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INTRODUCTION

THE DEVELOPMENT OF CHRONIC SLEEP DISTURBANC-
ES IS A COMPLEX PROCESS, INVOLVING PREDISPOSING, 
PRECIPITATING, AND PERPETUATING FACTORS IN ITS 
long-term evolution.1 It has been suggested that psychophysi-
ological traits that predispose an individual to heightened arousal 
or reactivity increase the overall risk of poor sleep, whereas nega-
tive life events and other stressors have been assumed to act as 
factors precipitating the onset of a sleep disturbance.2 However, 
evidence from large-scale prospective studies confirming these 
associations and the temporal order between the hypothesized 
predisposing and precipitating factors is largely lacking.3,4

Studies of twins have pointed to the existence of genetic vulner-
ability to insomnia,5-7 and there is evidence that personality traits, 
such as a disposition towards neuroticism or symptoms of anxi-
ety, may act as predisposing factors for disturbed sleep.3 People 
who have scored high on a questionnaire measuring the likelihood 
of having difficulty sleeping after stressful situations had indeed 
greater sleep disruption in polysomnographic assessment, and 
this result suggests increased vulnerability to sleep disturbances.8 
Other studies have found an association between feelings of daily 

stress and psychiatric disorders,9 as well as between neurovegeta-
tive symptoms and psychiatric disorders.10,11 For example, pal-
pitation, sweating, trembling, chest pain and hot flushes or cold 
chills are common among people liable to anxiety.11 Such liability 
has been suggested to be linked with vulnerability to subjective 
sleep disturbance,3,5,6 but to our knowledge, prospective studies to 
confirm its status as a predisposing factor for sleep disturbances 
are largely lacking.

Stressful life events are commonly believed to act as important 
precipitating factors in sleep disturbances.4,12 Histories furnished 
by patients with chronic insomnia suggest that a sleep disorder 
frequently begins as a stress-related phenomenon.13 According 
to retrospective data as well, subjective problems with sleep are 
common in both the immediate and long-term aftermath of expo-
sure to traumatic events,12 accidents,14 rape and physical assault,15 
and death or illness in the family.16,17 Yet, the empirical evidence 
available is still limited, and the time order between the hypoth-
esized predisposing trait, the precipitating event and the develop-
ment of chronic sleep disturbances is not known with certainty.1,18 
Moreover, as many of the hypothesized predisposing factors are 
determined on the basis of clinical experience rather than on the 
basis of systematic research, there is a recognized need for large-
scale prospective studies linking predisposing factors and precip-
itating events with the development of sleep disturbances.3,4

We considered that liability to anxiety involves components 
such as perceived daily stress and SNS activation symptoms. Hy-
perarousal is a main component of various proposed models of 
insomnia1-4 and perception of stressfulness and SNS activation 
symptoms are common manifestations of hyperarousal.8-11 In this 
study, we examined the role of liability to anxiety in the onset of 
sleep disturbances after exposure to stressful life events in a large 
population-based sample with undisturbed sleep and no exposure 
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to such events at baseline. Vulnerability to acute sleep problems 
may be a marker of an increased risk of developing chronic sleep 
disturbances.8 Thus we hypothesized that stressful life events may 
be associated with new-onset sleep disturbances, not only shortly 
after the event (i.e., the acute situation), but also some years after 
the event, and that this association would be more pronounced 
among people liable to anxiety. We also examined whether the 
effects of stressful life events on sleep depended on liability to 
anxiety among participants with sleep disturbances prior to stress-
ful life events.

METHODS

Population

The data were derived from the Health and Social Support 
(HeSSup) study, a longitudinal study on a population sample 
representative of the Finnish population in the following 4 age 
groups: 20-24, 30-34, 40-44, and 50-54 years at Time 1.19 The 
Time 1 postal survey was conducted in 1998, and 5 years later 
(Time 2), a follow-up questionnaire was sent to all of the partici-
pants still living in Finland. Of the 25,901 respondents at Time 1, 
216 had died during the 5-year follow-up, 234 had moved abroad, 
and 969 could not be reached due to unknown addresses. Alto-
gether, 19,629 responded (response rate 80.2%). Of these, we ex-
cluded those with incomplete responses on sleep either at Time 1 
(n=135) or at Time 2 (n=246). Thus the final sample consisted of 
19,199 participants (7371 men; 11,828 women). The Turku Uni-
versity Central Hospital Ethics Committee approved the study. 

Sleep

As an indication of sleep disturbances, we used the subjective 
assessment of sleep quality. It was measured with a single item, 
“How well do you sleep in general,” with a 5-point response scale 
(1 = well; 2=rather well; 3=rather poorly; 4=poorly; 5=cannot 
say). ”Cannot say” responses were coded as missing responses. 
The response options for sleep quality were classified as undis-
turbed sleep (options “well/rather well”) or disturbed sleep (op-
tions “rather poor/poor”). The 5-year test-retest reliability for 
sleep quality was r =0.51. 

Liability to Anxiety

Symptoms of prominent tension, worry and feelings of appre-
hension about everyday events and problems are common fea-
tures of anxiety.11,20 Autonomic arousal is also common in people 
liable to anxiety.11,20 For example, the specific somatic symptoms 
given prominence in the diagnoses of generalized anxiety disor-
der include symptoms of autonomic arousal (palpitation, sweat-
ing, trembling, dry mouth), chest and abdominal symptoms (dif-
ficulty breathing, feeling of choking, chest pain, nausea), and 
general symptoms (hot flushes or cold chills, numbness or tin-
gling, muscle tension, restlessness and inability to relax, difficulty 
swallowing).11,20 Thus we assessed liability to anxiety according 
to the following 2 indicators: 1) general feeling of stressfulness in 
daily life and 2) symptoms of sympathetic nervous system (SNS) 
hyperactivity, both at Time 1.

The Reeder stress inventory,21 a 4-item questionnaire instru-
ment widely used earlier, was used to measure the general feel-

ing of stressfulness in daily life.9,22 This stress inventory consists of 
the following four statements: 1) “In general I am usually tense or 
nervous”; 2) “There is a great amount of nervous strain connected 
with my daily activities”; 3) “At the end of the day I am completely 
exhausted mentally and physically”; and 4) “My daily activities are 
extremely trying and stressful.” Participants indicate the extent to 
which each statement applies to them using a 5-point Likert format. 
The mean score of the 4 statements was divided into quartiles (low / 
medium low / medium high / high general feeling of stressfulness). 
The mean was 2.30 (SD 0.74), the coefficient-alpha reliability was 
α=0.76 and the 5-year test-retest reliability was r=0.53. 

Symptoms of SNS hyperactivity were measured using an 8-item 
scale derived from the Finnish Twin Cohort Study.23 This measure 
requests the occurrence of the following 8 symptoms within the 
past month: 1) “Palpitation without exercise,” 2) “Irregular heart-
beat,” 3) “Chest pain upon anger or emotion,” 4) “Sweating with-
out exercise,” 5) “Flushing,” 6) “Tremor of hands,” 7) “Tremor 
of voice,” 8) “Muscle twitching.” The following 4 alternatives 
were given for each item: daily or almost daily, weekly, less of-
ten, never. The mean score of the 8 statements was divided into 
quartiles (low / medium low / medium high / high general feeling 
of stressfulness). The mean was 1.47 (SD 0.44), the coefficient-
alpha reliability was α=0.77 and the 5-year test-retest reliability 
r=0.59. The correlation between the 2 variables measuring stress 
sensitivity was 0.39. 

Severe Life Events

The measure of weighted life events was based on the list of 21 
negative life event types derived from those used in earlier stud-
ies.24-26 The response format included the following categories 
(yes/no): never, within the previous 6 months, within the previous 
5 years, over 5 years ago, never. The severity of each event type 
was classified according to the following categories: 1 = not so 
burdensome, 2 = burdensome, 3 = extremely burdensome. Only 
events that occurred after Time 1 were considered in this study. 
Sleep disturbances can be a symptom of illness and injury. To 
avoid circular causality between exposure and outcome, we ex-
cluded from the analysis 3 events that may be related to changes 
in the health of the participant: severe injury, illness causing work 
disability of over 21 days, and retirement. Because the partici-
pants were under 60 years of age at Time 2, the reason for retire-
ment was almost exclusively ill health (in Finland the official age 
of retirement is 65 years). 

In agreement with previous studies, we determined weights as 
means of squared severity ratings for each event.27 On the bases 
of the responses to the Time 2 survey, we calculated the sum of 
weighted events for each participant to obtain a cumulative se-
verity score of all life events, separately for those events that had 
occurred within 6 months prior to Time 2 and those that had oc-
curred between 6 months and 5 years before Time 2. To study 
specific types of events, we additionally selected the most bur-
densome events and classified them into 4 categories to indicate a 
family death or illness (5 items measuring death of spouse, death 
of own child, death of mother or father, severe illness of spouse, 
severe illness of another family member); divorce or separation 
(1 item); financial difficulties (1 item); and emotional, physical, 
or sexual violence (1 item).27 If the participant reported the oc-
currence of the same event at Time 1 and at Time 2, the Time 2 
report for the category “within the previous 5 years” was recoded 
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as “over 5 years ago” (i.e., before Time 1). Thus the exposure to a 
severe event was classified as having occurred within 6 months of 
Time 2, within 0.5-5 years of Time 2, before Time 1, or never. 

Background Variables

Sex, age group (20-24, 30-34, 40-44, and 50-54 years), educa-
tion (basic, secondary, lower tertiary, higher tertiary), and marital 
status (married or cohabiting, other) at Time 1 were included in 
the analysis as demographic variables. We also assessed Time 1 
alcohol use, obesity, and chronic diseases, such as cardiovascu-
lar, pulmonary, musculoskeletal diseases, and depression, because 
sleep disturbances can be a symptom of any of these conditions.28,29 
The participants reported their habitual frequency and the amount 
of beer, wine, and spirits consumed.30 They were classified as hav-
ing a high alcohol intake if their weekly consumption exceeded 
16 drinks (200 g of alcohol). The body mass index (BMI), calcu-
lated from self-reported weight and height, was used to measure 
obesity (BMI >30 kg/m2), which is a correlate of obstructive sleep 
apnea.31 Lifetime diagnoses of the following conditions (yes/no) 
were self-reports from a checklist of 29 common chronic diseases 
diagnosed by a physician: cardiovascular disease (hypertension, 
angina, myocardial infarction, or stroke); obstructive pulmonary 
disease (asthma or chronic obstructive bronchitis); musculoskeletal 
disease (sciatica, rheumatoid arthritis, osteoarthritis, fibromyalgia); 
and depression.32 Depression was additionally measured at Time 2.

Statistical Analysis

We used logistic regression analyses and expressed the results 
as odds ratios (OR) and their 95% confidence intervals (CIs). 
First, we studied the associations between the various background 
variables (demographics, high alcohol intake, obesity, cardiovas-
cular, pulmonary, and musculoskeletal diseases, and depression) 
and sleep disturbances, adjusting for age and sex. Then, we ex-
plored the individual variation in the onset of sleep disturbances 
as a function of baseline liability to anxiety (general feeling of 
stressfulness and symptoms of SNS hyperactivity). The logis-
tic regression models were adjusted for background variables at 
Time 1, and both indicators of liability to anxiety were entered 
into the same model to determine their independent effect. Next, 
we studied the extent to which the cumulative severity score of 
all negative life events, having occurred either 0-6 months or in 
0.5 to 5 years prior to the measurement of sleep quality, were 
predictive of the onset of sleep disturbances. Correspondingly, 
we studied the effect of specific life events on sleep disturbances. 
As a means of avoiding misclassification due to recall bias, events 
having occurred before Time 1 (i.e., earlier than the past 5 years) 
were coded as missing information in these analyses. The effect of 
life events on the onset of sleep disturbances was modeled; first, 
each event separately, adjusted for demographics and additionally 
for liability to anxiety, health risks and chronic conditions and, 
then, all events in the same model to study their independent ef-
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Table 1—Odds Ratios (95% Confidence Intervals) of Prevalent and Incident Sleep Disturbances by Time 1 Covariates

  Participants without Sleep
 All Participants Disturbances at Time 1
   Prevalent Sleep  Incident Sleep
   Disturbance at  Disturbance at
   Time 1   Time 2
Covariate Number (%) OR (95% CI)a Number (%) OR (95% CI)a

Sex
 Men 7,371 (38) 1.00 6,414 (39) 1.00
 Women 11,828 (62) 1.14 (1.05-1.23) 10,213 (61) 1.19 (1.08-1.32)
Age group
 20-34 years 4,803 (25) 1.00 4,465 (27) 1.00
 30-34 years 4,370 (23) 1.37 (1.21-1.56) 3,865 (23) 1.23 (1.06-1.43)
 40-44 years 4,767 (25) 2.05 (1.83-2.30) 4,061 (24) 1.59 (1.38-1.84)
 50-54 years 5,259 (27) 2.63 (2.35-2.94) 4,236 (26) 1.70 (1.48-1.96)
Education
 Higher tertiary 2,694 (14) 1.00 2,354 (14) 1.00
 Lower tertiary 6,244 (33) 1.18 (1.04-1.34) 5,466 (33) 1.17 (0.99-1.38)
 Secondary 4,165 (22) 1.34 (1.17-1.53) 3,604 (22) 1.26 (1.05-1.50)
 Basic 5,895 (31) 1.52 (1.34-1.73) 5,024 (31) 1.48 (1.26-1.75)
Marital status
 Married or cohabiting 13,184 (31) 1.00 11,410 (31) 1.00
 Other 5,995 (69) 1.21 (1.11-1.32) 5,201 (69) 1.08 (0.96-1.21)
Health risks and chronic conditions
 Obesity (BMI>30) 1,846 (10) 1.38 (1.23-1.55) 1,494 (9) 1.38 (1.18-1.61)
 High alcohol intake (>16 drinks/week) 1,678 (9) 1.79 (1.59-2.03) 1,300 (8) 1.47 (1.24-1.74)
 Cardiovascular disease 1,465 (8) 1.52 (1.34-1.73) 1,132 (7) 1.38 (1.15-1.64)
 Obstructive pulmonary disease 2,442 (13) 1.49 (1.35-1.66) 1,956 (12) 1.30 (1.13-1.49)
 Musculoskeletal disease 3,967 (21) 1.66 (1.52-1.82) 3,065 (19) 1.47 (1.30-1.65)
 Depression 2,128 (11) 2.64 (2.39-2.92) 1,439 (9) 2.08 (1.81-2.40)

A participant was considered to be positive for insomnia if he or she assessed the overall quality of sleep as being rather poor or poor. aAdjusted 
for age group and sex.
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fect. Additional adjustments were made for post-event depression 
at Time 2 to assess the extent to which the association between a 
life event and disturbed sleep was caused by depression triggered 
by the event. The analyses were based on a combined sample of 
male and female subjects because there were no significant inter-
actions between sex and liability to anxiety or sex and life events 
on Time 2 sleep disturbances. Finally, we analyzed whether the 
effect of life events on sleep was dependent on liability to anxiety 
by studying the interaction effects of events, general feeling of 
stressfulness, and symptoms of SNS hyperactivity (median split) 
on sleep. We expressed these results as means and their 95% CIs, 
adjusted for demographics. All of the analyses were stratified by 
Time 1 sleep quality to separately study the predictors of new-on-
set sleep disturbance and those of persistent sleep disturbance.

RESULTS

Thirteen percent had sleep disturbances at Time 1 (n=2572), 
and new-onset sleep disturbances by Time 2 were observed in 
11% of the sample (n=1795). Female sex, older age, lower edu-
cational attainment, obesity, high alcohol intake, and presence of 
chronic medical conditions were associated with an increased rate 
of preexisting and new-onset sleep disturbances. Marital status 
(single, divorced, or widowed) was associated with increased pre-
existing (but not new-onset) sleep disturbances.

Liability to Anxiety as a Predictor of Sleep Disturbances

The level of general feeling of stressfulness was slightly higher 
for the men than for the women (2.35 vs. 2.27, P <0.0001), while 
the women had more often had symptoms of SNS hyperactivity 
(1.48 vs. 1.44, P <0.0001). A general feeling of stressfulness and 
symptoms of SNS hyperactivity were strong predictors of dis-
turbed sleep (Table 2). After adjustment for demographics, the 
odds ratio for new-onset sleep disturbances in the highest versus 

lowest quartile of general feeling of stressfulness was 2.4 (95% 
CI 2.0-2.7). The corresponding odds ratio for those with symp-
toms of SNS hyperactivity was 2.2 (95% CI 1.9-2.5). When both 
indicators of liability to anxiety were modeled simultaneously, 
these ratios were attenuated by 31%-44%, but both general feel-
ing of stressfulness and symptoms of SNS hyperactivity remained 
independent predictors of sleep disturbances (Model 3, Table 2). 
The effect of liability to anxiety on sleep was not dependent on 
sex (for all tests of interaction, P >0.20)

Table 2 shows that liability to anxiety may increase the risk that 
preexisting sleep disturbance develop into persistent sleep distur-
bances. Participants in the highest quartile of symptoms of SNS 
hyperactivity had 1.5 (95% CI 1.2-1.8) times higher odds of sleep 
disturbances persisting at Time 2 than those in the lowest quartile. 

Stressful Life Events as Predictors

Altogether 13,180 participants had a stressful event within 0.5-5 
years of Time 2, and for 5642 such an event occurred within 0-6 
months (table 3). In the latter group, 3984 (71%) were exposed to 
1 event, 1156 (20%) experienced 2 events, and 502 had 3-8 events, 
the mean sum of the weighted events being 7.91 (range 0-52).

Stressful events within 0.5-5 years and within 0-6 months were 
predictive of the onset of sleep disturbances by Time 2 among 
the participants with no preexisting sleep disturbances (Table 4). 
There was a linear association between the severity of cumula-
tive event exposure and the risk of sleeping problems. The par-
ticipants who had experienced severe event(s) 0.5-5 years or 0-6 
months before the measurement of sleep had 2 times higher odds 
of disturbed sleep than the unexposed participants. Adjustment 
for other predictors of sleep disturbances, such as liability to anxi-
ety, high consumption of alcohol, obesity, and chronic disease, 
had relatively little effect on these findings (Model 2 in  4). 

Table 5 shows that all of the specific categories of stressful 
events were predictive of the onset of sleep disturbances. The 
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Table 2—Association Between General Feeling of Stressfulness and Symptoms of SNS Hyperactivity at Time 1 and Sleep Disturbances at Time 
2 by Self-Reported Sleep Quality at Time 1

 TIME 1: Preexisting Sleep Disturbance TIME 1: No Preexisting Sleep Disturbance
Indicator of 
Liability to Anxiety N (%) Model 1 Model 2 Model 3 N (%) Model 1 Model 2 Model 3
General feeling 
 of stressfulness (quartile)
  Lowest 322 (13) 1.00 1.00 1.00 5,042 (30) 1.00 1.00 1.00
  Second 274 (11) 0.69 (0.50-0.97) 0.68 (0.48-0.95) 0.65 (0.46-0.91) 3,165 (19) 1.06 (0.90-1.25) 1.06 (0.90-1.25) 1.01 (0.86-1.19)
  Third 824 (32) 0.85 (0.65-1.11) 0.86 (0.65-1.12) 0.80 (0.61-1.05) 5,378 (33) 1.60 (1.40-1.83) 1.59 (1.39-1.81) 1.45 (1.27-1.66)
  Highest 1,140 (44) 1.12 (0.87-1.46) 1.10 (0.85-1.43) 0.98 (0.75-1.29) 2,974 (18) 2.35 (2.04-2.71) 2.22 (1.93-2.57) 1.93 (1.42-1.91)
Symptoms of SNS
 hyperactivity (quartile)
  Lowest 430 (17) 1.00 1.00 1.00 5,475 (33) 1.00 1.00 1.00
  Second 230 (9) 0.90 (0.64-1.25) 0.93 (0.67-1.29) 0.92 (0.66-1.28) 2,316 (14) 1.16 (0.97-1.38) 1.12 (0.94-1.34) 1.08 (0.90-1.29)
  Third 701 (27) 0.96 (0.75-1.23) 0.96 (0.75-1.24) 0.95 (0.74-1.23) 5,183 (31) 1.64 (1.44-1.88) 1.56 (1.36-1.78) 1.43 (1.25-1.64)
  Highest 1,194 (47) 1.46 (1.16-1.80) 1.45 (1.14-1.84) 1.41 (1.10-1.80) 3,567 (22) 2.17 (1.90-2.49) 1.97 (1.72-2.27) 1.65 (1.42-1.91)

Results are presented as odds ratios and 95% confidence intervals, adjusted for baseline characteristics (sex, age group and education (Model 1); 
Model 1 + high alcohol intake (>16 drinks/wk), obesity (BMI>30) and chronic diseases (Model 2); Model 2 + another indicator of liability to 
anxiety (Model 3). All of the associations were independent of sex (test for interaction P >0.21).
A participant was considered to be positive for sleep disturbance if he or she assessed the overall quality of sleep as being rather poor or poor. 
Baseline general feeling of stressfulness was assessed by the Reeder stress inventory and symptoms of SNS (sympathetic nervous system) hyper-
activity by the average experience of palpitation and sweating without exercise, irregular heartbeat, flushing, chest pain upon emotion, tremor of 
hands or voice, or muscle twitching.
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participants who had experienced an event within 0.5-5 years had 
1.4-1.9 times higher odds of disturbed sleep than the unexposed 
participants did; for those who had experienced an event within 
6 months, the corresponding odds varied between 1.5 and 2.1. 
These associations were 14%-33% lower for the events within 

0.5-5 years and 4%-39% lower for the events within 6 months 
after further adjustment for obesity, high alcohol intake, chronic 
diseases, and liability to anxiety. The decrease was greatest for 
the association between violence and disturbed sleep. When all 
of the life events were modeled simultaneously a death or illness 

Liability to Anxiety, Life Events and Sleep Disturbances—Vahtera et al

Table 3—Frequency and Severity Rating of the Life Events Among the Participants (N=19 199)

 Time Since Event
Life Event 0-6 months >0.5-5 years >5 years Weight
Death of own child 12 (0.1) 79 (0.5) 396 (2.3) 7.42
Death of spouse 19 (0.1) 158 (0.9) 312 (1.8) 7.01
Emotional, physical or sexual violence 278 (1.6) 736 (4.2) 1,309 (7.4) 6.16
Severe illness in a family member 705 (4.0) 2,641 (14.0) 3,349 (19.0) 5.53
Death of mother 182 (1.0) 1,245 (6.9) 3,598 (19.8) 5.04
Major increase in marital problems 1,100 (6.2) 2,456 (13.9) 1,704 (9.6) 4.92
Divorce or separation 377 (2.1) 1,908 (10.6) 3,407 (18.8) 4.75
Severe conflicts with supervisor 551 (3.1) 1,276 (7.2) 983 (5.6) 4.63
Severe financial difficulties 1,120 (6.3) 2,063 (11.6) 2,094 (11.7) 4.37
Death of father 194 (1.1) 1,501 (8.1) 6,806 (36.8) 4.25
aSevere injury 137 (0.8) 554 (3.1) 779 (4.4) 4.24
Severe conflicts with coworkers 539 (3.1) 998 (5.7) 587 (3.3) 4.16
Miscarriage (own or partner) 103 (0.6) 621 (3.5) 2,065 (11.8) 4.14
aIllness causing work disability over 21 days 814 (4.6) 2,025 (11.4) 1,431 (8.0) 4.05
Death of close friend 502 (2.9) 1,719 (9.8) 2,335 (13.3) 4.01
Loss of job 448 (2.5) 1,309 (7.3) 1,786 (10.0) 3.95
Abortion (own or partner) 48 (0.3) 411 (2.4) 1,761 (10.1) 3.66
Breakup of long-term friendship 515 (2.9) 1,779 (10.0) 1,662 (9.4) 3.56
Death of another close relative 1,046 (5.9) 4,675 (26.2) 6,658 (37.3) 3.41
Unemployment of spouse 519 (2.9) 1,276 (7.2) 1,275 (7.2) 2.74
aRetirement 143 (0.8) 471 (2.7) 394 (2.2) 2.72

The response format for life events included the following categories (yes / no): never, during the previous 6 months, during the previous 5 years, 
earlier, never. Weights were determined as means of squared severity ratings (1 = not so burdensome, 2 = burdensome; 3 = extremely burdensome) 
for each event. 
aNot used in the study

Table 4—Association Between the Cumulative Severity Score of All Life Events and Sleep Disturbances at Time 2 by Self-Reported Sleep Quality 
at Time 1

 TIME 1: Preexisting Sleep Disturbances TIME 1: No Preexisting Sleep Disturbances
Cumulative severity
score for the events N Model 1 Model 2 N Model 1 Model 2
0.5-5 years since event      
 0 588 1.00 1.00 4,704 1.00 1.00
 1-4.9 603 1.00 (0.79-1.26) 0.96 (0.75-1.22) 4,291 1.28 (1.11-1.48) 1.25 (1.07-1.44)
 5-9.9 618 1.13 (0.89-1.44) 1.11 (0.87-1.41) 3,973 1.50 (1.30-1.73) 1.41 (1.22-1.64)
 10-52 652 1.15 (0.91-1.46) 1.07 (0.84-1.37) 3,043 1.99 (1.72-2.30) 1.76 (1.51-2.04)
0-6 months since event      
 0 1,550 1.00 1.00 10,859 1.00 1.00
 1-4.9 489 1.17 (0.94-1.45) 1.12 (0.90-1.40) 2,971 1.35 (1.19-1.54) 1.29 (1.14-1.47)
 5-9.9 238 1.30 (0.97-1.73) 1.23 (0.91-1.65) 1,383 1.42 (1.19-1.68) 1.32 (1.11-1.57)
 10-35 100 1.80 (1.16-2.80) 1.58 (1.00-2.45) 461 2.06 (1.60-2.65) 1.80 (1.39-2.33)

Results are presented as odds ratios and 95% confidence intervals, adjusted for baseline characteristics (sex, age group and education (Model 1); 
Model 1 + high alcohol intake (>16 drinks /wk), obesity (BMI>30), chronic diseases, general feeling of stressfulness, and symptoms of SNS hy-
peractivity (Model 2). Life events and their timing were measured at follow-up. Weights were determined as means of squared severity ratings for 
each event. All of the associations were independent of sex (test for interaction P >0.05). 
A participant was considered to be positive for sleep disturbance if he or she assessed the overall quality of sleep as being rather poor or poor. The 
baseline general feeling of stressfulness was assessed by the Reeder stress inventory and symptoms of SNS (sympathetic nervous system) hyper-
activity by the average experience of palpitation and sweating without exercise, irregular heartbeat, flushing, chest pain upon emotion, tremor of 
hands or voice, or muscle twitching.
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in the family, divorce and financial difficulties proved to be inde-
pendent predictors of new-onset sleep disturbances within 0.5-5 
years (Model 3 in Table 5). Only financial difficulties were inde-
pendently associated with sleep problems within 0-6 months. The 
effect of life events on sleep was independent of sex in all cases 
(test of interaction, P >0.23).

Among those with preexisting sleep disturbances, exposure to 
severe life events in general, as well as to specific events, such 
as financial difficulties and violence, was associated with 1.6-2.0 
times higher odds of disturbed sleep persisting, but only if the 
event had occurred within 0-6 months (Tables 4 and 5).

The effect of life events on sleep quality were not explained 
by depression, as adjustment for post-event depression in addi-
tion to demographics and pre-event depression lowered the as-
sociations between a life event and sleep disturbances only to a 
small extent. Among the participants with no preexisting sleep 
disturbances, controlling for post-event depression reduced the 
odds of disturbed sleep by 11%-20% for death or illness in the 
family, 21%-25% for divorce, and 21%-22% for financial diffi-
culties. In relation to violence, the odds of disturbed sleep were 
reduced more substantially: from 1.56 to 1.31 for events within 
0.5-5 years and from 1.54 to 1.33 for events within 0-6 months 
(data not shown).

Predisposing Vulnerability, Negative Life Events, and New-Onset 
Sleep Disturbances

Finally, we studied the effect of life events on sleep by taking 
into account individual liability to anxiety. Among the men, the 
data seem to indicate an interaction between baseline liability to 
anxiety and increasing severity of event exposure on future risk of 
developing sleep disturbances in relation to events that occurred 

within 0-6 months, although the test of interaction were not sig-
nificant. As shown in Figure 1, general feeling of stressfulness 
and symptoms of SNS hyperactivity increased the risk of sleep 
disturbances, if the cumulative severity score of life events was 
high. For the men liable to anxiety, the odds of sleep disturbances 
0-6 months after exposure to severe life events were 3.11 (95% CI 
1.90-5.10) times higher in combination with a high general feel-
ing of stressfulness and 2.88 (95% CI 1.69-4.91) times higher in 
combination with symptoms of SNS hyperactivity than for those 
with no exposure to life events. For the men not liable to anxiety, 
the odds of new-onset sleep disturbances after severe life events 
were not significantly elevated. For the women, these odds ratios 
varied from 1.54 to 2.38 (95% CI 1.07-4.13). The effect of life 
events on sleep disturbances within 0.5-5 years was not depen-
dent on liability to anxiety for either sex (data not shown).

Figure 2 shows corresponding tests for specific life events. Of 
the 8 tests of interaction, only one was significant—divorce in 
combination with a general feeling of stressfulness (P =0.042). 
Compared with the unexposed participants, those who had expe-
rienced divorce had 2.05 (95% CI 1.38-3.05) times higher odds 
of sleep disturbances within 0-6 months after the divorce in 
combination with a high general feeling of stressfulness, while, 
in combination with a low general feeling of stressfulness, the 
corresponding odds ratios were nonsignificant. The findings re-
lated to the effects of life events in combination with symptoms 
of SNS hyperactivity were in agreement with those obtained for 
a general feeling of stressfulness. The risk of sleep problems did 
not vary according to baseline liability to anxiety in relation to 
events within 0.5-5 years (P >0.10). Liability to anxiety did not 
increase the risk of preexisting sleep disturbances developing 
into persistent sleep disturbances after a stressful event (data 
not shown).
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Table 5—The Association Between Specific Stressful Life Events and Sleep Disturbances at Time 2 by Self-Reported Sleep Quality at Time 1

 TIME 1: Preexisting Sleep Disturbances TIME 1: No Preexisting Sleep Disturbances
Life Event N Model 1 Model 2 Model 3 N Model 1 Model 2 Model 3
Death or illness in the family        
 Never 561 1.00 1.00 1.00 5,616 1.00 1.00 1.00
 0.5-5 years since event 480 1.18 (0.88-1.58) 1.10 (0.81-1.48) 1.12 (0.74-1.70) 2,895 1.46 (1.24-1.72) 1.39 (1.17-1.64) 1.32 (1.07-1.63)
 0-6 months since event 152 1.46 (0.98-2.16) 1.43 (0.95-2.14) 1.09 (0.60-1.97) 922 1.52 (1.22-1.90) 1.42 (1.13-1.78) 1.17 (0.86-1.60)
Divorce        
 Never 1,455 1.00 1.00 1.00 10,937 1.00 1.00 1.00
 0.5-5 years since event 197 0.82 (0.60-1.11) 0.78 (0.57-1.08) 0.49 (0.27-0.88) 1,283 1.41 (1.18-1.70) 1.34 (1.11-1.61) 1.47 (1.13-1.91)
 0-6 months since event 56 1.28 (0.73-2.27) 1.21 (0.68-2.16) 1.23 (0.54-2.81) 321 1.81 (1.32-2.49) 1.78 (1.29-2.46) 1.46 (0.91-2.35)
Financial difficulties        
 Never 1,323 1.00 1.00 1.00 11,263 1.00 1.00 1.00
 0.5-5 years since event 174 1.21 (0.87-1.70) 1.10 (0.78-1.56) 2.61 (1.20-5.70) 828 1.88 (1.54-2.30) 1.76 (1.43-2.15) 1.91 (1.39-2.62)
 0-6 months since event 217 1.62 (1.19-2.22) 1.47 (1.06-2.03) 1.28 (0.71-2.29) 903 2.06 (1.70-2.49) 1.80 (1.48-2.19) 2.06 (1.55-2.73)
Violence        
 Never 1,812 1.00 1.00 1.00 13,524 1.00 1.00 1.00
 0.5-5 years since event 93 1.15 (0.74-1.78) 1.09 (0.70-1.69) 1.11 (0.41-2.99) 458 1.69 (1.30-2.20) 1.47 (1.13-1.92) 1.08 (0.69-1.69)
 0-6 months since event 63 2.04 (1.16-3.59) 1.83 (1.03-3.25) 2.17 (0.89-5.29) 215 1.66 (1.13-2.42) 1.40 (0.96-2.06) 1.35 (0.74-2.47)

Results are presented as odds ratios and 95% confidence intervals, adjusted for baseline characteristics (sex, age group and education (Model 1); 
Model 1 + high alcohol intake (>16 drinks /wk), obesity (BMI>30), chronic diseases, general feeling of stressfulness, and symptoms of SNS hy-
peractivity (Model 2); Model 2 + all other events (Model 3).
Life events and their timing were measured at follow-up. Only events which occurred after baseline measurements were considered. All of the 
associations were independent of sex (test for interaction P >0.23).
A participant was considered to be positive for sleep disturbance if he or she assessed the overall quality of sleep as being rather poor or poor. The 
baseline general feeling of stressfulness was assessed by the Reeder stress inventory and symptoms of SNS (sympathetic nervous system) hyper-
activity by the average experience of palpitation and sweating without exercise, irregular heartbeat, flushing, chest pain upon emotion, tremor of 
hands or voice, or muscle twitching.
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DISCUSSION

This 5-year follow-up of a population sample of 19,199 Finns 
showed that exposure to severe stressful events can trigger sleep 
disturbances in people with undisturbed sleep before the event. 
Those liable to anxiety before the event seemed to be at a higher 
risk of post-event sleep disturbances compared with those not li-
able to anxiety. This heightened vulnerability was evident, how-
ever, only 0-6 months after the event. The strength of this study is 
a study design that allowed the timing of pre-event predisposing 
traits and the occurrence of specific stressful events precipitating 
the onset of sleep disturbances. Control for a large number of po-
tential confounding factors suggest that the observed associations 
were not explained by socioeconomic position, obesity, high alco-
hol intake, or chronic medical conditions at study entry.28,29 

Our study partially agrees with retrospective evidence suggest-
ing that some people are more vulnerable to the evolution of sleep 

disturbances.3,33 Both a general feeling of stressfulness in daily life 
and symptoms of SNS hyperactivity (hypothesized predisposing 
components of liability to anxiety) were strong predictors of sleep 
disturbances irrespective of sex. This association was observable 
even after control for a wide set of other precipitating and per-
petuating factors, such as stressful life events, high alcohol con-
sumption, obesity, depression, and other medical conditions. We 
found a similar strong and robust association between negative 
life events (hypothesized precipitating factors) and subsequent 
sleep disturbances. Earlier research has found stable differences 
between people in the way they experience the environment as a 
source of negative emotions and the way they respond with mood 
changes after stressors in their daily life.34,35 Such behavioral 
predispositions reflect the degree of arousal that adverse stimuli 
may evoke.3,8 Studies on twins suggest that a disposition towards 
neuroticism and symptoms of anxiety and depression may not 
only increase a person’s sensitivity to stressful life events, but 
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Figure 1—Effect of general feeling of stressfulness in daily life and symptoms of sympathetic nervous system (SNS) hyperactivity on the associa-
tion between the severity of life events and the onset of disturbances

Percentages of participants with sleep disturbances (95% confidence intervals) derived from a logistic regression analysis adjusted for age group 
and education. A participant was considered to be positive for sleep disturbance if he or she assessed the overall quality of sleep as being rather 
poor or poor. The baseline general feeling of stressfulness was assessed by the Reeder stress inventory (median split) and symptoms of SNS hyper-
activity by the average experience of palpitation and sweating without exercise, irregular heartbeat, flushing, chest pain upon emotion, tremor of 
hands or voice, or muscle twitching (median split). Life events and their timing were measured at follow-up. Weights were determined as means 
of squared severity ratings for each event.
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also the risk of exposure to stressful events in the realm of getting 
along with other people, such as marital difficulties.36 Genes have 
been found to be associated with the tendency to develop nega-
tive emotions in response to minor environmental experiences. 
For example, functional variants in the serotonin transporter gene 
(5-HTTLPR) may affect the way people continually respond to, 
and cope with, stressful life events and minor environmental ex-
periences in daily life.37 

Our finding of the higher vulnerability to sleep disturbances 
among those with the hypothesized psychological predisposition 
in comparison with those with no such predisposition is in line 
with the literature. Importantly, we found a significant interac-
tions between liability to anxiety and life events with respect to 
sleep disturbances. People with a tendency to experience daily 
life as highly stressful are more likely to react to some life events, 
such as divorce, by developing sleep problems than those with no 
such tendency. However, this increased vulnerability may not be 
an explanation to long-term sleep disturbances triggered by life 
events, as it was observable only 0-6 months after the event. In 

fact, the relative risk of sleep disturbances measured 0.5-5 years 
after an event was equally high among those with and those with-
out the hypothesized psychological predisposition.

We chose to measure the concept of liability to anxiety in a 
relatively new fashion by two separate components, perception 
of stressfulness and SNS activation symptoms.21,23 Our find-
ings showed that the 2 components captured dimensions that 
were only moderately correlated with each other (r=0.39). In 
multivariate models, they independently predicted sleep distur-
bances. Obviously, there is individual variation in the extent to 
which liability to anxiety is expressed by psychological symp-
toms, such as prominent tension, worry, and feelings of appre-
hension about everyday problems; and physiological symptoms, 
such as palpitation, chest pain, sweating, trembling, flushing, or 
muscle twitching. The measurement of both psychological and 
physiological symptoms of anxiety seems to detect individuals 
with anxiety-related vulnerability to sleep disturbances more 
accurately than the often-used scales measuring psychological 
symptoms only.21,38
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Figure 2—Effect of general feeling of stressfulness in daily life and symptoms of sympathetic nervous system (SNS) hyperactivity on the associa-
tion between life events and the onset of sleep disturbances 

Percentages of participants with sleep disturbances (95% confidence intervals) derived from a logistic regression analysis adjusted for age group 
and education. A participant was considered to be positive for sleep disturbance if he or she assessed the overall quality of sleep as being rather poor 
or poor. The baseline general feeling of stressfulness was assessed by the Reeder stress inventory (median split) and symptoms of SNS hyperactiv-
ity by the average experience of palpitation and sweating without exercise, irregular heartbeat, flushing, chest pain upon emotion, tremor of hands 
or voice, or muscle twitching. Life events and their timing were measured at follow-up. Only events that occurred after the baseline measurements 
were considered.
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Our measure of sleep disturbances was a 1-item survey question 
concerning the overall quality of sleep. In this study, the baseline 
prevalence of rather poor and poor quality of sleep was 13.4%, 
and the corresponding incidence at follow-up was 10.8%. These 
figures are well in line with those reported for other measures 
of sleep problems elsewhere.18 For example, in the 2002 “Sleep 
in America” poll, 27% of the respondents categorized their sleep 
quality as fair or poor.3 Our findings of older age, low education, 
obesity, alcohol abuse, and several medical conditions (such as 
depression and pulmonary, cardiovascular, and musculoskeletal 
diseases) as risk factors for sleep disturbances also agree with the 
results of earlier research.1 Similarly, our findings are in line with 
literature reporting an association between traumatic events and 
poor sleep.12-14 

Our measure of sleep disturbances refers to dissatisfaction with 
sleep. We did not measure the lifetime history of sleep disturbanc-
es for individuals without sleep disturbances at baseline. Prior 
studies have shown that people who suffer from sleep disturbanc-
es differ as to whether they are satisfied or dissatisfied with sleep; 
sleep disturbances among sleep-dissatisfied persons are more se-
vere.38 We do not know the type of sleep disorder reported by 
the participants, as our survey did not specifically enquire about 
various sleep disorders. Although we took into account obesity, a 
correlate of obstructive sleep apnea,31 and self-reports of pulmo-
nary and musculoskeletal diseases diagnosed by a physician, we 
cannot rule out the possibility of reported sleep disturbances not 
only resulting from insomnia, but also from other sleep disorders, 
such as periodic limb movements, restless legs syndrome, and 
narcolepsy. However, we do not believe that such a case would 
have severely biased our study as we are aware of no evidence 
suggesting that liability to anxiety or exposure to stressful events 
could be a risk factor for sleep disorders other than insomnia.

We cannot rule out the possibility that our results were influ-
enced by recall and the reporting of stressful life events. This is a 
potential explanation for the absence of anxiety-related vulnerabil-
ity to sleep problems in relation to stressors that occurred 6 months 
to 5 years prior to the follow-up survey. Supporting the operation 
of recall bias, the number of events reported for the 0.5-5 years 
preceding the follow-up survey was lower than would have been 
expected from the figures reported for the preceding 0-6 months. 
This trend was especially evident for financial difficulties and vio-
lence. A part of this discrepancy may be related to the fact that we 
recoded the follow-up report for the event category “within the 
previous 5 years” as “over 5 years ago” if the participant reported 
the occurrence of the same event in the baseline survey. This re-
cording decreased “false positive” reports for the specified time 
period, but it also led to an underestimate of the cases of repeated 
events, such as violence against women, typically committed re-
peatedly by their intimate partner.39 A complementary explanation 
is that the events recalled as having occurred 0.5-5 years earlier, 
such as illnesses and financial difficulties, were more severe than 
the same events recalled within a few months after the event. This 
possibility would explain our finding of an association that was as 
strong or even stronger between sleep disturbances and an event 
that occurred 0.5-5 years earlier than for the same event that had 
occurred more recently.

We are not aware of studies directly testing the validity of the 
2 measures we used to measure liability to anxiety, the Reeder 
stress inventory and symptoms of SNS hyperactivity.21,23 Howev-
er, the scales requested information on psychological symptoms 

of prominent tension; worry and feelings of apprehension about 
everyday events and problems; and physiological symptoms of 
autonomic arousal. All these symptoms are included in the diag-
nostic criteria for anxiety disorders in the ICD-10 and the DSM-
IV indicating that these measures satisfy the criteria for a good 
face validity. The items in these 2 scales also overlap with those 
in validated scales to measure anxiety by symptoms20,41 and both 
these symptoms and clinically assessed anxiety have been shown 
to be associated with increased risk of health problems including, 
e.g., cardiovascular disease.21,42-45 Thus we feel confident that our 
measure is indeed a valid instrument in detecting individuals li-
able to anxiety. 

CONCLUSIONS

People liable to anxiety may be at higher risk of post-event sleep 
disturbances than those not liable to anxiety. This heightened vul-
nerability, however, was observable only within 6 months after the 
event but not necessarily later. Thus, partial support was found for 
the hypothesis that predisposing traits would increase the risk of 
sleep disturbances in the aftermath of stressful life events.
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