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SUMMARY: 

Twin studies have consistently found that genetic factors explain a substantial 

proportion of the variance for insomnia. However, studies vary widely in their 

heritability estimates. Therefore, this meta-analysis aimed to: 1) Estimate the mean 

heritability of insomnia; 2) Assess heterogeneity among twin studies of insomnia; and 

3) Search and analyse characteristics of the studies (moderator variables) that may 

explain heterogeneity among estimates. For this purpose, separate meta-analyses were 

carried out for MZ and DZ correlations and for heritability estimates by assuming 

random-effects models. Thirteen independent samples were included in this meta-

analysis. The heterogeneity index for heritability estimates was significant in both best 

fitting models (I2=98.77, P<.0001) and full models (I2=97.80, P<.0001). MZ 

correlations were higher (.37; 95%CI: .31,.43) than DZ correlations (.15; 95%CI: 

.12,.18). A mean heritability of .39 (95%CI: .32,.44) was found for insomnia. These 

results highlight the role of genetic factors in explaining differences among the 

population on insomnia and emphasise heterogeneity among studies. Further research is 

needed to identify variables that could explain this heterogeneity. 
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Abbreviations 

A: additive genetic factors 

C: common shared environmental factors 

CBT-I: Cognitive-behavior-therapy for insomnia 

D: non-additive genetic factors  

DZ: dizygotic twins 

DZOS: dizygotic twins opposite sex 

E: non-shared environmental factors 

GWAS: genome-wide association studies 

MZ: monozygotic twins 
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Introduction 

Insomnia is characterised by a difficulty falling asleep or staying asleep. As is 

the case for other sleep disorders, the aetiology of insomnia is not fully understood [1], 

but both genetic and environmental influences are assumed to play a role in its genesis 

and development. Twin studies and, more recently, analyses using genetic variants 

determination (e.g., polygenic risk scores) increase our understanding of the interplay 

between genes and the environment in insomnia, with the ultimate objective of offering 

clues for improving our diagnostic and treatment capability. 

Insomnia is highly prevalent and it is one of the most common complaints in 

medical practice [1, 2]. Prevalence estimates of insomnia range from 6 to 33% 

depending on the definition used [2-5]. Symptoms of insomnia occur despite adequate 

opportunities for sleep and can impact daytime functioning [1, 6]. Insomnia has 

negative consequences for almost every single aspect of mental and physical health, 

from chronic pain to psychosis [7-16]; and its economic burden is high with an average 

annual per-person cost (direct and indirect combined) of $5,010 for individuals with an 

insomnia disorder or $1,431 for individuals presenting with symptoms, as compared to 

$421 for good sleepers. The largest proportion of these expenses was attributable to 

work absences and reduced productivity [17]. In another study, Medicare beneficiaries 

with untreated insomnia had higher healthcare utilization and costs across all points of 

service [18]. Helpful treatments for insomnia are available. For instance, cognitive 

behavior therapy for insomnia (CBT-I) has proven to be effective and cost-effective [19, 

20] and it is often recommended as the treatment of choice [1], although it is not always 

utilised the most [21].  
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Despite its relevance and all that is known regarding insomnia, the precise 

nature of its aetiology remains elusive. Twin studies have been one of the main sources 

of information about the relative magnitude of genetic and environmental factors on the 

genesis and development of insomnia. This method has proven to be a useful tool for 

research [22] as twin studies allow the disentanglement of genetic and environmental 

factors on a phenotype, trait or disorder [23] and provide estimates of heritability, which 

can be defined as the proportion of phenotypic variance explained by genetic factors. 

Heritability can be estimated using a variety of genetically informative methods, but 

estimation from twin studies remain relevant because of their ability to capture genetic 

effects as a whole, including those of rare variants and the cumulated influence of 

common genetic variants of tiny effect. In addition, twin studies allow for the analysis 

of the relative impact of shared environmental factors on a trait. 

However, there is a wide variety of results; heritability estimates range from 

around .30 to .60 [24-27]. That is not surprising as these studies have been performed in 

different populations, at different times and in different locations; and heritability is a 

population statistic which, therefore, may vary from one population to another [28].  

Heterogeneity in results can be explained in part by the approach taken to assess 

heritability. GWAS studies have also been used to estimate the variance of specific 

traits explained by genetic factors. For example, a study with more than one million 

participants found that just 7% of the variance was attributable to the genotyped 

variants; [29] a value which is notably lower than those obtained from twin studies. 

There is also heterogeneity between age groups. In adolescents, heritability 

estimates range from 14 to 41% [30-33]. In young adults around 35% of the variance 

was explained by genetic factors [34]. In adults, heritability estimates range from .28 to 
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.43 [27, 35-37]. Regarding sex, different heritability estimates were reported for males 

and females in one study [24] but not in others [34, 35, 37]. 

The above cited literature consistently supports the substantial role of genetics in 

explaining individual differences for insomnia, although the magnitude of its impact 

varies between studies. There is even greater uncertainty about the specific variables 

that could potentially cause differences in the distribution of the genetic and 

environmental influences for insomnia. Women usually have a higher prevalence of 

insomnia than do men [38]. Gonadal steroid effects have been proposed as a potential 

explanation for these differences since sex differences in the prevalence of insomnia 

begins at puberty and increases during and after the stage of life at which females 

experience the menopause [39]. Nevertheless, mean differences in terms of symptoms, 

do not necessarily imply genetic and environment differences on the distribution of the 

variance. As stated above, just one study found sex-differences for the heritability 

estimates for insomnia [24]. This could be because many of the studies were relatively 

small and may have been underpowered to detect sex differences. Age is another 

variable that could affect the distribution of the variance on insomnia. Sleep changes 

throughout the life-span and insomnia is associated with aging [3, 40, 41]. Ethnicity is 

another variable that could potentially influence heritability estimates [42-44]. 

However, studies addressing these issues are not conclusive and most of them are 

limited to US samples. Related to the previous point, latitude, which is associated with 

hours of sun-light exposure, could also influence insomnia; for example, a study that 

compared sleep in Norway (69ºN) and Ghana (5ºN) found that lack of daylight was 

related to increased problems falling asleep and daytime fatigue. Seasonal differences in 

insomnia were found in Norway but not in Ghana [45]. 
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Taking into account the wide variety of results across the studies this meta-

analysis aimed to: 1) Estimate the mean heritability of insomnia; 2) Assess 

heterogeneity among twin studies on this phenotype; and 3) Search and analyse 

characteristics of the studies (moderator variables) that may explain the heterogeneity 

among such studies. 

Method 

This meta-analysis was pre-registered on the Open Science Framework (see for 

further information https://osf.io/5g839/). Furthermore, this systematic review and 

meta-analysis was conducted following the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) guidelines [46]. Supplementary Table 1 

presents the PRISMA checklist for this systematic review. 

 

Eligibility criteria  

This meta-analysis focused on twin studies that provided an estimation of the 

heritability of insomnia up until March 2020. All studies that addressed insomnia or 

insomnia symptoms explicitly were included. Studies that included indirect measures 

that were not specifically referred to as insomnia symptoms (such as sleep disturbances, 

awakenings, or sleep onset difficulties) were not included. This was because they might 

have focused on variables other than insomnia such as general sleep quality or sleep 

apnoea. This approach also allowed consistency in the criterion for selection. Our search 

strategy included both objective and subjective measures of insomnia. Nonetheless, 

there were no studies using objective measures of insomnia that met the selection 

criteria. 
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As for the exclusion criteria, studies that did not use a twin sample to estimate 

heritability (e.g. GWAS) were excluded. Studies with a mean sample below 6 years old 

were also excluded since our focus was not on insomnia in young children, which may 

differ from that experienced at later stages of the life course as well as sleep 

characteristics and patterns (e.g. school timetables or daytime naps [47, 48]). Only 

independent samples were included. Hence, when more than one publication reported 

the heritability of insomnia using the same sample (the same twin registry) we selected 

the publication with: 1) greater detail (e.g. estimates for men and women 

independently); 2) the larger sample; 3) estimates from univariate models (rather than 

multivariate models) or 4) a more recent publication date.  

Search Strategy 

The scientific search was conducted from the 1st to 30th of March 2020 in 

PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) and Web of Science 

(https://apps.webofknowledge.com/). The following keywords were used: insomnia 

AND monozygotic/dizygotic/twin*/heritability. No filters for dates or language were 

applied. However, conference papers were excluded since they often do not report all 

the required information and are typically published later as full research articles. 

Applying these criteria, we found 82 and 144 results in PubMed and Web of 

Science respectively. Duplicates were removed yielding a total of 153 that were 

screened. Of those, 31 results were assessed and after applying the exclusion criteria, 10 

articles were included in the meta-analysis (Figure 1). As some studies reported 

heritability estimates for men and women independently, this yielded a total of 13 units 

of analyses. 

Data extraction 
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For all the studies the following characteristics of the studies were extracted (as 

per a previous publication focusing on sleep quality and duration [49]). 

• Mean age of the study sample with standard deviation 

• Proportion of males and females 

• Proportion of monozygotic (MZ), dizygotic (DZ), dizygotic opposite sex (DZOS) and 

non-twin siblings (if relevant) 

• Country of origin of the study population 

• Continent of origin of the study population 

• Type of measure: single question or questions derived from a validated 

questionnaire/validated instrument 

• Best fitting model (ACE, ADE, AE, CE or E) 

• Number of twin/siblings pairs in the study 

• Number of participants in the study 

• MZ and DZ correlations 

• Components of the variance for the full model: we entered the heritability (h2) and 

shared environmental component (c2) under the ACE or ADE model. When the reported 

model was an ACE model, the estimate for A was entered in h2_FULL and C was 

entered in c2_FULL. When an ADE model was reported, we summed A and D and 

entered the sum in h2_FULL and zero for c2_FULL. If both univariate and multivariate 

analyses were presented, estimates from univariate models were included 

• Components of the variance for the BEST model: When the best fitting model was an 

ACE model, we entered A for h2_BEST and C was entered for c2_FULL. When the best 

fitting model was an ADE, we entered the sum of A and D in h2_BEST and 0 in 

c2_BEST. If the best fitting model was an AE (or CE or E) we entered zero for the 
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component (or components) dropped and the significant components were entered as 

previously described 

Data entry: All the studies were double coded by JJM-V and MRA, 

disagreements were solved by consensus by third reviewer (JRO or JSM). The results 

showed very satisfactory interrater reliability, with kappa coefficients ranging from .95 

to 1 (M = .97) for the categorical variables and intraclass correlations between .97 and 1 

(M = .98) for the continuous variables. Heath and colleagues [36] provided heritability 

estimates from 5 different questions (i.e. “initial insomnia; “disturbed sleep”; “anxious 

insomnia”; “depressed insomnia” and “sleep delay”). For this unit of analysis, the mean 

of the estimates for these five measures was calculated. 

Statistical analyses 

In this meta-analysis the outcome measures were monozygotic and dizygotic 

twin correlations (rMZ and rDZ, respectively), and estimates of heritability from the full 

and best fitting models (h2_FULL and h2_BEST, respectively). These effect sizes were 

transformed into the Fisher’s Z metric in order to normalize distributions and stabilize 

variances. 

Separate meta-analyses were carried out for rMZ, rDZ, h2_FULL and h2_BEST 

by assuming random-effects models, as heterogeneity among the effect sizes was 

expected. The inverse variance method was used to weigh each effect size. The variance 

was equal to the sum of the sampling variance and the between-studies variance, as 

estimated by restricted maximum likelihood [50]. For each meta-analysis, a mean effect 

size was obtained and a 95%CI was constructed with the improved method developed 

by Hartung and Knapp [51, 52]. To facilitate the interpretation of the results, the mean 

effect sizes and their confidence limits (calculated on Fisher’s Z transformed effect 
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sizes) were back transformed into a Pearson correlation metric. To check for variability 

among effect sizes, the Cochran’s Q-statistic and the I2 index (values of 0%, 25%, 50%, 

and 75% representing no, low, moderate, and high heterogeneity, respectively) were 

used [53]. For each meta-analysis, a forest plot was also constructed. 

Publication bias was assessed by constructing funnel plots with the trim-and-fill 

method which consists of imputing missing effect sizes to achieve symmetry [54]. The 

Egger’s regression test was also applied [55]. A statistically significant result for the 

Egger test (p < .10) was evidence of publication bias. Using p<.10 in place of the usual 

p<.05 is due to the Egger test has low statistical power with a small number of studies 

(k<20), as it is the case [56]. 

Finally, in order to explain the heterogeneity among the effect sizes, meta-

regressions and weighted ANOVAs for continuous and categorical moderators 

respectively, were applied by assuming a mixed-effects model for each meta-analysis 

with at least 10 effect sizes. An improved F statistic developed by Knapp and Hartung 

[57, 58] was applied for testing the statistical significance of each moderator. QE and 

QW statistics were computed to test the model misspecification for meta-regressions and 

weighted ANOVAs, respectively, and an estimate of the proportion of variance 

explained by each moderator, R2, was also calculated [59]. All statistical analyses were 

conducted with metafor program in R [60]. 

Results 

Characteristics of the included studies 

All the studies used the classical twin design, which make use of the difference 

between MZ and DZ twins within-pair correlations, to estimate the genetic and 
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environmental influences on insomnia. One study reported data from women only [27] 

and another only men [26]. Studies were carried out using samples from: North 

America (5), Europe (4) and Oceania (1). Actually, just four countries provided data: 

USA (5), UK (3), Finland (1) and Australia (1). Three studies had data available for 

males and females separately and therefore, they provided two units of analyses (i.e. one 

for males and one for females) [24, 35, 37]. Gregory et al., [34], Lind et al., [24] and 

Barclay et al., [30] reported heritability estimates from different waves of data 

collection. The wave with larger number of participants was selected (Table 1). 

Mean effect size and heterogeneity 

Table 2 presents the results of the meta-analyses carried out for twin correlations 

(rMZ and rDZ) and variance components (h2_FULL and h2_BEST). Figure 2 displays 

the forest plots for rMZ, rDZ, h2_FULL and h2_BEST.  

Thirteen studies reported the MZ and DZ correlations and the heritability 

estimates from the best fitting model. There were seven heritability estimates from full 

models. The mean effect size for rMZ was ES+ = 0.37 (95% CI = 0.31, 0.43), and for 

rDZ was ES+ = 0.15 (95% CI = 0.12, 0.18). Similar mean effect sizes were found for 

heritability estimates, being ES+ = 0.41 (95% CI = 0.32, 0.49) for h2_FULL and ES+ = 

0.39 (95%CI = 0.32, 0.44) for h2_BEST.  

Great heterogeneity among the effect sizes for rMZ, rDZ, h2_FULL and 

h2_BEST was found (I2 > 75% and p < .0001, except for rDZ where I2 = 48%) (see 

Table 2). This considerable heterogeneity is also reflected in the forest plots (see Figure 

2).  
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INSERT TABLE 2 

INSERT FIGURE 2 

Analysis of publication bias 

Publication bias was analysed by constructing a funnel plot and assessing its 

asymmetry with the trim-and-fill method and the Egger test.  

Figure 3 presents the funnel plots for rMZ, rDZ, h2_FULL and h2_BEST. 

Applying the trim-and-fill method, no effect sizes had to be imputed for MZ and DZ 

twin correlations and h2_BEST (see Figure 3A, 3B and 3D). For the h2_FULL, an 

additional effect size estimate was imputed on the left side to the original set of 

estimates to achieve symmetry in the funnel plot (see Figure 3C). The adjusted mean 

effect size, once corrected by publication bias, was ESadj = 0.40 (95%CI = 0.31, 0.49). 

Compared with the original mean effect size obtained with the 7 studies (ES+ = 0.41), 

the adjusted mean effect size barely changed, with a negligible decrease of 2.40%.  

Non-significant results for the interception were obtained from the Egger test for 

MZ twin correlations (t(11) = 1.00; p = .338), DZ twin correlations (t(11) = 0.13; p = 

.898), heritability estimates from the full model (t(5) = 1.05; p = .343) and heritability 

estimates from the best fitting model (t(11) = 1.30; p = .219). 

 

INSERT FIGURE 3 

 

Analyses of moderator variables 
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The large variability found among the effect sizes led to the analysis of potential 

moderator variables. These analyses were applied to those meta-analyses with at least 

10 effects sizes, i.e., rMZ, rDZ, and h2_BEST.  

Table 3 presents the results of the simple meta-regressions performed on several 

continuous moderators. We were not able to analyse quantitative moderators for rMZ 

and rDZ due to the lack of available information. None of the analysed moderators 

reached a statistically significant association with the h2_BEST.  

 

INSERT TABLE 3 

 

Continent where the study took place and the use of a validated questionnaire 

were also analysed, as categorical moderators, by means of the weighted ANOVAs 

models. Table 4 presents those results. None of them reached a statistically significant 

association with MZ and DZ twin correlations or heritability estimates from the best 

fitting model.  

 

INSERT TABLE 4 

 

Discussion 

This study meta-analysed twin studies that estimated the magnitude of genetic 

and environmental influences on insomnia. As expected, we found that genetic factors 

play a substantial role in explaining variability for insomnia. The mean effect size for 
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genetic influences on insomnia was .39 (95%CI: .32,.44) from the best fitting models. 

This result is similar to the heritability estimates for sleep quality and sleep duration 

reported in another recent meta-analysis by our group [49]. Furthermore, our results 

also reveal high heterogeneity among studies.  

Regarding the distribution of the variance, non-shared environmental influences 

were the main source of variation with values ranging from .43 to .72. Genetic 

influences were also substantial with values ranging from .28 to .57. In contrast, shared-

environmental influences had a negligible impact in all the studies. This is in line with 

the wider behavior genetic literature, where C usually decreases with age and becomes 

undetectable [61] for many traits. This is also consistent with the aforementioned meta-

analysis on sleep quality and sleep duration, where just two studies on sleep duration 

reported common-shared environmental influences and both influences were of small 

magnitude [49]. 

GWAS have also confirmed the role of genes in explaining inter-individual 

differences on this trait. For example, Jansen et al., [62] in a study using more than one 

million participants, estimated SNP-based heritability for insomnia at 7%. This value is 

notably lower than those obtained from twin studies reported here. Such a divergence in 

estimates between twin and SNP-based studies is found frequently in different traits and 

represents the issue of so-called ‘missing heritability’. Proposed explanations for this 

difference in heritability estimated from twin studies and those assessing genetic 

variants (i.e., SNPs) include that SNP methods fail to capture the influence of many 

common variants of very small effect and also of rare variants with large effects. 

Furthermore, twin studies may involve specific effects such as gene-environment 

correlation that are not captured by SNP-based methods [63-65]. In the aforementioned 

study more than 200 loci implicating 956 genes were identified. This study also 
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supported the link between sleep disorders and psychiatric disorders, findings that have 

extensively reported using twin samples [33, 66-68]. Other GWAS studies have also 

found significant genetic correlations between insomnia and alcohol use, nicotine use 

and opioid use [69]. A Recent GWAS also demonstrated that genetic variation 

associated with brain structure also affects insomnia [70]. Research about the aetiology 

of insomnia is essential for many reasons. The more we know the more we advance in 

our endeavor of developing preventing strategies as well as more accurate and effective 

treatments, such as tailored interventions. It has been proposed that there might be two 

types of insomnia, one with a more biological origin [71]. If this theory is supported it 

could suggest that different treatments should be used for each type of insomnia and 

genetic research will be essential in clarifying this. Finally, these findings are also 

relevant from a clinical perspective. It has been demonstrated that perceptions about the 

aetiology of a disorder could influence perceptions and attitudes regarding different 

treatments and clinicians’ empathy [72, 73]. 

As stated above, there was significant heterogeneity among studies. 

Nevertheless, none of the moderators considered (e.g. age, sex, continent, or type of 

measure) could explain the variability among the studies. Age and sex are two of the 

most studied variables associated with insomnia. Female sex is a risk factor for 

insomnia and poor sleep quality, which also appears to worsen with increasing age [38, 

40]. Despite the scientific literature consistently supporting these findings, our results 

did not provide any evidence for a significant effect of age or sex. This failure to detect 

the effect of these moderators could be due to the limited number of studies included in 

the meta-analysis or because most of the studies did not specifically assess age and sex 

in their analyses. Results from the studies which reported heritability estimates for 

males and females separately revealed that estimates are quite similar. These results are 
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consistent with other sleep phenotypes, specifically sleep duration and sleep quality 

where no moderators were found in a previous meta-analysis [49]. 

There was no evidence of publication bias. Publication bias is unlikely for twin 

studies since they possess characteristics such as large samples and relevant effect sizes 

(typically heritability estimates are around 30-50%). Moreover, low heritability 

estimates are as interesting as high heritability values [61].  

Strengths and limitations  

This study has several strengths such as the use of a meta-analytic approach to 

estimate the mean effect size of heritability estimates. Furthermore, as previously 

mentioned, twin studies typically use large twin samples, and high and low heritability 

estimates are equally interesting. All the studies included here flagged significant 

heritability estimates for insomnia. In addition to this, both best fitting and full models 

were meta-analysed, since estimates from best fitting models could be affected by the 

sample size. We found very similar results using both approaches. Despite these 

strengths this study also has some limitations. First, the number of studies was limited: 

only 10 independent samples (13 units of analyses) were included. These studies came 

from just four different countries which means that their representativeness could be 

limited. Furthermore, some studies did not report all of the statistics. For example, while 

all units of analyses were available for the best fitting model, just 7 units of analyses 

reported data for the full model which hampered the comparison between full and best 

fitting models. Additionally, most of the studies did not provide data for males and 

females separately and the same applies for different age ranges, which hampered the 

search for moderators. In light of these factors, we encourage behavior genetic 

researchers to report data from all models and, if relevant, sex comparisons and sex-
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limitation models. Regarding the measurement of insomnia, it is important to highlight 

that no studies estimated the heritability of insomnia using objective methods (this is 

noteworthy, although unsurprising given that insomnia is largely considered a 

subjective complaint – best assessed using subjective measures). Finally, despite the 

large heterogeneity demonstrated by the effect sizes, we have not been able to identify 

moderators of such variability. This could be due to the limited number of studies 

included in our meta-analysis. Other hidden moderators not reported in the studies could 

also affect heritability estimates of insomnia. Therefore, the small number of studies 

invites a cautious interpretation of the results of moderator analyses. 

Conclusions 

There is significant heterogeneity in genetic and environmental influences on 

insomnia from twin samples. Around 40% of the variance in insomnia is explained by 

genetic factors. Further research using different samples is needed (especially in those 

populations with unique characteristics for sleep such as a specific geography or 

climate) to identify possible moderators. 
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Practice points 

1-This review confirms that insomnia is moderately influenced by genetic factors 

2-Results from this study highlight that non-shared environmental influences are the 

main source of variance for insomnia 

3-Common shared environmental factors have a negligible impact on insomnia in 

participants who are older than six years of age 

Research agenda 

1-Twin studies should always provide information from all models and test for sex 

differences where there is power to do so 

2-Further research is needed focusing on participants from other locations since twin 

studies on insomnia come from just four countries 

3-More studies are needed to elucidate the role of moderators such as age and sex on the 

distribution of the variance in insomnia 

  



20 
 

References 

 

1. Morin CM, Drake CL, Harvey AG, Krystal AD, Manber R, Riemann D, et al. Insomnia 
disorder. Nat Rev Dis Primers. 2015;1:15026. 
2. Ohayon MM, Sagales T. Prevalence of insomnia and sleep characteristics in the general 
population of Spain. Sleep Med. 2010;11(10):1010-8. 
3. Ohayon MM. Epidemiology of insomnia: what we know and what we still need to 
learn. Sleep Med Rev. 2002;6(2):97-111. 
4. Morin CM, LeBlanc M, Bélanger L, Ivers H, Mérette C, Savard J. Prevalence of insomnia 
and its treatment in Canada. Can J Psychiatry. 2011;56(9):540-8. 
5. Cao XL, Wang SB, Zhong BL, Zhang L, Ungvari GS, Ng CH, et al. The prevalence of 
insomnia in the general population in China: A meta-analysis. PLoS One. 2017;12(2):e0170772. 
6. Roth T. Insomnia: definition, prevalence, etiology, and consequences. J Clin Sleep Med. 
2007;3(5 Suppl):S7-10. 
7. Fortier-Brochu E, Beaulieu-Bonneau S, Ivers H, Morin CM. Insomnia and daytime 
cognitive performance: a meta-analysis. Sleep Med Rev. 2012;16(1):83-94. 
8. Fortier-Brochu E, Morin CM. Cognitive impairment in individuals with insomnia: clinical 
significance and correlates. Sleep. 2014;37(11):1787-98. 
9. He Q, Zhang P, Li G, Dai H, Shi J. The association between insomnia symptoms and risk 
of cardio-cerebral vascular events: A meta-analysis of prospective cohort studies. Eur J Prev 
Cardiol. 2017;24(10):1071-82. 
10. Zheng B, Yu C, Lv J, Guo Y, Bian Z, Zhou M, et al. Insomnia symptoms and risk of 
cardiovascular diseases among 0.5 million adults: A 10-year cohort. Neurology. 
2019;93(23):e2110-e20. 
11. Tang NK. Insomnia Co-Occurring with Chronic Pain: Clinical Features, Interaction, 
Assessments and Possible Interventions. Rev Pain. 2008;2(1):2-7. 
12. Mullington JM, Simpson NS, Meier-Ewert HK, Haack M. Sleep loss and inflammation. 
Best Pract Res Clin Endocrinol Metab. 2010;24(5):775-84. 
13. Garbarino S, Magnavita N, Guglielmi O, Maestri M, Dini G, Bersi FM, et al. Insomnia is 
associated with road accidents. Further evidence from a study on truck drivers. PLoS One. 
2017;12(10):e0187256. 
14. Hertenstein E, Feige B, Gmeiner T, Kienzler C, Spiegelhalder K, Johann A, et al. 
Insomnia as a predictor of mental disorders: A systematic review and meta-analysis. Sleep Med 
Rev. 2019;43:96-105. 
15. Li L, Wu C, Gan Y, Qu X, Lu Z. Insomnia and the risk of depression: a meta-analysis of 
prospective cohort studies. BMC Psychiatry. 2016;16(1):375. 
16. Alvaro PK, Roberts RM, Harris JK. A Systematic Review Assessing Bidirectionality 
between Sleep Disturbances, Anxiety, and Depression. Sleep. 2013;36(7):1059-68. 
17. Daley M, Morin CM, LeBlanc M, Grégoire JP, Savard J. The economic burden of 
insomnia: direct and indirect costs for individuals with insomnia syndrome, insomnia 
symptoms, and good sleepers. Sleep. 2009;32(1):55-64. 
18. Wickwire EM, Tom SE, Scharf SM, Vadlamani A, Bulatao IG, Albrecht JS. Untreated 
insomnia increases all-cause health care utilization and costs among Medicare beneficiaries. 
Sleep. 2019;42(4). 
19. Trauer JM, Qian MY, Doyle JS, Rajaratnam SM, Cunnington D. Cognitive Behavioral 
Therapy for Chronic Insomnia: A Systematic Review and Meta-analysis. Ann Intern Med. 
2015;163(3):191-204. 
20. Watanabe N, Furukawa TA, Shimodera S, Katsuki F, Fujita H, Sasaki M, et al. Cost-
effectiveness of cognitive behavioral therapy for insomnia comorbid with depression: Analysis 
of a randomized controlled trial. Psychiatry Clin Neurosci. 2015;69(6):335-43. 



21 
 

21. Health NIo. National Institutes of Health State of the Science Conference statement on 
Manifestations and Management of Chronic Insomnia in Adults, June 13-15, 2005. Sleep. 
2005;28(9):1049-57. 
22. Odintsova VV, Willemsen G, Dolan CV, Hottenga JJ, Martin NG, Slagboom PE, et al. 
Establishing a Twin Register: An Invaluable Resource for (Behavior) Genetic, Epidemiological, 
Biomarker, and 'Omics' Studies. Twin Res Hum Genet. 2018;21(3):239-52. 
23. Knopik VS, Neiderhiser JM, DeFries JC, Plomin R. Behavioral genetics: (7th ed.): New 
York:Worth Publishers; 2017. 
*24. Lind MJ, Aggen SH, Kirkpatrick RM, Kendler KS, Amstadter AB. A Longitudinal Twin 
Study of Insomnia Symptoms in Adults. Sleep. 2015;38(9):1423-30. 
*25. Watson NF, Goldberg J, Arguelles L, Buchwald D. Genetic and environmental influences 
on insomnia, daytime sleepiness, and obesity in twins. Sleep. 2006;29(5):645-9. 
*26. McCarren M, Goldberg J, Ramakrishnan V, Fabsitz R. Insomnia in Vietnam era veteran 
twins: influence of genes and combat experience. Sleep. 1994;17(5):456-61. 
*27. Hur Y-M, Burri A, Spector TD. The Genetic and Environmental Structure of the 
Covariation Among the Symptoms of Insomnia, Fatigue, and Depression in Adult Females. Twin 
Research and Human Genetics. 2012;15(6):720-6. 
28. Visscher PM, Hill WG, Wray NR. Heritability in the genomics era--concepts and 
misconceptions. Nat Rev Genet. 2008;9(4):255-66. 
29. Jansen PR, Watanabe K, Stringer S, Skene N, Bryois J, Hammerschlag AR, et al. 
Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and 
functional pathways. Nat Genet. 2019;51(3):394-403. 
*30. Barclay NL, Gehrman PR, Gregory AM, Eaves LJ, Silberg JL. The heritability of insomnia 
progression during childhood/adolescence: results from a longitudinal twin study. Sleep. 
2015;38(1):109-18. 
31. Gehrman PR, Meltzer LJ, Moore M, Pack AI, Perlis ML, Eaves LJ, et al. Heritability of 
Insomnia Symptoms in Youth and Their Relationship to Depression and Anxiety. Sleep. 
2011;34(12):1641-6. 
32. Taylor MJ, Gregory AM, Freeman D, Ronald A. Do sleep disturbances and psychotic-like 
experiences in adolescence share genetic and environmental influences? J Abnorm Psychol. 
2015;124(3):674-84. 
*33. Madrid-Valero JJ, Ronald A, Shakeshaft N, Schofield K, Malanchini M, Gregory AM. 
Sleep quality, insomnia, and internalizing difficulties in adolescents: insights from a twin study. 
Sleep. 2020;43(2). 
*34. Gregory AM, Rijsdijk FV, Eley TC, Buysse DJ, Schneider MN, Parsons M, et al. A 
Longitudinal Twin and Sibling Study of Associations between Insomnia and Depression 
Symptoms in Young Adults. Sleep. 2016;39(11):1985-92. 
*35. Hublin C, Partinen M, Koskenvuo M, Kaprio J. Heritability and mortality risk of 
insomnia-related symptoms: a genetic epidemiologic study in a population-based twin cohort. 
Sleep. 2011;34(7):957-64. 
*36. Heath AC, Kendler KS, Eaves LJ, Martin NG. Evidence for genetic influences on sleep 
disturbance and sleep pattern in twins. Sleep. 1990;13(4):318-35. 
*37. Drake CL, Friedman NP, Wright KP, Jr., Roth T. Sleep Reactivity and Insomnia: Genetic 
and Environmental Influences. Sleep. 2011;34(9):1179-88. 
38. Zhang B, Wing YK. Sex differences in insomnia: a meta-analysis. Sleep. 2006;29(1):85-
93. 
39. Johnson EO, Roth T, Schultz L, Breslau N. Epidemiology of DSM-IV insomnia in 
adolescence: lifetime prevalence, chronicity, and an emergent gender difference. Pediatrics. 
2006;117(2):e247-56. 
40. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of 
quantitative sleep parameters from childhood to old age in healthy individuals: developing 
normative sleep values across the human lifespan. Sleep. 2004;27(7):1255-73. 



22 
 

41. Miner B, Kryger MH. Sleep in the Aging Population. Sleep Med Clin. 2017;12(1):31-8. 
42. Grandner MA, Petrov ME, Rattanaumpawan P, Jackson N, Platt A, Patel NP. Sleep 
symptoms, race/ethnicity, and socioeconomic position. J Clin Sleep Med. 2013;9(9):897-905; A-
D. 
43. Roberts RE, Roberts CR, Chan W. Ethnic differences in symptoms of insomnia among 
adolescents. Sleep. 2006;29(3):359-65. 
44. Ruiter ME, DeCoster J, Jacobs L, Lichstein KL. Sleep disorders in African Americans and 
Caucasian Americans: a meta-analysis. Behav Sleep Med. 2010;8(4):246-59. 
45. Friborg O, Bjorvatn B, Amponsah B, Pallesen S. Associations between seasonal 
variations in day length (photoperiod), sleep timing, sleep quality and mood: a comparison 
between Ghana (5°) and Norway (69°). J Sleep Res. 2012;21(2):176-84. 
46. Moher D, Liberati A, Tetzlaff J, Altman D, Grp P. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA Statement. Journal of Clinical 
Epidemiology. 2009;62(10):1006-12. 
47. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National 
Sleep Foundation's sleep time duration recommendations: methodology and results summary. 
Sleep Health. 2015;1(1):40-3. 
48. Hoban TF. Sleep disorders in children. Ann N Y Acad Sci. 2010;1184:1-14. 
49. Madrid-Valero JJ, Rubio-Aparicio M, Gregory AM, Sánchez-Meca J, Ordoñana JR. Twin 
studies of subjective sleep quality and sleep duration, and their behavioral correlates: 
Systematic review and meta-analysis of heritability estimates. Neurosci Biobehav Rev. 
2020;109:78-89. 
50. Cooper H, Hedges LV, Valentine JC. The handbook of research synthesis and meta-
analysis. Russell Sage Foundation; 2019. 
51. Sanchez-Meca J, Marin-Martinez F. Confidence intervals for the overall effect size in 
random-effects meta-analysis. Psychological Methods. 2008;13(1):31-48. 
52. Hartung J, Knapp G. On tests of the overall treatment effect in meta-analysis with 
normally distributed responses. Statistics in Medicine. 2001;20(12):1771-82. 
53. Huedo-Medina TB, Sánchez-Meca J, Marín-Martínez F, Botella J. Assessing 
heterogeneity in meta-analysis: Q statistic or I2 index? Psychol Methods. 2006;11(2):193-206. 
54. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and 
adjusting for publication bias in meta-analysis. Biometrics. 2000;56(2):455-63. 
55. Rothstein HR, Sutton AJ, Borenstein M. Publication Bias in Meta-Analysis: Prevention, 
Assessment and Adjustments  . Willey; 2005. 
56. Egger M, Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, 
graphical test. Bmj-British Medical Journal. 1997;315(7109):629-34. 
57. Knapp G, Hartung J. Improved tests for a random effects meta-regression with a single 
covariate. Statistics in Medicine. 2003;22(17):2693-710. 
58. Rubio-Aparicio M, Lopez-Lopez J, Viechtbauer W, Marin-Martinez F, Botella J, Sanchez-
Meca J. Testing Categorical Moderators in Mixed-Effects Meta-analysis in the Presence of 
Heteroscedasticity. Journal of Experimental Education. 2020;88(2):288-310. 
59. López-López JA, Marín-Martínez F, Sánchez-Meca J, Van den Noortgate W, Viechtbauer 
W. Estimation of the predictive power of the model in mixed-effects meta-regression: A 
simulation study. Br J Math Stat Psychol. 2014;67(1):30-48. 
60. Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. Journal of 
Statistical Software. 2010;36(3):1-48. 
61. Plomin R, DeFries JC, Knopik VS, Neiderhiser JM. Top 10 Replicated Findings From 
Behavioral Genetics. Perspect Psychol Sci. 2016;11(1):3-23. 
62. Jansen PR, Watanabe K, Stringer S, Skene N, Bryois J, Hammerschlag AR, et al. 
Genome-wide analysis of insomnia in 1,331,010 individuals identifies new risk loci and 
functional pathways. Nat Genet. 2019;51(3):394-403. 



23 
 

63. Mayhew AJ, Meyre D. Assessing the Heritability of Complex Traits in Humans: 
Methodological Challenges and Opportunities. Curr Genomics. 2017;18(4):332-40. 
64. Manolio TA, Collins FS, Cox NJ, Goldstein DB, Hindorff LA, Hunter DJ, et al. Finding the 
missing heritability of complex diseases. Nature. 2009;461(7265):747-53. 
65. Yang J, Zeng J, Goddard ME, Wray NR, Visscher PM. Concepts, estimation and 
interpretation of SNP-based heritability. Nat Genet. 2017;49(9):1304-10. 
66. Lind MJ, Hawn SE, Sheerin CM, Aggen SH, Kirkpatrick RM, Kendler KS, et al. An 
examination of the etiologic overlap between the genetic and environmental influences on 
insomnia and common psychopathology. Depress Anxiety. 2017;34(5):453-62. 
67. Gregory AM, Buysse DJ, Willis TA, Rijsdijk FV, Maughan B, Rowe R, et al. Associations 
between sleep quality and anxiety and depression symptoms in a sample of young adult twins 
and siblings.  J Psychosom Res. 71. England: 2011 Elsevier Inc; 2011. p. 250-5. 
68. Gasperi M, Herbert M, Schur E, Buchwald D, Afari N. Genetic and Environmental 
Influences on Sleep, Pain, and Depression Symptoms in a Community Sample of Twins. 
Psychosom Med. 2017;79(6):646-54. 
69. Song W, Torous J, Kossowsky J, Chen CY, Huang H, Wright A. Genome-wide association 
analysis of insomnia using data from Partners Biobank. Sci Rep. 2020;10(1):6928. 
70. Grasby K, Jahanshad N, Painter J, Colodro-Conde L, Bralten J, Hibar D, et al. The genetic 
architecture of the human cerebral cortex. Science. 2020;367(6484):1340-+. 
71. Vgontzas AN, Fernandez-Mendoza J, Liao D, Bixler EO. Insomnia with objective short 
sleep duration: the most biologically severe phenotype of the disorder. Sleep Med Rev. 
2013;17(4):241-54. 
72. Lebowitz MS. The Implications of Genetic and Other Biological Explanations for 
Thinking about Mental Disorders. Hastings Cent Rep. 2019;49 Suppl 1:S82-S7. 
73. Lebowitz MS, Ahn WK. Effects of biological explanations for mental disorders on 
clinicians' empathy. Proc Natl Acad Sci U S A. 2014;111(50):17786-90. 

 


