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Objective: Insomnia is a major health challenge in the general population, but the results of the gender differences in the epidemiology of insomnia have been mixed. This is a meta-analysis to examine the gender difference in the prevalence of insomnia among the general population.

Methods: Two reviewers independently searched relevant publications in PubMed, EMBASE, PsycINFO, Web of Science from their inception to 16 April 2019. Studies that reported the gender-based prevalence of insomnia according to the international diagnostic criteria were included for analyses using the random-effects model.

Results: Eventually 13 articles were included in the meta-analysis. The pooled prevalence of insomnia in the general population was 22.0% [n = 22,980, 95% confidence interval (CI): 17.0–28.0%], and females had a significantly higher prevalence of insomnia compared with males (OR = 1.58, 95% CI: 1.35, 1.85, Z = 5.63, p < 0.0001). Subgroup analyses showed that greater gender difference was associated with the use of case-control study design and consecutive sampling method. Meta-regression analyses also revealed that higher proportion of females and better study quality were significantly associated with greater gender difference.

Conclusions: This meta-analysis found that the prevalence of insomnia in females was significantly higher than males in the included studies. Due to the negative effects of insomnia on health, regular screening, and effective interventions should be implemented in the general population particularly for females.
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INTRODUCTION

As a major health challenge in the general population, the prevalence of insomnia has been rising over time globally (1). Insomnia is characterized by difficulty in initiating or maintaining sleep (2, 3). According to the Diagnostic and Statistical Manual of Mental Disorders (DSM−5), insomnia is defined by difficulty in falling asleep, staying asleep or early morning awakenings more than 3 times per week for more than 3 months, and is associated with subjective poor sleep quality, as well as daytime dysfunction (4). Several diagnostic criteria for insomnia have been widely used in clinical practice, including the International Classification of Sleep Disorder (ICSD), the DSM, and International Classification of Diseases (ICD) systems (e.g., codes 307.41, 307.42, or 780.52 in the ICD-9) (4–9). In addition, certain standardized diagnostic instruments for insomnia based on the ICD/DSM criteria have been developed, such as the World Health Organization Composite International Diagnostic Interview (CIDI) (10–13).

Due to its chronic nature, insomnia usually leads to many negative outcomes, such as impaired daily functioning, lower quality of life, and poor mental health (3, 14, 15). For instance, insomnia commonly occurs with psychiatric disorders, especially depression, anxiety, and psychosis (16, 17). In order to reduce its adverse outcomes and allocate appropriate health resources, health professionals and policymakers need to understand the patterns and clinical features of insomnia. Prevalence of insomnia in the general population varies greatly across studies, ranging from 5.8 to 32.8% (18–21), and is associated with certain demographic factors, such as age, gender, marital status, income, and education level (22).

Gender differences in insomnia and related health issues have been widely examined (23–27). Such differences are not only associated with the etiological and pathophysiological processes, but also associated with the treatments and prognosis of insomnia (24). The results of gender differences in the prevalence studies of insomnia have been mixed. Some studies found that women suffered from insomnia more frequently than men (8, 18, 19), while opposite findings were found in other studies (28). A previous meta-analysis of cross-sectional studies (29) found that women had a higher risk of insomnia [risk ratio (RR) = 1.41]. However, RR was used as the effect size in this study, which is a major limitation. Odds ratio (OR) is mainly used for cross-sectional studies, while RR is used for cohort studies, both of which are comparable in magnitude only when the prevalence of the target disease is rare, such as cancer (30, 31). In addition, sophisticated analyses, such as subgroup and meta-regression analyses, were not performed, and publication bias and quality assessment were not tested. Furthermore, studies using both international diagnostic criteria and screening scales for insomnia were included, even though the prevalence of insomnia in studies based on diagnostic criteria was significantly lower than those using screening scales (32). Due to the abovementioned limitations of the previous meta-analysis and considering newly published studies on gender difference since then we conducted this meta-analysis to examine the gender difference in the prevalence of insomnia in the general population as defined by international diagnostic criteria.



METHODS


Literature Search

This meta-analysis was conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). A systematic search was independently performed by two reviewers (LNZ and QQZ) in the following databases: PubMed, EMBASE, PsycINFO, Web of Science from their date of inception to 16 April 2019, using the following search terms: insomnia, sleepless, quality of sleep, dyssomnia, sleep complaint, sleep problem, sleep disturbance, sleep disorder, Diagnostic and Statistical Manual of Mental Disorders, DSM, International Classification of Sleep Disorder, ICSD, International Classification of Diseases, ICD, survey, cross-sectional, prevalence, and epidemiology.



Study Selection and Data Extraction

Cross-sectional, case-control and cohort studies (only the baseline data were extracted in cohort studies) which fulfilled the following inclusion criteria were included: (1) stratified prevalence of insomnia by gender; (2) insomnia diagnosed by international diagnostic criteria, such as the DSM, ICSD, and ICD systems; (3) publications in English. Studies conducted in special groups, such as sleep medication users and militants, were excluded. The study selection and data extraction were independently performed by the same two reviewers (LNZ and QQZ). Any disagreements between the two reviewers were resolved by involving a third reviewer (YTX). The titles and abstracts were first reviewed by the two reviewers independently, and then the full text of potentially relevant articles were examined for eligibility (33). If more than one article were published based on the same dataset, only the article with the largest simple size was included. Information of study characteristics (i.e., the first author, publication year, year of survey, country, continent, study design, sample size, response rate, and sampling method), population characteristics (i.e., age, female proportion), insomnia measures (i.e., diagnostic and type of interview) and the prevalence of insomnia (i.e., prevalence and prevalence in male and female groups) were extracted for analyses.



Quality Evaluation

As recommended previously (34–36), the quality evaluation was assessed by two reviewers (LNZ and QQZ) using an instrument with 6 items on the methodological quality of observational studies including sampling method, response rate, the representativeness and definition of targeted population, definition of insomnia, and validation of assessment instrument of insomnia.



Statistical Analyses

Stata version 12.0 and Comprehensive Meta-Analysis statistical software Version 2.0 were used to pool data using the random effects model (37). Heterogeneity between studies was assessed using I2 statistic (I2 > 50% considered substantial heterogeneity) (38). The funnel plot and Egger's-test were used to test publication bias (39). Sensitivity analysis was performed by excluding each study individually. All the statistical significance level was set at P < 0.05 (two-sided).

Subgroup and meta-regression analyses were carried out to explore possible sources of heterogeneity. The following categorical variables were explored: (1) year of survey: 1990–2004 vs. 2007–2012, using median splitting method; (2) study design: case-control vs. cohort vs. cross-sectional; (3) sampling method: consecutive vs. multi-stage stratified vs. random sampling; (4) type of interview: face to face vs. telephone interview; (5) age: ≤ 44.7 vs. >44.7 years, using splitting method; (6) continent: Africa vs. Asia vs. Europe vs. North America. Meta-regression analyses were conducted to examine the moderating effects of the proportion of females and study quality on the results.




RESULTS


Characteristics of Included Studies and Quality Assessment

Initially, a total of 4,152 articles were identified. After screening titles or/and abstract, 323 articles were further reviewed and eventually 13 articles were included for analysis. The procedure of the literature search is presented in Figure 1. The 13 studies covered 326,908 participants in total (139,349 females and 187,559 males; Table 1). The studies were published between 1994 and 2017, and the sample size ranged from 290 to 299,188, with the response rate ranging from 33.4 to 97.5%.


[image: Figure 1]
FIGURE 1. Flowchart of study selection.



Table 1. Characteristics of studies included in the meta-analysis.
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The mean score of the study quality assessment was 4.54, ranging from 3 to 5. In all studies, insomnia was defined by validated instruments. The population sample of one study was not defined clearly; the samples of 6 studies were not recruited by random or consecutive sampling methods; the response rates of 10 studies were <70%; and the samples of 2 studies were not representative.



The Overall Prevalence of Insomnia and Gender Difference

The pooled overall prevalence of insomnia using the random-effect model was 22.0% [n = 22,980, 95% confidence interval (CI): 17.0–28.0%, I2 = 99.7%], as shown in Figure 2.
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FIGURE 2. Forest plot of the prevalence of insomnia in the general population.


Prevalence of insomnia was compared between female and male populations (Figure 3), and the result showed that females had significantly higher prevalence of insomnia than males (OR = 1.58, 95% CI: 1.35, 1.85, Z = 5.63, p < 0.0001).
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FIGURE 3. Forest plot of gender difference in the prevalence of insomnia.




Subgroup Analyses and Meta-Regression

Subgroup analyses (Table 2) revealed that greater gender difference was significantly associated with the use of case-control study design and consecutive sampling method. In contrast, the gender difference was not associated with year of survey, type of interview, age, or continent (all p-values > 0.05).


Table 2. Subgroup analyses between female and male groups.
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In the meta-regression analyses, higher proportion of females (B = 0.02, Q = 31.59, p < 0.001) and better study quality (B = 0.27, Q = 18.46, p < 0.001) were significantly associated with greater gender difference.



Publication Bias and Sensitivity Analysis

The visual Funnel plot (Supplementary Figure 1) and Egger's-test (t = 1.06, P = 0.31) did not reveal any publication bias. Sensitivity analyses did not find any individual study that changed the significance of the primary results when each study was sequentially excluded (Supplementary Figure 2).




DISCUSSION

This was the first meta-analysis that specifically examined gender difference in the prevalence of insomnia as defined by international diagnosis criteria. The findings showed a significantly higher prevalence of insomnia in females (OR = 1.58, 95% CI: 1.35, 1.85), which is higher than the effect size (RR = 1.41, 95% CI: 1.28, 1.55, p < 0.001) of the previous meta-analysis (29). This meta-analysis also included recently published studies (8, 10, 18–21, 28, 40–46) and used international diagnostic criteria for insomnia. It should be noted that the previous meta-analysis (29) only included 2 studies using international diagnostic criteria and remaining studies using standardized scales or questions on insomnia, which could increase the heterogeneity caused by measurement instruments. Standardized scales and questions only measure the presence and severity of insomnia symptoms, but cannot establish the diagnosis of insomnia. In addition, RR was inappropriately used as the effect size in the previous meta-analysis (29), therefore the direct comparison between both meta-analyses should be made with caution.

The reasons for the higher prevalence of insomnia in females are multifactorial. Females are more vulnerable to negative socioeconomic factors, such as lower income or education level (47). In addition, females are more likely to experience certain physical problems compared to males, such as osteoporosis, fractures, and back problems (48). Furthermore, females have higher risk of developing certain psychiatric problems, such as depression and anxiety (49–51), all of which could increase the risk of insomnia in females.

Subgroup analyses found that greater gender difference in the prevalence of insomnia was associated with case-control study design and consecutive sampling method. Generally, studies using cohort study design and random sampling could generate better representativeness (52). In addition, a small number of included studies used case-control study design (n = 1) and consecutive sampling method (n = 1), therefore, their moderating effects on the results need to be further examined. Meta-regression analyses revealed that studies with higher proportion of females and better study quality were significantly associated with greater gender difference in the prevalence of insomnia, which may be due to insomnia being more accurately identified in higher quality studies (52). In addition, since females are more likely to have insomnia (24, 25), studies with higher proportion of females may show a greater gender difference.

The strengths of this meta-analysis are the inclusion of newly published studies and the use of international diagnostic criteria to accurately establish the diagnosis of insomnia. Several limitations need to be acknowledged. First, high heterogeneity was still present in subgroup analyses, because it is difficult to avoid in meta-analysis of observational studies (53). Second, some relevant factors associated with insomnia, such as insomnia type, duration of insomnia, comorbid psychiatric disorders, and marital status, were not reported in most studies, and so were not examined in the subgroup and meta-regression analyses. Finally, only studies conducted in the general population were included, therefore the findings cannot be generalized to special population groups.

In summary, this meta-analysis found that females had significantly higher prevalence of insomnia than males in the general population. Considering the increasing demands on health care services (54) and the negative health effects due to insomnia, preventive measures, regular screening, and effective interventions should be developed and implemented in the general population, especially for females.
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