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Study Objectives: Our aim was to estimate heritability in phenotypic insomnia and the association between insomnia and mortality.

Design: Representative follow-up study.

Participants: 1990 survey of the Finnish Twin Cohort (N = 12502 adults; 1554 monozygotic and 2991 dizygotic twin pairs).

Measurements: Current insomnia-related symptoms (insomnia in general, difficulty in initiating sleep, sleep latency, nocturnal awakening, early
morning awakening, and non-restorative sleep assessed in the morning and during the day) were asked. Latent class analysis was used to clas-
sify subjects into different sleep quality classes. Quantitative genetic modelling was used to estimate heritability. Mortality data was obtained from
national registers until end of April 2009.

Results: The heritability estimates of each symptom were similar in both genders varying from 34% (early morning awakening) to 45% (nocturnal
awakening). The most parsimonious latent class analysis produced 3 classes: good sleepers (48%), average sleepers (up to weekly symptoms,
40%), and poor sleepers (symptoms daily or almost daily, 12%). The heritability estimate for the cluster was 46% (95% confidence interval 41%
to 50%). In a model adjusted for smoking, BMI, and depressive symptoms, the all-cause mortality of poor sleepers was elevated (excess mortality
55% in men and 51% in women). Further adjustment for sleep length, use of sleep promoting medications, and sleep apnea-related symptoms did
not change the results.

Conclusions: Insomnia-related symptoms were common in both genders. The symptoms and their clusters showed moderate heritability esti-

mates. A significant association was found between poor sleep and risk of mortality, especially in those with somatic disease.
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INTRODUCTION

Sleep is influenced by genetic and environmental factors,
and it is regulated at many levels that are likely to be geneti-
cally controlled. In humans, EEG has been found to be one of
the most heritable characteristics.! Both waking and sleep EEG
show remarkable similarity in monozygotic (MZ) twins but
only familial relatedness in dizygotic (DZ) twins.>?

Genetic factors are thought to play a role in most sleep dis-
orders, including insomnia.'* High rates of familial insomnia
have been reported in 3 studies based on patient series,”” but
in a population-based study the family history rates were not
significantly different when individuals with current insom-
nia symptoms or syndrome were compared with self-defined
good sleepers.® Twin studies have suggested a role of genetic
effects in sleep and sleep disorders. An early study from the
Finnish Twin Cohort indicated a significant hereditary effect
on sleep length and sleep quality—heritability for both traits
was 44%.° Similar figures on insomnia-related symptoms
have been reported in 3 other reports based on large twin data
sets, with modest to moderate heritability estimates (21% to
57%) for insomnia in general, sleep latency, difficulty in fall-
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ing asleep, nocturnal awakenings, and waking up feeling tired
and worn out.'%"?

Our aim in the present study is to assess the genetic effects
in phenotypic insomnia in a large population-based twin cohort,
using self-report of 7 insomnia-related symptoms, for which heri-
tability estimates were obtained. Based on cluster analysis, we
classified the study population into good sleepers, average sleep-
ers, and poor sleepers, and estimated the heritability of the under-
lying susceptibility to poor quality sleep. Furthermore, to indicate
the clinical effects of this classification we analyzed risk of overall
mortality in these groups during a twenty year follow-up.

METHODS

Population Sample

The Older Finnish Twin Cohort is a longitudinal study of
Finnish twin pairs of the same gender born before 1958 with
both co-twins alive in 1975. These pairs were selected from
the Central Population Registry of Finland in 1974." The third
questionnaire survey in 1990 was mailed to pairs born 1930-
57 with both co-twins resident in Finland in 1987, and 16,179
twin individuals could be contacted (response rate 77.3%; N
= 12,502; 54.4% women; mean age in 1990 43.9 years). This
study population included 1554 MZ and 2991 DZ twin pairs.
The questionnaire included 103 multiple-choice questions, of
which 22 were sleep- and vigilance-related. The study has been
approved by the ethical committee of the Department of Public
Health, University of Helsinki. Informed consent was obtained
from all respondents. Zygosity was determined using an accu-
rate and validated questionnaire method."
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Questionnaire and Register Data

The questionnaire included 7 questions on current insomnia-
related symptoms (wordings and response alternatives are given
in Table 1). One question assessed the frequency of insomnia in
general, and the rest more specific insomnia-related symptoms:
frequency of difficulty in initiating sleep, nocturnal awak-
enings, and feeling of non-restorative sleep separately in the
morning and during the day. Additionally there were questions
on the length of sleep latency in the evening and occurrence of
early morning awakenings (this question is one item from the
21-item Beck Depression Inventory (BDI).'*!¢ Additionally, we

asked smoking status (never, occasional, ex-, or current smok-
er), weight and height to compute BMI (body mass index, kg/
m?), sleep length (categorized as short [ < 7 h], average [7-8 h],
and long [ > 8 h]), use of hypnotics and/or tranquilizers (no use
of either hypnotics or tranquilizers, infrequent use = 1-59 days
per year of either medication; frequent use = 60 or more days
per year of either medication),'” habitual snoring (> 3 nights per
week), and apneas (> 1 night per week).

Vital status (alive in Finland on April 30, 2009, date of death
or date of migration from Finland) was obtained from the Popu-
lation Register Centre of Finland. The follow-up for all-cause

Question and response alternatives*
INSOMNIA-SYMPTOM
How often do you suffer from insomnia?
never or less than once a month
less than one night per week
1-2 nights per week
3 nights or more per week
DIFFICULTY IN INITIATING SLEEP
Do you have difficulties in falling asleep in the evening?
never or less than once a month
less than once a week
1-2 evenings per week
3 evenings or more per week
SLEEP LATENCY
How fast do you usually fall asleep in the evening?
in less than 10 minutes
in 10-20 minutes
in 21-30 minutes
more than 30 minutes

NOCTURNAL AWAKENINGS
How often on average are you awaken during the night?
usually | do not wake during the night
at most during a couple nights a week
once a night
twice a night
3 times or more a night
EARLY MORNING AWAKENING
| sleep as well as before

NON-RESTORATIVE SLEEP (MORNING)
How often do you feel sleepy/tired when you wake up in the morning?
never or less than once a month
less than one morning per week
1-2 mornings per week
3-5 mornings per week
every or almost every morning
NON-RESTORATIVE SLEEP (DAY)
Are you sleepyitired during the daytime?
never or less than once a month
less than one day per week
1-2 days per week
3-5 days per week
every or almost every day

*Range of missing data on each question 0.3-1.7%

Table 1—Distributions of self-reported insomnia-related symptoms (N = 12,502)

when | wake up in the morning | am much more sleepy!/tired than before
“| wake up 1-2 hours earlier than before and it is difficult to fall asleep again” or
“| wake up early every morning, and | cannot sleep more than 5 hours”

Men (%) Women (%)
50.8 514
30.2 28.9
12.2 12.3

6.8 74
55.4 56.0
258 25.0
1.8 1.1

7.1 7.9
33.0 30.1
43.9 443
14.3 15.9

8.8 9.7
30.5 25.8
251 22.7
235 252
13.6 171

7.3 9.3
79.4 73.4
1.4 17.2

9.2 9.4
32.8 29.8
331 29.2
20.2 21.5

6.7 7.7

7.2 1.8
33.0 28.9
34.3 31.2
19.6 222

5.9 6.7

7.1 1.1
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mortality was from the exact date of response (date 1990 ques-
tionnaire returned) to April 30, 2009.

Statistical Methods and Modeling

Basic statistics were computed using the Stata program (ver-
sion 9.2) (StataCorp, USA). Latent class analysis (LCA) was
used to classify subjects with differing patterns of symptoms.
LCA is a data reduction technique that can be used to sum-
marize categorical data. The assumption behind LCA is that
subjects can be grouped into a small number of distinct clusters
known as latent classes based on their symptom profile. Model-
ing aims to obtain the smallest number of clusters that accounts
for all the associations between variables, so that within clusters
the variables are as uncorrelated as possible. We fitted models
successively, starting with a one-cluster model and then adding
another cluster for each successive model. The optimal number
of clusters can be determined in a variety of ways'®?’ based
on a variety of fit indices and some subjective assessment of
the underlying biology and pathophysiology. We explored the
possibilities of 2 to 5 latent class solutions. The 3-class model
fit much better than 2 classes, but for 4 and 5 classes the main
difference compared with the 3-class solution was a split of the
“intermediate” category into 2 or 3. Therefore we concluded
that 3 latent classes could classify the subjects best, and we
termed the classes as class 1: no or occasional symptoms (good
sleepers); class 2: infrequent symptoms (average sleepers); and
class 3: frequent symptoms (poor sleepers). LCA was done us-
ing the Latent Gold'® statistical analysis program.

Genetic modeling can be used to estimate the contribution
of genetic effects to the susceptibility to a trait, based on the
polygenic multifactorial model.*' In twins reared together, it
is possible to model 4 parameters: an additive genetic compo-
nent (parameter A), genetic effects of dominance (non-additive;
parameter D), shared environmental (family) components (pa-
rameter C), and non-shared environmental components (param-
eter E) in the variation of the underlying liability to the trait
(in this study, insomnia-related symptoms). One can fit models
based on the different combinations of these parameters ACE,
ADE, AE, CE, DE, and E. The effects caused by dominance
and shared environmental effect (DC) cannot be simultane-
ously modeled with data limited to that from twins reared to-
gether. These models are estimated under the usual assumptions
of twin analyses, expecting no gene-environment interaction or
correlation, no assortative mating, and environments relevant to
sleep etiology to be similar in MZ and DZ twins.?

Before we started to model variance components, we con-
firmed the assumption that first and second twins and twins of
both zygosities all represent the same population. The distribu-
tion of each insomnia-related symptom was studied using the
method of full information maximum likelihood estimation for
raw data. This method utilizes all available information, includ-
ing that from pairs in which only one twin has responded. An
initial fully saturated model, in which all the distributions for
the first and second twins in both zygosities were free to vary
was compared to successively more constrained models by like-
lihood ratio tests. The distributions were first set equal for the
first- and the second-born co-twins and then set equal for MZ
and DZ pairs. Standard model fitting methods were employed
using Mx, a program for analysis of twin and family data.?>*
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Chi-square goodness-of-fit statistics were used to assess how
well the models fit the data. The superiority of alternative, hi-
erarchically nested models was assessed by the difference in x>
values of the models, which is itself y? distributed with degrees
of freedom equal to the difference in degrees of freedom of the
models to be compared. Men and women were modeled togeth-
er, and we tested that the magnitude of variance components
could be set to be equal in men and women.

Cox proportional hazard models were used to obtain hazard
ratios (HR) and their 95% CI for all-cause mortality by sleep
quality class (good sleepers, average sleepers, or poor sleepers;
see below). In the 1990 questionnaire, the subjects were asked
if they had ever had any chronic disease diagnosed by a physi-
cian (a list containing 20 diseases). The subject was considered
to have a somatic disease if he/ she had any self-reported (1)
disease diagnosed by a physician, (2) life event of serious in-
jury/ illness, or (3) permanent work disability. Other subjects
were classified as healthy.?* Examination of the validity of self-
reported chronic illness in a population study confirmed that
the agreement between questionnaire data and the individual’s
medical records was very good for well-known chronic diseas-
es with clear diagnostic criteria that are easily communicated
to the patient.”

RESULTS

Self-report of weekly insomnia in general was reported by
19% of men and 20% of women (> 3 nights, 6.8 and 7.4%,
respectively; Table 1). The most common insomnia-related
symptom was waking up during the sleep period: weekly it
occurred in the majority of the respondents (70% of men and
74% of women), and waking up at least twice a night also was
frequent (reported by 21% of men and 26% of women). The
second most common symptom was non-restorative sleep, de-
fined as sleepiness or tiredness at least weekly in the morning
or during the daytime. It occurred in the morning in 34.1% of
men and 41.0% of women (> 3 mornings, 7.2 and 11.8%), and
during the daytime 32.6 and 40.0% (= 3 days, 7.1 and 11.1%),
respectively. The third in frequency was difficulty in initiating
sleep: weekly it was reported by 19% of both men and women
(> 3 evenings, 7.1 and 7.9%, respectively). The usual sleep la-
tency in the evening was > 30 min in 8.8% of men and 9.7%
of women. The least common insomnia-related symptom was
early morning awakening (9.2% of men and 9.4% of women).

The intraclass (pairwise) polychoric correlations of each
insomnia-related symptom by sex and zygosity are given in
Table 2. They were about twice as high in MZ (around 0.4)
than in DZ (around 0.1-0.2) twin pairs in both genders, suggest-
ing that genetic effects may be present. The correlations were
highest in MZ pairs in nocturnal awakenings (both genders),
and lowest in non-restorative sleep (in men) and early morning
awakenings (in women).

The best fitting genetic model of each symptom by gender
is given in Table 3. The best model was ADE in insomnia-
symptom, early morning awakening, and non-restorative sleep
assessed in the morning; and AE in the remaining 4 insomnia-
related symptoms. Fit of model (p-value) was good (around 0.9)
in nocturnal awakening and non-restorative sleep assessed dur-
ing the day, satisfactory (around 0.3) in sleep latency and early
morning awakening, and acceptable (around 0.1) in difficulty in
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Table 2—Pairwise similarity of self-reported insomnia-related symptoms: polychoric correlations (r) and their standard errors (SE) of occurrence in twin pairs
(N given in each column)
Men Women
MZ (N = 628) DZ (N = 1295) MZ (N = 926) DZ (N = 1696)
Insomnia-Symptom 0.396 £ 0.045 0.110 £ 0.035 0.424 £0.035 0.208 £ 0.030
Difficulty in Initiating Sleep 0.377 £ 0.046 0.146 + 0.036 0.436 + 0.037 0.245+0.030
Sleep Latency 0.397 + 0.041 0.159 + 0.032 0.442 +0.034 0.212+0.028
Nocturnal Awakening 0.448 £0.039 0.215+0.030 0.451+£0.030 0.238 £ 0.026
Early Morning Awakening 0.370 + 0.067 0.035 + 0.055 0.327 +0.052 0.146 + 0.040
Non-Restorative Sleep (Morning) 0.343 £0.042 0.103 £0.033 0.384 £0.033 0.183 £0.028
Non-Restorative Sleep (Day) 0.334 + 0.044 0.171 +£0.032 0.362 + 0.034 0.176 + 0.027
Table 3—Best fitting model of each insomnia-related symptom
Fit of model Broad sense
Model* probability A D E heritability (A+D)
Insomnia-Symptom ADE (both) 0.099 (both)
Men 3(0-32) 39 (6-50) 58 (52-64) 42 (33-50)
Women 40 (16-47) 2 (0-28) 58 (50-67) 42 (36-48)
Difficulty in Initiating Sleep AE 0.130 41 (36-46) N/A 59 (54-64) 41 (36-46)
Sleep Latency AE 0.341 41 (37-46) N/A 59 (54-63) 41 (37-46)
Nocturnal Awakening AE 0.945 45 (41-49) N/A 55 (51-59) 45 (41-49)
Early Morning Awakening ADE 0.302 7(0-33) 27 (0-42) 66 (58-74) 34 (26-42)
Non-Restorative Sleep (Morning) ADE 0.128 22 (5-38) 15 (0-34) 63 (58-68) 37 (32-42)
Non-Restorative Sleep (Day) AE 0.973 35(31-39) N/A 65 (61-69) 35 (31-39)
For each component given percentage and 95% confidence interval, which were the same in both genders except for insomnia symptom which are given
separately for men and women. *A, additive genetic component; D, genetic effects of dominance; E, non-shared environmental component.

insomnia symptom, initiating sleep, and non-restorative sleep
assessed in the morning. The gender differences in the percent-
ages of each model component were small, and the broad sense
heritability estimates (i.e., proportion of all genetic variance out
of total variance) were similar in men and women, from 34%
(early morning awakening) to 45% (nocturnal awakening).
The most parsimonious cluster analysis with 3 classes clas-
sified 48.3% of the study population into good sleepers (class
1), 39.7% into average sleepers (class 2), and 12.0% into poor
sleepers (class 3). The responses corresponding to the mean
values in the cluster analysis in good sleepers were: insomnia
symptom never or less than monthly, difficulty in falling asleep
less often than weekly, sleep latency < 20 min, nocturnal awak-
enings maximally 2 nights a week, no early morning awakening,
and feeling of non-restorative sleep more seldom than weekly.
In poor sleepers, these responses were: insomnia symptom > 3
nights a week, difficulty in falling asleep every or almost ev-
ery evening, sleep latency > 40 min, nocturnal awakenings > 3
times a night, current early morning awakening, and feeling of
non-restorative sleep > 3 days weekly. Figure 1 shows the pro-
portions of those with insomnia symptoms in each of the 3 clus-
ters when the response alternatives are dichotomized according
to the mean responses of good sleepers. Characteristics of the
3 clusters are given in Table 4. There are major differences in
the proportion of healthy subjects (good vs. poor sleepers 51%
vs. 24%), normal BDI (94% vs. 47%), short sleepers (14% vs.
40%), and frequent use of sleep promoting medications (2% vs.
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21%). Notably, there are much smaller differences in habitual
snoring (22% vs. 28%) and weekly apneas (1% vs. 4%).

When assessing the single question on the frequency of in-
somnia in general (“How often do you suffer from insomnia?”’)
the mean response value in good sleepers (1.1) corresponds to
the alternative “never or less than monthly,” in average sleep-
ers (2.1) “less than once a week,” and in poor sleepers (3.6)
between “1-2 nights per week” and “3-5 nights per week” (first
3-bar set to the left in Figure 1). The correlation of this single
general question to the cluster was 0.94 (similar in both gen-
ders). Of those with the response alternative indicating fewest
insomnia symptoms, 88.6% are included in good sleepers, and
of those with most frequent symptoms 91.2% in the poor sleep-
ers. Similarly, regarding difficulties in falling asleep, 84.7% of
subjects with the fewest symptoms were classified good sleep-
ers, and 94.6% of subjects with most frequent symptoms were
classified poor sleepers. In nocturnal awakenings, the corre-
sponding figures were 78.5% and 66.9%; length of sleep la-
tency, 77.4% and 87.8%; early morning awakening, 61.6% and
70.7%; non-restorative sleep in the morning, 49.2% and 38.9%;
and non-restorative sleep during the day, 71.8% and 39.4%.

The genetic modelling of the cluster result was based on the
assumption that the clusters represented one dimension with
3 categories (good, average, and poor sleepers), which was
confirmed by a test for underlying bivariate normality of the
unmeasured susceptibility to insomnia symptoms in twin pairs
(i.e., based on a 3 x 3 classification of twin A vs. twin B). The
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Figure 1—Proportions (95% confidence intervals; y-axis range 0-1) of insomnia-related symptoms of the three sleeper categories in cluster analysis. This
figure shows the proportions of those with insomnia symptoms in each of the three clusters when the response alternatives are dichotomized according to
the mean responses of good sleepers. Low values indicate absence or infrequent occurrence of each symptom (in sleep latency short time) and high values
increasing frequency of the symptom (long sleep latency) N = 12,126. InsSymptom, insomnia-symptom; DIS, difficulty in initiating sleep; SleepLat, sleep
latency; NoctAwak, nocturnal awakenings; EMA, early morning awakening; NRSMorn, non-restorative sleep (morning); NRSDay, non-restorative sleep (day).

*BDI, Beck Depression Inventory; **BMI, body mass index

Table 4—Characteristics of the three clusters grouped by the frequency of insomnia-related symptoms

Clusters
Total sample Good sleepers Average sleepers Poor sleepers
N=12126 N = 5959 N = 4767 N =1400
Age in years: mean (SD) 43.9(7.8) 42.7(7.3) 445 (7.9) 46.3 (8.3)
Women (%) 54.4 54.0 53.3 59.7
Healthy (%) 436 50.7 40.4 24.3
Current smokers (%) 26.0 25.2 254 314
BDI normal (%)* 83.0 93.6 80.2 472
Obese (BMI > 30; %)** 7.7 6.4 8.0 1.9
Short sleepers (%) 17.9 14.2 16.0 401
Long sleepers (%) 14.2 14.5 14.8 1.1
Frequent use of hypnotics and/or tranquilizers (%) 47 15 44 20.5
Habitual snoring (%) 23.1 217 234 271.7
Apneas 2 1 night per week (%) 1.9 1.4 1.7 43

maximum likelihood ratio test had a P-value of 0.49, indicating
that the data fits well a model of bivariate normality in all pairs.
The results were the same for both genders, and AE model had
the best fit (probability 0.54, Akaike’s Information Criterion
-28.396, and ¥’ fit of model 25.604). The heritability estimate
was 46% (95% CI 41% to 50%) for the underlying liability to
the insomnia symptom cluster distribution.

We also assessed the effect of age on the cluster distribution.
Among 33- to 39-year-old subjects (N = 4387), 54.7% were
good sleepers, 36.7% average sleepers, and 8.6% poor sleepers.
Among 40- to 49-year-old subjects (N = 4653), the correspond-
ing figures were 50.8%, 38.9%, and 10.3%; and among 50- to
60-year-old subjects (N = 3086) 38.7%, 43.7%, and 17.7%.
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Risk of all-cause mortality in average and poor sleepers com-
pared to good sleepers is shown in Table 5. In a model adjusted
for smoking status, BMI, and depression (using the BDI), mor-
tality of average sleepers compared to good sleepers was in-
creased 22% in men and 7% in women. In poor sleepers, there
was a significant increase (55% in men and 51% in women).
Mortality in poor sleepers showed no evidence of heterogeneity
between MZ and DZ twin individuals (data not shown). Ad-
ditionally, we adjusted the analyses of risk of mortality with 4
sleep covariates (sleep length, use of hypnotics and/ or tranquil-
izers, habitual snoring, and weekly apneas), and the risks were
essentially unchanged in men (with loss of statistical signifi-
cance in average sleepers) and slightly increased in women.
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Table 5—Risk of all-cause mortality (hazard ratio [95 % confidence interval]) in good sleepers,
average sleepers, and poor sleepers from date of response in 1990 to April 30, 2009

Adjusted additionally

Crude Adjusted with sleep covariates
Men N =5530,n=675 N =5267,n =630 N =4949,n =576
Good sleepers 1.00 1.00 1.00
Average sleepers 1.33(1.12, 1.58) 1.22 (1.02, 1.46) 1.20 (0.99, 1.45)
Poor sleepers 217 (1.74,2.71) 1.55(1.19, 2.02) 1.55 (1.16, 2.06)
Women N =6590, n =423 N =6234, n =386 N=5711,n =342
Good sleepers 1.00 1.00 1.00
Average sleepers 1.13(0.90, 1.40) 1.07 (0.85, 1.35) 1.15(0.90, 1.48)
Poor sleepers 1.76 (1.36, 2.29) 1.51(1.12, 2.03) 1.63 (1.16, 2.30)

Number of subjects (N) and cases (n) in analyses given in each column. Crude estimates take age
into account, while adjusted models take into account also smoking status, body mass index (BMI),
and BDI depression scores. In addition to them, sleep covariates (sleep length, use of hypnotics
and/ or tranquilizers, snoring, and apneas) are included in the third set of analyses.

izers, habitual snoring, and weekly apneas
were taken into account. When the risk was
computed separately for healthy subjects at
baseline and for those with somatic disease,
the increase remained significant only for
the latter group (point estimates being very
similar—about 1.40).

There are considerable differences in
the prevalence studies of insomnia in gen-
eral and of individual insomnia symptoms,
most probably due to the heterogeneity of
definitions and methods.?® The figures of
the present study are well in the range of
previous studies. In a study with telephone
interview, a representative sample of par-
ticipants (N = 993) aged 18 years or older
were classified in three groups according to
a algorithm based on a combination of in-

somnia diagnostic criteria from the DSM-

Risk of all-cause mortality (adjusted for sex, BMI, BDI,
and smoking status) was also computed for a healthy subgroup
(5042 subjects with 269 deaths) and those with somatic disease
(6462 subjects with 747 deaths). Among healthy persons with
average sleep, the risk was in men 1.35 and in females 1.12;
with poor sleep, the risk in men was 1.40 and in females 1.38
(all statistically nonsignificant). Among those with baseline so-
matic disease, the figures were for average sleep in men 1.35
and in females 1.01 (nonsignificant), and for poor sleep in men
1.44 (95% CI 1.08, 1.92) and in females 1.43 (1.02, 2.02).

DISCUSSION

Our results show that insomnia-related symptoms are com-
mon in working-age population in both genders, there are sig-
nificant genetic effects in insomnia symptoms, and frequent
symptoms (several times weekly) may be associated with in-
creased risk of all-cause mortality. Although some of the in-
somnia-related symptoms occurred weekly in a high percentage
of the respondents (e.g., waking up during sleep in about 70%
and non-restorative sleep in about one-third), only about one-
fifth considered themselves suffering from insomnia. Pairwise
similarity of each symptom was significantly higher in MZ than
in DZ pairs, indicating significant genetic effects. The broad
sense heritability varied between 34% and 45%, being lowest
in early morning awakenings and highest in nocturnal awak-
enings in both genders. In cluster analysis, three groups were
identified: good sleepers (48.3%) with each symptom mostly
less than weekly, average sleepers (39.7%), and poor sleepers
(12.0%) with each symptom 3 times or more weekly.

To test the validity and usefulness of the cluster analysis,
we assessed the age effect on the distribution and the associa-
tion with mortality. The percentage of good sleepers decreased
with age and correspondingly the percentage of poor sleepers
increased with age as expected. Risk of total mortality (adjusted
for smoking, BMI, and depression compared to good sleepers)
was increased by 22% in men and 7% in women among aver-
age sleepers, and was significantly increased in poor sleepers
about 1.5-fold in both genders. The risk remained essentially
unchanged when sleep length, use of hypnotics and/ or tranquil-
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IV?” and ICD-10,%® and on the utilization of
sleep-promoting products.® Those with insomnia syndrome met
all the diagnostic criteria for insomnia with, e.g., symptoms at
least 3 nights per week and psychological distress or daytime
improvement, and their prevalence was 15.5%. Those classi-
fied as having insomnia symptoms could present frequent but
less severe symptoms not fulfilling all the diagnostic criteria of
an insomnia syndrome, and their prevalence was 32.5%. The
remaining 52.0% of participants were classified as good sleep-
ers.® Although profound methodological differences, the fig-
ures of our classification using cluster analysis of self-reported
symptoms into good (about half), average (about two-fifths),
and poor (12%) sleepers are similar, indicating a relevant cat-
egorizing by the cluster analysis.

There are only a few studies giving heritability estimates of
insomnia. For insomnia in general, heritability has ranged from
28%" to 57%"%; it was 42% in the present study. For difficulty
in initiating sleep, the range has been from 28%'! to 32%'’; our
figure was 41%. Similarly, the heritability for sleep latency was
44% for men and 32% for women in the study of Heath and
co-workers,'* and the result in the present study was 41%. For
nocturnal awakenings, the figures have varied between 26%
and 42%'"%!"; our figure was 45%. In the study of McCarren
et al."" the heritability of waking up feeling tired and worn out
was 21%, and in the present study that of the corresponding
symptom (non-restorative sleep/morning) was 37%. In two of
these studies the study population included twins of both gen-
ders, aged 17-88 years'®and 18 years or more,'> and one study
male-male twins aged 33-51 years.'? Thus, the heritability es-
timates are of same order as in published studies, and given
that heritability estimates reflect both genetic and environmen-
tal differences between populations at different times, these are
remarkably consistent.

These results indicate a significant role of genetic effects in
insomnia, but they are also in accordance with the cognitive
and behavioral models of insomnia, suggesting significant non-
genetic factors in genesis of insomnia and especially in chronic
insomnia. For example, Spielman’s model posits that insomnia
occurs acutely in relation to both traits (predisposing factors)
and life stresses (precipitating factors), and that the chronic
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form is maintained by maladaptive coping strategies (perpetuat-
ing factors).?>** The genetic effects probably act mainly through
the predisposing factors, but also through how an individual
reacts in and copes with stress.

We used in the present paper questions assessing the main
manifestations of insomnia described in the current Interna-
tional Classification of Sleep Disorders®! as the general criteria
of insomnia, namely “a complaint of difficulty initiating sleep,
difficulty maintaining sleep, or waking up too early, or sleep
that is chronically non-restorative or poor in quality.” Therefore
data on sleep length were not used. This is also in accordance
with the proposed DSM-5 criteria for primary insomnia (code
307.42, www.dsm5.org/ProposedRevisions). As insomnia—es-
pecially when based on a self-report—must be considered as a
symptom with many possible underlying causes, there certainly
is some overlap in our phenotypic insomnia with other sleep
disorders, e.g., insomnia related to sleep disturbed breathing or
restless legs syndrome. This is the case in previous similar stud-
ies cited above, and should be kept in mind when interpreting
the results. However, this is not a major limitation, as the focus
has been phenotypic insomnia (self-reported symptoms regard-
less of their cause).

In the analysis of risk of mortality we used as covariates well
established risk factors for mortality (BMI, Beck Depression
Inventory score, and smoking status). We made additional anal-
yses including two aspects of sleep behavior as covariates, of
which sleep length has been shown in a meta-analysis to have
a significant association with mortality,** and there are over a
dozen studies reporting excess mortality hazards among hyp-
notic users.** Both these associations have also been shown
in the present study population.'”” There was no indication of
possible effect of sleep apnea as there were only fairly minor
differences in habitual snoring and weekly occurring apneas
between the three clusters. However, there are only a few stud-
ies on the association between insomnia and all-cause mortal-
ity. The previous two studies have indicated no increase* or
even a decrease® in risk of mortality. However, a very recent
study showed a significant increase in risk of mortality (1.70)
for nearly every-day insomnia,*® being of the same order as in
the present study. The varying results may at least partly be
explained by the differences in the follow-ups (6 years in those
with no increase, and > 15 years in the study by Chien et al.*
and our study).

Our study has several strengths. The study population is
large and the follow-up is long. The different insomnia-related
symptoms have been surveyed with a comprehensive set of
questions covering the main manifestations of insomnia. These
questions are based on the widely used Basic Nordic Sleep
Questionnaire.”” In modeling of each insomnia-related symp-
tom, the fit of model has been good, and the heritability fig-
ures (with narrow 95% CIs) can be considered reliable. The
categorizing into good, average, and poor sleepers obtained
using cluster analysis and self-reports of the insomnia-related
symptoms seems to give similar proportions to the more clini-
cal approach using telephone interview and categorizing into
insomnia syndrome or symptom, or good sleepers.® Thus, our
result that risk of mortality is increased in poor sleepers may
have also clinical relevance, stressing the importance to iden-
tify and treat these subjects. However, some limitations in our
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study need to be considered. In a questionnaire-based study, it
is not possible to make exact clinical diagnoses or differentiate
between primary and secondary insomnia. Our sample consists
of twins, but it is representative of general population, and as
far as we know there are no studies indicating significant dif-
ferences in sleep and its disorders between twins and general
population. Also, the mortality of twins from age six until the
other end of the lifespan is the same as in the overall popula-
tion.*® Although our questionnaire data was surveyed in 1990
we think that the results well reflect the current situation, as
there have been no major changes in sleep length and occur-
rence of insomnia symptoms in Finland during 1972-2005.*

In conclusion, insomnia-related symptoms are common in
the working-age population in both genders. When occurring
every night or almost every night, these symptoms may be as-
sociated with an increased risk of mortality, especially in those
with somatic disease. This is one of the first studies to suggest
a possible association between insomnia and increased risk of
all-cause mortality, although the association between insom-
nia and mental health problems affecting risk of mortality has
long been known. More prospective studies with representative
populations and long follow-ups are needed. There are moder-
ate genetic effects in phenotypic insomnia. On practical level,
it is important to identify in the health care system persons with
insomnia as it is associated with increased risk of depression
and decrease in quality of life. Our results suggest that screen-
ing can probably be done reliably using a single question on
insomnia symptom in general, as it appears to capture the es-
sential features compared to a series of questions assessing in
more detail the individual symptoms of insomnia.
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