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Abstract
Purpose
Mental disorders positively associate with sleep disorders. This study will explore the moderating influence of comorbid mental disorders and whether selected psychotropic drugs correlate with sleep disorders after adjusting for mental disorders.

Methods
A retrospective cohort study design was employed using medical claim data from the Deseret Mutual Benefit Administrators (DMBA). Mental disorders, psychotropic drug use, and demographic data were extracted from claim files for ages 18–64, years 2016–2020.

Results
Approximately 11.7% filed one or more claims for a sleep disorder [insomnia (2.2%) and sleep apnea (9.7%)]. Rates for selected mental disorders ranged from 0.09% for schizophrenia to 8.4% for anxiety. The rate of insomnia is greater in those with bipolar disorder or schizophrenia than in other mental disorders. The rate of sleep apnea is greater in those with bipolar disorder and depression. There is a significantly positive association between mental disorders and insomnia and sleep apnea, more so for insomnia, especially if they had other comorbid mental disorders. Psychotropic drugs other than CNS stimulants, primarily sedatives (non-barbiturate) and psychostimulants, explain much of the positive association between anxiety, depression, and bipolar disorder with insomnia. Psychotropic drugs with the largest effect on sleep disorders are sedatives (non-barbiturate) and psychostimulants for insomnia and psychostimulants and anticonvulsants for sleep apnea.

Conclusion
Mental disorders positively correlate with insomnia and sleep apnea. The positive association is greater when multiple mental illness exists. Bipolar disorder and schizophrenia are most strongly associated with insomnia, and bipolar disorder and depression are most strongly associated with sleep disorders. Psychotropic drugs other than CNS stimulants, primarily sedatives (non-barbiturate) and psychostimulants for treating anxiety, depression, or bipolar disorder are associated with higher levels of insomnia and sleep apnea.
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Introduction
Sleep is a basic need that is essential to physical and mental health [1, 2]. Sleep disorders involve sleep disturbances related to inappropriate sleep, severe sleep deprivation, and pauses in breathing while sleeping. Sleep disturbances can result in daytime irritability, a loss of focus, memory, and other cognitive abilities, as well as a weakened immune system and increased rates of chronic illness [2–8].
Mental disorders associated with sleep disorders include stress, anxiety, depression, attention-deficit hyperactivity disorder (ADHD), bipolar disorder, and others [9–13], with the causal association often two ways [14, 15]. Sleep disturbances, especially insomnia, are common in people with schizophrenia or bipolar disorder [16]. One study found that 50% of the patients with schizophrenia also exhibited insomnia [17]; other research showed that slow sleep waves and altered sleep spindles are associated with clinical symptoms and cognitive impairments often reported in schizophrenia patients [18]. ADHD is frequently associated with circadian rhythm sleep disorders [19]. Delayed circadian rhythms have also been associated with OCD [20]. Depression is not only known to be a risk factor for insomnia, but insomnia is also seen as a risk factor for depression [21]. Arousal and alertness are heightened in people who are stressed and have anxiety [22]. All of these disturbances can affect sleep.
The positive association between sleep disorders and mental disorders observed in previous studies may be stronger if comorbid mental disorders are involved versus a single mental disorder. Comorbid mental disorders exist if two or more mental disorders occur in the same individual [23]. Cross-sectional survey results have found comorbid mental disorders to range from 45 to 54% [24–26]. Rates of comorbid mental disorders may be influenced by changes in diagnoses following the onset of the index disorder, as well as be due to shared characteristics underlying given types of mental disorders [27]. A population-based cohort study in Denmark showed an increased risk of developing other mental illnesses following an index mental disorder, growing stronger over time [27]. More severe mental disorders have also been associated with more comorbid mental disorders [28]. Whether a mental disorder with comorbid mental illness has a stronger association with insomnia and sleep apnea than a mental disorder without comorbid mental illness deserves further study.
Psychotropic drug use has also been associated with sleep disorders. Some antidepressants can negatively affect sleep, such as impairments of sleep, sleep apnea, and rapid eye movement (REM) sleep behavior disorder [29, 30]. Antidepressants can cause insomnia [29, 31]. Several antidepressants can suppress REM sleep [32]. While many antidepressants can have a negative impact on sleep, some antidepressants may improve sleep quality [33], and one antidepressant has been approved for treating insomnia [30]. However, these are exceptions among antidepressants. Some anxiety medications, including short-acting benzodiazepines, have been associated with lower sleep quality [34], but other benzodiazepines are used to treat insomnia [30]. Finally, studies assessing the direction of association between psychotropic medications and sleep disorders have been mixed [29, 35, 36].
The purpose of the current study is to identify the rate of insomnia and sleep apnea associated with selected index mental disorders and, for each index mental disorder, whether comorbid mental illness modifies the rate of insomnia and sleep apnea.
Mental disorders evaluated in this study include schizophrenia, bipolar disorder, depression, anxiety, obsessive–compulsive disorder, stress, and attention-deficit hyperactive disorder. In addition, we identify the level and type of medication used across the index mental disorders. We also consider whether higher levels of insomnia and sleep apnea are associated with psychotropic drug use after adjusting for selected demographic variables and mental disorders.
The current study is based on medical claims data. Because only those with more serious mental disorders and sleep disorders tend to seek treatment, rates of these disorders will be lower than found in cross-sectional surveys. Consider that in the United States, chronic insomnia affects 10–33% of adults, and obstructive sleep apnea affects 9–21% of women and 19–28% of men [37]. However, individuals with insomnia often do not seek medical treatment. A study in Spain found that only 12.2% of individuals with insomnia had an insomnia diagnosis registered in their medical records [38]. A report involving U.S. adults found that only about 25% of those with symptoms of obstructive sleep apnea pursue medical care [39].
Study hypotheses are:	1.
Sleep disorders are positively associated with the selected index mental disorders stated above.

 

	2.
If a sleep disorder is positively associated with a mental disorder, the association is greater if the person has multiple mental disorders versus a single mental disorder.

 

	3.
Psychotropic drug use increases the prevalence of sleep disorders, after adjusting for demographic variables and mental disorders.

 





Methods
Study population
The current study involves contract holders in a large insurance database called the Deseret Mutual Benefit Administrators (DMBA). The company began in 1970 to provide health insurance and retirement income to employees and their families. Electronic claims data were available in the years 2016 through 2020. Contract holders reside in Utah (73%), Idaho (10%), other mountain states (4%), pacific states (8%), central states (4%), and eastern states (1%).
Each year the entire dataset consists of approximately 27% contract holders, 21% spouses, 48% dependent children, and 4% other (e.g., married child, stepchild, disabled dependent). Contract holders work in the Church education system, seminaries, and institutes (34%); as manual laborers (31%); in other companies (10%); and in other capacities (19%). Employee retention from year to year was approximately 92%. Insured individuals tend to be dropped from DMBA at ages 65 years or older as they retire from work and become eligible for Medicare. The linked database used in the current study was de-identified according to Health Insurance Portability and Accountability Act (HIPAA) guidelines.

Data
The study involved DMBA contract holders aged 18–64 in 2016 (n = 20,655), 2017 (n = 21,360), 2018 (n = 21,835), 2019 (n = 21,352), and 2020 (n = 21,027). These data represent eligibility data linked to automated medical claims records using a common identifying number. The database was de-identified according to Health Insurance Portability and Accountability Act (HIPAA) guidelines. Ethical approval and informed consent to participate was waived by the authors’ institutional review board because the data were anonymized before assessment (IRB2021-157).
The International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes were used to classify mental disorders and sleep disorders [40]. Psychotropic drugs were classified as CNS stimulants, psychostimulants (antidepressants), amphetamine preparations, sedatives (non-barbiturate), ataractics (tranquilizers), and anticonvulsants.
Specific mental disorders (and their ICD-10-CM codes) included schizophrenia, delusional, and other non-mood-psychotic disorders (F20–F29) (hereafter, called schizophrenia); bipolar disorder (F31); depression (F32, F33); anxiety (F40, F41); obsessive–compulsive disorder (OCD) (F42); stress (F43); and attention-deficit hyperactivity disorder (ADHD) (F90). Sleep disorders were classified as any (insomnia, hypersomnia, circadian rhythm sleep disorders, sleep apnea, narcolepsy and cataplexy, parasomnia, and sleep-related movement disorders [G47]), as well as two common types of sleep disorders, insomnia (G47.0) and sleep apnea (G47.3).
Rates of specific types of mental disorders and sleep disorders consisted of the number of contract holders filing one or more claims for each of the conditions divided by the number of contract holders. If multiple claims were filed in a given year for a specific condition, it was only counted once in the numerator of the rate calculation. However, an individual could contribute to more than one type of condition in a given year.
Other variables considered in this study were age, sex, marital status, dependent children status, salary, and year. Classifications for these variables appear in Table 1.Table 1Odds of having a sleep disorder by demographic variables, 2016–2020


	 	No.
	%
	Any sleep disorder
	Insomnia
	Sleep apnea

	Odds ratio†
	95% LCL†
	95% UCL†
	Odds ratio†
	95% LCL†
	95% UCL†
	Odds ratio†
	95% LCL†
	95% UCL†

	Age

	 18–29
	12177
	11.46
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	 30–39
	23445
	22.07
	2.33
	2.04
	2.66
	2.04
	1.57
	2.66
	2.55
	2.18
	2.99

	 40–49
	26415
	24.87
	4.58
	4.03
	5.21
	3.69
	2.87
	4.75
	5.27
	4.53
	6.14

	 50–59
	28493
	26.82
	7.24
	6.38
	8.20
	4.80
	3.75
	6.14
	8.82
	7.59
	10.24

	 60–64
	15699
	14.78
	9.14
	8.05
	10.39
	5.22
	4.06
	6.72
	11.35
	9.75
	13.21

	Sex

	 Women
	32876
	30.95
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	 Men
	73353
	69.05
	1.48
	1.41
	1.56
	0.73
	0.66
	0.81
	1.78
	1.69
	1.89

	Married

	 No
	22280
	20.97
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	 Yes
	83949
	79.03
	1.13
	1.06
	1.20
	0.94
	0.83
	1.06
	1.21
	1.12
	1.30

	Dependent children

	 No
	36939
	34.77
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	 Yes
	69290
	65.23
	0.91
	0.87
	0.96
	0.92
	0.83
	1.03
	0.91
	0.86
	0.96

	Annual salary

	  < 40 K
	19337
	18.2
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	 40 K- < 70 K
	28115
	26.47
	1.25
	1.17
	1.34
	1.23
	1.07
	1.41
	1.23
	1.14
	1.33

	 70 K- < 100 K
	23763
	22.37
	1.31
	1.22
	1.41
	1.25
	1.07
	1.45
	1.28
	1.19
	1.39

	  ≥ 100 K
	27456
	25.85
	1.29
	1.20
	1.38
	1.51
	1.31
	1.75
	1.21
	1.12
	1.30

	 Missing
	7558
	7.11
	1.01
	0.92
	1.10
	1.18
	0.98
	1.43
	0.99
	0.90
	1.10

	Year

	 2016
	20655
	19.44
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	 2017
	21360
	20.11
	1.07
	1.00
	1.14
	1.00
	0.88
	1.14
	1.08
	1.01
	1.16

	 2018
	21835
	20.55
	1.14
	1.07
	1.21
	0.97
	0.86
	1.11
	1.18
	1.10
	1.26

	 2019
	21352
	20.10
	1.14
	1.07
	1.21
	0.94
	0.83
	1.08
	1.20
	1.12
	1.28

	 2020
	21027
	19.79
	1.12
	1.05
	1.19
	0.91
	0.80
	1.04
	1.16
	1.09
	1.24


†Adjusted for age, sex, marital status, dependent children, salary, and year




Statistical techniques
Numbers and percentages were used to describe the variables. Rates of mental disorders, sleep disorders, and medication use were calculated. Rates of sleep disorders were also calculated, conditioned on having one of the selected mental disorders. Odds ratios were used to measure associations between sleep disorders and mental disorders (with and without comorbid mental disorders) and the association between sleep disorders and selected types of mental health medication. We used the method of maximum likelihood to estimate parameters in a logistic regression model. The model adjusted for potential confounders: age, sex, marital status, dependent children status, salary, year, and in some cases mental disorders. From the estimated model, we derived adjusted odds ratios and corresponding 95% confidence intervals. Two-sided tests of significance were used. If the bound of the 95% confidence interval for the odds ratio estimate does not contain 1, it is statistically significant at the 0.05 level. Statistical analyses were derived from Statistical Analysis System (SAS) software, version 9.4 (SAS Institute Inc., Cary, NC, USA, 2012).


Results
Among contract holders, 11.7% filed one or more claims for a sleep disorder. The two most common types of sleep disorders for which healthcare claims were submitted are insomnia (2.2%) and sleep apnea (9.7%). The odds of insomnia significantly increase with age (p < 0.0001), are higher in women (p < 0.0001) and in contract holders with incomes of at least $40,000 per year (p < 0.0001) (Table 1). There are no significant interactions among these variables in their associations with insomnia. The odds of sleep apnea significantly increase with age (more so than with insomnia) (p < 0.0001), are higher in men (p < 0.0001), married (p < 0.0001), in contract holders without dependent children (p = 0.0010), and in contract holders making at least $40,000 per year (p < 0.0001). Significant interactions exist involving sex and age (p = 0.0062) and sex and marital status (p < 0.0001). Specifically, the increase in sleep apnea with age is greater for women than men, and while there is no association between marital status and sleep apnea in women, there is a positive association in men (data not shown).
Rates of filing one or more claims for selected mental disorders range from 0.09% for schizophrenia to 8.4% for anxiety (Table 2). Compared with the overall rates of insomnia and sleep apnea mentioned above, the rates of these sleeping disorders is much greater for those with any one of the mental disorders shown. Insomnia rates are greatest in those with bipolar disorder or schizophrenia. Sleep apnea rates are greatest for those with bipolar disorder or depression. Sleep apnea rates are over two times greater than the insomnia rates for each of the mental disorders, except for schizophrenia where it is only slightly higher for those patients with sleep apnea.Table 2Mental disorders correspond with comorbid sleep disorders


	 	No.
	%
	Comorbid sleep disorder
	Comorbid insomnia
	Comorbid sleep apnea

	No.
	%
	No.
	%
	No.
	%

	Stress
	2114
	1.99
	416
	19.68
	126
	5.96
	315
	14.90

	Anxiety
	8902
	8.38
	2128
	23.90
	706
	7.93
	1531
	17.20

	Depression
	8248
	7.76
	2184
	26.48
	552
	6.69
	1742
	21.12

	ADHD
	1975
	1.86
	460
	23.29
	121
	6.13
	372
	18.84

	Bipolar Disorder
	646
	0.61
	218
	33.75
	75
	11.61
	163
	25.23

	OCD
	370
	0.35
	74
	20.00
	25
	6.76
	57
	15.41

	Schizophrenia
	92
	0.09
	26
	28.26
	14
	15.22
	15
	16.30


ADHD, attention-deficit hyperactivity disorder; OCD, obsessive–compulsive disorder



The level of comorbid mental disorders for stress is 51.7%, for anxiety is 48.2%, for depression is 51.4%, for ADHD is 47.6%, for bipolar disorder is 68.4%, for OCD is 71.6%, and for schizophrenia is 87.0%. The odds of having a sleep disorder are significantly greater (p < 0.05) in those with a mental disorder, especially if the index mental disorder is associated with comorbid mental disorders (Table 3).Table 3Odds of sleep disorders according to selected mental disorders (with and without comorbid mental disorders)


	 	No.
	%
	Any sleep disorder
	Insomnia
	Sleep apnea

	Odds ratio†
	95% LCL†
	95% UCL†
	Odds ratio†
	95% LCL†
	95% UCL†
	Odds ratio†
	95% LCL†
	95% UCL†

	No mental disorder
	90083
	97.71
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	Stress only
	1021
	1.11
	1.63
	1.35
	1.97
	2.55
	1.81
	3.60
	1.44
	1.16
	1.78

	Stress + 
	1093
	1.19
	4.19
	3.63
	4.84
	6.68
	5.33
	8.38
	3.50
	2.98
	4.10

	No mental disorder
	90,083
	91.01
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	Anxiety only
	4613
	4.66
	2.73
	2.52
	2.95
	5.69
	5.02
	6.46
	1.99
	1.82
	2.18

	Anxiety + 
	4289
	4.33
	4.69
	4.35
	5.06
	7.43
	6.57
	8.41
	3.86
	3.55
	4.19

	No mental disorder
	90,083
	91.61
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	Depression only
	4012
	4.08
	3.32
	3.07
	3.59
	3.47
	2.97
	4.05
	3.09
	2.84
	3.36

	Depression + 
	4236
	4.31
	4.76
	4.41
	5.13
	6.94
	6.12
	7.87
	4.03
	3.72
	4.37

	No mental disorder
	90,083
	97.85
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	ADHD only
	1034
	1.12
	2.35
	1.99
	2.77
	4.41
	3.32
	5.87
	2.07
	1.72
	2.48

	ADHD + 
	941
	1.02
	4.72
	4.06
	5.49
	6.28
	4.86
	8.12
	4.22
	3.60
	4.96

	No mental disorder
	90,083
	99.29
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	Bipolar only
	204
	0.22
	3.88
	2.81
	5.36
	7.01
	4.22
	11.64
	3.02
	2.13
	4.30

	Bipolar + 
	442
	0.49
	6.27
	5.09
	7.71
	10.75
	8.06
	14.33
	4.71
	3.77
	5.89

	No mental disorder
	90,083
	99.59
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	OCD only
	105
	0.12
	2.34
	1.37
	4.02
	8.46
	4.21
	17.00
	2.01
	1.10
	3.67

	OCD + 
	265
	0.29
	3.89
	2.86
	5.30
	6.31
	3.77
	10.58
	3.31
	2.36
	4.65

	No mental disorder
	90,083
	99.9
	1.00
	 	 	1.00
	 	 	1.00
	 	 
	Schizophrenia only
	12
	0.01
	1.61
	0.34
	7.55
	12.12
	2.61
	56.22
	–-
	 	 
	Schizophrenia + 
	80
	0.09
	4.87
	2.95
	8.03
	13.71
	7.30
	25.75
	2.99
	1.67
	5.37


†Adjusted for age, sex, marital status, dependent children, salary, and year
-Insufficient numbers to compute



The results shown in the table are also presented graphically (Fig. 1). This graph emphasizes that the association between mental disorders and insomnia or mental disorders and sleep apnea is strong, especially when the mental disorders have comorbid mental illness. The graph also shows that mental disorders are more strongly associated with insomnia than with sleep apnea.[image: ]
Fig. 1Odds of insomnia and sleep apnea according to selected mental disorders (with and without comorbid mental disorders)


The rate of medication use among contract holders ranges from 0.6% for CNS stimulants to 16.3% for psychostimulants (Table 4). Each mental disorder, except ADHD, is treated primarily using psychostimulants, ataractics, and anticonvulsants. ADHD patients are generally treated with amphetamines. This can also be assessed differently by assessing which mental disorders are most likely treated using each type of medication. CNS stimulants and amphetamines are most commonly used to treat ADHD; psychostimulants are commonly used to treat each type of mental disorder; sedatives (non-barbiturate) are most commonly used to treat bipolar disorder, anxiety, depression, and schizophrenia; and ataractics and anticonvulsants are most commonly used to treat bipolar disorder and schizophrenia.Table 4Medication use for selected mental disorders, 2016–2020


	Medication type
	CNS stimulants
	Psychostimulants (antidepressants)
	Amphetamines
	Sedatives (non-barbiturate)
	Ataractics
	Anticonvulsants

	No.
	589
	17,288
	2,472
	4,522
	5,683
	6,931

	%
	0.55 %
	16.27 %
	2.33 %
	4.26 %
	5.35 %
	6.52 %

	Stress
	1.32
	41.72
	6.39
	8.75
	18.50
	17.74

	Anxiety
	2.11
	65.19
	7.85
	12.29
	27.23
	22.06

	Depression
	2.56
	76.43
	9.69
	12.18
	20.49
	22.22

	ADHD
	14.53
	49.47
	77.97
	9.52
	14.73
	16.56

	Bipolar
	3.41
	76.47
	16.1
	21.36
	57.28
	73.07

	OCD
	2.16
	78.38
	11.62
	7.03
	26.49
	20.81

	Schizophrenia
	3.26
	70.65
	6.52
	13.04
	82.61
	39.13




The odds of a sleep disorder (yes vs. no) for selected psychotropic drugs appear in Table 5. The odds of insomnia and of sleep apnea are significantly positively associated with each of the medication classifications (p < 0.05), after adjusting for age, sex, marital status, dependent children, salary, and year. Insomnia tends to be more strongly associated with psychotropic drug use, particularly sedatives (non-barbiturate). After further adjustment for the mental disorders, the odds ratios decrease, but remain significantly positively associated with insomnia and sleep apnea (p < 0.05), except for CNS stimulants. For insomnia and sleep apnea, the greatest percent decrease in odds ratios involves CNS stimulants and amphetamines.Table 5Odds of a sleep disorder according to mental health medication use, 2016–2020


	 	Any sleep disorder
	Insomnia
	Sleep apnea

	 	Odds ratio†
	95% LCL†
	95% UCL†
	Odds ratio†
	95% LCL†
	95% UCL†
	Odds ratio†
	95% LCL†
	95% UCL†

	CNS stimulants
	3.30
	2.36
	4.61
	3.84
	2.07
	7.10
	2.40
	1.96
	2.95

	Psychostimulants (antidepressants)
	4.06
	3.84
	4.30
	6.53
	5.83
	7.32
	3.53
	3.38
	3.70

	Amphetamines
	3.09
	2.52
	3.79
	3.54
	2.39
	5.24
	2.78
	2.51
	3.09

	Sedatives (non-barbiturate)
	5.40
	4.98
	5.84
	34.64
	30.75
	39.03
	2.38
	2.21
	2.56

	Ataractics
	3.01
	2.75
	3.29
	5.06
	4.34
	5.91
	2.57
	2.40
	2.76

	Anticonvulsants
	3.12
	2.89
	3.36
	4.61
	4.01
	5.29
	2.94
	2.76
	3.12


	 	Odds Ratio‡
	95% LCL‡
	95% UCL‡
	Odds Ratio‡
	95% LCL‡
	95% UCL‡
	Odds Ratio‡
	95% LCL‡
	95% UCL‡

	CNS stimulants
	2.73
	1.93
	3.87
	0.98
	0.67
	1.44
	1.19
	0.95
	1.49

	Psychostimulants (antidepressants)
	3.26
	3.10
	3.43
	4.50
	4.06
	4.98
	2.82
	2.67
	2.98

	Amphetamines
	1.95
	1.69
	2.24
	1.45
	1.14
	1.86
	1.74
	1.50
	2.02

	Sedatives (non-barbiturate)
	4.51
	4.22
	4.82
	21.49
	19.53
	23.64
	1.86
	1.73
	2.01

	Ataractics
	2.02
	1.88
	2.17
	2.73
	2.43
	3.07
	1.70
	1.58
	1.84

	Anticonvulsants
	2.39
	2.25
	2.54
	2.49
	2.23
	2.78
	2.20
	2.06
	2.35


†Adjusted for age, sex, marital status, dependent children, salary, and year
‡Adjusted for age, sex, marital status, dependent children, salary, year, and the mental disorders



The odds ratios show the strength of the association between each of the mental disorders and insomnia, as well as between the mental disorders and sleep apnea (Fig. 2). The odds ratios are adjusted for either demographics and mental disorders or demographics, mental disorders, and psychotropic drugs (see Table 4 for a list of medications). Each of the mental disorders, except for OCD, is significantly associated with both insomnia and sleep apnea, after adjusting for demographics and other mental disorders. With further adjustment for mental health medication, the odds ratios tend to decrease. For example, the odds of insomnia is 3.7 times greater in those with anxiety compared to those without anxiety prior to the additional adjustment for psychotropic drugs, but 1.8 times greater after the additional adjustment for medication. The odds of sleep apnea are 1.7 times greater in those with anxiety compared with those without anxiety prior to the additional adjustment for psychotropic drugs, but 1.1 times greater after the additional adjustment for medication.[image: ]
Fig. 2Odds of insomnia and sleep apnea according to selected mental disorders



Discussion
This study evaluated whether sleep disorders positively associate with selected index mental disorders; if a positive association between a sleep disorder and mental disorder differs according to whether there was one versus multiple mental disorders; and whether psychotropic drug use increases the prevalence of sleep disorders, after adjusting for selected variables.
Rates of insomnia and sleep apnea increased with age, more so for sleep apnea. Higher rates of these disorders with increasing age are consistent with previous studies [18, 19, 41]. Sex differences for sleep disorders vary, depending on the specific sleep disorder. Consistent with previous research, insomnia is more common in women, and sleep apnea is more common in men [20–22, 41]. Higher sleep apnea rates among married versus single adults may be because having a sleeping partner increases the chance of detecting the disorder.
Support for our first hypothesis exists because each mental disorder is positively associated with the sleep disorders. This result is consistent with previous studies [9–15]. Insomnia had the strongest association with bipolar disorder and schizophrenia. Insomnia may be more common in these mental disorders because of psychotic symptoms causing intense fear and anxiety. Sleep apnea had the strongest association with depression and bipolar disorder. Sleep apnea may be more strongly associated with bipolar and depression because of its bi-directional relationship [42].
We next considered whether these associations were further increased for the index mental disorder if it was associated with comorbid mental disorders. Each mental disorder had a high percentage of comorbid mental illness, as consistent with previous studies [43–46]. The mental disorders that are generally considered to have a greater impact on daily life, such as schizophrenia, OCD, and bipolar disorder, had higher levels of comorbid mental disorders, as also consistent with previous studies [24–28]. Supporting our second hypothesis, individuals with both index mental disorders associated and comorbid mental disorders tended to have even greater levels of insomnia and sleep disorders, as consistent with previous studies [47, 48].
Finally, in support of our third hypothesis, each psychotropic drug was positively associated with insomnia and sleep apnea, even after adjusting for age, sex, and comorbid mental disorders. This is consistent with previous research indicating a positive association directly between psychotropic drugs and sleep disorders [29–36]. Psychotropic drugs are generally more strongly associated with insomnia than sleep apnea. It is not clear from our data the extent to which the drug resulted in the sleeping disorder or the sleeping disorder led to the prescribed drug.
Psychostimulants are the most commonly used medication for treating mental disorders, except for ADHD, where amphetamine preparations are most common. Both findings are consistent with the literature [49, 50]. Anticonvulsants are almost as commonly used in bipolar patients as psychostimulants. Previous studies found that psychostimulants are most commonly prescribed for bipolar disorder, ranging from 70%-72% [41, 51–53]. Ataractics, also known as antipsychotics, are more commonly prescribed than psychostimulants for schizophrenia. This is consistent with current medical practice [16, 54].
Each of the mental disorders, except OCD, positively associated with insomnia, after adjusting for demographics and other mental disorders. Further adjustment for psychotropic drugs significantly decreases the association between the mental disorders anxiety, depression, and bipolar disorder with insomnia. Depression and bipolar disorder are no longer associated with insomnia in the fully adjusted model. Hence, insomnia among people with anxiety, depression, or bipolar disorder appear to be higher because of the psychotropic drugs used to treat these mental health problems. Except for CNS stimulants, all the medications are implicated, primarily sedatives (non-barbiturate) followed by psychostimulants. The relatively strong positive association of insomnia with sedatives (non-barbiturate) is a unique finding. However, the weak association with amphetamine preparations has been shown previously [31]. There is little change in the association between stress, ADHD, OCD, and schizophrenia with insomnia, indicating that medication use has little influence on the increased risk of insomnia for these mental disorders. The positive association that remains between stress, ADHD, and schizophrenia with insomnia indicates that the increased risk of insomnia is almost entirely attributed to these mental disorders and not their associated medications.
Each of the mental disorders is positively associated with sleep apnea, except OCD and schizophrenia (which have insufficient numbers to assess), after adjusting for demographics and other mental disorders. Further adjustment for psychotropic drugs significantly decreased the association between the mental disorders anxiety, depression, ADHD, and bipolar disorder with sleep apnea, to the point that the association becomes insignificant for anxiety and ADHD. Hence, psychotropic drugs explain some of the positive association for depression and bipolar disorder and all the association for anxiety and ADHD. Except for CNS stimulants, all the medications are implicated in the positive association, especially psychostimulants and then anticonvulsants. The positive association between stress and sleep apnea is not affected by psychotropic drugs.
Limitation
A mental health disorder or sleep disorder diagnosis would not lead to a loss of insurance, making selective under-reporting of claims unlikely. One or more claims were used to identify the presence of each of the mental disorders. However, less serious cases, which did not lead to medical attention and resulting claims, are not represented. Hence, measures of association between mental disorders and sleep disorders may be biased downward. Finally, the current study was limited to identifying associations and not causal relationships. The causal direction between mental disorders and sleep disorders was two-way, but the extent of this bi-directional relationship could not be determined in our data. However, beyond stress, anxiety, and depression, it is likely that the mental disorders led to the sleep disorders.


Conclusion
Mental disorders positively correlate with insomnia and sleep apnea, more so with insomnia. A high level of comorbid mental illness is associated with the index mental disorders. The positive associations between mental disorders and insomnia and sleep apnea are greater when comorbid mental illness exists. Bipolar disorder and schizophrenia (alone or with comorbid mental disorders) are most strongly associated with insomnia, and bipolar disorder and depression are most strongly associated with sleep disorders.
Psychotropic drugs other than CNS stimulants, primarily sedatives (non-barbiturate) and psychostimulants, account for some of the positive association between anxiety and insomnia and all of the association between depression and insomnia and bipolar disorder and insomnia. Medication use has little influence on the increased risk of insomnia due to stress, ADHD, OCD, and schizophrenia. Psychotropic drugs account for some of the positive association between depression and sleep apnea and bipolar disorder and sleep apnea and all the association for anxiety and ADHD with sleep apnea. All the medications except CNS stimulants account for some of the positive associations with sleep apnea, especially psychostimulants, and then anticonvulsants. The positive association between stress and sleep apnea is not affected by psychotropic drugs.
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