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Abstract

Background: The degree to which the relationship between alcohol use and sleeplessness is unidirectional or
reciprocal is unclear due to great variation among the results of previous studies. The aim of the present
study was to investigate if the relationship between alcohol use and sleeplessness is bidirectional by exploring how the
change in and stability of alcohol use were related to sleeplessness, and vice versa, how the change in and stability of
sleeplessness were related to alcohol use, in a longitudinal study spanning 13 years.

Method: Data were collected from 9941 adults who participated in two waves (T1: 1994-1995, and T2: 2007-2008) of
the Tromse Study, a Norwegian general population health study. Alcohol use was measured by questions asking about
the frequency of drinking, amounts of alcohol normally consumed and the frequency of binge drinking, whereas
sleeplessness was measured by one item asking about the frequency of experiencing sleeplessness. Variables
representing change in and stability of consumption of alcohol and sleeplessness from T1 to T2 were created.
Logistic regression analyses, stratified by gender, were used to analyze the data.

Results: Men reporting stable high (OR=2.11, p. <.001) or increasing (OR=1.94, p. < .01) consumption of alcohol
from T1 to T2 had a significantly higher risk of reporting sleeplessness at T2. Likewise, men experiencing stable
(OR=1.84, p. < .01) or increasing (OR = 1.78, p. < .001) sleeplessness from T1 to T2 had a significantly higher risk of
reporting high consumption of alcohol at T2. No significant effects were detected among women.

Conclusion: The findings indicate a bidirectional relationship between high consumption of alcohol and sleeplessness
only among men. Thus, healthcare professionals ought to be informed about the health risks associated with excessive
drinking and struggling with sleeplessness, especially in men.
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The study of alcohol use and sleep has a long history
[1]. Drinking alcohol immediately affects sleep architec-
ture and sleep quality [2], such as by suppressing REM
sleep and increasing slow-wave sleep during the first half
of the sleep period [1]. In addition, drinking alcohol im-
pacts neuroendocrine and neurobiological responses
related to sleep, such as GABA facilitation and inhibition
of the excitatory activity of the NMDA receptor [3, 4].
Alcohol use and sleep problems are also longitudinally
related, as insomnia is more prevalent among people
struggling with alcohol use disorders, with prevalence
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rates ranging between 36 and 91%, compared to preva-
lence rates between 10 and 15% in the general popula-
tion [5]. Despite the evident relationship, the influence
of alcohol use on the development of sleep problems or
vice versa is uncertain.

The findings from population-based studies examining
longitudinal relationships between sleep problems, such
as insomnia, and alcohol use portray a mixed picture.
Most studies find that insomnia predicts alcohol use or
abuse [6-8]. Interestingly, longitudinal studies examin-
ing the opposite direction tend to find that alcohol use
is not a significant predictor of insomnia [9-13]. One
population-based study [14] did, however, observe a
doubled risk of insomnia, as measured 13 years later, for
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individuals diagnosed as alcohol dependent. Remission
in alcohol dependency was unrelated to the risk of in-
somnia, but this was true only for those who continued
to drink while in remission. Abstinent individuals in re-
mission had an increased risk of insomnia 13 years later.
This may suggest that there are other factors related to
alcohol-use disorders that enhance the risk of insomnia,
such as the severity or chronicity of the disorder.

To our knowledge, only one study has investigated the
bidirectionality of this relationship among adults in the
general population. Haario and colleagues [15] found
that frequent symptoms of insomnia predicted subse-
quent heavy drinking and vice versa, heavy drinking sig-
nificantly predicted subsequent symptoms of insomnia.

The aim of the present study was to investigate the
directionality of the relationship between alcohol use
and sleeplessness as a core symptom of insomnia [16].
In particular, we examined whether change in and stability
of heavy alcohol use enhance the risk of sleeplessness and
whether change in and stability of sleeplessness enhance
the risk of heavy alcohol use. To examine gender-specific
risks, the analyses were stratified by gender. To the best of
our knowledge, the directionality of this relationship has
not been previously investigated for men and women
separately.

Methods

Sample and procedure

The current data come from a longitudinal general
population health study (the Tromse Study) conducted
in the city of Tromse in Norway. The main purpose of
this cohort study was originally to identify risk factors of
cardiovascular disease but has been expanded to include
measures of various health- and illness-related factors
[17]. The study has been repeated seven times since
1974 and includes extensive physical health examina-
tions in addition to health survey data. To increase the
statistical power of the analyses, the present study used
survey data only from the fourth (hereafter labeled T1)
and sixth (labeled T2) waves, which were conducted in
1994-1995 and 2007-2008, respectively. At T1, 27,158
persons participated, representing a response rate of
72.3% (from all eligible participants aged 25 or older,
N =37,558). At T2, those who participated at T1 were
invited along with random selections of those aged
30-39 (10%), those aged 43-49 years (40%), as well as
all inhabitants aged 40—42 and 60-87. In total, 12,984
(65.7%) participated. Of these, 10,325 (79.5%) also
participated at T1. Missing data were handled using
multiple imputation, resulting in a final sample of 9941
(men N =4611, women N = 5330). Respondents aged >70
years were excluded because they completed a different
questionnaire without the variables of interest to the
present study.
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Measures

Sleeplessness at T1 and T2 was measured by asking to
what extent the respondent was bothered by sleepless-
ness (never, 1-3 times per month, once a week, or more
than once a week). These categories were dichotomized
into no or infrequent sleeplessness (never or 1-3 times
per month, hereafter called low score) and experiencing
sleeplessness (approximately once a week and more than
once a week, hereafter called high score). This variable
was used both as an outcome (with two categories,
dichotomized as described above) and as a predictor
variable. To study change in and stability of sleeplessness
as predictors, a variable based on the T1 and T2 re-
sponses was created with the following four groups: (0)
stable sleeplessness at both T1 and T2 (high score T1,
high score T2), (1) increasing sleeplessness (low score
T1, high score T2), (2) decreasing sleeplessness (high
score T1, low score T2), and (3) stable absence of sleep-
lessness (low score T1, low score T2). The latter category
served as the reference group.

Alcohol use. At T1, the respondents reported the
number of days in which alcohol was consumed within
a normal month (numerical response), as well as the
number of units of beer, wine or spirits normally con-
sumed within a two-week period (numerical re-
sponses). In addition, a question about the frequency
of alcohol consumption corresponding to at least five
small bottles of beer, a bottle of wine or a quarter bot-
tle of spirits in one sitting during the past 12 months
was included. The response categories ranged from not
at all in the past year to three or more times per week.
To ensure that the alcohol variables could be com-
bined into a single variable, a principal component
analysis of the T1 alcohol variables was conducted, and
the results suggested a one-factor solution (explaining
R?=55.9% of the variance). A summative scale of the
four variables was constructed and ranked in ascend-
ing order under the assumption that an individual’s
ranking in the distribution is of greater importance
than the observed scores of the variables. At T2, alco-
hol consumption and alcohol problems were measured
by the Alcohol Use Disorders Identification Test
(AUDIT) [18]. To assist comparison of the T1 and T2
sum scores, the following AUDIT items were used:
“How often do you drink alcohol” (never to 4 or more
times per week), “How many units of alcohol do you
usually drink when you drink alcohol?” (1-2 to 10 or
more), and “How often do you drink six units of alco-
hol or more in one occasion?” (never to daily or almost
daily). A principal component analysis of the T2 vari-
ables also extracted a single eigenvalue >1 (R’=
58.3%), supporting the creation of a single composite
score. The variables were summed and ranked in as-
cending order.
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The ranked T1 and T2 alcohol-use sum scales were
dichotomized. Due to gender differences in alcohol
consumption, one variable for women and one variable
for men were created. For men, the top 11.7% of the T1
sample and the top 12.4% of the T2 sample were catego-
rized as high consumers. For women, the top 7.1% of
the T1 sample and the top 6.9% of the T2 sample were
categorized as high consumers. For men, the percentage
scoring above the cut-off value is somewhat lower than
the 12-month prevalence rates for men with alcohol
abuse/dependence in Norway, whereas for women, the
percentage scoring above the cut-off corresponds to the
prevalence rates for alcohol-use disorders for women in
Norway [19]. The distribution of the scores necessitated
the chosen cut-off values and explains why different
cut-off values were chosen for T1 and T2. Alcohol use
was used both as an outcome variable (with two categor-
ies) and as a predictor variable (with four categories).
When serving as an outcome variable, T2 consumption
of alcohol was dichotomized as described above. To use
change in and stability of high consumption of alcohol
as predictors, a variable combining the T1 and T2 vari-
ables was computed similar to the one described for
sleeplessness: (0) stable high alcohol consumption at T1
and T2 (high T1, high T2), (1) increasing alcohol con-
sumption (low T1, high T2), (2) decreasing alcohol con-
sumption (high T1, low T2), and (3) stable low alcohol
consumption (low T1, low T2). The last category was
the reference group in the analyses.

Mental health at T1 was measured by the CONOR
Mental Health Index. The index consists of seven items
measuring positive and negative emotionality and anx-
iousness and is partly based on the General Health
Questionnaire, partly on the Hopkins Symptom Check-
list and partly on other mental health measures. The
CONOR Mental Health Index has been found to have
high internal consistency, low to moderate sensitivity
and high specificity in detecting mental distress [20]. A
composite score was created.

Somatic health problems at T1 were measured by
items covering past or present heart attack, angina pec-
toris, diabetes, cancer, asthma, stroke, epilepsy or fibro-
myalgia. A dichotomous variable was created that
categorized all respondents who had experienced any
somatic health problems in one group and the respon-
dents who had not had somatic health problems in an-
other group.

Social security benefits at T1. Respondents were asked
to indicate if they received the following social security
benefits: sick leave benefits, rehabilitation benefits, dis-
ability pension, social welfare benefits or unemployment
benefits. A dichotomous variable was created: (0) receiv-
ing no social benefits and (1) had received any kind of
social benefits.
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Body mass index (BMI) at T1. Weight was reported in
kilograms and height in cm. BMI was calculated by div-
iding weight (kg) by height squared (cm).

Demographic information. Education was measured by
asking the respondents to indicate the highest level of
completed education at T1. The response categories were
primary/secondary school, vocational school/started high
school, high school diploma, college/university <4 years
or college/university > =4 years. The respondents stated
their marital status, which was categorized as (0) divorced,
separated or widower, (1) single and (2) married/registered
partnership. Age at the time of participation and gender
were also registered at T1.

Statistical analyses

Hierarchical logistic regression analyses were performed
using the statistical software IBM SPSS 24 for Windows.
The covariates included in the hierarchical models were
chosen based on known relationships to alcohol use or
sleeplessness in general [21-28]. In the first model, the
change and stability variables for alcohol use or sleep-
lessness were entered alone to estimate the crude odds
ratios. Next, demographic covariates (i.e., age, education
and marital status) were added to model 2. In model 3,
the dichotomous T1 variable of the outcome variable
was entered, and in the fully adjusted model, health and
psychosocial covariates were added, i.e., mental distress,
somatic health problems, having received social security
benefits and BMI. All analyses were stratified by gender,
as different criteria were used for men and women to
categorize change in and stability of alcohol use.

Treatment of missing values

Multiple imputation (IBM SPSS 24 for windows) was ap-
plied to achieve a more complete dataset. Only persons
participating at both T1 and T2 were included in the data
to be imputed. The imputation model used all T1 and T2
variables included in the final regression analyses to create
five imputed datasets. Missing values were reduced from
2.7% for T1 sleeplessness, 11.7% for T2 sleeplessness, 23.7%
for the T1 alcohol frequency sum scores, 15.8% for the T2
alcohol frequency sum scale, and 3.7% for the CONOR
mental health index. Complete case analyses were also run,
and the differences were only negligible. Hence, only results
from the multiply imputed datasets will be shown.

Results
Descriptive statistics at T1 for the male and female sam-
ple of the study are displayed in Table 1.

Change in and stability of alcohol consumption and
sleeplessness at T2

The crude estimates showed that men with a stable high,
increasing or decreasing consumption of alcohol had
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Table 1 Descriptive statistics of the sample
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Men Women
N % N %
Sex 4611 46.4% 5330 53.6%
Education T1
Primary school 1373 29.8% 1935 36.3%
Vocational high school/started high school 1380 29.9% 1488 27.9%
High school diploma 348 7.5% 479 9.0%
College/university < 4 years 841 18.2% 712 13.4%
College/university > 4 years 669 14.5% 716 13.4%
Marital status T1
Married/registered partner 3047 66.1% 3323 62.3%
Single 1060 23.0% 1037 19.5%
Divorced/separated/widowed 504 10.9% 970 18.2%
Social welfare benefits T1
Yes 601 13% 1146 21.5%
Change in and stability of alcohol use
Stable high, high T1-high T2 231 5.0% 126 24%
Increasing, low T1-high T2 340 7.4% 242 4.5%
Decreasing, high T1-low T2 308 6.7% 254 4.8%
Stable low, low T1-low T2 3732 80.9% 4708 88.3%
Change in and stability of sleeplessness
Stable sleeplessness, high T1-high T2 190 4.1% 527 9.9%
Increasing sleeplessness, low T1-high T2 355 7.7% 844 15.8%
Decreasing sleeplessness, high T1-low T2 198 4.3% 283 53%
Stable no sleeplessness, low T1-low T2 3868 83.9% 3676 69%
Somatic health problems T1
Yes 763 16.5% 1240 233%
M SD M SD
Age 47.1 1.5 46.7 12.3
Mental distress T1 (range 7-27) 10.2 2.5 10.7 3.1
BMI 258 32 249 4.0

The frequency and percentage are displayed for categorical variables, and the mean (M) and standard deviation (SD) are presented for continuous variables

significantly higher odds of reporting sleeplessness at T2
compared with the reference group (see Table 2). In
model 3, when adjusting for sleeplessness at T1, the
group with decreasing alcohol use was no longer signifi-
cantly different from the reference group. The effects of
stable high and increasing consumption of alcohol were
robust as the addition of adjustment variables in three
separate blocks did not alter these estimates noticeably.
A similar regression analysis for women found no sig-
nificant relationships (see Table 3).

Change in and stability of sleeplessness and high
consumption of alcohol at T2

The crude estimates showed that stable and increasing
sleeplessness among men predicted higher odds of high

consumption of alcohol at follow-up compared with the
reference group. Men with decreasing sleeplessness be-
tween T1 and T2 did not differ significantly from the
reference group. These findings were robust as the
addition of adjustment variables did not alter the associ-
ations markedly (see Table 4). Again, a comparable ana-
lysis for women revealed no significant relationships (see
Table 5).

Discussion

In the present study, we observed a bidirectional longi-
tudinal relationship between high consumption of alco-
hol and sleeplessness; that is, stable high and increasing
high consumption of alcohol predicted a higher risk of
sleeplessness, and stable and increasing sleeplessness
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Table 2 Logistic regression analysis of sleeplessness for men according to change in alcohol use
Alcohol use Model 1° Model 2° Model 3¢ Model 4¢

OR Clos OR Clos OR Clos OR Clos
Stable high, high T1-high T2 2.27%** 157-3.13 2.40%** 1.69-341 2.10%** 141-3.12 2.1 7% 143-3.13
Increasing, low T1-high T2 1.69%** 1.24-2.30 1.971%** 1.39-2.61 1.97%** 140-2.77 1.94%** 1.38-2.73
Decreasing, high T1-low T2 1.42% 1.01-1.99 1.42% 1.01-2.00 1.36 0.94-1.98 1.38 0.95-2.00
Stable low, low T1-low T2 Ref. Ref. Ref. Ref.

Notes. *** p <001, ** p <.01, * p <.05. Clgs = 95% confidence interval
#Crude estimates

PAdjusted for age, education and marital status

“Adjusted for Model 2 + sleeplessness at T1

dAdjusted for Model 3 + mental health problems, somatic health problems, BMI, and social welfare benefits

predicted a higher risk of high consumption of alcohol.
This bidirectionality was only evident among men.

The risk of experiencing sleeplessness was slightly
higher for men with stable high consumption of alcohol
compared to men with increasing consumption of alco-
hol. However, it is not possible to discern if the risk for
those with stable high consumption was caused by their
current heavy drinking as measured at T2 or by a more
severe and chronic condition represented by stable high
consumption of alcohol. The analyses also showed that
men with decreasing consumption of alcohol between
T1 and T2 did not have a higher risk of sleeplessness at
T2 compared with the reference group, after adjusting
for sleeplessness at T1, which indicates that reducing
alcohol use may improve sleep and lower the risk of
sleeplessness in the future, corroborating the findings of
the study by Crum et al. [14]. The same pattern was
found in the analyses of how change in and stability of
sleeplessness among men were related to high T2 alco-
hol consumption. The risk of high consumption of alco-
hol at T2 was slightly higher for men with stable
sleeplessness over time compared with men experiencing
increasing sleeplessness between T1 and T2. Again,
decreasing sleeplessness between T1 and T2 was not re-
lated to higher risk of heavy alcohol use at T2 compared
with the reference group. This indicates that relieving
sleeplessness may reduce the risk of heavy drinking over
time. In addition, the results showed that the predictive

effects of stable high and increasing consumption of
alcohol were approximately of the same magnitude as
the effects of stable and increasing sleeplessness.
Together, these results reasonably suggest a reciprocal
relationship between sleeplessness and high consump-
tion of alcohol for men.

The existing literature has shown in a relatively con-
sistent manner that experiencing insomnia enhances the
risk of heavy alcohol use (e.g. [6—8]). One explanation
may be that the sedating effects of alcohol may cause
people struggling with insomnia to use alcohol as a hyp-
notic to a greater degree than others [29]. Another ex-
planation may be observed changes in sleep architecture
(i.e., longer duration of deep-level sleep during the first
half of the night) and improved mood after alcohol
exposure among people struggling with insomnia rela-
tive to healthy controls [30]. However, such favorable
sleep effects are short-lived. Tolerance to the positive ef-
fects of alcohol on sleep develops within three days [3],
and as such continued use of alcohol as a hypnotic
causes further sleep disruption both acutely and after
discontinuation of use [31], ultimately exacerbating the
insomnia symptoms [32]. With the negative effects of
alcohol on sleep in mind, it is somewhat surprising that
the majority of studies investigating alcohol use as a pre-
dictor of insomnia do not find a significant effect. Our
results do not substantiate this tendency though, as
stable high and increasing consumption of alcohol were

Table 3 Logistic regression analysis of sleeplessness for women according to change in alcohol use

Alcohol use Model 1° Model 2° Model 3¢ Model 4¢

OR Clos OR Clos OR Clos OR Clgs
Stable high, high T1-high T2 0.92 0.56-149 1.11 0.67-1.85 112 0.65-1.94 1.11 0.64-1.92
Increasing, low T1-high T2 1.02 0.75-1.39 1.31 0.95-1.80 1.24 0.88-1.75 1.28 0.90-1.81
Decreasing, high T1-low T2 1.07 0.79-1.46 1.12 0.82-1.53 1.07 0.76-1.52 1.05 0.74-1.49
Stable low, low T1-low T2 Ref. Ref. Ref. Ref.

Notes. *** p <001, ** p <.01, * p <.05. Cl g5 = 95% confidence interval
?Crude estimates

PAdjusted for age, education and marital status

“Adjusted for Model 2 + sleeplessness at T1

dAdjusted for Model 3 + mental health problems, somatic health problems, BMI, and social welfare benefits



Rognmo et al. BMC Public Health (2019) 19:444 Page 6 of 8
Table 4 Logistic regression analysis of alcohol use for men according to change in sleeplessness
Sleeplessness Model 1? Model 2° Model 3¢ Model 4¢

OR Clos OR Clos OR Clos OR Clos
Stable sleeplessness, high T1-high T2 201 1.38-291 2.32%% 1.58-3.44 1.98%** 1.30-3.02 1.84** 1.19-2.85
Increasing, low T1-high T2 1.80%%* 1.34-2.40 1.96%%* 1.45-2.65 1.81%%% 1.31-2.51 1.78%%* 1.28-2.47
Decreasing, high T1-low T2 1.10 0.71-1.70 1.08 0.69-1.68 1.02 0.63-1.65 1.00 0.59-1.58
Stable no sleeplessness, low T1-low T2 Ref. Ref. Ref. Ref.

Notes. *** p <.001, ** p <.01, *p <.05. Cl g5 = 95% confidence interval
?Crude estimates

PAdjusted for age, education and marital status

“Adjusted for Model 2 + symptoms of alcohol use at T1

dAdjusted for Model 3 + mental health problems, somatic health problems, BMI, and social welfare benefits

significantly related to a higher risk of insomnia at T2 for
men. Several of the previously published non-significant
results were based on the same random sample, the Penn
State Sleep Cohort [9-11], and the possibility that
sample-specific issues may have impacted the results
cannot be excluded. However, other studies have also
failed to establish heavy alcohol use as a significant pre-
dictor of insomnia over time [12, 13]. The sample sizes of
these studies were small to moderate (from 150 to 1395),
thus reducing the precision of the estimates. Our results
are more in line with the results of the study by Crum et
al. [14], who found that individuals with persistent alcohol
dependence had greater odds of insomnia 13 years later.
Despite the large sample size in our case, which strongly
substantiates our findings, future replication in a large
population-based sample is recommended.

To a certain degree, our results corroborate the findings
of Haario et al. [15]. Interestingly, Haario and colleagues
[15] did not find a significant gender difference. Their
sample consisted of more than 80% women, whereas our
sample was more equally balanced in terms of gender
(53.7% women). The gender-specific cut-off values that we
used make conclusions about gender as a significant mod-
erating variable uncertain, although the stratified results
certainly point in that direction. Other cross-sectional
studies have found gender differences, in line with the re-
sults of our study. Jaussent et al. [33] found that alcohol
negatively predicted insomnia symptoms among women

in a study of community-dwelling elderly. For men, alco-
hol use was an insignificant predictor of insomnia symp-
toms. Peretti-Watel and colleagues [34] found drug use
for insomnia to be related to alcohol use only among men.
In line with our results, one may speculate about whether
men struggling with insomnia self-medicate with alcohol
to fall asleep to a greater degree than women. However, as
our results for women differ than those reported by
Haario et al. [15], gender differences in the relationship
between alcohol use and insomnia symptoms need to be
further explored in more large-scale, prospective studies,
preferably also including measures of motives for drinking
alcohol.

Strengths and limitations

A major strength of this study is the generalizability
provided by the large sample size at both measurement
points, as well as the balanced representation of women
and men. Moreover, the precision of the estimates was
improved by the inclusion of several covariates. Al-
though observational in nature and thus prohibiting
causal inferences, the T1-T2 change and stability vari-
ables make the present study informative about pos-
sible causal relations between sleeplessness and heavy
alcohol use. However, it is important to emphasize that
this study is observational, and as such, it is not pos-
sible to draw conclusions regarding causality based on
our study.

Table 5 Logistic regression analysis of alcohol use for women according to change in sleeplessness

Sleeplessness Model 1° Model 2P Model 3¢ Model 4¢

OR Clgs OR Clgs OR Clgs OR Clos
Stable sleeplessness, high T1-high T2 0.86 0.56-1.30 1.25 0.80-1.94 1.20 0.80-1.94 1.29 0.79-2.11
Increasing, low T1-high T2 1.11 0.82-1.50 1.31 097-1.78 1.30 0.97-1.79 1.34 0.97-1.85
Decreasing, high T1-low T2 1.00 0.59-1.58 1.16 0.70-1.91 1.22 0.72-2.06 1.27 0.74-2.17
Stable no sleeplessness, low T1-low T2 Ref. Ref. Ref. Ref.

Notes. *** p < .001, ** p <.01. *p <.05. Cl 95 = 95% confidence interval
?Crude estimates

PAdjusted for age, education and marital status

“Adjusted for Model 2 + symptoms of alcohol use at T1

dAdjusted for Model 3 + mental health problems, somatic health problems, BMI, and social welfare benefits
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There are some limitations in the present study that
should be mentioned. First, the study is based on
self-report data, and sleeplessness was measured by a
single item, which may constrict the validity of this sleep
measure. The main diagnostic criteria for insomnia are,
according to ICD-10, difficulty with initiating or maintain-
ing sleep, as well as early awakening. Moreover, dissatis-
faction with sleep quality and experience of daytime
impairment need to be present [35]. Our general question
about sleeplessness thus missed several specific aspects of
insomnia as a sleep disorder; however, sleeplessness repre-
sents a core functional symptom of insomnia that covers
both difficulties initiating and maintaining sleep. We
therefore consider sleeplessness a valid and clinically rele-
vant indicator of sleep problems and believe that the re-
sults of our study are comparable with those of other
studies investigating sleep problems related to insomnia.
Alcohol use was measured using two slightly different
questions at T1 and T2, which may increase the meas-
urement variance between these two occasions. We
attempted to account for this limitation by using ordinal
ranks rather than the original scores of the variables. The
low mean level of alcohol consumption (results not
shown) aligns with a tendency to underreport alcohol use
in population-based studies [36]. It is thus possible that
the persons drinking the most did not participate in the
study. In another general population-based Norwegian
health survey [37], alcohol use only moderately affected
drop-out, which suggests that attrition between T1 and
T2 due to drinking is unlikely to have greatly affected the
sample. The general selection bias arising from people
with mental disorders abstaining from participating in
population studies [38] is less relevant because the
Tromse Study was launched as a general health survey
and not as a study of alcohol use or sleep problems.

Conclusion

While the results of the present study clearly show a
bidirectional relationship between alcohol use and
sleeplessness among men, more research is needed to
understand possible gender-specific causal mechanisms. A
clinical implication of the present study is that for preven-
tion and treatment purposes, health professionals should
include questions about alcohol use for men who present
with sleep problems and vice versa.

Abbreviations
AUDIT: Alcohol Use Disorder Identification Test; BMI: Body Mass Index

Acknowledgments
The publication charges for this article were funded by a grant from the
publication fund of UiT The Arctic University of Norway.

Funding
The project was funded by the Northern Norway Regional Health Authority
(Helse Nord) under project number RUS: 1179-14. The funding body did not

Page 7 of 8

have a role in the design of the study, data collection, analysis, interpretation
of data or writing of the manuscript.

Availability of data and materials

The data that support the findings of this study are available from The
Tromse Study but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not publicly
available. In order to get access to the data on which the present study is
based, permission from the Tromsg Study is necessary. The Data and
Publication Committee of the Tromse Study evaluates all applications for
access to data, and upon approval of application, an agreement is made
between The Tromsg Study and the project manager of the project in
question. Questions regarding access to data may be directed towards
tromsous@ism.uit.no.

Authors’ contributions

Study concept and design: KR, SB, JHR, KLB, and OF. Analysis and
interpretation of data: KR. Drafting of the manuscript: KR, SB, JHR, KLB, and
OF. Critical revision of the manuscript for important intellectual content: KR,
SB, JHR, KLB, and OF. Study supervision: KR. All authors read and approved
the final manuscript.

Ethics approval and consent to participate

The Regional Committee of Medical and Health Research Ethics approved
the study (REK approval number: 2013/1790), and the study was performed
in accordance with the ethical standards laid down in the 1964 Declaration
of Helsinki and later amendments. All participants gave written informed
consent prior to inclusion in the study.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 8 August 2018 Accepted: 11 April 2019
Published online: 29 April 2019

References

1. Roehrs T, Roth T. Sleep, sleepiness, sleep disorders and alcohol use and
abuse. Sleep Med Rev. 2001;5(4):287-97.

2. Garcia AN, Salloum IM. Polysomnographic sleep disturbances in nicotine,
caffeine, alcohol, cocaine, opioid, and cannabis use: a focused review. Am J
Addict. 2015;24(7):590-8.

3. Roehrs T, Roth T. Sleep, sleepiness, and alcohol use. Alcohol Res Health.
2001;25(2):101-9.

4. Gonzales RA, Jaworski JN. Alcohol and glutamate. Alcohol Research.
1997;21(2):120.

5. Chakravorty S, Chaudhary NS, Brower KJ. Alcohol dependence and its
relationship with insomnia and other sleep disorders. Alcoholism (NY).
2016;40(11):2271-82.

6. Crum RM, Storr CL, Chan Y-F, Ford DE. Sleep disturbance and risk for
alcohol-related problems. Am J Psychiatry. 2004;161(7):1197-203.

7. Clark AJ, Salo P, Lange T, Jennum P, Virtanen M, Pentti J, Kivimaki M,
Vahtera J, Rod NH. Onset of impaired sleep as a predictor of change in
health-related behaviours; analysing observational data as a series of non-
randomized pseudo-trials. Int J Epidemiol. 2015;44(3):1027-37.

8. Sivertsen B, Krokstad S, Mykletun A, @verland S. Insomnia symptoms and
use of health care services and medications: the HUNT-2 study. Behav Sleep
Med. 2009;7(4):210-22.

9. Vgontzas AN, Fernandez-Mendoza J, Bixler EO, Singareddy R, Shaffer ML,
Calhoun SL, Liao D, Basta M, Chrousos GP. Persistent insomnia: the role of
objective short sleep duration and mental health. Sleep. 2012;35(1):61-8.

10. Fernandez-Mendoza J, Vgontzas AN, Bixler EQ, Singareddy R, Shaffer ML,
Calhoun SL, Karataraki M, Vela-Bueno A, Liao D. Clinical and
polysomnographic predictors of the natural history of poor sleep in the
general population. Sleep. 2012;35(5):689-97.


mailto:tromsous@ism.uit.no

Rognmo et al. BMC Public Health

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

30.

31

32.

33.

34.

35.

(2019) 19:444

Singareddy R, Vgontzas AN, Fernandez-Mendoza J, Liao D, Calhoun S,
Shaffer ML, Bixler EO. Risk factors for incident chronic insomnia: a general
population prospective study. Sleep Med. 2012;13(4):346-53.

Zunhammer M, Eichhammer P, Busch V. Sleep quality during exam stress:
the role of alcohol, caffeine and nicotine. PLoS One. 2014;9(10):e109490.
Tavernier R, Willoughby T. A longitudinal examination of the bidirectional
association between sleep problems and social ties at university: the
mediating role of emotion regulation. J Youth Adolesc. 2015;44(2):317-30.
Crum RM, Ford DE, Storr CL, Chan YF. Association of sleep disturbance with
chronicity and remission of alcohol dependence: data from a population-
based prospective study. Alcohol Clin Exp Res. 2004;28(10):1533-40.
Haario P, Rahkonen O, Laaksonen M, Lahelma E, Lallukka T. Bidirectional
associations between insomnia symptoms and unhealthy behaviours. J
Sleep Res. 2013,22(1):89-95.

Ringdahl EN, Pereira SL, Delzell JE. Treatment of primary insomnia. J Am
Board Fam Pract. 2004;17(3):212-9.

Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njglstad |. Cohort profile:

the Tromse study. Int J Epidemiol. 2011,41(4):961-7.

Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. AUDIT: the alcohol
use disorders identification test: guidelines for use in primary care:
department of mental health and substance dependence. 2nd edition.
Geneva: World Health Organization; 2001.

Kringlen E, Torgersen S, Cramer V. A Norwegian psychiatric epidemiological
study. Am J Psychiatr. 2001;158(7):1091-8.

Segaard AJ, Bjelland 1, Tell GS, Raysamb E. A comparison of the CONOR
mental health index to the HSCL-10 and HADS. Norsk epidemiologi. 2003;
13(2):279-84.

Abuse S. Results from the 2012 National Survey on drug use and health:
volume I. summary of national findings; 2012.

Power C, Rodgers B, Hope S. Heavy alcohol consumption and marital status:

disentangling the relationship in a national study of young adults.
Addiction. 1999;94(10):1477-87.

Huerta MC, Borgonovi F. Education, alcohol use and abuse among young
adults in Britain. Soc Sci Med. 2010;71(1):143-51.

Kessler RC, Crum RM, Warner LA, Nelson CB, Schulenberg J, Anthony JC.
Lifetime co-occurrence of DSM-III-R alcohol abuse and dependence with
other psychiatric disorders in the National Comorbidity Survey. Arch Gen
Psychiatry. 1997,54(4):313-21.

Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y,
Patra J. Global burden of disease and injury and economic cost attributable
to alcohol use and alcohol-use disorders. Lancet. 2009;373(9682):2223-33.
Petry NM, Barry D, Pietrzak RH, Wagner JA. Overweight and obesity are
associated with psychiatric disorders: results from the National
Epidemiologic Survey on alcohol and related conditions. Psychosom Med.
2008;70(3):288-97.

Jarl J, Johansson P, Eriksson A, Eriksson M, Gerdtham U-G, Hemstrém O,
Selin KH, Lenke L, Ramstedt M, Room R. The societal cost of alcohol
consumption: an estimation of the economic and human cost including
health effects in Sweden, 2002. Eur J Health Econ. 2008:9(4):351-60.
Ohayon MM. Epidemiology of insomnia: what we know and what we still
need to learn. Sleep Med Rev. 2002,6(2):97-111.

Stein MD, Friedmann PD. Disturbed sleep and its relationship to alcohol
use. Subst Abus. 2006;26(1):1-13.

Roehrs T, Papineau K, Rosenthal L, Roth T. Ethanol as a hypnotic in
insomniacs: self administration and effects on sleep and mood.
Neuropsychopharmacology. 1999;20(3):279-86.

Feige B, Gann H, Brueck R, Hornyak M, Litsch S, Hohagen F, Riemann D.
Effects of alcohol on polysomnographically recorded sleep in healthy
subjects. Alcohol Clin Exp Res. 2006,30(9):1527-37.

Hasler BP, Smith LJ, Cousins JC, Bootzin RR. Circadian rhythms, sleep, and
substance abuse. Sleep Med Rev. 2012;16(1):67-81.

Jaussent |, Dauvilliers Y, Ancelin M-L, Dartigues J-F, Tavernier B, Touchon J,
Ritchie K, Besset A. Insomnia symptoms in older adults: associated factors
and gender differences. Am J Geriatr Psychiatry. 2011;19(1):88-97.
Peretti-Watel P, Legleye S, Baumann M, Choquet M, Falissard B, Chau N,
Group L. Fatigue, insomnia and nervousness: gender disparities and roles of
individual characteristics and lifestyle factors among economically active
people. Soc Psychiatry Psychiatr Epidemiol. 2009;44(9):703-9.

World Health Organization. The ICD-10 classification of mental and
behavioural disorders: clinical descriptions and diagnostic guidelines.
Geneva: World Health Organization; 1992.

36.

37.

38.

Page 8 of 8

Hayer G, Nilssen O, Brenn T, Schirmer H. The Svalbard study 1988-89: a
unique setting for validation of self-reported alcohol consumption.
Addiction. 1995;90(4):539-44.

Torvik FA, Rognmo K, Tambs K. Alcohol use and mental distress as
predictors of non-response in a general population health survey: the HUNT
study. Soc Psychiatry Psychiatr Epidemiol. 2012;47(5):805-16.

Hansen V, Jacobsen BK, Arnesen E. Prevalence of serious psychiatric
morbidity in attenders and nonattenders to a health survey of a general
population the Tromsg health study. Am J Epidemiol. 2001;154(10):891-4.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Method
	Results
	Conclusion

	Methods
	Sample and procedure
	Measures
	Statistical analyses
	Treatment of missing values

	Results
	Change in and stability of alcohol consumption and sleeplessness at T2
	Change in and stability of sleeplessness and high consumption of alcohol at T2

	Discussion
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

