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Abstract

Background: Insomnia has been closely associated with cardiovascular disease

(CVD) including myocardial infarction (MI). Our study aims to assess the eligibility of

insomnia as a potential risk factor for MI.

Methods: PubMed, Scopus, and Web of Science were searched using terms; such

as “Insomnia” and “MI.” Only observational controlled studies with data on the

incidence of MI among insomniacs were included. Revman software version 5.4 was

used for the analysis.

Results: Our pooled analysis showed a significant association between insomnia and

the incidence of MI compared with noninsomniacs (relative risk [RR] = 1.69, 95%

confidence interval [CI] = 1.41–2.02, p < .00001). Per sleep duration, we detected

the highest association between ≤5 h of sleep, and MI incidence compared to 7−8 h
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of sleep (RR = 1.56, 95% CI = 1.41–1.73). Disorders of initiating and maintaining

sleep were associated with increased MI incidence (RR = 1.13, 95% CI = 1.04–

1.23, p = .003). However, subgroup analysis of nonrestorative sleep and daytime

dysfunction showed an insignificant association with MI among both groups

(RR = 1.06, 95% CI = 0.91–1.23, p = .46). Analysis of age, follow‐up duration, sex, and

comorbidities showed a significant association in insomniacs.

Conclusion: Insomnia and ≤5 h of sleep are highly associated with increased

incidence of MI; an association comparable to that of other MI risk factors and as

such, it should be considered as a risk factor for MI and to be incorporated into MI

prevention guidelines.
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insomnia, myocardial infarction, sleep disorders, STEMI

1 | INTRODUCTION

Insomnia is the most common sleep disorder and is known to

negatively impact the general health of the population and the

quality of life.1,2 Due to its difficulty to treat, it has contributed to a

significant socioeconomic burden on a global scale; as many of its

sufferers have reported decreased productivity and absenteeism at

work.3 In the modern era, insomnia is becoming increasingly common

with a prevalence of 10%–15% in the United States.2

There have been multiple studies linking insomnia to the

increased risk of cardiovascular and metabolic diseases.4,5 Among

insomniacs, there is an alteration of the hypothalamic‐pituitary‐

adrenal axis with higher levels of adrenocorticotropic hormone

(ACTH) and cortisol compared to healthy individuals.6 Elevation of

cortisol has been associated with myocardial infarction (MI);

whereas individuals who suffered from an acute MI, have been

shown to have higher levels of cortisol in the month preceding

their MI compared with healthy individuals.7 An experiment

conducted on mice has shown that chronic stress and elevated

cortisol led to the acceleration of atherosclerosis which could

potentially lead to MI.8 Insomniacs suffer from both chronic stress

and elevated cortisol due to the lack of sleep, which exacerbates

their risk of developing MI.

As of the time of writing this paper, Insomnia isn't considered a

risk factor for MI9; our study aims to analyze the current literature

and assess the eligibility of insomnia as a risk factor for MI.

2 | METHODS

The protocol for this paper was registered on PROSPERO

(CRD42022348707) and the regulations of the preferred repo-

rting items of systematic reviews and meta‐analyses (PRISMA)

were followed.10

2.1 | Search strategy

A literature search of the following databases (PubMed, Scopus, and

Web of Science) on May 17, 2022, using key terms such as “Insomnia,”

“sleep complaints,” “sleep initiation,” “Myocardial Infarction,” “MI,” and

“STEMI,” was performed to identify studies of interest. (View the

supplementary material for the full search strategy).

2.2 | Insomnia definition

Insomnia was defined according to the International Classification

of Diseases, Ninth Revision, Clinical Modification (ICD‐9‐CM); codes

307.4 (a disorder of initiating or maintaining sleep) and 780.5

(insomnia, unspecified). We also utilized the Diagnostic and Statistical

Manual of Mental Disorders (DSM‐5), which stated that insomnia is a

sleep disorder characterized by the presence of any of the following

three symptoms: (1) difficulty initiating sleep, (2) difficulty maintain-

ing sleep, (3) early morning awakening with inability to return to

sleep.11 In addition to that, we included an objective measure of

insomnia which is the sleep duration.12 Obstructive sleep apnea

(OSA) and other sleep apneas weren't included in our study.

2.3 | Inclusion and exclusion criteria

We screened the studies according to the following criteria:

Inclusion criteria: Studies selected must be in the English

language; controlled observational studies with data on the incidence

of myocardial infarction among adults (≥18 years) suffering from

insomnia, including cross‐sectional, case–control, and cohort studies

were included.

Exclusion criteria: Editorials, commentaries, reviews, systematic

reviews, meta‐analyses, case reports, case series, animal studies,
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studies without data about the risk of myocardial infarction in

patients suffering from insomnia, and studies lacking a control group

were excluded; in case of duplicate studies, the most recent study

with the largest study population was included.

2.4 | Study selection

Two independent reviewers (T.S. and M.A.) screened the studies

according to our criteria. If a consensus is not achieved, a third

independent reviewer (R.S.) was consulted to resolve the conflict.

2.5 | Data extraction and quality assessment

Each study was extracted by two reviewers independently (R.E.

and S.G.). The data was then compared to confirm accuracy. If a

consensus is not achieved, a third independent reviewer (R.S.) was

consulted to resolve the conflict.

For the baseline and summary, the following data were

extracted from the eligible studies: the last name of the first

author, year of publication, study design, number of participants,

age of participants, sex of participants, average body mass index,

the prevalence of smoking, the prevalence of alcohol, and baseline

diseases.

For the outcomes, the following data were extracted: MI

incidence, sleep duration, DIMS, nonrestorative sleep and daytime

dysfunction, age, sex, hypertension, diabetes, and hyperlipidemia

among insomnia and noninsomnia groups.

The risk of bias was assessed utilizing Newcastle‐Ottawa Scale

(NOS) items,13 with a total score of nine points, to evaluate the

quality of observational studies. We defined the observational

studies with a NOS score of ≥7 stars as high quality and NOS score

of <7 stars as low quality.

3 | RESULTS

3.1 | Literature search

A complete search of the literature yielded 1226 studies, and after

duplicate removal, there were 944 studies eligible for the title and

abstract screening. Of the 944, 625 were irrelevant and 319 studies

were eligible for full‐text screening. Finally, 914–22 studies were

included in the meta‐analysis after the full‐text screening, as shown

in the PRISMA diagram (Figure 1).

The total number of patients included in the study is 1 184 256

patients; 153 881 patients in the insomnia group, and 1 030 375

patients in the noninsomnia group. A summary of the included

studies and patients' baseline data are shown in Table 1. The overall

quality of the included studies was high as shown in (Supporting

Information: Table S1).

3.2 | Outcomes

3.2.1 | MI incidence (insomnia vs. noninsomnia)

Our pooled analysis revealed a statistically significant association

between insomnia and an increased incidence of MI. Patients with

insomnia were at 1.69 times greater risk for the development of MI

(relative risk [RR] = 1.69, 95% confidence interval [CI] = 1.41–2.02,

p < .00001). We detected a significant heterogeneity among studies

(p < .00001, I2 = 90%) that was not solved by the leave‐one‐out test,

Figure 2.

3.2.2 | MI incidence and sleep duration

a. Five hours or less versus 6 h

Our pooled analysis revealed a statistically significant association

between sleep duration and increased incidence of MI. Patients who

slept 5 h or less were at 1.38 times greater risk for MI (RR = 1.38, 95%

CI = 1.23–1.54, p < .00001) compared to patients who slept 6 h. We

observed no heterogeneity among studies (p = .61, I2 = 0%), Figure 3A.

b. 5 hours or less versus 7–8 h

Our pooled analysis revealed a statistically significant association

between sleep duration and increased incidence of MI. Patients who

slept 5 h or less were at 1.56 times greater risk for MI (RR = 1.56, 95%

CI = 1.41–1.73, p < .00001) compared to patients who slept 7–8 h.

We observed no heterogeneity among studies (p = .57, I2 = 0%),

Figure 3B.

c. 5 hours or less versus 9 h or more

Our pooled analysis showed no statistically significant difference

between 5 h or less and 9 h or more of sleep regarding the incidence

of MI (RR = 1.04, 95% CI = 0.92–1.17, p = .57). We observed no

heterogeneity among studies (p = .67, I2 = 0%), Figure 3C.

d. 6 hours versus 7–8 h

Our pooled analysis revealed a statistically significant association

between sleep duration and increased incidence of MI. Patients

who slept 6 h were at 1.14 times greater risk for MI (RR = 1.14, 95%

CI = 1.06–1.22, p = .0002) compared to patients who slept 7–8 h.

We observed no heterogeneity among studies (p = .15, I2 = 52%),

Figure 3D.

e. 6 hours versus 9 h or more

Our pooled analysis revealed a statistically significant association

between 9 h or more of sleep duration and an increased incidence

of MI. Patients who slept 6 h were at decreased risk of myocardial

infarction compared to patients who slept 9 or more hours (RR = 0.75,

95% CI = 0.68–0.83, p < .00001). We observed no heterogeneity

among studies (p = .89, I2 = 0%), Figure 3E.

f. 7–8 hours versus 9 h or more

Our pooled analysis revealed a statistically significant association

between 9 h or more of sleep and an increased incidence of MI.

Patients who slept 7–8 h were at decreased risk of myocardial

infarction compared to patients who slept 9 or more hours (RR = 0.67,
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95% CI = 0.61–0.73, p < .00001). We observed no heterogeneity

among studies (p = .15, I2 = 52%), Figure 3F.

3.2.3 | Subgroup analysis of the follow‐up duration
(≤5 years vs. >5 years)

In the subgroup of “follow‐up ≤5 years,” the pooled analysis

revealed a statistically significant association between insomnia

and increased incidence of MI (RR = 1.52, 95% CI = 1.17–1.97,

p = .002), with no heterogeneity among studies (p = .82, I2 = 0%),

Figure 4.

In the subgroup of “follow‐up >5 years,” the pooled analysis

revealed a statistically significant association between insomnia

and increased incidence of MI (RR = 1.76, 95% CI = 1.42–2.17,

p < .00001), with significant heterogeneity among studies

(p < .00001, I2 = 94%) that was not solved by the leave‐one‐out

test, Figure 4.

3.3 | DIMS subgroup

Our pooled analysis showed a statistically significant association

between DIMS and increased incidence of MI. Patients with DIMS

had 1.13 times greater risk for MI compared to the control group

(RR = 1.13, 95% CI = 1.04–1.23, p = .003), with no observed hetero-

geneity among studies (p = .58, I2 = 0%) (Supporting Information:

Figure S1).

3.3.1 | Nonrestorative sleep and daytime
dysfunction subgroup

Our pooled analysis showed no statistically significant difference

between the nonrestorative sleep and daytime dysfunction group

and control group regarding the incidence of MI (RR = 1.06, 95%

CI = 0.91–1.23, p = .46). We observed no heterogeneity among studies

(p = .57, I2 = 0%) (Supporting Information: Figure S1).

F IGURE 1 PRISMA flow diagram showing the study selection process. Characteristics of the included studies.
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3.3.2 | Age (<65 vs. ≥65 years subgroups)

In the <65 years age subgroup, our pooled analysis revealed

a statistically significant association between insomnia and

increased incidence of MI compared with the control group

(RR = 1.68, 95% CI = 1.40–2.02, p < .00001), with significant

heterogeneity among studies (p < .00001, I2 = 89%) that was not

solved by the leave‐one‐out test (Supporting Information:

Figure S2).

In the ≥65 years age subgroup, our pooled analysis revealed a

statistically significant association between insomnia and increased

incidence of MI (RR = 2.06, 95% CI = 1.52–2.79, p < .00001), with

significant heterogeneity among studies (p = .12, I2 = 60%) (Support-

ing Information: Figure S2).

F IGURE 2 Forest plot of the comparison between insomnia and the incidence of MI. MI, myocardial infarction.

F IGURE 3 Forest plot of the comparison between sleep duration and the incidence of MI. MI, myocardial infarction.

F IGURE 4 Forest plot of insomnia and the incidence of MI comparison between ≤5 years versus >5 years follow‐up duration subgroups. MI,
myocardial infarction.
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3.4 | Sex subgroups

In the male subgroup, our pooled analysis revealed a statistically

significant association between insomnia and increased incidence of

MI (RR = 2.03, 95% CI = 1.78–2.33, p < .00001), with no significant

heterogeneity among studies (p = .82, I2 = 0%) (Supporting Informa-

tion: Figure S3).

In the female subgroup, our pooled analysis revealed a

statistically significant association between insomnia and increased

incidence of MI (RR = 2.24, 95% CI = 1.54–3.25, p < .0001), with no

significant heterogeneity among studies (p = .08, I2 = 68%) (Supporting

Information: Figure S3).

3.5 | Comorbidities subgroups

In the hypertension subgroup, the pooled analysis revealed a statistically

significant association between insomnia and increased incidence of MI

(RR = 1.84, 95% CI = 1.16–2.90, p= .009), with significant heterogeneity

among studies (p = .006, I2 = 87%) (Supporting Information: Figure S4).

In the diabetes subgroup, our pooled analysis revealed a

statistically significant association between insomnia and increa-

sed incidence of MI (RR = 2.06, 95% CI = 1.05–4.04, p = .04), with

significant heterogeneity among studies (p = .006, I2 = 87%) (Support-

ing Information: Figure S4).

In the hyperlipidemia subgroup, our pooled analysis revealed a

statistically significant association between insomnia and increased

incidence of MI (RR = 1.76, 95% CI = 1.04–2.99, p = .04), we dete-

cted a significant heterogeneity among studies (p = .03, I2 = 79%)

(Supporting Information: Figure S4).

4 | DISCUSSION

Our study demonstrates that insomniacs are at a higher risk of

developing MI relative to noninsomniacs. According to the DSM‐5

criteria of insomnia, DIMS was significantly associated with a higher

risk of MI, while nonrestorative sleep and daytime dysfunction

yielded an insignificant association. Per sleep duration, patients who

slept 5 h or less had the highest association with MI incidence,

compared to those who slept 7−8 h. Longer sleep duration (9 h or

more) wasn't protective against MI; quite to the contrary, patients

who slept 6 h were at a lower risk of MI, compared to those who slept

9 h or more. Subgroup analysis of the follow‐up duration revealed

that both short (5 years or less) and long (more than 5 years)

durations were associated with a significant increase in the risk of MI.

Both male and female insomniacs were at a higher risk of MI

compared with noninsomniacs. Lastly, the presence of insomnia in

addition to a comorbid disease (hypertension, dyslipidemia, or

diabetes) was associated with a higher risk of MI.

Concerning the current literature and its accordance with our

results, Sofi et al.23 in their meta‐analysis, have shown that insomnia

is associated with an increased risk of cardiovascular morbidity and

mortality (RR = 1.45, 95% CI = 1.29−1.62). It is important to note that

their search was up to 2011, and it only included 122 501 individuals;

since then, multiple controlled observational studies have been

published regarding this matter. After the inclusion of these studies,

we managed to reach a sample size of 1, 184, 256 and analyze

individual insomnia symptoms and various sleep durations.

Our results support Hu et al.24 findings which concluded that

DIMS is associated with a higher risk of CVD including myocardial

infarction. On the other hand, they reported that non‐restorative

sleep is significantly associated with a higher risk of CVD. This finding

contradicts our subgroup analysis which showed that nonrestorative

sleep and daytime dysfunction are associated with an insignificant

increase in the risk of MI. Another study conducted by He et al.25

reported a similar finding that nonrestorative sleep is associated with

a higher risk of cardio‐cerebral vascular events.

Regarding sleep duration, Chandola et al.26 stated that a short

sleep duration of 5 h, wasn't significantly associated with an increased

risk of coronary artery disease (CAD) including MI. This opposes our

results, as we reported that sleeping 5 h or less is highly associated

with an increased risk of MI compared to those who slept 7−8 h. Our

findings are reinforced by Ayas et al.27 and Nagi et al.28 who concluded

that a sleep duration of 5 h or less is associated with a higher risk of

developing CAD. Our analysis has shown that longer sleep durations of

9 h or more could lead to an increased incidence of MI; a similar

conclusion was demonstrated by Jike et al.,29 in their meta‐analysis,

which showed that long sleep hours are associated with a higher risk of

CAD (RR = 1.24, 95% CI = 1.13–1.37).

Miguel‐Yanes et al.30 and Alkhouli et al.31 reported that MI

incidence was higher among men. Our study reported that among

insomniacs, there is an increased risk of MI in both men and women.

Notwithstanding, the risk of MI in our study was higher among

female insomniacs.

Our study showed that regardless of age, insomniacs are

associated with a higher risk of MI. Lian et al.32 cross‐sectional study

reinforce our findings; they concluded that short sleep duration is

associated with a higher risk of MI in patients <65 and >65 years old.

Older age is usually associated with a higher risk of MI33; this is

supported by the findings in our study.

4.1 | Strengths

Our study has a cohort of 1 184 256 individuals, originating from

six different countries (United States, United Kingdom, Norway,

Germany, Taiwan, and China) and three different continents,

increasing the generalizability of our findings. All of our nine

included studies are controlled; eight of them are prospective

cohorts; this allows us to establish causality and consider insomnia

as a risk factor for MI. Additionally, we performed a subgroup

analysis according to the confounding factors (age, sex, and

comorbidities); enabling us to reach a stronger conclusion. Another

subgroup analysis based on individual insomnia symptoms and

sleep duration was conducted, to reach a more individualized
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conclusion that can be applied to patients suffering from different

symptoms of insomnia.

4.2 | Limitations

There was significant heterogeneity among the included studies; this

could be attributed to the different sample sizes, ages, and follow‐up

duration.

In most studies, data were obtained from questionnaires,

therefore, biases may have occurred due to misinterpretation of

the questions proposed.

Finally, research papers that were published in any language

other than English (e.g., Chinese) were excluded and thus were not a

part of the Systematic Review and Meta‐analysis.

5 | CONCLUSION AND POLICY
IMPLICATIONS

Insomnia has been significantly associated with an increased incidence

of myocardial infarction. Subsequently, insomnia should be integrated

into guidelines on the primary prevention of cardiovascular disease.
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