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Abstract
Study Objectives: Insomnia is highly prevalent in patients with coronary heart disease (CHD). However, the potential effect 
of insomnia on the risk of recurrent major adverse cardiovascular events (MACE) remains uncertain.

Methods: This prospective cohort study included 1082 consecutive patients 2–36 (mean 16) months after myocardial 
infarction and/or coronary revascularization. Data on clinical insomnia, coronary risk factors, and comorbidity were 
collected at baseline. Clinical insomnia was assessed using the Bergen Insomnia Scale (BIS). The primary composite 
endpoint of MACE (cardiovascular death, hospitalization due to myocardial infarction, revascularization, stroke, or 
heart failure) was assessed with an average follow-up of 4.2 (SD 0.3) years after baseline. Data were analyzed using Cox 
proportional hazard regression models stratified by prior coronary events before the index event.

Results: At baseline, mean age was 62 years, 21% were females, and 45% reported clinical insomnia. A total of 346 MACE 
occurred in 225 patients during the follow-up period. For clinical insomnia, the relative risk of recurrent MACE was 1.62 
(95% confidence interval [CI]: 1.24–2.11, p < .001) adjusted for age, gender, and previous coronary events. In a multi-adjusted 
analysis, including coronary risk factors, cardiovascular comorbidity, symptoms of anxiety, and depression, the relative risk 
was 1.41 (95% CI: 1.05–1.89, p = .023). Clinical insomnia accounted for 16% of the MACE in attributable risk fraction analyses, 
being third in importance after smoking (27%) and low physical activity (21%).

Conclusions: Clinical insomnia was associated with increased risk of recurrent MACE. These results emphasize the 
importance of identifying and managing insomnia in CHD outpatients.
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Introduction

Insomnia is characterized by an impairment in sleep initiation, 
waking up during the night, early morning awakening or non-
restorative sleep to the extent that it significantly impacts on 
daily functioning, cognition and/or emotions [1]. Insomnia is 
a prevalent condition in the general population (10%) and the 
most prevalent sleep disorder [2]. International and own data 
consistently show higher prevalence rates of insomnia (37%–
45%) among patients with established coronary heart disease 
(CHD) [3–5].

Insomnia has been associated with several cardiovascular 
risk factors such as smoking [5], obesity [5], physical inactivity 
[5], diabetes [6,7], inflammation [8,9], hypertension [10], and 
psychosocial factors [3–5, 11–13]. Sleep disturbances, including 
sleep interruptions and reduced sleep duration and quality, are 
prevalent and associated with several cardiovascular (CV) risk 
factors in patients with CHD [14]. However, prospective studies 
on the association between sleep disturbances and prognosis in 
patients with CHD are scarce [14].

Poor sleep quality has been identified as an independent 
risk factor for recurrent cardiac events in women [15] and for 
a short-term poor clinical outcome in terms of cardiovascular 
death, recurrent cardiovascular ischemic events, or stroke [16]. 
A follow-up study of patients with myocardial infarction (MI) 
found no significant association between insomnia and all-
cause mortality at 2-year follow-up [17]. During the period 2 
to 6 years post-MI, however, the presence of insomnia was in-
dependently associated with increased risk of mortality [17]. 
Clark et  al. investigated the associations between impaired 
sleep prior to MI, and short- and long-term risk of CV events 
[18]. Independent associations between impaired sleep and in-
creased risk of CV events were found for short-term (within 
28 days post-MI) in men and long-term (10 year follow-up) in 
women [18].

However, there are several significant methodological limi-
tations in previous studies such as inclusion of only women 
[15], use of a single screening question for insomnia [17] and 
not adjusting for all major CV risk factors [15,17], or symp-
toms of depression and anxiety that commonly co-occur with 
insomnia and are associated with poor prognosis in patients 
with CHD [17,18]. To the best of our knowledge, no previous 
studies have assessed insomnia using diagnostic criteria. 
Only one previous study has specifically assessed the import-
ance of insomnia for prognosis in patients with CHD by using 
a single item question in the acute phase of MI [17], whereas 
the importance of insomnia measured ≥2  months after an 
acute event is not known. A recent review indicated that fu-
ture observational studies in patients with CHD investigating 
the impact of disturbed sleep on mortality and morbidity are 

warranted before potential intervention trials are tested in 
this setting [11]. Thus, this is important knowledge with po-
tential impact on clinical management of patients with CHD 
along with insomnia.

Against this background, we aimed to determine the asso-
ciation between clinical insomnia and recurrent CV events in 
outpatients with CHD. We hypothesized that the presence of 
clinical insomnia would be associated with increased risk of 
recurrent CV event in adjusted analyses even after controlling 
for coronary risk factors, cardiovascular comorbidity, and symp-
toms of anxiety and depression.

Methods

Design and population

In this pre-planned prospective cohort study [19], 1367 patients 
were invited and 1082 patients were included between February 
2014 and April 2015 (median 16  months, range 2–36  months) 
after a coronary index event in 2011–2014 (see study flow chart 
in Figure 1) fulfilling these inclusion criteria: aged 18–80 years, 
with a coronary index event, which was defined as acute type 
1 MI and/or a revascularization procedure (coronary artery by-
pass grafting or percutaneous coronary intervention). The exclu-
sion criteria were not being able to understand the Norwegian 
language, cognitive impairment including living in nursing 
homes, psychosis, drug abuse, short life expectancy due to ter-
minal heart disease (NYHA class 4), lung disease, liver disease, 
kidney disease (stage 5), or malignant disease. Patients were re-
cruited for a study to evaluate secondary preventive follow-up 
and to assess medication, lifestyle, and psychosocial factors of 
importance for the prognosis of CHD. Insomnia was only one 
of many factors and there was no emphasis on sleep problems. 
Thirty percent of the participants had one or more coronary 
events prior to the index event. Baseline data included a clin-
ical examination with collection of blood samples. In addition, 
participants answered a comprehensive self-reported question-
naire, which included assessment of clinical insomnia using the 
Bergen Insomnia Scale (BIS) [20]. Forty-five patients had missing 
data on BIS. They were older, but not significantly different 
in terms of gender balance [5]. Data on recurrent CV events 
during follow-up were collected from medical records between 
October 10 and November 30, 2018. None of the patients had 
any recurrent events between the index event and the baseline 
assessments. The two participating Norwegian hospitals were 
Drammen and Vestfold covering an area of 380,000 inhabitants 
(corresponding to 7.4% of the Norwegian population). The catch-
ment area is largely representative of Norwegian education, 
economy, age distribution, morbidity, and mortality and has a 
representative blend of city and rural districts [19].

Statement of Significance
Despite insomnia being highly prevalent in patients with coronary heart disease (CHD), the potential effect of insomnia 
on major adverse cardiovascular events remains uncertain. This study is the first to report a prospective association be-
tween a self-report diagnosis of clinical insomnia and either cardiovascular death, hospitalization due to myocardial in-
farction, revascularization, stroke, or heart failure. Clinical insomnia was the third most important risk factor for major 
adverse cardiovascular events, after smoking and low physical activity. These results emphasize the importance of as-
sessing insomnia in outpatients with CHD. Future studies should investigate the feasibility and effectiveness of specific 
insomnia treatments on both insomnia symptoms and prognosis in patients with CHD.
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Ethics

The Regional Committee of Ethics in Medical Research 
(2013/1885) approved this study, and all participants gave signed 
informed consent before study participation.

Variables

Major adverse cardiovascular events (MACE).
Two experienced cardiac researchers registered information on 
the composite primary outcome MACE obtained from hospital 
records from October 10 to November 30, 2018. MACE comprised 
of CV death or readmission for MI, stroke/transitory ischemic 
attacks or heart failure, or need for a new revascularization.

Insomnia assessment.
Insomnia was assessed using the Bergen Insomnia Scale (BIS) 
[20], which is a six-item questionnaire based on the clinical 
diagnosis of insomnia according to the criteria described in 
the Diagnostic and Statistical manual, 4th version (DSM-IV) [1]. 
The answers indicate symptoms in the past month and can be 
used as a diagnostic tool for insomnia vs no insomnia or as a 

sum-score from 0 to 42. The first four items enquire about dif-
ficulties with sleep initiation, maintenance of sleep during the 
night, awakenings in the morning, and nonrestorative sleep. 
Items five and six enquire about daytime impairment and sat-
isfaction with sleep. A 30-min cut-off value is used for the first 
three items. Each item is rated on an 8-point scale from 0 to 
7 days per week. A minimum of 3 days on items one, two, three, 
or four combined with at least 3 days on items five or six indi-
cate a diagnosis of insomnia. Those who met these criteria were 
categorized with “clinical insomnia,” whereas those who did not 
meet these criteria were described as “no insomnia.” BIS has 
normative Norwegian data for comparison and adequate psy-
chometric properties with a 4-week test–retest reliability of 0.92 
in the present study [21]. The Cronbach alpha for the BIS sum 
was 0.88 in the present study [5].

Clinical variables.
The following clinical variables were registered at baseline: 
Age, gender, coronary history and treatment, diabetes, and CV 
comorbidity which were all obtained from medical records. 
A  comprehensive self-report questionnaire included level 
of education (low ≤ 12  years), living alone (yes/no), smoking 

Assessed for eligibility (n=1789) Norwegian patients aged 18-80 years with acute
myocardial infarction and/or treatment with a coronary revascularization procedure 
(PCI or CABG) in 2011-14, identified from hospital medical records

Excluded from study participation (n=422)
- Cognitive impairment (n=28)
- Psychosis (n=18)
- Drug abuse (n=10)
- Short life expectancy due to end-stage organ

failure or malignant disease (n=136)
- Death (n=160)
- Do not understand Norwegian (n=44)
- Intercurrent disease or travelling abroad 

during study (n=27)

Refused study participation (n=240)
Missing data in Bergen Insomnia Scale (n=45)

Included in the NOR-COR baseline study (n=1082) between February 2014 and April
2015.

Included in follow-up (n= 1068) obtained from the hospital records between October 
10th and November 30th 2018.

Moved out of the catchment area (n=14)

Invited to participate (n=1367) between February 2014 and April 2015

Figure 1. Flow-chart.
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history (former and current smoking), current smoking (daily 
smoking at time of inclusion), low physical activity (< 30 min-
utes moderate activity 3 times a week) [22], high risk (yes/no) 
of obstructive sleep apnea (OSA) syndrome as assessed by the 
Berlin Questionnaire [23], use of statins and sleep medication 
past week (yes/no), and symptoms of anxiety and depression 
assessed by the Hospital Anxiety and Depression Scale (HADS) 
[24]. The HADS is a 14-item self-report questionnaire consisting 
of two seven-item subscales that assess symptoms of anxiety 
(HADS-A) and depression (HADS-D). A cut-off value of HADS-A 
or HADS-D equal to or greater than 8 has been reported to rep-
resent clinically significant symptoms [25]. In the baseline 
study, the 4-week test–retest reliabilities were 0.92 for HADS-A 
and 0.94 for HADS-D [21]. Levels of C-reactive protein (CRP) and 
low-density lipoprotein (LDL) cholesterol were obtained from 
non-fasting venous blood samples and analyzed on an Architect 
ci16200 (Abbott Laboratories, USA) at Drammen hospital to avoid 
interlaboratory bias. The clinical examination included systolic 
blood pressure measured with standardized procedure using 
a validated digital sphygmomanometer (Welch Allyn Connex 
ProBP 3400)  and waist circumference using a non-stretchable 
tape (Seca 201, Seca, Birmingham, UK).

Statistics.
Descriptive baseline measurements are presented as means 
with standard deviation (SD) for continuous variables, and as 
frequencies with percentages for proportions. P-values were cal-
culated with t-test for mean and chi-square for frequencies. We 
used Cox proportional hazard models to calculate hazard ratio, 
and 95% confidence interval (CI), estimating the Hazard Ratio 
(HR) of MACE following the index event. Analysis time in the 
Cox model was defined as time from the index event, thereby 
adjusting for baseline variation in the risk by the time since 
the index event (using left-truncated data with censoring). The 
participants were followed until the date of death or the end 
of study (December 1, 2018). Non-modifiable and modifiable 
covariates were included in the multivariable Cox regression 
analyses. Model one was adjusted for age and gender. Model 
two was adjusted for coronary risk factors (CRP, smoking, LDL 
cholesterol, diabetes, physical activity, waist circumference, and 
systolic blood pressure), in addition to adjustments in Model 
one. Model three was adjusted for cardiovascular comorbidity 
(stroke, peripheral artery disease, and kidney failure) in add-
ition to adjustments in Model two. Model four was adjusted 
for Hospital Anxiety and Depression Scale (HADS) anxiety ≥ 8 
and HADS depression ≥ 8, in addition to adjustments in Model 
three. OSA risk was not included in the model due to lack of 
association with MACE together with an overlap with several 
variables included in the analyses (i.e. age, hypertension, over-
weight/obesity, and insomnia symptoms). As patients with es-
tablished CHD prior to inclusion have different risk profile by 
time, we applied cox regression stratified for CHD prior to the 
index event. In the stratified analysis, the risk levels can vary 
differently among patients with and without prior CHD before 
the index event, while estimating co-variable effects combined 
to retain statistical power. Event free survival was estimated by 
the Kaplan–Meier product limit estimator.

Registered variables had few missing values (range: 0%–10%), 
but in multivariable Cox regression analysis, the combination 
of missing values for all included variables resulted in 285 ex-
cluded cases. We therefore performed sequentially multivariate 

regression imputation, using chained equations, under a 
missing at random assumption [26] to utilize all the available 
data. In addition, we performed supplementary multivariable 
Cox regression analysis separated on gender and on non-
imputed dataset.

We also estimated the population attributable fraction (PAF) 
for each factor(s), measuring the factor(s) estimated contribu-
tion to the overall risk MACE events, compared to a theoretical 
scenario with the given factor(s) not present [27]. The popu-
lation attributable fraction was given as one minus the ratio 
between the expected number of cases in a counterfactual 
scenario with the given co-variable(s) set to zero, divided by the  
expected number of cases with the observed covariates. As  
the effect of each co-variate in the Cox model is multiplicative, 
the combined PAF will be smaller than the sum of the individual 
PAF’s, highlighting the lower potential effect of prevention when 
the overall risk decreases. In practice, our PAF analyses take 
the prevalence in the given population into account, yielding 
an estimate for the clinical significance of a risk factor in our 
outpatient coronary population. To test the sensitivity of our re-
sults, we calculated an e-value for the fully adjusted model, ad-
justed for age, gender, previous coronary events, coronary risk 
factors, cardiovascular comorbidity, and symptoms of anxiety 
and depression [28]. Statistical analyses were performed using 
Stata version 15 (StataCorp LLC, College Station, USA), with the 
population attributable fraction calculated by the punafcc Stata 
add-on package.

Results
Mean age was 62 (SD 10) years at baseline, and 21% were fe-
males (Table 1). MI was the index event in 79%, whereas the 
remaining 21% had a stable or unstable angina with stenosis 
verified with angiography. The mean BIS sum score was 13.9 
(SD 10.8), and 488 patients (45%) fulfilled the BIS criteria for 
clinical insomnia. High risk of OSA was reported by 430 pa-
tients (47%), whereas 159 (15%) reported the use of hypnotic 
medication the past week. Patients were followed for mean 4.2 
(range 3.6–4.8, SD 0.4) years after inclusion and 5.7 (range 3.9–
7.7, SD 0.9) years from the time of the index event. In total, 346 
MACE events were reported in 225 patients, including 39 CVD 
related deaths. We estimated a risk of 21% (95% CI: 19%, 24%) 
of MACE events during our observed follow-up, including 3.4% 
(0.8% per year) CVD-related deaths.

Kaplan–Meier event free survival estimates show statistic-
ally significant differences (p-value < .001) between the non-
insomnia and clinical insomnia groups, in analyses stratified by 
prior coronary events (combined estimates; Figure 2). The figure 
shows combined estimates for those with and without prior 
coronary events.

Clinical insomnia and the BIS sum-score were significantly 
associated with MACE with an estimated hazard ratio (HR) for 
clinical insomnia of 1.62 (95% CI: 1.24, 2.11) in age- and gender-
adjusted analyses stratified by prior coronary events (com-
bined estimates; Table 2). For clinical insomnia, the HR of MACE 
was moderately reduced to 1.49 (95% CI: 1.14, 1.97) when the 
estimate also was adjusted for coronary risk factors, whereas 
additional adjustments for cardiovascular comorbidities 
hardly changed the estimates (HR 1.48, 95% CI: 1.12, 1.96). The 
findings for BIS were similar. The associations between clinical 
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insomnia and MACE were further attenuated, but still signifi-
cant, with additional adjustments for symptoms of anxiety and 
depression. The estimated HR of MACE for clinical insomnia 
was now 1.41 (95% CI: 1.05, 1.89), and for the BIS sum-score 1.01 
(1.00, 1.03). Separate analyses on gender yielded a crude HR of 
1.94 (95% CI: 1.06, 3.53) for women and 1.46 (95% CI: 1.08, 1.97) 
for men. Supplementary analyses on non-imputed dataset 
yielded slightly attenuated estimates and wider 95% CIs, due 
to missing data and reduced statistical power (Supplementary 
Table S1). High OSA risk was not associated with MACE in un-
adjusted analyses (HR 1.18; 95% CI: 0.89, 1.56, p  =  .246) and 
is not included in the further models (Supplementary Table 
S2). The association between clinical insomnia and MACE re-
mained unchanged when also adjusted for time between the 
index event and inclusion (Supplementary Table S3).

Clinical insomnia accounted for 16% (95% CI: 4%–26%) of 
the MACE in attributable risk fraction (PAF) analysis (Table 3).  
Only history of smoking (27%; 95% CI: 5%, 44%) and low phys-
ical activity (21%; 95% CI: 5%, 35%) accounted for a higher 
percentage of MACE. In total, all the preventable and po-
tentially modifiable risk factors included in the model ac-
counted for 69% (95% CI: 53%–80%) of the MACE. Both crude 

HR and age and gender adjusted HR for the coronary risk 
factors and psychosocial factors included in the attributable 
risk fraction analyses are shown in Supplementary Table S4. 
A similar table from the NORCOR cohort has been published 
elsewhere [29].

Discussion
In this follow-up study of outpatients with CHD, we found clin-
ical insomnia measured 2–36 months after a cardiac event to be 
independently associated with increased risk of MACE during 
the follow-up period of mean 4.2  years. The results remained 
significant and considerable even after adjustments for trad-
itional CV risk factors, CV comorbidity, and symptoms of anx-
iety and depression. Clinical insomnia was among the three 
factors that most strongly predicted MACE (16%), being third 
after smoking (27%), and physical inactivity (21%), highlighting 
the need to assess and address insomnia in patients with CHD.

The risk of MACE was 41 percentage points increased in pa-
tients with a BIS diagnosis of clinical insomnia. This is slightly 
lower than the 60% increase (95% CI: 9%–134%) in risk for all-
cause mortality shown in the previous study assessing insomnia 

Table 2. Hazard ratio for major adverse cardiovascular events in patients with CHD (N = 1068)

 Model 1* Model 2† Modell 3‡ Modell 4§

 HR P-value HR P-value HR P-value HR P-value 

Clinical insomnia(yes/no) 1.62 (1.24, 2,11) <0.001 1.49 (1.14, 1.97) 0.004 1.48 (1.12, 1.96) 0.006 1.41 (1.05, 1.89) 0.023
Bergen insomnia scale sum 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03) 0.003 1.02 (1.00, 1.03) 0.020 1.01 (1.00, 1.03) 0.099
OSA risk (yes/no) 1.22 (0.92, 1.62) 0.170 –  –  –  
Taking sleep medication past week 

(yes/no)
0.87 (0.64, 1.19) 0.443 –  –  –  

All analyses based on imputed dataset. Insomnia and BIS are not imputed.

*Adjusted for age and gender, stratified for prior coronary events with combined estimates presented.
†Adjusted for coronary risk factors (CRP, smoking, LDL cholesterol, diabetes, physical activity, waist circumference, and systolic blood pressure), in addition to adjust-

ments in Model 1.
‡Adjusted for cardiovascular comorbidity (stroke, peripheral artery disease, and kidney failure) in addition to adjustments in Model 2.
§Adjusted for Hospital Anxiety and Depression Scale (HADS) anxiety ≥ 8 and HADS depression ≥ 8 in addition to adjustments in Model 3. RR, relative risk.

Figure 2. Kaplan–Meier plot with event free survival in patients with coronary heart disease with and without insomnia.
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with a single item question [17]. Given the uncertainty in the 
estimates with overlapping 95% CI and deviating outcome vari-
ables, our results are in line with those of Conden et  al. [17]. 
However, in the latter study, the risk for mortality was not sig-
nificantly increased at 2-year follow-up, but for the period of 
2 to 6  years after the event. Furthermore, the adjustments in 
our study included all major coronary risk factors (smoking, 
hypertension, obesity, physical inactivity, diabetes, LDL chol-
esterol, and inflammation), whereas Conden et al. [17] only in-
cluded diabetes and physical activity. In addition, we included 
adjustments for anxiety and depression symptoms in the fully 
adjusted model. These differences may explain the slight differ-
ences in results.

The reported risk for recurrent MACE in our study was lower 
than found in a study of sleep quality in women where poor 
sleep quality was associated with 2.5 times increased risk of re-
current cardiac events (cardiovascular death, recurrent acute 
myocardial infarction, or revascularization procedure) compared 
good sleep quality. In the same study, those who reported “not 
feeling well rested” after sleep had a similar increased risk [15]. 
That study included only women in the age range of 30–65 and 
sleep quality was assessed with the short version of Karolinska 
Sleep Questionnaire [15]. Another study also found sleep dis-
turbance associated with increased long-term risk of incidence 
and death of acute MI, stroke, and heart failure in women at 
10-year follow-up [18]. These studies suggest an elevated risk 
in women and the results are supported by an elevated relative 
risk for women compared to men in gender separated analyses 
in our study, although the 95% CI for men and women largely 
overlapped. The lower risk reported in our study may be ex-
plained by the lower (21%) female participation rate, which is a 
limitation in our study. Future studies may consider gender dif-
ferences in CHD prevalence to provide sufficient power to con-
duct gender-specific analyses.

What may be the underlying mechanisms for the associ-
ation between clinical insomnia and increased risk of MACE? 
To date, most studies on mechanisms have focused on lifestyle 
factors including smoking, alcohol use, physical inactivity, poor 
nutrition and non-adherence to treatments, associations with 
other CV risk factors (hypertension, diabetes, and obesity), and 
biological mechanisms such as low-grade inflammation. In 

a previous study, we found clinical insomnia to be associated 
with smoking, physical inactivity, diabetes, and CRP levels [5]. 
However, when we adjusted for CV risk factors, including CRP in 
the present study, the relative risk decreased from 1.62 to 1.49. 
Thus, CV risk factors are to some extent involved in the rela-
tionship between clinical insomnia and future MACE. However, 
it is uncertain at this stage whether the CV risk factors act as 
confounders, mediators, or both because we do not fully under-
stand the causal directions between insomnia and CV risk 
factors.

Our finding that high OSA risk was not associated with MACE 
was unexpected, as OSA has been associated with CVD [30]. We 
assessed OSA risk with the Berlin Questionnaire. The screening 
properties of the Berlin Questionnaire in a CHD population are 
not known and even though its properties for the accuracy of 
identifying OSA have been questioned [31,32], it has still been 
regarded as a valuable tool in epidemiological studies [33]. 
However, OSA was not assessed by polysomnography and we 
cannot exclude OSA as a potential confounding factor for the 
association between clinical insomnia and MACE. Therefore, the 
relationship between OSA pathology and MACE cannot be ruled 
out as a confound within the analyses. There is a need to further 
investigate the causal relationship between objectively assessed 
OSA, insomnia, and CVD.

The co-occurrence of symptoms of clinical insomnia, anx-
iety, and depression symptoms is well known [5], but the causal 
directions and/or underlying mechanisms between these symp-
toms remain to be fully understood. A  bidirectional relation-
ship between insomnia and both anxiety and depression has 
been proposed [11] and depression is also associated with poor 
prognosis in patients with CHD [34]. The underlying mechan-
isms suggested to link both depression and insomnia to poor 
cardiac prognosis include low grade inflammation, cardiac auto-
nomic dysfunction, platelet hyperactivity, and impaired endo-
thelial function [35,36]. Interestingly, we found that clinical 
insomnia was correlated with recurrent cardiovascular events 
even after controlling for anxiety and depression symptoms, 
thus indicating a risk over and above that of anxiety and depres-
sion for recurrent MACE. Our result is in line with that of other 
studies with adjustment for depression [15]. However, our study 
is the first to also adjust for anxiety symptoms that has been 
closely connected to insomnia [36].

Altogether, our results from multi-adjusted analyses may 
be interpreted as follows: in patients with CHD, the presence 
of clinical insomnia increases the risk of prospective MACE at 
a given time point with 41 percentage points. One might argue 
that an unknown confounding variable can explain the ob-
served association. However, to find such an association, the 
confounder needs to be strongly associated with both clinical 
insomnia and MACE. Using E-value calculations, we find that 
the potential confounder will first produce such an association 
if it has risk ratios of about 1.8 with both clinical insomnia and 
MACE [28]. Noteworthy, BIS sum score was not associated with 
increased risk of MACE when we added adjustments for anxiety 
and depression symptoms. This emphasizes the importance of 
clinical insomnia symptoms, in terms of diagnostic criteria for 
insomnia, for the prognosis in patients with CHD.

The diagnostic criteria of DSM-IV insomnia predicted 16% of 
MACE in the present study and stand out as the third most im-
portant potentially modifiable risk factor for recurrent MACE in 
the NOR-COR population. Only smoking (27%) and low physical 

Table 3. Attributional risk fraction (ARF)

 ARF 95% CI P-value 

History of smoking 27% 5.44% 0.018
Low physical activity* 21% 5.35% 0.012
Clinical insomnia 16% 4.26% 0.009
Not participating in cardiac rehabilitation 16% 1.28% 0.035
Central obesity† 12% −6.27% 0.181
Not taking statin 7% 4.9% <0.001
Hypertension 7% −7.19% 0.311
Diabetes mellitus 6% 0.12% 0.064
HADS‡ Anxiety or Depression score ≥8 1% −3.5% 0.531
LDL§ cholesterol ≥1.8 mmol/L −5% −24.11% 0.557
All risk factors combined 69% 53.80% <0.001

All analyses based on imputed dataset.

*Less than 30 min moderate activity 3 times a week.
†Waist circumference ≥102 cm in males and ≥88 cm in females.
‡HADS, hospital anxiety and depression rating scale.
§LDL, low density lipoprotein.

HADS, Hospital anxiety and depression scale.
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activity (21%) contributed more to MACE risk. This result was 
in line with that reported for not participating in cardiac re-
habilitation. This is indeed an interesting finding as large ef-
forts are made to change risk behaviors such as smoking and 
low physical activity, whereas insomnia is hardly attended to 
or screened for among patients with CHD in clinical practice. 
Our results therefore emphasize the importance of screening for 
and managing insomnia in patients with CHD. Effective psycho-
logical treatment is known and cognitive behavior therapy for 
insomnia (CBT-I) is the first line treatment for chronic insomnia 
[37]. The effectiveness of CBT-I is well documented in the popu-
lation with heart failure [37–39]. However, heart failure and CHD 
are two different conditions and there is still sparse evidence of 
the effectiveness of CBT-I in patients with CHD in general [38,40] 
and its effectiveness in older patients with CHD has yet to be 
established. Recently, a web-based CBT-I intervention was found 
feasible in older patients with prevalent CHD [41]. However, to 
the best of our knowledge, the effect of these psychological ther-
apies on insomnia symptoms and CV prognosis in patients with 
CHD is not yet investigated. Therefore, there is a need for future 
studies with sound methods investigating the feasibility and 
effectiveness of psychological insomnia treatment on both in-
somnia symptoms and prognosis in patients with CHD. If CBT-I 
is not effective or available, short-term pharmacological treat-
ment (<4 weeks) with, e.g. hypnotics may be used for insomnia 
[42]. However, hypnotics have been associated with incident 
CVD and mortality in post-menopausal women [43].

The strengths of this study include the catchment area being 
representative for the Norwegian population, when it comes to 
sociodemographic and clinically relevant factors [19]; all MACE 
events were extracted from the hospital records by experienced 
cardiologists, a high participation rate (83%), few missing data 
and only 14 patients lost to follow-up together with consecu-
tive recruitment of patients from routine practice from two 
general hospitals. These strengths ensure a clinically represen-
tative CHD outpatient study group albeit a survival bias may be 
present in the study population, because of inclusion mean 16 
(range 2–36) months after the index event. One hundred sixty 
patients died between the cardiac event and inclusion, and they 
may have been in a poorer clinical and psychosocial condition 
compared to the included patients.

Limitations

This study has certain limitations. First, self-reported data from 
questionnaires may not yield similar diagnostic results as that 
of a clinical interview for the disorder of insomnia. Second, this 
is a non-randomized observational study, and the presence of 
unmeasured confounders can never be excluded. Some poten-
tial confounders in this study may be OSA, sleep duration, in-
take of alcohol and caffeine containing beverages, metabolic 
stress (i.e. cortisol/cytokines/interleukins), and psychological 
concepts like hyperarousal. However, the results showed that 
OSA risk or higher alcohol consumptions were not associated 
with MACE in the present study. OSA risk was assessed by the 
Berlin Questionnaire and we do not have objective data such as 
polysomnography in the assessment of OSA. Third, assessing 
clinical insomnia, anxiety symptoms, and depression symp-
toms at the same time (at baseline) hamper causal/temporal 
interpretations of these closely related symptoms, leading to 
uncertainty if they should be interpreted as confounder, me-
diators, or both. Fourth, we assessed clinical insomnia at one 

time point (baseline) with a large time-range (2–36  months) 
after the index event. Therefore, there may be different reasons 
for clinical insomnia within a short time period (e.g. response 
to the acute cardiac event and rehabilitation efforts) compared 
to longer time period after the index event but we do not have 
any data to assess these reasons. However, we did not find a 
significant difference in clinical insomnia prevalence rates be-
tween time groups after the index event [5] and the estimates 
of the association between MACE and clinical insomnia did not 
change after adjusting for time between the index event and 
baseline. In addition, we do not have data on insomnia prior 
to the index event Whether insomnia occurred prior to a CV 
event or as a consequence of it may have clinical implications. 
Therefore, assessment of insomnia onset is recommended in 
future studies. Furthermore, BIS is based on the DSM-IV in-
somnia criteria which cannot distinguish between acute and 
chronic insomnia. Finally, missing data of MACE which oc-
curred outside the catchment area of Drammen and Vestfold 
hospitals may have occurred, but the risk is low because hos-
pital discharge reports are sent routinely to local hospitals.

Conclusion
This is the first study to detect a prospective association be-
tween a self-report diagnosis of clinical insomnia and MACE in 
outpatients with CHD. Those who fulfilled the BIS criteria for 
clinical insomnia in the period following a cardiac event had a 
41% to 62% elevated risk of a recurrent MACE. The 41% elevated 
risk represents a conservative estimate, adjusted for most pos-
sible confounders, including symptoms of anxiety and depres-
sion. Clinical insomnia was the third most important predictor 
of MACE and efforts should be made to assess and effectively 
manage insomnia in patients with CHD.
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