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Abstract

Objective—We used quantitative genetic methods to evaluate whether sleep quality, pain, and 

depression symptoms share a common genetic diathesis, to estimate the genetic and environmental 

sources of covariance among these symptoms, and to test for possible causal relationships.

Methods—A community sample of 400 twins from the University of Washington Twin Registry 

completed standardized self-report questionnaires. We used biometric modeling to assess genetic 

and environmental contribution to the association between sleep quality measured by the 

Pittsburgh Sleep Quality Index (PSQI), pain measured by the Brief Pain Inventory (BPI), and 

depression symptoms measured by the Brief Symptom Inventory (BSI-dep). Trivariate Cholesky 

structural equation models were used to decompose correlations among the phenotypes.

Results—Heritability was estimated at 37% (95% CI: 20, 51%) for sleep quality, 25% (9, 41%) 

for pain, and 39% (22, 53%) for depression. Non-shared environmental influences accounted for 

the remaining variance. The genetic correlation between sleep quality and pain was rg = 0.69 

(95%CI: 0.33, 0.97), rg = 0.56 (0.55, 0.98) between pain and depression, and rg = 0.61 (0.44, 0.88) 

between depression and sleep quality. Non-shared environmental overlap was present between 

pain and sleep quality and depression and sleep quality.

Conclusions—The link between sleep quality, pain, and depression was primarily explained by 

shared genetic influences. The genetic factors influencing sleep quality and pain were highly 

correlated even when accounting for depression. Findings support the hypothesis of a genetic link 

between sleep quality and pain and potential causality for the association of sleep quality with pain 

and depression.
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Introduction

A good night’s sleep is an elusive goal for many. A third of the adult population reports at 

least occasional problems with sleep quality and as many as two-thirds of primary care 

patients cite it as a presenting concern (1, 2). Sleep quality represents a complex 

phenomenon which includes quantitative aspects such as duration and number of arousals, 

as well as subjective aspects such as “depth” and “restfulness” of sleep (3). Poor sleep 

quality has significant daytime consequences including fatigue, cognitive impairment, mood 

disturbances (4) and carries with it a significant economic burden (5). Extensive co-

occurrence between sleep quality and other physical and mental health conditions is 

frequently reported in both epidemiological and clinical samples (1, 6–9) with two of the 

most significant comorbid conditions being chronic pain and depression.

Chronic pain is one of the most common comorbidities of sleep problems (10) and these two 

domains have been shown to interact such that changes in sleep quality predict changes in 

pain; and to a lesser degree, changes in pain predict changes in sleep (11). Unlike acute pain, 

which is a response to potential or actual tissue damage, chronic pain is characterized by 

altered function of the central nervous system in which tissue injury is not required for pain 

perception (12, 13). Over 40% of individuals with sleep problems report chronic pain, and 

more than 50% of individuals with chronic pain report difficulty sleeping (14). Recent 

studies also have implicated depression as a prominent comorbidity of both chronic pain 

(15) and sleep problems (16). Indeed, a diagnosis of Major Depressive Disorder (MDD) 

requires the presence of either depressed mood or anhedonia, and at least four other 

symptoms that may include sleep disturbance. Approximately 20% of people with sleep 

disturbance report clinically significant depression (17), and pain symptoms occur in 

approximately 65% of people with depression (18).

Although these three conditions – poor sleep quality, chronic pain, and depression – 

frequently co-occur, only a handful of studies have examined them together (19–21). Those 

who have, demonstrate positive associations among all three conditions and generally worse 

outcomes and higher impairment with each additional problem. Individuals with chronic 

pain and depression, for example, have a higher prevalence of insomnia than chronic pain 

patients alone (19). Mediation among the three conditions has also been documented, with 

depressed mood mediating the relationship between sleep and pain (20), and sleep problems 

mediating the relationship between pain and symptoms of depression (21). When sleep 

problems are present in the context of another physical or mental health condition, treatment 

outcomes are improved when both sleep and the comorbid condition are addressed rather 

than the comorbid condition alone (22, 23). Taken together, these results indicate an 

interaction among chronic pain, poor sleep quality, and depression with each increasing risk 

of negative outcomes.
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The causal order of these relationships remains vague and is difficult to elucidate. Findings 

from cross-sectional and prospective studies show complicated interactions among these 

three problems (20, 21), but the underlying mechanism of their associations cannot be 

discerned by these study designs. Clearly, a complicated interplay exists in which the 

presence of one of the three conditions results in increased risk for the others, and increased 

impairment with each additional condition. This observation has generated theories of 

different neurobiological and psychosocial paths to explain these relationships (24–26) but 

no clear mechanism has yet been demonstrated.

Twin studies provide a unique method to test the importance of neurobiological and 

psychosocial paths through their ability to quantify the relative influence of common genetic 

and environmental factors. Twin studies are also able to elucidate the degree to which a 

phenotypic association is due to shared genetic or environmental factors. Understanding the 

extent to which various etiological factors contribute to the co-occurrence among conditions 

has several important implications. If the same genes are found to contribute, a phenomenon 

known as genetic pleiotropy, their co-occurrence may lend support for a common biological 

predisposition or pathway and would have significant implications for studies attempting to 

identify specific genes involved in these conditions. If, on the other hand, the association 

among sleep, pain, and depression is due primarily to environmental reasons, prevention and 

intervention efforts would have to focus on appropriate strategies. These two scenarios 

represent two theoretical extremes with a more likely scenario involving both genetic and 

environmental influences. Multivariate twin analysis also allows for a non-experimental test 

of causal hypotheses against the hypothesis of pleiotropic genetic effects. For example, if 

pain causally influences variation in sleep quality, then both genetic and environmental 

factors influencing pain will also influence sleep quality. This hypothesis can be tested by 

evaluating the genetic and environmental correlations between two observed phenotypes 

(27). The presence of significant genetic and environmental correlations between two 

variables would be consistent with a potentially causal relationship while the presence of 

only significant genetic correlations would be more consistent with a pleiotropic explanation 

for the association.

Previous twin research has demonstrated moderate levels of heritability in all three 

conditions, suggesting that genetic factors play a significant role in the development of these 

problems independently. Sleep problems have been shown to be moderately heritable across 

the lifespan with genetic factors accounting for approximately 14–38% of the variance (28). 

Depending on the condition (i.e., back pain, fibromyalgia), estimates of heritability for 

chronic pain have ranged from 25–68% (29), and the heritability of depression has been 

estimated at 31%–42% (30). Furthermore, recent work has suggested genetic contribution to 

the relationship between chronic pain and sleep quality (31) but was not able to evaluate the 

extent of this relationship. Overlap in the genetic factors contributing to sleep quality and 

depression has also been demonstrated (32) suggesting a shared etiology between these two 

phenotypes.

Despite the knowledge that all three conditions are genetically influenced, the literature 

provides no information on the extent to which genetic influences are common or unique to 

these three phenotypes, as the extent of the genetic overlap among them has not been fully 
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evaluated in a single study. Whether these three conditions are influenced by the same 

genetic and environmental factors is an important question. The aim of the current study was 

to use biometric modeling methods with data from a genetically informative sample of 

healthy community twins to evaluate potential genetic and environmental sources of 

comorbidity and possible causality in these common set of health symptoms. On the basis of 

previous behavioral genetic studies, we expected that a moderate portion of the variance in 

each phenotype would be genetically influenced. Furthermore, we hypothesized that the 

covariation between sleep quality, pain, and depression was in part the result of common 

genetic factors associated with the etiology of these phenotypes, and that a substantial 

portion of this covariation would likely stem from a common set of genes. We made no 

predictions regarding the causal relationship among these phenotypes.

Methods

Participants

Same-sex twin pairs from the University of Washington Twin Registry (UWTR) were 

recruited specifically for a study to examine the psychosocial, demographic, and clinical 

factors associated with experimental pain sensitivity. The UWTR is a community-based 

sample of twins drawn from information gathered by the Washington State Department of 

Licensing. A detailed description of Registry participant recruitment procedures are 

described elsewhere (33, 34). Briefly, same-sex twin pairs who were 18 to 65 years old were 

eligible for this study and potential participants were randomly selected from the UWTR. 

Between August 2010 and March 2012, a total of 767 individuals were screened for 

participation in the study. Of these, 78 individuals did not meet the inclusion criteria, pain or 

immune-modulating medications (n = 38), BMI of < 18.5 kg/m2 (n = 14), current or 

anticipated pregnancy (n = 6), neuropathy (n = 18), and ongoing cancer treatment (n = 2); 

and 121 were not interested in further participation or had a twin who was excluded. This 

resulted in 568 eligible individuals (284 eligible twin pairs) of which 84 pairs were unable to 

participate because of scheduling issues. The final sample consisted of 400 healthy members 

of the UWTR (200 pairs) with 102 monozygotic (MZ) and 98 dizygotic (DZ) same-sex twin 

pairs. The participants (63% female) were predominantly young to middle-aged adults (M = 

29 years, S.D. = 12 years, range = 19–65 years), with the majority being white (80%).

Zygosity was determined using either the AmpFlSTR Identifiler Plus PCR Amplification Kit 

or the PowerPlex 16 HS System. The two protocols are nearly identical, and all assays were 

conducted per manufacturer’s instructions at the University of Washington Center for 

Clinical Genomics. Informed consent was obtained from participants, and study procedures 

and protocols were approved by the Institutional Review Board at the University of 

Washington.

Measures

Sleep quality was assessed using The Pittsburgh Sleep Quality Index (PSQI)(3), a 19-item 

self-report questionnaire evaluating subjective sleep quality over a one-month interval. The 

individual items were combined into seven component scores with scores ranging from zero 

to three, and into a global score ranging from zero to 21, with higher scores indicating worse 
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sleep quality. Psychometric and clinical properties of the PSQI have been evaluated by a 

number of research groups establishing high internal consistency, reliability, and construct 

validity (35).

Pain was assessed using The Brief Pain Inventory (BPI)(36), an 11-item self-report 

questionnaire assessing pain severity and pain interference over the course of the past week. 

Though originally designed by the Pain Research Group of the World Health Organization 

for use in cancer populations, the BPI has been widely validated for use in other groups (37, 

38). A pain severity score was computed as the average of the pain reported as the “worst,” 

“least,” “average” over the past week, and “now” on a 0-to-10 rating scale with zero 

meaning “no pain” and 10 meaning “pains as bad as you can imagine.” A pain interference 

score was computed as the average of seven ratings (ranging from zero, meaning “does not 

interfere”, to 10, meaning “interferes completely”) assessing the impact of pain on seven 

quality of life domains such as general activity, mood, and walking. Pain interference and 

severity scales were highly correlated with each other (r = 0.72, p < 0.001) and were 

combined in a single measure of pain disturbance composite (possible range of 0–20). BPI 

severity and interference subscale scores were highly correlated (r = 0.93, p < 0.001; r = 

0.91, p < 0.001, respectively) with the composite pain disturbance score which was used in 

subsequent analyses.

Depression symptoms were ascertained from the depression subscale of the Brief Symptoms 

Inventory – 53 (BSI)(39), a 53-item, self-report of overall psychological distress over the 

past week. Participants were asked to rank the presence of each of the seven depression 

subscale symptoms on a five-point scale ranging from 0 (“not at all”) to 4 (“extremely”) 

with a possible range of 0–28 points. The psychometric properties of the BSI-53, and its 

subscales, are well established for use with a variety of populations (39, 40).

Statistical Analyses

Standard biometric modeling was used to determine the heritability of each phenotype 

which is defined as the proportion of a phenotype’s total variance attributable to additive 

genetic effects. The classic twin model (Figure 1) is used to estimate variance components 

based on the similarities of MZ twins (who are genetically identical) and DZ twin (who 

share, on average, 50% of their segregating genes). Phenotypic variance can be decomposed 

into genetic and environmental sources of variance (41). Additive genetic component (A) 

refers to the additive effect of individual genes summed over loci and are inferred when the 

MZ correlation is greater than the DZ correlation for a particular trait. Non-additive genetic 

effects (D) result from the interaction between alleles at the same locus, or from interactions 

of genes at difference loci and are inferred when the MZ correlation is more than twice the 

DZ correlation. Shared environmental (C) effects reflect environmental influences that 

contribute to twin similarity and are inferred when the DZ correlation exceeds half the MZ 

correlation. Non-shared environmental (E) variance components are due to environmental 

influences that contribute to twin differences (including measurement error) are inferred 

when the MZ correlation is less than 1. The univariate Cholesky decomposition provides 

estimates of genetic and environmental influences, allowing for but not imposing any 

significant overlap among traits.
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We used a series of trivariate Cholesky decompositions (Figure 2) to delineate the extent to 

which the genetic and environmental influences are common or specific to each phenotype. 

These comparisons are used to evaluate the relative importance of genetic and environmental 

influences on phenotypic covariance and estimate the overlap in genetic and environmental 

factors underlying the co-occurrence of these three traits. Separate genetic and 

environmental influences were estimated freely. Furthermore, in multivariate models, the 

parameterization separates effects common across phenotypes with those effects specific to 

each. Primary factors (A1 and E1) represent the genetic and environmental influences 

common to all three phenotypes. Paths leading from the second factors (a22, e22) represent 

influences that are independent of the first phenotype. The third set of factors captures the 

influences specific to the third phenotype, and which are unexplained by the preceding 

factors. Diagonal paths (e.g., a21, a31, a32) represent the genetic or environmental 

covariance between traits.

The magnitude of genetic overlap among variables, and whether they are likely to share the 

same genes, can be expressed in terms of a genetic correlation (rg), which is derived by 

standardizing the genetic covariance on the genetic variance of the two phenotypes. A 

genetic correlation of 1.0 suggests that the two variables share all of their genetic effects and 

a genetic correlation of 0 indicates genetic independence. A high genetic correlation 

suggests that if a gene were identified for one trait, there is a reasonable chance that this 

gene would also influence the other trait. Non-shared environmental correlations (re) can be 

estimated using similar analytic procedures. The extent to which genetic, shared, and non-

shared environmental influences contribute to the phenotypic correlation between two 

variables was also estimated. This approach can yield additional information in cases when 

observed and genetic correlations are low, but the observed association may be strongly 

genetically influenced. To evaluate possible causal effects of depression, pain, and sleep 

quality, we assessed whether the genetic and environmental correlations were significantly 

different from zero as detailed by Moor and colleagues (27). The presence of significant 

genetic and environmental correlations (at α-level 0.05) would be consistent with the 

hypothesis of a possible causal relationship between phenotypes, though this finding would 

not constitute sufficient proof of causality. If one of the genetic or environmental 

correlations is non-significant, however, then a causal relationship is not likely to be the 

source of the association, and the results would be more consistent with genetic pleiotropy.

Models were fit to the raw data using full information maximum-likelihood in OpenMx 

software version 2.3.1 (42, 43) in the software R (44). This approach allows the use of all 

available information from all cases regardless of missing data and yields less-biased 

estimates when compared to listwise or pairwise deletion methods (45). Model fit was 

evaluated by comparing −2 times the natural log likelihood (−2lnL) and Akaike’s 

Information Criterion (AIC) between nested models. Lower AIC values represent a better 

balance between goodness of fit and parsimony. The goal is to identify the most 

parsimonious model that sufficiently describes the data, and models with fewer parameters 

are preferred if they do not result in a significant deterioration of fit. Parameter significance 

was tested using the (χ2) difference test, which compares the goodness-of-fit of the reduced 

model to a fuller model. Variables were age and sex-regressed following standard analytic 

procedures (46), and log-transformed to better approximate normality.
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Results

Characteristics of the Study Population

The average symptom scores were 5.18 points (SD = 2.97, range = 0–16) for PSQI, 2.32 

points (SD = 2.47, range = 0–12.6) for BPI composite, and 3.04 points (SD = 0.66, range = 

0–20) for BSI-dep. Strong phenotypic correlations were observed between sleep quality and 

pain scores (r = 0.35, p < 0.001), and sleep quality and depression (r = 0.40, p < 0.001); the 

phenotypic correlation between pain and depression symptoms (r = 0.29, p < 0.001) was 

modest but significant.

Univariate Model Fitting

Table 1 presents results of the univariate twin analyses that considered each of the 

phenotypes separately. Goodness-of-fit values indicate a better fit to the data when AIC 

values are more negative. For each condition, goodness-of-fit was evaluated for standard 

ACE, ADE, and AE models. The AE model was the most parsimonious model for sleep 

quality, pain, and depression indicating no shared environmental influence on any of the 

variables. Sleep quality (36%) and depression symptoms (40%) were moderately heritable, 

with the rest of the variance attributable to non-shared environmental influences. Pain, as 

measured by the BPI, was modestly heritable (23%) with the majority of the variance (77%) 

attributable no non-shared environmental effects.

Multivariate Model Fitting

Fit comparisons for the trivariate Cholesky decompositions are presented in Table 2. The 

first model estimated all ACE components of variance and covariance. We then compared 

the fit of this model to more restrictive (AE and CE) models, with more negative AIC values 

indicating better fit to the data. Because the univariate results indicated no shared 

environmental effects for sleep quality or pain, and only non-significant effects for 

depression, we evaluated a model (Model 2) with the C component present only for 

depression. This model showed improved fit when compared to the full ACE model. The AE 

model contained no shared environmental effects for any variable and was the most 

parsimonious model that showed the lowest AIC values and improved fit (ΔAIC = −11.56). 

The path estimates from this model are shown in Figure 3. Consistent with univariate results, 

this model indicated that shared environmental effects did not contribute significantly to 

sleep quality, pain, or depression (or their covariance) in this sample; additionally, dropping 

all genetic effects for all phenotypes in the CE model resulted in a decrease in fit, as did the 

model containing only the E component. Heritability estimates from the multivariate 

variance decomposition, which are considered to be more accurate, were consistent with the 

univariate models. Multivariate models produced heritability estimates of 0.37 (95% CI: 

0.20, 0.51) for sleep quality, 0.39 (95% CI: 0.22, 0.53) for depression, and 0.25 (95% CI; 

0.09, 0.41) for pain, with the remaining phenotypic variance attributed to non-shared 

environmental factors.
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Genetic Correlations

Table 3 provides the additive genetic and nonshared environmental correlations among sleep 

quality, pain, and depression from the best-fitting AE model. These correlations estimate the 

degree to which the same genetic (or environmental) factors influence two variables and are 

more informative than phenotypic correlations by isolating the source of the association. In 

other words, genetic correlations estimate overlap in genetic signal rather than all sources of 

variance and covariance. The genetic correlation between sleep quality and pain scores was 

rg = 0.69 (95% CI: 0.33, 0.97) indicating that the genetic factors associated with pain 

accounted for 48% of the genetic risk associated with sleep quality (this statistic was 

obtained by squaring the genetic correlation: 0.69 × 0.69 = 0.48 × 100% = 48%). The 

genetic correlation between sleep quality and depression symptoms was rg = 0.61 (95% CI: 

0.44, 0.88), and rg = 0.56 (95% CI: 0.55, 0.98) between pain and depression. These 

significant genetic correlations indicated a substantial degree of overlap among the genes 

contributing to the variance within these traits, with the strongest overlap between sleep 

quality and pain. The corresponding environmental correlations (re) were relatively small 

suggesting little overlap in environmental effects that influence these phenotypes. Overall, 

approximately 60% of the phenotypic correlations between these phenotypes was 

attributable to genetic effects, with the remainder attributable to non-shared environmental 

effects. As a test of possible causality, models with constrains for each genetic and 

environmental path were compared to the best fitting (AE) model. None of the genetic 

correlations could be removed without a deterioration in model fit (p <.01 for all). With the 

exception of the pain-depression correlation (p = 0.049), dropping the non-shared 

environmental correlations also resulted in in significant deterioration of model fit.

Discussion

Poor sleep quality, pain, and depression are common and significant problems that 

frequently co-occur. To our knowledge, this is the first twin study to examine the relative 

importance of genetic and environmental influences on phenotypic covariance among sleep 

quality, pain, and depression symptoms. Heritability estimates for sleep quality, pain, and 

depression were consistent with previous research (28–30). Consistent with our hypotheses, 

we also found that the majority of the covariation among sleep quality, pain, and depression 

symptoms was attributed to genetic factors, with non-shared environmental factors making a 

smaller but significant contribution to these relationships. The pattern of genetic and non-

shared environmental correlations was compatible with a potential causal association 

between sleep quality and pain, and sleep and depression, but not between pain and 

depression which was more consistent with genetic pleiotropy.

Our results show a strong overlap in the genes influencing these three conditions, 

represented by the genetic correlations. This finding suggests that shared genetic influences 

contribute significantly to the covariation among these conditions, and lends support to 

theories of possible common causal or biological influences. These results are consistent 

with previous findings. Gregory et al. (32), for example, reported a similar genetic 

correlation between sleep quality and depression (rg = 0.69). Though our data suggest that 
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genetic influences largely contribute to their overlap, each phenotype also had unique 

genetic influences.

The sizable genetic correlations among these phenotypes suggest that the same set of genetic 

factors may contribute to expression of three distinct but related set of symptoms. Some 

have proposed that problems in sleep quality, pain, and depression pathology are the result 

of dysfunction in the mesolimbic dopamine (DA) system (24) which includes projections 

from the ventral tegmental area to the nucleus accumbens. The authors hypothesize that 

abnormalities in DA function may trigger the dysfunction in these conditions that can further 

promote further DA dysregulation resulting in a bidirectional process. More research is 

needed to understand the underlying brain connectivity, DA activity and function across 

various receptors, DA regulation, and possible environmental factors such as early trauma 

and stress (24). Genetic studies of candidate genes implicated in DA function, such as the 

variable number tandem repeat polymorphism on the D4 receptor gene or a single nucleotide 

polymorphism on the catechol-O-methyltransferase gene may be useful (24). Others have 

proposed that the association between sleep quality and pain is due to the activation of 

inflammatory processes (26), a physiological response that has also been shown to trigger 

symptoms of depression (47). Elevation in C-reactive protein, increased plasma levels of 

interleukin-6, and other cytokines have been implicated in sleep, pain, and depression but 

the genetic nature of this association remains unclear (48). It should be noted that causal 

effects can also induce genetic overlap. For example, if higher pain sensitivity causes low 

sleep quality, any genetic factors affecting pain will also affect sleep. Reverse causation is 

also possible, with genetic factors contributing to poor sleep quality also appearing to 

influence pain in the context of a causal relationship. Further research into how these 

processes relate to the phenotypes in the context of genetic and environmental influences is 

warranted.

The present findings also suggest that the non-shared environmental factors show far less 

overlap, possibly because environmental influences contributing to these phenotypes and 

their covariation are not the same. One logical interpretation is that a wide variety of 

environmental experiences may contribute to the development of sleep dysfunction, pain, 

and depression, and that the diversity of these experiences reduces twin similarity. In 

keeping with this interpretation, our findings also do not speak to potential gene-

environment interaction or gene-environment correlation. Genetic factors could, however, 

influence what are frequently considered behavioral domains such as physical activity, sleep 

hygiene, and vocational and residence choices which could in turn affect the prevalence and 

course of sleep problems, pain and depression — a sequence of events that would fit with 

our findings of substantial genetic influence on the phenotypes. Further investigation into the 

gene-environment interplay related to these phenotypes is important.

We found significant genetic and environmental correlations between sleep quality and pain, 

and sleep quality and depression, which is suggestive of potentially causal relationships 

among these phenotypes rather than a pleiotropic explanation. It is important to note, 

however, that these results do not constitute proof of causality, but rather do not exclude it or 

pleiotropy as a possible explanation. The direction of these relationships cannot be evaluated 

in the current cross-sectional study and longitudinal data are needed to reveal the direction 
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of causality. On the other hand, the non-significant environmental correlation between 

depression and pain, suggests genetic pleiotropy in the absence of causality. The hypothesis 

that pain could be viewed as a symptom of depression has been proposed by previous 

research (18, 49) and is further supported by our results. In line with this view, the 

comorbidity of pain and depression may not be due to a causal relationship but to a common 

underlying pathology such as an inflammatory or mesolimbic DA process.

Our findings lend support to clinical efforts that address sleep quality, pain and depression 

symptoms together rather than in isolation. Research has shown that the treatment of one of 

these conditions can reduce the symptoms in another. Addressing sleep quality can be 

helpful in the treatment and prevention of chronic pain; increased sleep time and reduced 

sleepiness as a result of extended bedtime, for example, has also reduced pain sensitivity 

(50). Cognitive behavioral therapy has been shown effective in the treatment of all three 

conditions separately, but the crossover benefits of these treatments or the efficacy of 

combined intervention, remain uninvestigated. Further research into measuring all three 

outcomes in longitudinal studies focused on any of these problem areas is recommended to 

answer some of these questions.

The current study extended prior research on the association of sleep quality, pain, and 

depression symptoms by evaluating the contribution of genetic and environmental factors 

and possible causality to their co-occurrence using a community sample of twins. The 

strengths of this study lie in the use of twin data to address questions about the common 

etiology of sleep quality, pain, and depression. The use of community twins, as opposed to a 

clinical sample, provides valuable information about the variability of these conditions in 

non-clinical populations. Despite these substantial strengths, the study also is subject to 

some limitations. First, data were self-reported and from a relatively small sample of twins; 

future replication of findings in larger samples with the addition of objective measures of 

sleep quality and pain is important. Second, though we controlled for the effects of sex, we 

were unable to compare results across sex, which could yield potentially interesting insights 

into the role of sex in the link between these phenotypes. Third, the use of a relatively 

healthy set of twins potentially limits our data interpretation to non-clinical samples. Future 

research can further examine these objectives using a sample with more severe clinical 

pathology. Fourth, because our data were contemporaneous rather than prospective, we were 

unable to draw firm conclusions about the causal nature of the associations. While our 

findings do not rule out the possibility of causality between sleep quality and pain, and sleep 

quality and depression, they are not able to provide definitive proof of these effects. 

Evaluation of these relationships across the lifespan and greater severity of symptoms could 

provide a clearer understanding of their interplay. Nonetheless, this work makes an 

important contribution to understanding of the potential mechanisms underlying the link 

between sleep quality, pain, and depression symptoms.

In conclusion, much of the co-occurrence of these three phenotypes is due to common 

genetic and environmental factors. Based on the pattern of these results, we conclude that a 

mechanism based solely on pleiotropy is unlikely to explain the association between sleep 

quality and pain, and sleep quality and depression while the relationship between depression 

and pain does appear pleiotropic. The modest heritability of sleep quality, pain, and 
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depression symptoms in generally healthy adults and the overlap of genetic and 

environmental factors between these three phenotypes highlight the need for further 

longitudinal biometric and molecular genetic research into these associations. Future 

investigations can further examine the common biological mechanisms responsible for these 

frequently co-morbid conditions, and direction and mechanisms of causality. Additional 

studies should also explore the potential change in the influence of genes over the life course 

as well as the interplay of genetic and environmental factors that may serve as factors 

protective against the development of sleep quality, pain, and depression.
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Figure 1. 
Path diagram of the classic twin design. The twin model decomposes phenotypic variance 

into genetic and environmental components in monozygotic (MZ) and dizygotic (DZ) twins. 

P1 represents the phenotype for the first twin and P2 the phenotype for the second twin. 

Circles represent latent factors hypothesized to account for individual differences: A= 

additive genetic influences, C= common, or shared, environmental influences, E = non-

shared, or unique, environmental influences. Curved, double-headed arrows represent the 

correlation between twins.
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Figure 2. 
Full Trivariate Cholesky model of additive genetic (A), shared environments (C), and non-

shared environmental (E) contributions to depression, pain, and sleep quality. Pain = Brief 

Pain Inventory; Sleep = Pittsburgh Sleep Quality Index; Depression = Brief Symptom 

Inventory-53, Depression scale. For simplicity, only one twin of a pair is shown.
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Figure 3. 
Parameters for the best-fitting AE model for the trivariate Cholesky decomposition for 

depression, pain, and sleep quality. A = additive genetic effects; E = non-shared 

environmental effects. For simplicity, only one twin of a pair is shown. Pain = Brief Pain 

Inventory; Sleep = Pittsburgh Sleep Quality Index; Depression = Brief Symptom 

Inventory-53, Depression scale.
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