Risk of Psychiatric Disorders in Patients with Chronic Insomnia and Sedative-Hypnotic Prescription: A Nationwide Population-Based Follow-Up Study
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Abstract

Background: Evidence has demonstrated that chronic insomnia may be associated with psychiatric comorbidities. However, the relationship between them is complex and includes bidirectional causation. This study aims to explore whether we could identify whether there is an increased risk for emergence of psychiatric disorders among patients with chronic insomnia.
Methods: We investigated the risk for psychiatric disorders during a 6-year follow-up period after diagnosis of chronic insomnia by using Taiwan’s National Health Insurance Research Database of reimbursement claims. By matching age, gender, and the index date, we conducted a retrospective cohort study of 6,374 patients with chronic insomnia as the study cohort and randomly selected 25,496 non-insomnia patients to be used as a comparison cohort. Cox proportional hazards regression was computed to compare the 6-year risk of subsequent psychiatric disorders between the study and comparison cohorts. 
Results: Compared with the non-insomnia cohort, the increased risks of psychiatric disorders among chronic insomnia patients were found, especially for bipolar disorders (HR= 4.5; 95% CI 3.65-5.54) and depressive disorder (HR=4.15; 95% CI 3.85-4.47). During follow-up, females had significantly higher risks of depressive disorder, anxiety disorder, and somatoform disorder. However, males exhibited significantly higher risks of substance-related disorder. The risks of post-insomnia for depressive disorder, and anxiety disorder were highest in those 30-44 year old; meanwhile, the risks of post-insomnia for bipolar disorders and substance-related disorders were highest in those <30 year old. 
Conclusions: We found that precedent chronic insomnia increases the risk of occurrence of most major and minor psychiatric disorders. Further research is needed to investigate if early recognition and adequate treatment is able to prevent psychiatric sequelae of chronic insomnia.
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Introduction
Insomnia is the most prevalent sleep disorder, ranging from about 5-40% in Western and Asian countiesKao, Huang, Wang, et al, 2008


( ADDIN EN.CITE ; Kim, Uchiyama, Okawa, et al, 2000; Li, Wing, Ho, et al, 2002; Mai & Buysse, 2008; Ohayon, 2002; Ohayon & Hong, 2002; Ohayon & Partinen, 2002)
 with the wide variation depending on the definitions of insomnia used, populations studied and research methodology. Approximately 5%–12% of the general population suffered from chronic insomnia 
 ADDIN EN.CITE 
(Ohayon & Hong, 2002; Taylor, Lichstein & Durrence, 2003)
, which was defined as the experience of inability to obtain an adequate amount or quality of sleep lasting at least three nights weekly for at least one monthPassarella & Duong, 2008


( ADDIN EN.CITE )
, and has been recognized as a growing public health concern with significant personal and socioeconomic burdenTaylor, Lichstein & Durrence, 2003()
 and the negative impact of comorbid medical and psychiatric disorders
 ADDIN EN.CITE 
(Kim, Jeon, Hong, et al, 2012; Mai & Buysse, 2008; Martinez-Gonzalez, Obermeyer & Benca, 2001; Neckelmann, Mykletun & Dahl, 2007)
. Among the patients with chronic insomnia, over half have a comorbid medical condition, while one-forth to half have a comorbid psychiatric condition
 ADDIN EN.CITE 
(Sarsour, Morin, Foley, et al, 2010; Taylor, Mallory, Lichstein, et al, 2007)
. 
Previous research on the link between chronic insomnia and psychiatric disorders has revealed that the relationship between them is complex and includes bidirectional causation. Is has been suggested that insomnia can predict, cause, or be a prodromal symptom of other psychiatric disorders, while insomnia might be secondary to, or part of the primary psychiatric disorders or a separate, or comorbid disorderMai & Buysse, 2008()
. Despite a variety of possible reciprocal relationships between insomnia and comorbidities, research has demonstrated that chronic insomnia can exacerbate certain comorbidities and is associated with inadequate treatment response for comorbid disordersGlidewell, Moorcroft & Lee-Chiong Jr, 2010


( ADDIN EN.CITE )
. Furthermore, treatments targeting comorbid insomnia may lead to improvements in insomnia as well as improved treatment outcomes in the comorbid disorders Glidewell, Moorcroft & Lee-Chiong Jr, 2010


( ADDIN EN.CITE )
, suggesting that early and adequate treatment of chronic insomnia may be a viable strategy to prevent psychiatric sequelae. However, this hypothesis has not yet been rigorously tested.
Control of sleep and wakefulness is widely distributed throughout the brainSaper, Chou & Scammell, 2001()
. Considering the crucial role of sleep in cognition, emotion and behavior, such as memory processing, brain plasticity, affective reactivity, emotional information processing and a variety of biologic systemsWalker, 2009


( ADDIN EN.CITE )
, it is suggested chronic insomnia may be associated with a broad range of psychiatric disorders. However, most existing evidence regarding whether chronic insomnia is a precedent risk factor to ensuing psychiatric disorders focused on the correlation between chronic insomnia and depression, anxiety disorders, alcohol abuse or dependence, and suicide, 
 ADDIN EN.CITE 
(Neckelmann, Mykletun & Dahl, 2007; Okajima, Komada, Nomura, et al, 2012; Taylor, Lichstein & Durrence, 2003; Taylor, Mallory, Lichstein, et al, 2007; Weissman, Greenwald, Niño-Murcia, et al, 1997)
 with a lacking of evidence addressing the risk for developing other psychiatric disorders, such as schizophrenia, bipolar disorder, or somatoform disorderChouinard, Poulin, Stip, et al, 2004


( ADDIN EN.CITE ; Jackson, Cavanagh & Scott, 2003; Thase, 2005)
. Additionally, majority of longitudinal epidemiologic studies examined the evolution of psychiatric disorders among patients with chronic insomnia during follow-up periods ranging from 1 to 3 years 
 ADDIN EN.CITE 
(Neckelmann, Mykletun & Dahl, 2007; Okajima, Komada, Nomura, et al, 2012; Staner, 2010)
.
Therefore, we hypothesize that chronic insomnia is a risk factor for most psychiatric disorders. The main purpose of present study was to explore whether we could identify whether there is an increased risk for developing psychiatric disorders among patients with chronic insomnia, using a case-control population-based cohort design in a 6-year follow period. 
METHODS

2.1 Database

The National Health Insurance (NHI) program set up by the government is a compulsory and singer-payer system. The NHI program enrolled 98% of residents in Taiwan,. With the fee-for-service payment design, all medical care providers were required to provide outpatient and inpatient services to all NHI insurers in order to claim their fees from the NHI. The medical claims cover various information including patient’s demographics (age and gender), clinical details (disease and procedure codes according to International Classification of Disease-9th version (ICD-9-CM)), and healthcare utilization (length of hospital stay , drug prescription, medica material use, and charge). The National Health Research Institute (NHRI) maintained the database and released the de-identified secondary data to scientists and clinicians for research purpose. 
2.2. Study Sample

This is a retrospective cohort study in which  the chronic insomnia  group included 12,813 patients with chronic insomnia ((ICD-9-CM: 307.41, 307.42, and 780.52) who must had at least two ambulatory care visits  between 1 January 2002 and 31 December 2004. These patients must also be prescribed for any of the following medications for at least 28 days: Lorazepam, Zolpiden hemitartrat, Zolpidem tartrate, Alprazolam, Estazolam, Diazepam, Zopiclone, Fludiazepam, Flunitrazepam, Oxazolam, Bromazepam, Triazolam, Nitrazepam, Lormetazepam, Brotizolam, Oxazepam, Phenobarbital, Thioridazine HCL compelet name ?, Clorazepate Dipotass, Flurazepam (HCL???), Nimetazepam, Cloxazolam, Secobarbital sodium, Amobarbital sodium, Midazolm, Flurazepam HCL, Clordiazepoxide HCL. We assigned the date of  the second ambulatory care visit for  insomnia as the index date for each study patient. We  excluded patients who was ever  diagnosed as psychiatric disorders (ICD=???) before the index date (between 1997/01/01 and index date?) . Finally,  6,374 patients with first-ever chronic insomnia were included in thw chronic insomnia group. 

The  comparison group was sampled  from the remaining beneficiaries registered between 2002 and 2004. Similarily, we excluded the patients who ever had cares for psychiatric disorders. We randomly selected, with a comparison / chronic insomnia ratio of 4,   25,496 comparison patients by  matching chronic insomnia patients on age, gender, and  year of index date. For the comparison subjects, the index date was assigned as his/her date of first utilization of medical services  occurring in the index year. (What if someone who did not use medical services in taht given year?) 
Variables of interest

The development of psychiatric disorders for the study subjects was defined as patients who sought  one or more ambulatory cares for psychiatric disorders during the follow-up period. In this study, the psychiatric disorders included schizophrenia (ICD=?), bipolar disorder(ICD=?), depressive disorder(ICD=?), anxiety disorders(ICD=?), somatoform disorders(ICD=?), and drug or alcohol use(ICD=?). [Study participants who had been diagnosed ICD-9-CM: 295.xx were schizophrenia. Participants who had bipolar disorder including manic disorder, bipolar affective disorder, and other unspecified affective psychosis were based on ICD-9-CM: 296.0x, 296.4x, 296.5x, 296.6x, 296.7x, 301.13, 296.80, 296.89 and 296.90. Furthermore, participants who had depressive disorders (ICD-9-CM codes 296.2x, 296.3x, 300.4 and 311), anxiety disorders (ICD-9-CM: 300.3, 308.3, 300.00, 300.01, 300.02, 300.21, 300.22, 300.23, 300.29 and 309.81), somatoform disorders (ICD-9-CM codes 300.7, 300.11, 300.81, 300.82, 307.80, and 307.89), and substance-related disorder (ICD-9-CM: 291.xx, 292.xx, 305.1, 303.00, 303.90, 304.00, 304.10, 304.20, 304.30, 304.40, 304.50, 304.60, 304.80, 304.90, 305.00, 305.20, 305.30, 305.40, 305.50, 305.60, 305.70, and 305.90) were included.] (以上句子好像有一點多餘，可否考慮將ICD-9-CM codes直接寫進前面句子即可?) Ultimately, we tracked each patient (n=31,870) for the end of 2008, a 6-year period, after their index date to identify those who sought cares for  psychiatric disorders.

Statistical analysis

We used SAS statistical package (SAS systems for Windows, version 9.2; Cary NC, USA) to perform the analysis. Demographic information was acquired from each participant’s file in the NHI insurance database, which including age, gender, income level, residential region, and urbanization of residential area. Age was divided into five groups: <30, 30-44, 45-54 and ≥65 years old. Average monthly income level was divided into four groups: no income, <US$640 (NTD 40,000), US$640-1280 (NTD 20,000-39,999), and ≥ US$1281 (NTD 40,000). For the geographic distribution, the residential areas of the study subjects were divided into four regions in Taiwan: northern, central, southern, and eastern. The urbanization level of the subject’s residence was defined as urban, suburban, and rural [12].. The  incidence density was calculated as the number of incident casesto the the number of person-years “contributed” by the study participants. Comparisons of age-specific and gender-specific incidence densities of psychiatric disorders among chronic insomnia patients were performed by analyzed by asymptoticχ 2 test of homogeneity of Poisson rates . (我猜您可能不是用此方法，不過沒關係，差別不大，Table 2的footnote請寫此方法) We also used Kaplan-Meier method and log-rank test to assess the difference in the survival rates and curves, respectively  of developing psychiatric disorders between chronic insomnia  and comparison groups. Univariate Cox proportional hazard regression was conducted to estimate crude hazard ratios (CHRs) of psychiatric disorders in relation to  chronic insomnia. The multivariate Cox regression model was further used, after controlling the potential confounders for psychiatric disorders including patient’s age, gender, incomes, region, and urbanization, to calculate the adjusted hazard ratios (AHRs), which indicate the independent effect of chronic insomnia on hazard of psychiatric disorders . The P value < 0.05 was regarded as statistically significant.  

Results

Table 1 shows the demographic characteristics of chronic insomnia patients and patients in the comparison cohort in the years of 2002- 2004. The study included 31,870 patients, whose mean age (± SD) was 58.7 (± 15.1) and 58.35% of whom were females. After matching for age, gender, and the year of index date, chronic insomnia patients were found to more likely to reside in the northern part of Taiwan (p < 0.001) and in more urbanized communities (p < 0.001) than comparison patients. 

Table 2 shows the age- and gender- specific incidence density of psychiatric disorders in the insomnia patients of the NHI enrollees. For depressive disorder, and anxiety disorder, significantly higher rates in those 30-44 year old were found than other age groups. For bipolar disorder and substance-related disorder significantly higher rates in those <30 year old were found than other age group. Furthermore, females had significantly higher rate than males in the incidence density of depressive disorder, anxiety disorder, and somatoform disorder. However, males had significantly higher rate than females in the incidence density of substance-related disorder. 

Table 3 presents the incidence of psychiatric disorders during the 6-year follow-up period for chronic insomnia patients. Of the total 31,870 patients sampled, the incidence of anxiety disorder had highest percentage 6,828 (21.42%) during the follow-up period. The incidence of anxiety disorder 7.88 (95% CI 7.57-8.18) per 100 person-years for chronic insomnia patients was higher than other psychiatric disorders. Furthermore, the incidence of psychiatric disorders per 100 person-years for chronic insomnia patients was higher than those of comparison patients. The log-rank test revealed that chronic insomnia patients had significantly lower 6-year psychiatric-disorders​-free survival rate than comparison patients (p < 0.001). The Kaplan-Meier method was used to show the 6-year psychiatric-disorder-free survival curve for chronic insomnia patients and comparison patients in Figure 1. The Cox proportional hazards ratio regression analysis stratified on age, gender, and the year of index date yielded a crude hazard ration (HR) for psychiatric disorders among chronic insomnia patients. We found crude HR for bipolar disorder (HR=4.65; 95% CI 3.78-5.72) and depressive disorder (HR=4.08; 95% CI 3.78-4.40) among chronic insomnia patients was particularly high. After adjusting for patient’s region and urbanization, chronic insomnia patients had a greater likelihood of six psychiatric disorders during the 6-year follow-up period than comparison group. The adjusted HR for bipolar disorder (HR=4.50; 95% CI 3.65-5.54) and depressive disorder (HR=4.15; 95% CI 3.85-4.47) appeared to have particularly high incidence. There was also increased risk of other psychiatric disorders among chronic insomnia patients compared with the comparison group.

Discussion

The major finding in this study is that, compared with controls, patients with precedent chronic insomnia have increased risk for developing most major and minor psychiatric disorders, including schizophrenia, bipolar disorder, depressive disorder, anxiety disorder, somatoform disorder and substance-related disorder in a 6-year followed-up period, ranging from 1.76 times of schizophrenia to 4.50 times of bipolar disorder. Gender or age may modify the risk except for schizophrenia. There is a tendency that younger patients with chronic insomnia have higher risk for bipolar disorder, depressive disorder, anxiety disorder and substance-related disorder; female patients with chronic insomnia have higher risk for depressive disorder, anxiety disorder and somatoform disorder, while male patients for substance-related disorder. Besides, an increasing number of patients with chronic insomnia had suffered from comorbid psychiatric disorders along with this period. To our knowledge, this is the first nationwide population study using retrospective cohort design to demonstrate that precedent chronic insomnia is a risk factor for most common psychiatric disorders. These results led to the concept that chronic insomnia may have common etiological or pathogenetic influence for most psychiatric disorders.  
We found the strongest link between chronic insomnia and mood disorder with an over 4 times higher risk. Among the psychiatric disorders examined, mood disorder, consisting of bipolar disorder and depressive disorder based on the concept of the diagnostic and statistical manual of mental disorders IV (DSM-IV), is the highest risk group, especially for bipolar disorder. Regarding depressive disorder, in line with previous studies showing that precedent chronic insomnia may be viewed as an independent predictor to develop depression in Western and Asian population
 ADDIN EN.CITE 
(Okajima, Komada, Nomura, et al, 2012; Taylor, Lichstein & Durrence, 2003)
, this nationwide population study provided further evidence for the association between chronic insomnia and depressive disorder. There is evidence that chronic sleep disruption could play a direct causal role in the emergence of depressive symptoms. Chronic partial sleep deprivation has been proposed as a chronic stress model of depression in rats Meerlo, Sgoifo & Suchecki, 2008


( ADDIN EN.CITE )
, and a mediator for depression symptoms and fatigue among caregivers of children with chronic illnesses Meltzer & Mindell, 2006


( ADDIN EN.CITE )
. Additionally, the hallmarks of sleep EEG disturbances in major depression including disruption of sleep continuity, deficit of slow wave sleep, and REM sleep disinhibition Staner, 2010


( ADDIN EN.CITE )
, may partially explain the impact of chronic insomnia on occurrence of depression. Research in healthy volunteers also shown that sleep restriction may induce sleep EEG abnormalities and endocrine disturbances observed in depression Spiegel, Leproult & Van Cauter, 1999


( ADDIN EN.CITE )
. On the other hand, an indirect causal relationship could play a role. Sleep disruption was shown to increase negative emotional consequences of disruptive daytime events while blunting the positive benefit associated with rewarding or goal-enhancing activities in a cognitive-energy modelZohar, Tzischinsky, Epstein, et al, 2005


( ADDIN EN.CITE )
. “Learned helplessness”, has been proposed to explain that depressed mood might be a consequence of chronic insomnia Riemann, Spiegelhalder, Feige, et al, 2010


( ADDIN EN.CITE )
. Moreover, evidence showing the association between long-term use of benzodiazepine hypnotics and subsequent depression also supported this indirect causal relationship Neckelmann, Mykletun & Dahl, 2007


( ADDIN EN.CITE )
. Regarding bipolar disorder, it is a clinically heterogeneous disorder characterized by alternating periods of mania and depression interspersed with periods of euthymia. The fact that depressive symptoms predominat over manic/hypomanic symptoms in the whole course of bipolar disorder may partially account for the risk of chronic insomnia for the following bipolar disorder Judd, Akiskal, Schettler, et al, 2002


( ADDIN EN.CITE )
. As for mania, existing evidence suggests that sleep disruption may be an underlying trigger for manic episodes, indicating that sleep deprivation may be a fundamental etiological factor in mania, and total sleep time may be a predictor of future manic episodes Plante & Winkelman, 2008


( ADDIN EN.CITE )
. In addition, a reviewed study investigating prodromal symptoms in mania found that sleep disturbance was the most commonly reported prodromal symptom, up to 77% of patients, prior to a manic episode Jackson, Cavanagh & Scott, 2003()
. It has been suggested that all triggers of mania, including biological causes, psychosocial stressors, and direct disturbances of sleep schedules, could be associated with the occurrence of mania through sleep reduction Wehr, Sack & Rosenthal, 1987()
. Similar to polysomnographic parameters found in patients with depression, polysomnographic studies of unmedicated patients with mania have demonstrated shortened total sleep time, increased time awake in bed, and shortened REM latency Plante & Winkelman, 2008


( ADDIN EN.CITE )
. Thus, considering the highest risk for evolution of mood disorder among patients with chronic insomnia, the results alert clinicians not only to provide adequate treatment for chronic insomnia, but carefully examined the presence of depressive disorder as well as bipolar disorder.
Next to mood disorder, the other group of psychiatric disorder with a 2.30 to 3.21 times higher risk comprises substance-related disorder, somatoform disorder and anxiety disorder. Consistent with prior studies, we confirmed patients with chronic insomnia are at higher risk for developing anxiety disorder and substance-related disorder 
 ADDIN EN.CITE 
(Neckelmann, Mykletun & Dahl, 2007; Taylor, Lichstein & Durrence, 2003)
. Patients with chronic insomnia were more likely to have substance abuse, and this link may be related to coping with insomnia through self-medication 
 ADDIN EN.CITE 
(Taylor, Lichstein & Durrence, 2003; Weissman, Greenwald, Niño-Murcia, et al, 1997)
. In our study, we recruited patients with substance-related disorder, which includes substance use disorder and substance-induced disorder; therefore, we can understand more about the association between chronic insomnia and a substance-related health impact. A novel finding in our study was that, we showed chronic insomnia increases the risk for somatoform disorder. Somatoform disorder, described as somatic syndromes that were neither explained by a general medical/substance-induced condition nor clearly associated with other mental illnesses, is a more heterogeneous category of psychiatric disorder, with several shortcomings of classification, such as ambiguity of definition, lacking of clearly defined thresholds, failure to achieve established standards of reliability, and incompatibility with non-western cultures Mayou, Kirmayer, Simon, et al, 2005


( ADDIN EN.CITE )
. Given that higher risk of medically unexplained somatic complaints may influence the assessment or management for increased physical illnesses following chronic insomnia Mai & Buysse, 2008()
, it should highlight the link between chronic insomnia and somatoform disorder. A recent study recruiting 259 adolescents and their parents demonstrated that insomnia and poor sleep quality are closely associated with pain and somatic symptoms, with a finding that the shared genetic predisposition might underlie the associations of insomnia and sleep quality with pain and somatic symptoms Zhang, Lam, Li, et al, 2012


( ADDIN EN.CITE )
.
In our study, patients with chronic insomnia are slightly prone to develop succeeding diagnosis of schizophrenia with a 1.76 times higher risk. Although chronic insomnia may be regarded as part of prodrome symptoms, concomitantly comorbid condition of schizophrenia, there is a paucity of research on chronic insomnia before onset of schizophrenia 
 ADDIN EN.CITE 
(Chouinard, Poulin, Stip, et al, 2004; Yang & Winkelman, 2006)
. Previous research has documented global symptom severity in schizophrenia is associated with increased waking, reduced REM sleep time, slow wave sleep deﬁcits, and short REM latency, suggesting that insomnia and increased REM sleep eye movement (EM) activity are associated with psychosis, positive symptoms, and emotionality Benson, 2006


( ADDIN EN.CITE )
. Besides, patients with schizophrenic may reveal a positive clinical response to antipsychotics but continue to experience some degree of insomnia Monti & Monti, 2004


( ADDIN EN.CITE )
. Our study provided further evidence that chronic insomnia may occur before the presence of psychosis, and all these results imply that sleep disturbance may inherent in pathophysiology of schizophrenia. Compared with other psychiatric disorders, the finding that chronic insomnia shows only slightly increased risk for schizophrenia suggests that risk factors other than sleep disturbance may be associated with occurrence of schizophrenia.  
There are several limitations in this study. First, we conducted this study using nationwide population-based in an Asian population, hence, it should be cautious to generalize the results to other ethnic groups. Second, the diagnoses of chronic insomnia and all the psychiatric disorders examined relied on administrative claims data from Taiwan National Health Insurance (NHI) reported by physicians and hospitals. Despite the dataset and statistics being as accurate and comprehensive as possible, misclassification of psychiatric disorders within the registry system could potentially confound the interpretation of current results. However, the validity of diagnosis of chronic insomnia was enhanced by the use of hypnotics for at least 28 days. Third, some variables such as stressful psychosocial life events, dietary habits, physical activity, other non-pharmacological treatments, which may contribute to the association, could not be determined from our database because of a lack of dataset information. Also, psychotropic medications were not analyzed because of the complexity of regimen combination and prescription duration for each psychiatric disorder. Therefore, the mediating effects of these factors in the association between chronic insomnia and psychiatric disorders might exist in this study. However, this study was designed basing on a large-scale population in Taiwan, it is a worthy model representing the link between chronic insomnia and most psychiatric disorders. Finally, the follow-period was 6 years in this retrospective cohort study. Although it is longer than most studies regarding the association between chronic insomnia and succeeding psychiatric disorders, future studies with longer follow-up period will be needed to add more vigorous evidence on the connection and clarify the long-term effect of chronic insomnia.
In conclusion, this study underscores and adds to our understanding of the temporal precedence of chronic insomnia and most psychiatric disorders. Given the potential importance of chronic insomnia in increasing risk for most psychiatric disorders, managing sleep disturbance may be a fundamental priority or viable strategy to prevent ensuing psychiatric comorbidities. It is thus crucial that clinicians have an understanding of a variety of causes of sleep problems among patients with chronic insomnia and develop a practicable intervention with systematic approach to managing sleep complaints. 
Fig. 1 Psychiatric-disorder-free survival rates for chronic insomnia patients and comparison subjects

[image: image1.png]psychiatric-disorders-free survival rates

09

05

07

06

05

041

T T T T T T T
o s00 1000 1500 2000 2500 3000

days after index date

omparison patients. | =patients with chronic insomnia 0 ———1





	Variable
	Comparison group  (n=25,496)
	Chronic insomnia group
(n=6,374)
	

	
	
	
	

	
	No.
	%
	No.
	%
	p-value

	Age (years)
	
	
	
	
	

	 <30
	908
	3.56
	227
	3.56
	1.000

	 30-44
	3720
	14.59
	930
	14.59
	

	 45-64
	10964
	43.00
	2741
	43.00
	

	 ≥65
	9904
	38.85
	2476
	38.85
	

	Gender
	
	
	
	
	

	 Female
	14876
	58.35
	3719
	58.35
	1.000

	 Male
	10620
	41.65
	2655
	41.65
	

	Incomes, US$
	
	
	
	
	

	 ≥1281 (≥ NT$ 40,000)
	2234
	8.76
	558
	8.75
	0.266

	 640-1280 (NT$ 20,000-39,999)
	3731
	14.63
	984
	15.44
	

	 <640 (< NT$ 20,000)
	19531
	76.60
	4832
	75.81
	

	Region
	
	
	
	
	

	 Northern
	11731
	46.01
	3575
	56.09
	<0.001

	 Center
	5780
	22.67
	1356
	21.27
	

	 South
	7413
	29.08
	1273
	19.97
	

	 East
	572
	2.24
	170
	  2.67
	

	Urbanization
	
	
	
	
	

	 Urban
	14295
	  56.07
	3885
	60.95
	<0.001

	 Suburban
	8432
	33.07
	1884
	29.56
	

	 Rural
	2769
	10.86
	605
	9.49
	

	Total
	25496
	100.00
	6374
	100.00
	


Table 1 Demographic characteristics of the study subjects (n= 31,870) 

Table 2 Ageand gender-specific incidence density ( per 100 person-years) of selected psychiatric disorders in chronic insomnia patients

	Variable
	Selected of psychiatric disorders

	
	Schizophrenia
	Bipolar disorder
	Depressive disorder
	Anxiety disorder
	Somatoform disorder
	Substance-related disorder

	Age (years)
	
	
	
	
	
	

	 <30
	0.19
	0.84
	3.46
	6.88
	0.12
	1.57

	 30-44
	0.12
	0.76
	3.63
	8.69
	0.22
	1.45

	 45-64
	0.04
	0.35
	3.43
	8.04
	0.20
	0.60

	 ≥65
	0.08
	0.32
	2.84
	7.46
	0.20
	0.33

	 p-value *
	0.051
	<0.001
	< 0.001
	< 0.001
	0.829
	< 0.001

	
	
	
	
	
	
	

	Gender
	
	
	
	
	
	

	 Male
	0.07
	0.40
	2.95
	6.82
	0.15
	1.14

	 Female
	0.07
	0.43
	3.44
	8.65
	0.23
	0.33

	p-value *
	0.792
	0.518
	0.002
	< 0.001
	0.041
	< 0.001


* Based on ??? test
Table 3 Hazard ratios of psychiatric disorders in relation to  chronic insomnia over 6-year follow-up period

	Selected psychiatric disorders
	Chronic insomnia group  (n=6,374)
	Comparison group (n=25,496)

	Schizophrenia (n, %)
	33(0.52%)
	77(0.30%)

	 Incidence per 100 person-years (95%CI)
	0.07(0.05-0.10)
	0.04(0.03-0.05)

	CHR  (95% CI)
	1.76(1.17-2.65)*
	1.00

	AHR  (95% CI)
	1.76(1.17-2.66)*
	1.00

	Bipolar disorder (n, %)
	188(2.95%)
	171(0.67%)

	 Incidence per 100 person-years (95%CI)
	0.42(0.36-0.48)
	0.09(0.08-0.10)

	CHR  (95% CI)
	4.65(3.78-5.72)**
	1.00

	 AHR  (95% CI)
	4.50(3.65-5.54)**
	1.00

	Depressive disorder (n, %)
	1290(20.24%)
	1457(5.71%)

	Incidence per 100 person-years (95%CI)
	3.23(3.06-3.41)
	0.78(0.74-0.82)

	CHR  (95% CI)
	4.08(3.78-4.40)**
	1.00

	AHR  (95% CI)
	4.15(3.85-4.47)**
	1.00

	Anxiety disorder (no, %)
	2629(41.25%)
	4199(16.47%)

	Incidence per 100 person-years(95%CI)
	7.88(7.57-8.18)
	2.40(2.33-2.47)

	CHR  (95% CI)
	3.19(3.04-3.35)**
	1.00

	AHR  (95% CI)
	3.21(3.06-3.38)**
	1.00

	Somatoform disorder (no, %)
	90(1.41%)
	139(0.55%)

	Incidence per 100 person-years (95%CI)
	0.20(0.16-0.24)
	0.07(0.06-0.08)

	Crude a HR  (95% CI)
	2.74(2.10-3.58)**
	1.00

	Ajusted b HR  (95% CI)
	2.80(2.14-3.66)**
	1.00

	Substance-related disorder (no, %)
	292(4.58%)
	540(2.12%)

	Incidence per 100 person-years (95%CI)
	0.66(0.58-0.73)
	0.28(0.26-0.31)

	Crude a HR  (95% CI)
	2.29(1.98-2.64)**
	1.00

	Ajusted b HR  (95% CI)
	2.30(1.99-2.65)**
	1.00


CHR, Crude Hazard ratio was calculated by using stratified Cox proportional Hazards regression (stratified age, gender, and index year)

AHR, Adjusted Hazard ratio was adjusted for patient’s region, urbanization.

CI, Confident interval
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