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Objective: The aim of this study was to examine how neuroticism, stressful life events, selfrated health, life satisfaction, and selected lifestyle factors were related to insomnia both by sex
and among users and nonusers of prescribed sleep medication (PSM).
Design: Cross-sectional data from the Norwegian Nord-Trøndelag Health Study (HUNT3,
2006–2008), a population-based health survey, were linked to individual data from the Norwegian Prescription Database.
Methods: Logistic regression analyses were used to investigate the associations between the
selected variables and insomnia in both males and females and among subjects using and not
using PSM. Individuals were considered to have a presumptive diagnosis of insomnia disorder
if they reported difficulty with sleep initiation, sleep maintenance, or early morning awakening
several days per week for the last 3 months. PSMs were categorized as anxiolytics or hypnotics;
the dose was estimated according to defined daily dose (DDD).
Results: Of the total 50,805 participants, 6,701 (13.2%) used PSM. The proportions of PSM
users were larger among elderly participants. Increased risk of insomnia was strongly associated
with poor self-rated health and higher level of neuroticism. These associations were evident for
both sexes and were similar among both users and nonusers of PSM. Low satisfaction with life
was strongly related to insomnia, but only among nonusers of PSM. Increased doses of PSM
were not associated with reduced likelihood of insomnia.
Conclusion: Insomnia is a problem among both users and nonusers of PSM and is associated
with psychosocial factors. Our findings suggest that successful treatment for sleep problems
should take individual variation into account, such as age, sex, personality traits, satisfaction
with life, and health perception.
Keywords: prescription sleep medication, hypnotics, anxiolytics, insomnia, life satisfaction,
self-rated health, neuroticism, sex, HUNT
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Sleep problems are increasingly recognized as common health problems.1 Populationbased estimates suggest that 30% of the general population has complaints of sleep
problems.1 Insomnia is the most common type of sleep problem, and it is estimated
that 6%–15.5% of the adult population meets the formal diagnostic criteria for clinical
insomnia.2,3 Insomnia is more commonly reported in females than in males.4
Throughout history, people have sought to alleviate sleep problems with various
medications and therapies.5 In the US, prescriptions of sleep medication from 1993 to
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2007 increased at a rate far higher than sleeplessness complaints and insomnia diagnoses from office-based physician
visits.6 On the other hand, data from an international survey
demonstrated that a large proportion of the participants
reporting insomnia were not taking any prescribed sleep
medication (PSM).7
The 3P or three-factor model for the development and
maintenance of insomnia (ie, predisposing, precipitating,
and perpetuating factors)8 suggests that predisposing factors
make some individuals vulnerable to insomnia by lowering
the threshold at which sleep disturbances are triggered. One
such predisposing factor is the personality trait of neuroticism,
characterized by a tendency to perceive the world as threatening,
problematic, and distressing.9 Many studies have shown that
neuroticism is associated with insomnia10–12 but have not considered the potentially confounding influence of sleep medication.
Earlier research maintains that critical life events can also
cause sleep disruption.13,14 Healey et al13 showed that the most
frequent stressful events reported by people with insomnia
were related to significant losses such as death and divorce
and to ill health. Sleep is also affected by health behaviors
and lifestyle issues, including physical inactivity, smoking,
and alcohol intake,15 which can be categorized as perpetuating factors. Few studies have examined how these factors are
associated with insomnia by the use of PSM.
Thus, the aim of this study was to investigate how neuroticism, stressful life events, self-rated health, satisfaction with
life, and selected life style factors were related to insomnia
for both users and nonusers of PSM. An additional aim was
to determine whether these associations differed by sex.

Methods
Data source
The Nord-Trøndelag Health Study (HUNT) is one of the
largest health studies ever performed. We received crosssectional data from the latest wave (HUNT3), which was
carried out from 2006 to 2008. All eligible inhabitants of
Nord-Trøndelag, ~93,860 people aged 20 years or older,
were invited to participate, and 50,805 people were included
(54.1% participation rate).16 The participants provided written
informed consent to participate in this study, which included
permission to link their individual data from the Norwegian
Prescription Database (NorPD)17 using their unique personal
identification number, thereby providing a sample of users
and nonusers of PSM that is representative of the general
Norwegian population.18,19
This study was approved by the Regional Committee
for Ethics in Medical Research (2012/2264), the Norwegian
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Social Science Data Service (number 35768), the Norwegian
Institute of Public Health (permission 14/982), and the HUNT
Publication Review Board.

Measures

Insomnia disorder
In the HUNT3 questionnaire, the participants were asked
how often during the last 3 months they had experienced
each of the following three insomnia symptoms: difficulty
falling asleep at night, repeatedly waking up during the
night, and/or experience of early morning awakening without
the ability to return to sleep. The response options were as
follows: 1) never/rarely; 2) sometimes; or 3) several days a
week. The diagnostic criteria for insomnia disorder using the
Diagnostic and Statistical Manual of Mental Disorders, fifth
edition, is as follows20: 1) the predominant complaint must
be a difficulty with initiation, maintaining sleep, or early
morning awakening (A); 2) the complaint must cause clinically significant distress or impairment (B); 3) it must occur
at least three nights per week (C); 4) it must have been present at least 3 months (D); 5) it must occur despite adequate
opportunity for sleep (E); and 6) it must not occur exclusively
as a result of another sleep–wake, medical, or mental disorder
(F and H) or as a result of the effects of substance (G). In
the present study, the individuals were considered to have a
presumptive diagnosis of insomnia disorder if they reported
experiencing at least one of the three symptoms several days
a week (ie, had a score of 3 on any one item), thus fulfilling
criteria A, C, and D. The daytime complaint component (B)
was excluded from the insomnia diagnosis mainly because
the item from the HUNT3 that could have been used as an
indicator of daytime consequences, “How often during the
last 3 months have you felt sleepy during the day?”, had no
specific reference to insomnia as the causal factor and was
therefore not considered an accurate or appropriate assessment of the daytime component of insomnia. Criteria E–G
were not included in the presumptive diagnosis because they
could not be evaluated with the available HUNT3 data.

Use of sleep medications
In Norway, hypnotic and sedative medications are prescribed
by clinical doctors. When prescriptions are filled by a pharmacist, the information is sent electronically to the NorPD.
Individual data from the NorPD for the 2007 calendar year
were merged with the HUNT3 data by the Norwegian Institute
of Public Health and the HUNT Research Centre. For the purpose of this analysis, PSMs included those with the following
classes and codes of the Anatomical Therapeutic Chemical
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classification system21: benzodiazepine-derivate anxiolytics
(N05B A01 diazepam, A04 oxazepam, and A09 clobazam),
benzodiazepine-derivate hypnotics (N05C D02 nitrazepam),
and Z-drugs (N05C F01 zopiklon and F02 zolpidem). Doses
were operationalized as defined daily dose (DDD), which
refers to the assumed average maintenance dose per day for
a drug used for its main indication in adults.22 Three dosing
groups were defined based on the following criteria: 1) low
(≤30 DDD)23; 2) moderate (31–179 DDD); and 3) frequent
(≥180 DDD).24 We defined acquirers of PSMs as users and
assumed that the quantity provided was used. Although
benzodiazepines have a mix of different pharmacological
actions, these medications are all indicated for insomnia.
In the regression analyses, anxiolytics and hypnotics were
aggregated into one category.

Demographic, psychosocial, and lifestyle factors
Demographic information included sex, age, and cohabitation
status (living alone versus living with others, eg, partner or
family member).
The personality trait neuroticism was measured using
the Eysenck Personality Questionnaire – Neuroticism Scale
(EPQ-N).25 The participants responded whether or not they
had experienced any of the six symptoms in the questionnaire during the past week (eg, “Do you worry that terrible
things might happen?”). The response options were yes or no.
A sum score of the number of symptoms with a yes response
was computed, with higher scores indicating a higher level
of neuroticism. The sum score ranging from 0 to 6 was used
as a categorical variable in the descriptive analyses and as
a continuous variable in the multivariate models. The Cronbach’s alpha for the EPQ-N was 0.75 for medication users
and 0.72 for nonusers.
Satisfaction with life was measured by a single global
item: “Thinking about how you are feeling at the moment, are
you mostly satisfied with life or are you mostly dissatisfied?”
The participants responded using a 7-point Likert scale:
1) “very satisfied”; 2) “satisfied”; 3) “somewhat satisfied”;
4) “neither satisfied nor dissatisfied”; 5) “somewhat dissatisfied”; 6) “dissatisfied”; and 7) “very dissatisfied”.26 The scale
was recoded to four categories by merging categories 4–7,
due to few responses in these categories.
Self-rated health was assessed with the question “Overall, how is your health at the moment?”, with four response
categories ranging from “poor” to “very good”.
Stressful life events in the last 12 months were assessed
with two questions: “Has a member of your close family
died? (child, spouse/partner, sibling or parent)” and “Has your
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relationship with your spouse or long-term partner ended?”.
The response options were yes or no.
The frequency of physical activity was reported as less
than once a week, once a week, two to three times a week,
or daily. Current smoking habits were categorized as either
nonsmoker (never smoked or former smoker) or current
smoker (daily or occasionally). Alcohol use was measured
as liters of alcohol consumed per year.27

Statistical analyses
Data were described with median and range for continuous
variables because the majority of continuous variables were
not normally distributed and with frequencies and percentages for categorical data. The prevalence of insomnia was
calculated as the proportion of individuals with sleep problems (as defined above), and the estimate was presented with
95% confidence interval (CI). The crude differences between
sexes were assessed using chi-square tests, t-tests, or Mann–
Whitney U tests (for nonnormally distributed variables). The
associations between insomnia and selected variables were
analyzed using univariate and multivariate logistic regression
models. The multiple models were stratified by sex and were
fit separately for sleep medication users and nonusers. The
strength of associations is presented as odds ratios with 95%
CIs and P-values. To correct for multiple testing, P-values
<0.01 were considered statistically significant. All statistical analyses were carried out using SPSS Version 22.0 for
Windows (IBM Corporation, Armonk, NY, USA).28

Results
Of 50,805 participants included in HUNT3 (age range
19–100 years), 5.6% (n=2,861) met the diagnostic criteria
for insomnia during the prior 3 months; 6.8% were females
and 4.2% were males. Of these, 13.2% (n=6,701) used PSM
at least once during 2007 (17.2% females and 8.4% males).
The percentages of individuals with insomnia who were
nonusers of PSM were 68% of females and 79% of males.

Participant characteristics of users
of PSM
The majority of users of PSM were female (71.2%). Of
the female users, 12.5% had insomnia, compared to 10.4%
of the male users (Table 1). The female users had higher
neuroticism scores than the male users; the median EPQ-N
score was 3 for the female users and 2 for the male users. In
addition, 23.3% of the female users and 26.4% of the male
users of PSM were not satisfied with their life and 3.8% of the
female users versus 5.1% of male users rated their health as
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Table 1 Sample characteristics of sleep medication users and nonusers
Characteristic

Insomnia
No
Yes
Age, years (in categories)
<29
30–39
40–49
50–59
60–69
70–79
≥80
Neuroticism (EPQ-N)
0
1
2
3
4
5
6
Missing
Death of a close family member
No
Yes
Missing
Relationship breakup
No
Yes
Missing
Lives with partner/others
No
Yes
Physical activity
Less than once a week
Once a week
Two to three times a week
Daily
Missing
Current smoking status
Nonsmoker
Smoker
Missing
Alcohol use (L/yr)
Median (range)
Missing
Satisfaction with life
Very satisfied
Satisfied
Somewhat satisfied
<Somewhat satisfied
Missing
Self-rated health
Poor
Fair
Good
Very good
Missing

Users

P-value

Female (n=4,774),
% (n)

Male (n=1,927),
% (n)

87.5 (4,175)
12.5 (599)

89.6 (1,727)
10.4 (200)

1.6 (76)
4.5 (214)
11.2 (533)
21.3 (1,016)
25.7 (1,226)
22.6 (1,079)
13.2 (630)

1.7 (33)
4.4 (84)
11.1 (213)
22.0 (423)
24.5 (473)
22.1 (425)
14.3 (276)

12.2 (583)
13.3 (633)
12.8 (613)
12.4 (593)
11.3 (541)
10.8 (517)
8.1 (389)
19.0 (905)

16.9 (325)
14.0 (269)
12.6 (243)
11.4 (219)
9.1 (176)
8.3 (159)
5.3 (103)
22.5 (433)

79.4 (3,791)
16.3 (777)

82.0 (1,580)
14.6 (282)

83.4 (3,980)
12.4 (591)
4.3 (203)

82.9 (1,598)
14.2 (274)
2.9 (55)

46.7 (2,230)
53.3 (2,544)

38.7 (745)
61.3 (1,182)

21.1 (1,008)
18.3 (874)
36.1 (1,723)
20.9 (996)
3.6 (173)

25.2 (485)
16.6 (319)
35.2 (679)
20.2 (389)
2.9 (55)

66.3 (3,163)
28.9 (1,381)
4.8 (230)

69.7 (1,343)
26.5 (510)
3.8 (74)

0.75 (0-24.6)
20.2 (801)

1.54 (0–24.6)
12.6 (216)

13.7 (652)
25.9 (1,238)
35.3 (1,687)
23.3 (1,110)
1.8 (87)

11.8 (227)
26.2 (504)
33.9 (653)
26.4 (508)
1.8 (35)

3.8 (183)
46.9 (2,239)
40.9 (1,952)
3.8 (183)
4.5 (217)

5.1 (99)
44.5 (857)
43.0 (829)
4.2 (81)
3.2 (61)

Nonusers

P-value

Female (n=22,982),
% (n)

Male (n=21,122),
% (n)

94.4 (21,692)
5.6 (1,290)

96.3 (20,350)
3.7 (772)

11.2(2,570)
16.5 (3,793)
21.4 (4,915)
21.7 (4,986)
17.0 (3,902)
8.7 (2,008)
3.5 (808)

8.7 (1,833)
13.1 (2,770)
20.6 (4,352)
23.7 (5,000)
19.9 (4,201)
10.6 (2,242)
3.4 (724)

24.9 (5,721)
19.1 (4,389)
13.4 (3,091)
9.9 (2,271)
6.5 (1,493)
4.6 (1,050)
2.7 (611)
18.9 (4,355)

33.5 (7,082)
17.5 (3,698)
10.8 (2,285)
6.5 (1,363)
3.8 (806)
2.3 (488)
1.2 (247)
24.4 (5,153)

88.6 (20,354)
9.5 (2,185)
1.9 (443)

89.1 (18,812)
9.2 (1,939)
1.8 (371)

88.4 (20,317)
9.5 (2,192)
2.1 (473)

88.4 (18,670)
10.0 (2,110)
1.6 (342)

35.9 (8,245)
64.1 (14,737)

36.2 (7,650)
63.8 (13,472)

16.5 (3,789)
21.1 (4,841)
41.8 (9,612)
18.9 (4,344)
1.7 (396)

26.9 (5,688)
22.2 (4,694)
33.9 (7,158)
15.5 (3,275)
1.5 (307)

73.0 (16,788)
24.3 (5,591)
2.6 (603)

75.2 (15,872)
22.4 (4,726)
2.5 (521)

0.78 (0–36.9)
8.8 (2,023)

1.65 (0–59.2)
6.2 (1,235)

21.6 (4,955)
37.5 (8,610)
28.4 (6,521)
11.4 (2,573)
1.4 (323)

20.9 (4,406)
37.9 (7,995)
29.5 (6,234)
10.5 (2,218)
1.3 (269)

0.9 (210)
21.7 (4,981)
56.5 (12,979)
17.6 (4,043)
3.3 (769)

1.1 (226)
19.3 (4,077)
60.6 (12,810)
16.5 (3,491)
2.5 (518)

<0.001

0.001

<0.001

0.863

<0.001

0.067

0.215

0.068

<0.001

<0.001

0.149

0.455
<0.001

0.005

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.030

Abbreviations: EPQ-N, Eysenck Personality Questionnaire – Neuroticism Scale.
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poor. Table 1 also lists the proportion of each age group who
used PSM. The highest proportion of users were participants
between 60 years and 69 years, where approximately one of
four were PSM users. Approximately one-third of both males
and females used a combination of anxiolytics and hypnotics
(Table 2). For hypnotics, frequent doses (DDD ≥180) were
most common, while for anxiolytics, the majority of users
were prescribed low doses (≤30 DDD).

associated with a lower risk of insomnia and higher levels of
neuroticism were associated with a higher risk of insomnia
for both sexes of PSM users. The medication dose was not
significantly associated with insomnia for either sex. Similarly, satisfaction with life, smoking, alcohol use, living situation, stressful life events (death in the family or relationship
breakup), and exercise frequency were not associated with
insomnia for either sex.

Associations with insomnia in users
of PSM

Participant characteristics of nonusers
of PSM

In multivariate logistic regression analyses (Table 3), our
data suggest that in older age, better self-rated health was

As shown in Table 1, 5.6% of the females and 3.7% of the
males without PSM met the criteria for insomnia. The median

Table 2 Use of PSM by sex and dose
Sex

Dose (DDD)

Anxiolytics, % (n)

Hypnotics, % (n)

Combined, % (n)

Females

Low (1–30)
Moderate (31–179)
Frequent (≥180)
Total
Low (1–30)
Moderate (31–179)
Frequent (≥180)
Total

58.5 (1,184)
31.1 (629)
10.4 (211)
100 (2,024)
56.1 (464)
30.0 (248)
13.9 (115)
100 (827)

24.9 (894)
34.4 (1,237)
40.7 (1,463)
100 (3,594)
28.8 (399)
29.9 (413)
41.3 (571)
100 (1,383)

32.2 (1,537)
33.6 (1,602)
34.2 (1,635)
100 (4,774)
35.6 (686)
29.3 (565)
35.1 (676)
100 (1,927)

Males

Abbreviations: PSM, prescribed sleep medication; DDD, defined daily dose.

Table 3 Logistic regression analysis of personality and lifestyle predictors of insomnia (dependent variable) among users of PSM
Variables

Females
OR

95% CI

P-value

OR

95% CI

P-value

Age

1.47

1.35–1.61

<0.001

1.40

1.22–1.59

<0.001

Self-reported health (ref = very good)
Fairly good
Good
Poor
Neuroticism (EPQ-N)

2.04
4.00
5.55
1.26

1.28–3.22
2.50–6.66
2.44–14.26
1.19–1.34

0.003
<0.001
<0.001
<0.001

2.50
4.76
11.11
1.29

1.32–4.76
2.27–10.00
2.13–50.00
1.16–1.43

0.005
<0.001
0.004

1.16
1.17

0.89–1.50
0.89–1.55

0.275
0.257

1.39
0.63

0.90–2.14
0.39–1.01

0.137
0.058

1.17
1.36
1.73
0.96
1.05
1.01
1.08
1.19

0.74–1.86
0.87–2.11
1.09–2.75
0.76–1.21
0.99–1.11
0.79–1.29
0.81–1.44
0.88–1.61

0.509
0.172
0.020
0.718
0.094
0.936
0.606
0.267

1.30
1.26
1.64
0.97
1.00
0.80
1.13
1.00

0.54–3.18
0.53–3.01
0.68–3.99
0.64–1.46
0.93–1.06
0.52–1.23
0.68–1.87
0.60–1.65

0.560
0.600
0.271
0.873
0.951
0.311
0.629
0.992

0.87
0.77
0.78

0.63–1.20
0.58–1.02
0.56–1.08

0.387
0.070
0.133

0.78
0.62
0.55

0.46–1.32
0.39–0.97
0.31–0.97

0.347
0.036
0.037

Sleep medication dose (ref = low)
Moderate
Frequent
Satisfaction with life (ref = very satisfied)
Satisfied
Somewhat satisfied
Less than somewhat satisfied
Smoking (ref = nonsmoker)
Alcohol use (L/yr)
Living with others (ref = living alone)
Death in the family (ref = no death)
Relationship breakup (ref = no breakup)
Exercise (ref = less than once a week)
Once a week
Two to three times a week
Daily

Males

<0.001

Note: Bold values are statistically significant.
Abbreviations: PSM, prescribed sleep medication; OR, odds ratio; CI, confidence interval; EPQ-N, Eysenck Personality Questionnaire – Neuroticism Scale; ref, reference
group; yr, year.
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score for neuroticism (EPQ-N) was 1 for both sexes of PSM
nonusers. Approximately 10% of PSM nonusers (11.4%
of females and 10.5% of males) reported low satisfaction
with life, and when evaluating their own health, 0.9% of
the female nonusers versus 1.1% of the male nonusers rated
their health as poor.

Associations with insomnia in nonusers
of PSM
As with users of PSM, older age and higher levels of neuroticism (EPQ-N) were significantly associated with increased
risk of insomnia among both male and female nonusers of
PSM, and better self-rated health reduced risk (Table 4).
Unlike for the PSM users, low satisfaction with life was the
strongest predictor of insomnia among both male and female
nonusers of PSM, with the least satisfied participants being
more than twice as likely to report insomnia than the very
satisfied participants. Alcohol use and stressful life events
(ie, relationship breakup) were also borderline significant
(P<0.02) with increased insomnia risk among male nonusers, but no association among female nonusers. Exercise
was associated with significantly reduced risk of insomnia
in the female nonusers, but not among male nonusers. The
female nonusers who reported exercising more than once a

week had a lower risk of insomnia than those who reported
no exercise. As for the PSM users, smoking and living situation were not significantly associated with insomnia risk for
either sex of PSM nonusers.

Discussion
In the present study, we found that increased risk of insomnia
was strongly associated with psychosocial factors such as
higher levels of neuroticism and poorer self-rated health.
These associations were similar for both sexes and in both
users and nonusers of PSM. Furthermore, lower life satisfaction was strongly related to insomnia, but only among nonusers of PSM. Somewhat surprisingly, more frequent doses
of PSM were not associated with reduced risk of insomnia.
Neuroticism represents a person’s tendency to worry and
feel nervous, as opposed to feeling relaxed and safe.29 Several
previous studies have shown that neuroticism is associated
with insomnia,10–12 but our data demonstrate this association
both in users and nonusers of PSM. Individuals with high
neuroticism might feel that they need sleep medication to
calm down, reduce sleep latency, and stay asleep at night.
Previous research has shown that poor sleep and reduced
quality of life are related30–32 and that life satisfaction contributes to favorable sleep.31 It is worth noting that 68% of

Table 4 Logistic regression analysis of personality and life style predictors of insomnia (dependent variable) among nonusers of PSM
Variables

Females
OR

95% CI

P-value

OR

95% CI

P-value

Age

1.30

1.25–1.37

<0.001

1.12

1.05–1.19

<0.001

Self-reported health (ref = very good)
Fairly good
Good
Poor
Neuroticism (EPQ-N)

1.30
3.12
4.76
1.38

0.83–2.00
4.76–5.55
7.69–2.94
1.33–1.43

0.254
<0.001
<0.001
<0.001

1.56
3.45
5.88
1.47

0.98–2.50
2.17–5.55
3.23–10.00
1.40–1.54

0.060
<0.001
<0.001
<0.001

1.04
1.41
2.08
1.09
0.98
1.03
1.24
0.87

0.83–1.30
1.13–1.76
1.63–2.65
0.94–1.25
0.95–1.03
0.88–1.21
1.00–1.53
0.71–1.08

0.710
0.002
<0.001
0.264
0.489
0.707
0.055
0.205

1.24
1.64
2.19
0.89
1.03
1.05
0.81
1.35

0.91–1.69
1.21–2.22
1.56–3.06
0.73–1.08
1.00–1.06
0.85–1.29
0.61–1.09
1.06–1.71

0.175
0.002
<0.001
0.237
0.013
0.654
0.164
0.015

0.86
0.32
0.21

0.70–1.04
0.21–0.51
0.13–0.34

0.111
<0.001
<0.001

1.00
1.02
1.00

0.80–1.25
0.83–1.26
0.77–1.30

0.972
0.809
0.987

Satisfaction with life (ref = very satisfied)
Satisfied
Somewhat satisfied
Less than somewhat satisfied
Smoking (ref = nonsmoker)
Alcohol use (L/yr)
Living with others (ref = living alone)
Death in the family (ref = no death)
Relationship breakup (ref = no breakup)
Exercise (ref = less than once a week)
Once a week
Two to three times a week
Daily

Males

Note: Bold values are statistically significant.
Abbreviations: PSM, prescribed sleep medication; OR, odds ratio; CI, confidence interval; ref, reference group; EPQ-N, Eysenck Personality Questionnaire – Neuroticism
Scale; yr, year.
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females and 79% of males with insomnia in the HUNT3
were nonusers of PSM. In the nonusers group only, low
satisfaction with life was associated with an increased risk
of insomnia and was the strongest of the included predictors. There is little research on the attitudes of people who
might use or refrain from using sleep medication; therefore,
speculation about this relationship is difficult. However,
our results support earlier research, emphasizing the small
proportion of individuals who seek professional help for
their insomnia.7,33
Good sleep is required for both good quality of life and
good health.34 For both users and nonusers of PSM, those
who rated their health as good or very good had a lower risk
of having insomnia. Previous population-based studies have
reached similar conclusions.35–37 The concept of “self-rated
health” likely captures a wide array of medical diseases or
health complaints, many of which may cause insomnia.38
Costa and McCrae29 suggested that individuals with high
levels of neuroticism could have a tendency to overreport
negative health conditions. Underlying medical causes were
not examined in our study, but should be taken into consideration in clinical practice.
The present study revealed a protective effect of daily
regular exercise on insomnia, but only for the female nonusers of PSM. However, multiple studies have demonstrated
significant improvements in subjective sleep quality with
exercise interventions; a systematic review of six randomized trials of exercise in middle-aged and older adults (with
and without insomnia) demonstrated improvements in sleep
quality and decreased sleep medication use.39 Furthermore, in
a randomized controlled trial, increasing physical activity to
the minimum level recommended in public health guidelines
was shown to improve both daytime and nighttime symptoms
in inactive adults with insomnia.40 The lack of association
between physical activity and insomnia among the PSM users
in the current study could be attributed to low reliability of
self-report physical activity measures.
We also found some sex differences in this populationbased study. As reported in other European epidemiological
studies, insomnia symptoms were more frequent in females
than in males.41,42 Logistic regression showed that neuroticism
was associated with a higher risk of insomnia for males compared to females, and the effect was even more pronounced in
males who did not use PSM. Similar to previous studies,7,32
females were more likely than males to use pharmacotherapy
for sleep problems, and they were more likely to report
symptoms consistent with insomnia. One interpretation
of these findings is that males have a higher threshold for
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consulting their doctor about sleep medication, even if they
have a plausible need. There is consistent evidence that males
have less frequent primary care consultations than females,43
and Kapur et al44 found that factors related to psychological
distress seemed to be more important as determinants for
consultations among females, whereas physical symptoms
and cognitive factors were more important among males.
Furthermore, data from a large US survey on individuals who
received treatment for sleep difficulties showed that among
visits where pharmacotherapy was prescribed, visits by male
patients were 39% less likely than visits by female patients to
result in a prescription for a medication with abuse potential.45
Sex issues in insomnia treatment, pharmacological as well
as nonpharmacological, warrant further study.
A relatively large proportion of our sample (13.2%)
received PSM, and one-third was categorized as frequent
users. Not surprisingly, risk of insomnia, as well as sleep
medication use, was higher in older and elderly adults. Earlier
research has shown that increased use of PSM among older
adults may be attributable to divorce/relationship breakup46
and to hormonal changes among females.36 It could also
mean that the elderly are more often prescribed medication
for sleep problems, or alternatively, are less afraid to use
sleep medications because they are less concerned about the
potential side effects or drug dependency. Previous research
has called attention to the high rate of sleep medication use
among the elderly as a cause for concern.47,48 In the present
study, more frequent doses of sleep medication did not seem
to have any effect on insomnia risk. The association between
neuroticism and insomnia was strong, and since personality
traits are considered to be relatively stable over time,29 this
stability might help explain why using PSM does not alter
the association between PSM and insomnia. Furthermore,
the prevalence of insomnia was actually higher in individuals
who received PSM than in PSM nonusers, thus indicating
that insomnia is a persistent problem and that sleep medication is not a solution or cure of insomnia, but more of a
temporary relief.

Strengths and weaknesses
The design of our study was cross-sectional; hence, we were
not able to perform a direct comparison between users and
nonusers of PSM with regard to better or worse sleep outcome
nor does this design permit drawing any conclusions about
cause and effect. Such comparison would only be possible
with a randomized controlled trial. To answer the question
of whether improvement in sleep positively impacts health
and life satisfaction, longitudinal studies designed to examine
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causality are needed. Such studies should also include objective verification of sleep length and sleep quality.
The strengths of the study are the relatively large sample
size of home-dwelling persons with a wide age range and
the linkage to the NorPD giving precise data on the type
and quantity of sleep medication received during the previous year, instead of relying on the participant’s memory.
A general weakness in studies based on data from NorPD
is that the dispensed prescription serves as a proxy for the
amount of medication consumed. As such, the medication
is not necessarily used by the recipient. Furthermore, our
sample includes relatively few male users of sleep medication. Since our estimates are based on limited numbers, the
precision is low.

Consequences for clinical practice
Psychosocial factors were related to insomnia, and more
frequent doses of sleep medication did not seem to have
any effect. In France, the significant dependence and abuse
potential for Z-drugs have recently been highlighted. 49
Proven nondrug treatments exist, such as cognitive behavioral
therapy and sleep hygiene education.50 Our findings suggest
that successful treatment for sleep problems should take
individual variation into account, such as age, sex, personality
traits, and health perception. Moreover, there is a need for
more public education about sleep and broader dissemination
of evidence-based therapies for insomnia.51 Such therapies
should be made more easily accessible for individuals experiencing sleep problems, eg, from web-based programs.52

Conclusion
Insomnia is a problem among both users and nonusers of
PSM and is associated with psychosocial factors. Our findings suggest that successful treatment for sleep problems
should take individual variation into account, such as age, sex,
personality traits, satisfaction with life, and health perception.
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