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BACKGROUND: Recent studies indicate that chronic in-
somnia is associated with the development of certain so-
matic diseases. Whether it would be associated with the
development of an autoimmune disease (AID) was
unknown.
OBJECTIVE: We aimed to examine the association and
quantify the magnitude of risk for AID in individuals suf-
fering from chronic insomnia requiring sleep-inducing
pills.
DESIGN: This was a population-based, nationwide longi-
tudinal study.
PARTICIPANTS: Using a claims data set containing 1
million randomly sampled, insured subjects derived from
the National Health Insurance Research Database, we
assembled a chronic insomnia group and a 1:3 propensity
score–matched comparison group (CP), which were bal-
anced in terms of sex, age, insurance premium, urbani-
zation, alcohol use disorder, smoking-related diagnoses,
and morbid obesity.
MAIN MEASURES: Person-time data with incidence rate,
adjusted hazard ratios (aHR) by the Cox model, AID-free
survival functions compared with the log-rank test, and a
sensitivity analysis on the time lag effect were presented.
Incident AIDwithin the first year of follow-upwere exclud-
ed. The error rate was controlled using the Benjamini–
Hochberg procedure.
KEY RESULTS: With 39,550 and 129,914 person-years’
follow-up for the chronic insomnia and CP groups
(n=5,736 and 17,208), respectively, we found an increased
risk for subsequent AID, representing a 70 % increase in
the aHR (1.7; 95 % confidence interval [CI], 1.5–1.9,
p < 0.0001). A positive association between chronic
insomnia and primary Sjögren’s syndrome (pSS) was ob-
served (aHR, 1.3; 95 % CI, 1.1–1.6). Sensitivity analysis
disclosed that AID risk was even stronger after 5 years of
follow-up (aHR, 2.0; 95 % CI, 1.7–2.4).

CONCLUSION: Chronic insomnia requiring sleep-
inducing pills may be associated with a 70 % increased
risk for future AID, particularly pSS.
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INTRODUCTION

Sleep is a physiological restorative process that maintains
homeostasis in various bodily functions, including the mental,
neuro-immunological, cardio-metabolic, and neurocognitive
systems. There is a major public health epidemic of sleep
disturbance and sleep curtailment worldwide. Insomnia de-
fined as having impaired daytime performance due to difficul-
ty initiating sleep, difficulty maintaining sleep, or early morn-
ing awakening without ability to return to sleep despite ade-
quate opportunity and time for sleep has a prevalence of
approximately 20 % in an industrialized society.1,2 A UK
population-based, longitudinal cohort study showed that the
prevalence of insomnia in the adult UK general population is
37 %, and that much of this insomnia is persistent, with over
two-thirds (69 %) of these individuals also reporting symp-
toms a year later.3 A survey conducted in 2005 in Taiwan
demonstrated that one-fourth of Taiwanese adults experienced
insomnia, with the most prevalent symptoms being difficulty
initiating sleep in 15 % of insomniacs, early morning awak-
ening in 14 % and difficulty maintaining sleep in 13 %.4

Chronic insomnia, defined as unsatisfactory in either sleep
quantity or quality causing clinically significant distress or
impairment in daily living or functioning occurring at least 3
nights a week for ≥3 months, has a prevalence of 10 % in the
general population.1

Several epidemiologic studies have reported positive asso-
ciations between chronic insomnia and various subsequent
medical conditions such as cancer, metabolic diseases, cere-
bral stroke, and heart failure, which suggests that chronic
insomnia may be a risk factor or medical condition that
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precedes the occurrence of certain diseases.5–11 A large
population-based Norwegian study suggested that after
adjusting for confounding factors, insomnia remained a sig-
nificant risk factor for rheumatic diseases, including fibromy-
algia (odds ratio [OR], 2.05; 95 % confidence interval [CI],
1.51–2.79) and rheumatoid arthritis (OR, 1.87; 95 %CI, 1.29–
2.52).8 However, there is no systemic longitudinal evidence
linking chronic insomnia with autoimmune diseases (AID).
The finding that dendritic cells linked to the development of

AID can be modulated by the restorative process of sleep
provides a mechanistic rationale for studying the association
between chronic insomnia and subsequent AID.12,13

Dysfunctional and defective binding of self-molecules to
toll-like receptor (TLR) and inadequately activated dendritic
cells have been implicated in the development of AID, while
monocyte-derived dendritic cells have been confirmed in the
pathogenesis of Sjögren’s syndrome.12 Research evidence
indicates that sleep can effectively enhance adaptive immune
responses through the precursors of interleukin-12-producing
myeloid dendritic cells.13,14 These intertwined findings, cen-
tered upon myeloid dendritic cells as the pathogenetic basis of
AID, provide us with clues and the rationale to link chronic
insomnia with the development of AID in future. Therefore,
we conducted this longitudinal study to test the hypothesis of
this association.

MATERIALS AND METHODS

Study Design

We designed a population-based cohort study in Taiwan with
1:3 propensity score matching for the comparison group, with
the longest follow-up being 12 years. The study was per-
formed after obtaining approval from the Kuang Tien
General Hospital Institutional Review Board (approval certif-
icate: KTGH IRB-10428), and was conducted according to the
Declaration of Helsinki.
Data Source. The National Health Insurance Research
Database (NHIRD), a population-based and nationwide med-
ical claims database, was adopted for the research. The anal-
yses included a NHIRD-derived data set, the Longitudinal
Health Insurance Database, with 1 million randomly recruited,
insured individuals from the mother NHIRD database. We
targeted the study population that had medical claim records
from 1996 to 2008. The data set was de-identified on the levels
of all insured participants and medical institutions prior to
release for academic research purposes. The authors have
previously conducted several population-based longitudinal
studies using the NHIRD-derived data set on clinical epide-
miology with study design and methodology similar to the
current one.15–19

Target Population. The target population for this work was
individuals aged 20 years or older with chronic insomnia
taking sleep-inducing pills of their physician’s choice without

any preexisting AID before the index date. The index date was
defined as the date of accrual of the cases and the correspond-
ing date for the comparators they were matched to. The
beginning year 1996 in the data set was used as a wash-out
period so that patients with pre-existing AID could be detected
and excluded from the construction of the cohort. The exclu-
sion criteria included records with missing data, age < 20
years, patients with a preexisting AID before the index date,
individuals never prescribed with any hypnotics, and having
< 2 medical claims over the first 3-month period. The exclu-
sion criterion for the comparison group was subjects subse-
quently prescribed hypnotics during follow-up. The compari-
son group was formed after 1:3 propensity score matching
using the perfect matching algorithm by sex, age, index date,
smoking-related diagnoses, alcohol use disorder, morbid obe-
sity, household insurance premium, and urbanization level
(Fig. 1). The household insurance premiums of the partici-
pants for the index year were used as a proxy for household
income, based on the fact that payroll-based premiums paid to
the National Health Insurance are proportional to household
income level.20

Diagnosis Criteria. According to the Diagnostic and
Statistical Manual of Mental Disorders, fourth ed. (DSM-IV)
classification for insomnia (International Classification of
Disease, ninth edition, with clinical modifications, ICD-9-
CM, code 780.52), the diagnostic criteria of chronic insomnia
in adults is a predominant complaint of dissatisfaction with
sleep quality or quantity, not attributable to the physiological
effects of a substance, occurring at least 3 nights a week for 3
months or more, associated with at least one of the following
symptoms: difficulty initiating sleep, difficulty maintaining
sleep characterized by frequent awakenings or problems
returning to sleep after awakenings, and early morning awak-
ening with inability to return to sleep. Furthermore, this in-
somnia must have caused clinically significant distress or
impairment in personal or social functioning in daily living.
Individuals with chronic insomnia qualified for this study if
they had physician-diagnosed insomnia and a prescription of
sleep-inducing pills in two independent medical claims using
the ICD-9-CM code 780.52 within a 3-month period. The
index date was the last day of the third month observed.

OutcomeMeasures. The study endpoint was the development
of a physician-diagnosed AID. In this study, the investigated
AID and corresponding ICD-9-CM code(s) were: primary
Sjögren’s syndrome (pSS; 710.2) without concurrent codes
of any other AID; systemic lupus erythematosus (710.0);
ankylosing spondylitis (720); polymyositis/dermatomyositis
(710.3 and 710.4); multiple sclerosis (340); vasculitis (includ-
ing hypersensitivity angiitis and anti-glomerular basement
membrane antibody–mediated disease, 446.2 and 446.29);
rheumatoid arthritis (714); Behçet’s disease (136.1); myasthe-
nia gravis (358); systemic sclerosis (710.1); Guillain–Barré
syndrome (357.0); Hashimoto’s thyroiditis (245.2); Graves’
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disease (242 and 242.01), and uveitis (364.00 and 364.01).
Three repeated claims with one of the above ICD-9-CM codes
were required to confirm the presence of the outcome. The
incidence of AID with person-year data are presented in the
results. Figure 1 reviews the step-by-step process in the as-
sembly of the case and the comparison cohorts and their
follow-up.

Statistical Analysis. We used the SAS statistical package
(SAS System for Windows, version 9.4; SAS Institute, Cary,
NC, USA) to conduct all the statistical analyses required in
this work. In this study, each patient (n = 22,944) was
individually tracked for up to 12 years from their index date
to identify those who were subsequently diagnosed as having
AID. The age-, demographic-, and comorbidity-specific inci-
dence density rates of AID were calculated in each subgroup

in person-years. Both univariate and multivariate Cox propor-
tional hazards regression models were conducted at α=0.05
significance level to calculate the crude hazard ratio (HR) and
mutually adjusted HR with their 95 % CI after controlling for
all the selected sociodemographic and comorbidity variables.
To satisfy the assumption of non-informative censoring, cen-
soring of individual subjects was not related to the probability
of occurrence of an event occurring; for example, continuation
of follow-up in the cohort did not depend on a subject’s
medical condition. We checked the survival curves in SAS
using Proc Lifetest to ascertain that the hazard functions were
proportional over time. We graphed log (−log[survival]) ver-
sus the log of the survival time to see if they resulted in parallel
curves if the predictor was proportional. A table of the mea-
sured HRs for each type of AID using the multivariate Cox
models was constructed after controlling for sex, age group,

Figure 1. CONSORT diagram of the study flow.
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household insurance premium, urbanization level, smoking-
related diagnoses, diabetes mellitus (DM), chronic kidney
disease (CKD), liver cirrhosis, and depression. The Kaplan–
Meier method and log-rank test were subsequently applied to
examine the differences of the cumulative incidence for the
AID between the chronic insomnia group and the comparison
group. To control for type I errors, the Benjamini–Hochberg
(BH) procedure was implemented to achieve false discovery
rate (FDR) control.21 In short, the BH procedure is used to
determine which p values to declare statistically significant
when the p value for an individual hypothesis test is ≤d x і/n,
where d represents the maximal FDR set as 10 %wherein case
validation in the subsequent study procedure can be per-
formed; і means the test of rank 1, 2, through і in ascending
order of sorted p values; and n equals the total number of
hypothesis tests, which was 15 in this work.22

RESULTS

After a total of 169,463 person-years’ follow-up (39,550
person-years for the chronic insomnia group and 129,914
person-years for the comparison group) of the entire cohort,
the chronic insomnia group that required sleep-inducing pills
had a 1.8-fold increase in AID in terms of the incidence
density rate as compared to people without chronic insomnia;
moreover, there appeared to be an increased risk for a subse-
quent AID, representing a 70% increase in the aHR (1.7; 95%
CI, 1.5–1.9; p<0.0001) after controlling for age, sex, house-
hold insurance premium, urbanization, alcohol- and smoking-
related diagnoses, morbid obesity, and comorbidities. Figure 2
demonstrates the curves of the cumulative incidence of AID
over the follow-up period of the two compared groups. The
log-rank test for the survival functions showed high statistical
significance (p<0.0001).

There were 5736 participants in the chronic insomnia group
and 17,208 in the comparison group; 52 % of the participants
were male. It is notable that 66.5 % of the insomniac subjects
were aged 20 to 49 years. Eighty-five percent of the chronic
insomnia group was recruited from the two lowest categories
of income, indicating that the insomniac patients were more
likely to be socioeconomically disadvantaged than the com-
parison subjects. Sixty-six percent of the subjects in this study
lived in an urban area (Table 1).
Slightly more subjects in the chronic insomnia group had

DM (6.14 vs 3.42%), depression (5.58 vs 1.88 %), CKD (1.17
vs 0.53 %), and liver cirrhosis (0.71 vs 0.32 %) (Table 1).
Table 2 depicts the incidence of AID under specific person-

years’ follow-up and analysis showing the univariate and mul-
tivariate aHRs as stratified by outcome, age group, sex, socio-
economic proxy, geographic urbanization level, smoking-
related diagnoses, and comorbidities such as DM, CKD, liver
cirrhosis, and depression. Compared with males, females had a
statistically significant 70 % increased risk for AID, with an
aHR of 1.7 (95 % CI, 1.4–2.1; p<0.0001). Patients with DM
and depression had increased risk for AID, with similar aHRs
and 95 % CI of 1.4 (95 % CI, 1.0–2.0) (Table 2).
Among the various types of AID, pSS alone had a statisti-

cally significant association with chronic insomnia, and the
results indicate that as compared with the population without
chronic insomnia, the individuals with chronic insomnia had a
30 % increased risk of pSS (aHR, 1.3; 95 % CI, 1.1–1.6;
p=0.0073) (Table 3). The null hypothesis in this setting was
therefore rejected, which was subsequently verified under
FDR control using the BH procedure (Online Supplemental
Table 1).
Sensitivity analysis was performed to assess the risk of AID

over a longer follow-up period, which showed that AID risk
was even stronger after 5 years of follow-up, with an aHR of
2.0 (95 % CI, 1.7–2.4) (Table 4).

Figure 2. Cumulative incidence curves of autoimmune disease in the chronic insomnia group and the comparison group as compared by a
log-rank test.
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Confirmation and validation of all cases of pSS were
carried out by checking each individual’s medical claims
record on information such as the median age at diagnosis,
if they had ever undergone a sialoscintigraphy or salivary
gland biopsy, if they had ever had anti-SSA/Ro and/or anti-
SSB/La serologic tests, and subsequent treatment with
hydroxychloroquine. Online Supplemental Table 2 demon-
strates that the median age at diagnosis of pSS was 52 and
54 years in the chronic insomnia group and the comparison
group, respectively. All patients with pSS in the chronic
insomnia group had undergone sialoscintigraphy, whereas
this rate was nearly 98 % in the comparison group. All but
one patient with pSS had undergone at least one serologic
test of anti-SSA/Ro or anti-SSB/La according to their
claims record. These data provide convincing evidence that
the diagnosis of pSS was reliable in this data set. In
Taiwan, this study also demonstrated that approximately
60 % of the patients with pSS were treated with
hydroxychloroquine, which is normally indicated for the
management of extraglandular manifestations such as fa-
tigue, arthralgia, and myalgia.

DISCUSSION

For the first time, to the best of our knowledge, this
population-based longitudinal study with up to 12 years of
follow-up confirms an association between chronic insomnia

and a resultant acquired AID, primarily pSS, in the future. The
magnitude of the risk of pSS in subjects with chronic insom-
nia, although modest, with an aHR of 1.3, represents a 30 %
statistically significant increase when compared to subjects
without insomnia. Although the detailed mechanism is still
unclear, the results support our research hypothesis and the
working hypothesis that the restorative effect of sleep is im-
portant in the neuro-immunologic function of an
individual.13,14,23

pSS, also called sicca syndrome, is a chronic AID in which
the lacrimal and salivary glands undergo progressive destruc-
tion by lymphocytes and plasma cells, resulting in both kera-
toconjunctivitis sicca (dry eyes) and xerostomia (feeling of dry
mouth). The prevalence of pSS in East Asian Chinese was
estimated to be 0.77 % by the Copenhagen criteria and 0.33 %
by the San Diego criteria in a study of Beijing (Peking)
residents.24 In agreement with the literature, the median age
of our patients at pSS diagnosis was approximately 52–
54 years. It is noteworthy that 56 to 60 % of patients with
pSS in Taiwan are treated with hydroxychloroquine, which is
commonly prescribed by rheumatologists in Taiwan to man-
age extraglandular manifestations such as fatigue, arthralgia,
and myalgia.
Study design and case ascertainment are two of the most

crucial steps to reach solid conclusions in any population-
based longitudinal study. Our study employed propensity
score matching by sex, age, index date, smoking- and
alcohol-related diagnoses, morbid obesity, and socioeconomic
proxies such as monthly income and urbanization level to
assemble the comparison group in order to achieve a similar
level of comparison to a prospective controlled study. In terms
of case ascertainment, we defined chronic insomnia as the
state of requiring sleep-inducing medication; further, in the
subsequent analysis, we checked each individual who devel-
oped pSS in terms of their clinical investigations using
sialoscintigraphy and anti-SSA/Ro and anti-SSB/La immuno-
logic serologic tests, the results of which demonstrated that
almost all of them had undergone these examinations, indicat-
ing a high level of validation. To help clarify the issue of
temporality of the primary association and account for the
biological onset of undiagnosed AIDs, we implemented a
sensitivity analysis for unmeasured confounding due to undi-
agnosed AIDs by imposing a lag time for the effect of chronic
insomnia on the AID. Incident AID within the first year of
follow-up were excluded from the analysis to avoid protopath-
ic bias (reverse causation); in addition, lag time analyses were
performed by varying the lag time (from exposure to outcome)
to check if the association between chronic insomnia and the
AID remained statistically significant in the subsequent sensi-
tivity analysis. We believe that we have provided ample evi-
dence for this positive association between chronic insomnia
and AID.
There were higher rates of medical comorbidities in the

chronic insomniacs than in the comparison group in our
study, including DM (6.14 vs. 3.42 %), depression (5.58

Table 1. Demographics of the Studied Cohorts Matched by
Propensity Score on Sex, Age, Index Date, Socioeconomic Status
Proxy, Alcohol Use Disorder, Smoking-Related Diagnoses, and

Morbid Obesity

Insomnia
n= 5736 (%)

Non-insomnia
n= 17,208 (%)

Sex
Male 3010 (52.48) 9030 (52.48)
Female 2726 (47.52) 8178 (47.52)

Age (years)
20–29 961 (16.75) 2883 (16.75)
30–39 1278 (22.28) 3834 (22.28)
40–49 1576 (27.48) 4728 (27.48)
50–59 991 (17.28) 2973 (17.28)
60–69 587 (10.23) 1761 (10.23)
70–79 288 (5.02) 864 (5.02)
80–89 55 (0.96) 165 (0.96)
90–99 0 0

Household insurance premium
≤NT 15,840 1994 (34.76) 5982 (34.76)
15,841–25,000 2854 (49.76) 8562 (49.76)
≥NT 25,001 888 (15.48) 2664 (15.48)

Urbanization level
Urban 3788 (66.04) 11,364 (66.04)
Suburban 1665 (29.03) 4995 (29.03)
Rural 283 (4.93) 849 (4.93)

Alcohol use disorder 2 (0.03) 6 (0.03)
Smoking-related diagnoses 97 (1.69) 291 (1.69)
Morbid obesity 0 0
Comorbidities
Diabetes mellitus 352 (6.14) 591 (3.42)
Depression 320 (5.58) 323 (1.88)
Chronic kidney disease 67 (1.17) 91 (0.53)
Liver cirrhosis 41 (0.71) 55 (0.32)
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vs. 1.88 %), CKD (1.17 vs. 0.53 %), and liver cirrhosis
(0.71 vs. 0.32 %). These observations are supported by
research findings in the literature.25 In this large

community-based cross-sectional study, the odds of insom-
nia was higher in people with diabetes (OR, 1.4; 95 % CI,
1.05 − 2.0; p=0.04).25

Table 2. Incidence of Autoimmune Diseases (AID), Person-Time Rate, and Stratified Analysis Showing Hazard Ratios (HR) from a
Multivariate Cox Regression Model

Variable AID PYs Rate Crude HR (95 % CI) Adjusted HR (95 % CI)

Chronic insomnia
No (n= 17,208) 860 129,913.55 66.20 Ref Ref
Yes (n= 5736) 482 39,549.79 121.87 1.7 (1.6–2.0) 1.7 (1.5–1.9)**

Age group (years)
20–39 (n= 2239) 174 14,624.7 118.98 0.8 (0.3–1.7) 0.8 (0.3–1.8)
40–59 (n= 2567) 210 18,157.39 115.66 0.8 (0.3–1.8) 0.6 (0.3–1.4)
60–79 (n= 875) 92 6361.41 144.62 1.0 (0.4–2.2) 1.1 (0.4–2.2)
80–89 (n= 55) 6 406.29 147.68 Ref Ref

Sex
Male (n = 3010) 185 19,105.47 96.83 Ref Ref
Female (n= 2726) 297 20,444.32 145.27 0.6 (0.5–0.7) 1.7 (1.4–2.1)**

Household insurance premium
≤NT 15,840 (n= 1994) 154 12,861.97 119.73 Ref Ref
15,841-25,000 (n= 2854) 249 20,199.68 123.27 1.0 (0.8–1.2) 1.0 (0.8–1.2)
≥NT 25,001 (n= 888) 79 6488.15 121.76 1.0 (0.8–1.3) 1.1 (0.8–1.4)

Urbanization level
Rural (n= 283) 27 2164.35 124.75 Ref Ref
Suburban (n= 1665) 130 12,008.87 108.25 0.9 (0.6–1.3) 0.9 (0.6–1.4)
Urban (n= 3788) 325 25,376.57 128.08 1.0 (0.7–1.5) 1.1 (0.7–1.7)
Alcohol use disorder 0 – – – –
Smoking-related diagnoses 7 531.97 131.59 1.9 (1.1–3.2) 1.6 (0.9–2.8)
Morbid obesity 0 – – – –

Comorbidities
Diabetes mellitus
No (n= 5384) 463 37,668.87 122.91 Ref Ref
Yes (n= 352) 19 1880.93 101.01 1.5 (1.1–2.1) 1.4 (1.0–2.0)*

Chronic kidney disease
No (n= 5669) 478 39,183.90 121.99 Ref Ref
Yes (n= 67) 4 365.89 109.32 1.4 (0.6–2.9) 1.2 (0.6–2.5)

Liver cirrhosis
No (n= 5695) 478 39,322.52 121.59 Ref Ref
Yes (n= 41) 4 227.28 176.00 1.5 (0.6–3.8) 1.6 (0.7–3.9)

Depression
No (n= 5416) 460 37,898.19 121.38 Ref Ref
Yes (n= 320) 22 1651.60 133.20 1.5 (1.0–2.1) 1.4 (1.0–2.0)*

CI confidence interval, PYs person-years, rate incidence rate, per 10,000 person-years, Ref reference
Adjusted model was mutually adjusted. *p< 0.05; **p< 0.0001

Table 3. Measured Hazard Ratios (HR) for Selected Types of Autoimmune Disease (AID) from a Multivariate Cox Proportional Hazards
Regression Model

Type of AID (x/y)a Comparison group
reference

Chronic insomnia group
HR (95 % CI)

p value

All types of AID (860/482) 1 1.7 (1.5–1.6) < 0.0001
Primary Sjögren’s syndrome (212/164) 1 1.3 (1.1–1.6) 0.0073
SLE (39/29) 1 1.4 (0.9–2.3) 0.1432
Ankylosing spondylitis (5/6) 1 2.0 (0.6–6.6) 0.2574
Polymyositis/dermatomyositis (31/23) 1 1.2 (0.7–2.1) 0.4703
Multiple sclerosis (6/5) 1 1.5 (0.4–5.1) 0.5044
Vasculitisb (3/3) 1 1.3 (0.2–7.0) 0.7436
Rheumatoid arthritis (14/9) 1 1.1 (0.5–2.5) 0.8542
Behçet’s disease (8/5) 1 1.0 (0.3–3.0) 0.9677
Myasthenia gravis (3/2) 1 0.9 (0.1–5.5) 0.9139
Systemic sclerosis (2/1) 1 0.7 (0.1–9.4) 0.8074
Guillain–Barré syndrome (14/7) 1 0.9 (0.3–2.1) 0.7365
Hashimoto’s thyroiditis (33/14) 1 0.8 (0.4–1.5) 0.4637
Graves’ disease (50/23) 1 0.8 (0.5–1.2) 0.2650
Uveitis (108/46) 1 0.7 (0.5–1.0) 0.0341

Model adjusted for sex, age group, household insurance premium, urbanization level, smoking-related diagnoses, diabetes mellitus, chronic kidney
disease, liver cirrhosis, and depression
a(x/y): number of AID in the comparison cohort/number of AID in the insomnia cohort. A participant could have more than one subtype of AID except
for primary Sjögren’s syndrome
bVasculitis includes hypersensitivity angiitis and anti-GBM antibody-mediated disease
CI confidence interval, SLE systemic lupus erythematosus
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A previous epidemiologic cohort study linked insomnia
with self-reported rheumatoid arthritis in a large
population-based prospective study in Norwegian people,
which showed an OR of 1.87 (95 % CI, 1.29–2.52).8 The
data from our longitudinal study does not support this
association. The main difference between the Norwegian
and our Taiwanese study was the definition of the outcome
measure: our study used physician-diagnosed rheumatoid
arthritis as the outcome measure, which we believe is more
reliable than self-reporting.
The finding suggesting that chronic insomnia is a risk factor

for pSS is surprising. In addition to the dendritic cells hypoth-
esis stated in the Introduction,12,13,26 chronic insomnia is
likely to affect the regulation of signaling pathways related
to the immune system.27 Further research including molecular
epidemiology and prospective studies are necessary to confirm
whether chronic insomnia is a risk factor for pSS.
We acknowledge some potential limitations to the present

study. We did not have access to the relevant biochemistry and
serologic test results, nor family history of AID and personal
lifestyle histories such as occupation, daily habitual activities,
and records of physical activity. Polysomnography and chin or
limb electromyography data of the patients were also not
available. This is mainly because the personal medical records
of the patients were not available, owing to the de-
identification of the individuals within the data set. The po-
tential impact of lacking these modifying confounders in Cox
models on the risk of AID, although unclear, cannot be large
enough to change the direction of the overall risk estimation.
Finally, another potential limitation is the lack of covariate
analyses of medication use, particularly the type of sleep-
inducing pills prescribed and concurrent medications taken,
which were too complex to be incorporated into this study. It is
not possible to ascertain whether the patients actually took the
medications prescribed to them. The main purpose of accruing
only those who were taking hypnotics into the chronic insom-
nia group was to validate the physician’s diagnosis and to
avoid misclassification bias. In the real world, a high propor-
tion of insomniacs particularly those with difficulty in main-
taining sleep do not do well despite the hypnotics use. Many
have self-medication tendencies by self-administering their
prescribed hypnotics in the middle of the night after nocturnal
awakenings. According to a population-based study by Roth T

et al. one-fifth of patients with prescription hypnotics re-
administered another dose in the middle of the night.28

CONCLUSIONS

Chronic insomnia requiring sleep-inducing pills in this East
Asian population-based longitudinal study may be associated
with a 70 % increased risk for a future AID, particularly pSS.
Although this is the first report to demonstrate this positive
association, the efficient study design and robust statistical
analyses of our study support this finding. Before further
evidence surfaces, clinicians should maintain a high level of
suspicion to achieve early diagnosis of pSS in individuals
afflicted with chronic insomnia.
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