908-6
http://dx.doi.org/10.1186/s12931-014-0135-9
http://dx.doi.org/10.1016/j.sleep.2011.11.015
http://dx.doi.org/10.1183/13993003.01327-2016
http://dx.doi.org/10.1183/13993003.01327-2016
http://dx.doi.org/10.1016/j.bbi.2005.06.007
http://dx.doi.org/10.1016/j.bbi.2005.06.007
http://dx.doi.org/10.1176/appi.neuropsych.11060142
http://dx.doi.org/10.1176/appi.neuropsych.11060142
http://dx.doi.org/10.1186/1465-9921-11-28
http://dx.doi.org/10.1164/ajrccm.151.5.7735584
http://dx.doi.org/10.7150/ijbs.4874
http://dx.doi.org/10.4049/jimmunol.0802923
http://dx.doi.org/10.1016/j.biopsych.2008.05.004
http://bmjopen.bmj.com/


8 Lin Y-C, et al. BMJ Open 2017;7:e018714. doi:10.1136/bmjopen-2017-018714

Open Access�

	35.	 Ather JL, Hodgkins SR, Janssen-Heininger YM, et al. Airway 
epithelial NF-κB activation promotes allergic sensitization to an 
innocuous inhaled antigen. Am J Respir Cell Mol Biol 2011;44:631–8.

	36.	 Sakami S, Ishikawa T, Kawakami N, et al. Coemergence of insomnia 
and a shift in the Th1/Th2 balance toward Th2 dominance. 
Neuroimmunomodulation 2002-2003;10:337–43.

	37.	 Lama M, Chatterjee M, Nayak CR, et al. Increased interleukin-4 
and decreased interferon-γ levels in serum of children with asthma. 
Cytokine 2011;55:335–8.

	38.	 Mitchell C, Provost K, Niu N, et al. Interferon-gamma acts on the 
airway epithelium to inhibit local and systemic pathology in allergic 
airway disease. J Immunol 2011;187:3815–20.

 on O
ctober 22, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018714 on 28 N

ovem
ber 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1165/rcmb.2010-0106OC
http://dx.doi.org/10.1159/000071474
http://dx.doi.org/10.1016/j.cyto.2011.05.011
http://dx.doi.org/10.4049/jimmunol.1100436
http://bmjopen.bmj.com/

