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CLINICAL RATING SCALES AND SELF-REPORTS MEA-
SURING DEPRESSION OFTEN INQUIRE ABOUT FATIGUE 
AND TIREDNESS. INSTRUMENTS ASKING ABOUT 
such phenomena include: the Schedule for Affective Disorders 
and Schizophrenia (tiredness),1 Beck Depression Inventory 
(tiredness),2 Montgomery-Åsberg Rating Scale for Depression 
(lassitude),3 Hamilton Rating Scale for Depression (component 
of somatic symptoms),4 the Depression scale of the Symptom 
Check-List 90 (low energy),5 Centers for Epidemiologic Studies 
Depression Scale (CES-D) (“could not get going”),6 Zung De-
pression Scale (fatigue),7 the Geriatric Depression Scale (GDS) 
(lack of energy),8 and diagnostic major depressive disorder (fa-
tigue and sleep problems).9 Although somewhat varied in the na-
ture of the behaviors that they assess, none of these instruments 
specifically inquire about the tendency to feel sleepy during 
normal waking hours of the day or excessive daytime sleepiness 

(EDS). EDS is considered to be conceptually and operationally 
independent from fatigue and tiredness that characterize depres-
sion. For example, some studies measuring EDS physiologically 
using the multiple sleep latency test or other daytime nap testing 
have failed to find that depressed or psychiatric hypersomnia pa-
tients are physiologically sleepier than comparison groups.10-12

Epidemiologic studies of individuals aged as young as 15 y to 
as old as 100 y show significant association between increased 
daytime sleepiness and diagnostic depression13-15 or depressive 
symptomatology.16,17 Studies in older individuals (55+ years of 
age) also support a relationship between daytime sleepiness 
and depression.18-23 However, other cross-sectional studies have 
reported no relationship in older individuals.24,25 Longitudinal 
investigations show evidence that sleep disturbances (most 
commonly insomnia and hypersomnia) predict later depression/
depressive symptomatology.26-29

Both daytime sleepiness and depressive symptomatology are 
moderately heritable, with heritability coefficients on the order 
of 38% to 48% for daytime sleepiness30-34 and 16% to 55% for 
depressive symptoms.35-42

Although not all studies demonstrate a relationship between 
sleepiness and depressed mood, the majority of the evidence 
suggests at least a modest association between the 2 phenom-
ena, and significant heritability for both phenotypes. This study 
sought to examine whether the relationship between self-report-
ed daytime sleepiness and depressives symptomatology may be 
due to common genetic factors, using cross-sectional data in a 
large epidemiologic sample of elderly male twins. Twin studies 
allow determination of the extent to which correlated behaviors, 
such as daytime sleepiness and depressed mood, are influenced 
by the same or different genetic and environmental factors.
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metHodS

Sample

Twins in this study were part of the National Academy of 
Sciences National Research Council (NAS-NRC) World War 
II Twin Registry.43 Multiple births of white males occurring 
between 1917 and 1927 in the US were identified through birth 
registries. Based on national statistics of multiple births, 93% 
of all multiple births were identified. Birth certificate records 
were matched with the Department of Veterans Affairs Index 
File to identify twin brothers who both served in the military 
during World War II. This selection yielded 15,924 eligible 
twin pairs. Prior to entry into military service, pairs where 
one or both brothers had history of chronic childhood illness 
were excluded. Zygosity assignment was initially made based 
on questionnaire responses about physical similarity, which 
was shown to be 95% accurate based on serologic assays in a 
subsample.43

As part of collaboration with the Swedish Twin Registry, a 
health behavior questionnaire survey was administered to the 
NAS-NRC twin panel in 1969-1972 when the twins were 45-
55 years old. This survey included assessment of demographic 
characteristics, cigarette smoking and alcohol use, diet, and his-
tory of medical conditions. Subsequent expanded questionnaire 
surveys were conducted in 1983-85 when the twins were 58-68 
years old and in 1998-2000 when they were 69-82 years old. 
At that time, the survey was sent to complete twin pairs or to 
surviving single twins who had completed both earlier epide-
miologic questionnaires for a total of 6109 questionnaires (69% 
response rate). The 1998-2000 survey included assessment of 
daytime sleepiness and depressive symptoms, the main vari-
ables of interest in the present investigation. Daytime sleepi-
ness data were available from both twins of 817 MZ and 743 
DZ twin pairs; depressive symptoms data were available from 
both twins of 755 MZ and 683 DZ twin pairs. Both daytime 
sleepiness and depressive symptoms were available from both 
twins of 637 MZ and 581 DZ twin pairs.

The study protocol was reviewed and approved by the Indi-
ana University-Purdue University at Indianapolis institutional 
review board. The survey instrument was edited and approved 
by the NAS-NRC Twins Committee. At the time, the study was 
judged exempt since there were no names on the questionnaire 
and the data were entered directly from the questionnaire with 
the entry person not having any knowledge of who the respon-
dent was. Thus no informed consent was judged necessary.

measures

epworth Sleepiness Scale

Daytime sleepiness was assessed using the ESS,44 a subjec-
tive, short, self-administered survey about the likelihood of 
dozing in any of 8 situations: sitting and reading; watching TV; 
sitting, inactive in a public place (e.g., a theater or a meeting); 
as a passenger in a car for an hour without a break; lying down 
to rest in the afternoon when circumstances permit; sitting and 
talking to someone; sitting quietly after a lunch without alco-
hol; in a car, while stopped for a few minutes in the traffic. 

Response categories include 0 (would never doze), 1 (slight 
chance of dozing), 2 (moderate chance of dozing), and 3 (high 
chance of dozing). Subjects are instructed to respond specifi-
cally in relation to dozing off, as opposed to just feeling tired. 
ESS summary scores range 0-24; its clinical threshold is ≥11, 
though a threshold of ≥16 has been shown to be more clinically 
useful.45 The ESS is one-dimensional, has high test-retest reli-
ability and internal consistency, and moderate construct valid-
ity shown by its correlation with the objective multiple sleep 
latency test (MSLT) reported in some studies.44-48

Although other questionnaires, such as the Karolinska 
Sleepiness Scale49 and the Stanford Sleepiness Scale50 have 
been devised, these scales are used largely for measurements 
of sleepiness on a state, rather than trait, basis. For these rea-
sons, we elected to use the ESS in this study. The Psychomotor 
Vigilance Task51,52 is another approach that has proven useful 
for the measurement of sleepiness; however, it was impracti-
cal for us to administer this to the very large number of study 
participants.

Geriatric depression Scale

Depressive symptoms were assessed using the GDS,8 which 
was originally a 30-item scale developed to fill a need for 
screening of depressive symptomatology in elderly individuals. 
In the NAS-NRC twin sample, a shortened 15-item version of 
the GDS was used (GDS-15).53 GDS-15 items ask about life 
satisfaction, mood, energy levels, helplessness, and hopeless-
ness with Yes/No response categories and scale score range 
0-15, with a clinical threshold >5. The GDS-15 has acceptable 
reliability and validity54 and strong sensitivity and specificity in 
relation to diagnostic major depression.55

The distributions of both ESS and GDS-15 scales were 
skewed and were log transformed prior to analysis.

Covariates

Previous studies16,19,22,23 and preliminary analysis identified 
correlates of ESS total score that were subsequently controlled 
for in the genetic analysis. These correlates included: (1) body 
mass index (BMI)—higher BMI was associated with more day-
time sleepiness (r = 0.12, P < 0.01); (2) activities of daily liv-
ing (ADL) which assessed the subject’s self-report on degree of 
limitation (yes, limited a lot; yes, limited a little; no, not limited 
at all) on any of 10 possible daily activities including vigorous 
activities (running, lifting heavy objects); moderate activities 
(moving a table, pushing a vacuum cleaner); lifting or carrying 
groceries; climbing several flights of stairs; climbing one flight 
of stairs; bending, kneeling, or stooping; walking more than a 
mile; walking several blocks; walking one block; and bathing 
or dressing oneself – greater summary score of limitations in 
ADL was associated with more daytime sleepiness (r = 0.20, P 
< 0.01); (3) current smoking—mean ESS scores were lower in 
current smokers (6.4 ± 3.8 SD) compared to nonsmokers (7.1 ± 
3.9 SD, P < 0.01); (4) alcohol use, defined based on measures 
of frequency and amount of alcohol consumed including beer, 
wine, and liquor, categorized participants as never drinkers, for-
mer drinkers (last drink more than one year ago), light drinkers 
(< 1 drink/day if drinking daily, 1-2 drinks per day if drinking 
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< daily), moderate drinkers (1-2 drinks per day if daily, up to 
6 drinks/day if < daily), and heavy drinkers (3 or more drinks 
per day if daily, more than 6 drinks/day if < daily)—greater 
drinking severity was associated with lower daytime sleepiness 
(r = –0.08, P < 0.01); (5) snoring frequency with 5 response cat-
egories ranging from never to almost always—more frequent 
snoring was associated with more daytime sleepiness (r = 0.19, 
P < 0.01); and (6) lifetime history (ever/never) of heart attack, 
stroke, diabetes, and sleep apnea—for each condition, mean 
ESS scores were higher in those with positive history (7.7 ± 4.1 
SD for heart attack; 8.0 ± 4.4 SD for stroke; 7.6 ± 4.2 SD for 
diabetes; and 8.9 ± 4.4 SD for sleep apnea) compared to those 
with negative history (all means = 7.0 ± 3.9 SD, all P < 0.01). 
Age was not associated with ESS score (r = 0.01), but was 
included as a covariate because of evidence of the change of 
prevalence of daytime sleepiness with age in other studies.13,16,17 
The aim of these preliminary analyses was to make sure that po-
tentially important variables were included as covariates in the 
genetic analysis. The significance of the covariates was tested 
in the genetic analysis as well.

Statistical analysis

twin methodology

In standard twin methodology using methods of maximum 
likelihood, phenotypic variance can be attributed to additive 
genetic factors (A), which are perfectly correlated in monozy-
gotic (MZ) twins and are correlated on average about 0.5 in 
dizygotic (DZ) twins; non-additive genetic factors (D) such 
as dominance (interaction of gene alleles at the same locus) or 
epistasis (interaction of alleles at different loci), which are per-
fectly correlated in MZ twins and correlated 0.25 in DZ twins; 
shared environmental factors (C) common to members of a 
twin pair such as family, school, friends, or neighborhood; and 
non-shared environmental factors including measurement error 
(E), that are unique to each twin. In twin models, MZ and DZ 
twins are assumed to be perfectly correlated vis-à-vis the shared 
environmental effects they experience. A, D, and C contribute 
to twin pair similarity, while E contributes to twin pair dissimi-
larity. Because non-additive and shared environmental effects 
are confounded in twin studies, they cannot be simultaneously 
modeled.

Bivariate twin model

Prior to fitting a bivariate model to the data, the phenotypic 
correlation between the ESS and GDS-15 scores was estimated. 
Presence of a relationship between 2 measures is necessary to 
support the validity of conducting bivariate genetic analysis. A 
bivariate correlated factor model was used that quantifies the 
relative contribution of genetic (A) and environmental (C and 
E) influences on variance of each phenotype and on covari-
ance across phenotypes (i.e., genetic and environmental cor-
relations). A perfect genetic (ra) or shared environmental (rc) 
correlation between phenotypes suggests complete overlap in 
genetic or environmental influences; a zero correlation suggests 
independent influences for each phenotype; a correlation be-
tween 0 and 1 suggests some degree of common genetic or en-

vironmental influences. The correlated factors model was fitted 
to observed raw data allowing for incorporation of the effect of 
covariates on ESS and GDS-15 means into the models. Mod-
el fit was evaluated using the -2 Log Likelihood statistic, and 
principles of model parsimony were applied where models with 
fewer parameters were preferred if they showed no significant 
worsening of fit compared to the full model. The difference in 
model fit statistics between alternative models is distributed as 
a chi-square; the significance of this difference was evaluated 
using the likelihood-ratio chi-square difference test. Thus, the 
contribution of genetic or shared environmental components to 
phenotypic variance was evaluated by setting either parameter 
to zero. Significant worsening of the fit of the reduced model 
containing the constrained parameters relative to the full model 
was indicated by a significant (P < 0.05) likelihood-ratio chi-
square difference, at the degrees of freedom difference between 
the same 2 models. The significance contribution of genetic and 
environmental correlations to phenotypic covariance was simi-
larly evaluated, except that correlations were set either to 0 or to 
1; if either of these constraints resulted in worsening of model 
fit, correlations were freely estimated.

Analysis was conducted twice—first a best fitting model was 
identified for the relationship between ESS and GDS-15; next, 
covariates were incorporated into the best fitting model. The 
significance of the association of each covariate with each of 
the ESS and GDS-15 dependent variables was tested by setting 
the appropriate regression coefficient to zero. Genetic analysis 
was conducted using the structural equation modeling program 
Mx.56

Table 1—Sample characteristics at time of survey (1998-2000).

Characteristics n Mean (SD)  Prevalence  Range
    (%)
Outcomes    
 ESS 5381 7.05 (3.9)  0-24
 GDS 5168 2.16 (2.4)  0-15
Covariates
 Age 5777 74.3 (2.8)  69-82
 BMI 5868 26.5 (3.5)  14.6-47.9
 ADL 5553 15.3 (5.1)  10-30
 Alcohol Use 5641
  Never   14.1
  Former   20.0
  Light   44.7
  Moderate   15.4
  Heavy   5.8
Current smoking 6025  7.6
Snoring frequency 4603 2.68 (1.1)  1-5
Heart attack
  (lifetime) 5575  17.7
Stroke (lifetime) 5578  10.0
Diabetes
  (lifetime) 5592  15.1
Sleep apnea
  (lifetime) 5947  3.9

ESS: Epworth Sleepiness Scale; GDS: Geriatric Depression Scale; 
BMI: body mass index; ADL: activities of daily living; 
SD: standard deviation
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Including covariates into the model reduced the genetic cor-
relation between ESS and GDS-15 to ra = 0.21 and resulted in 
somewhat larger ESS heritability (42.2%) and lower GDS-15 
heritability (19.6%) (Figure 1, Panel B). The decreased mag-
nitude of overlap in genetic influences after incorporation of 
covariates suggests that ADL, snoring frequency, and lifetime 
history of diabetes may account for part of the genetic relation-
ship between ESS and GDS-15.

diSCUSSion

This cross-sectional epidemiologic study of elderly male twins 
supports the existence of a modest correlation between subjective-
ly assessed daytime sleepiness and depressive symptoms similar 
to results reported in other studies of elderly individuals.18,19,21-23 
Whitney and colleagues23 examined the relationship of ESS to a 
number of factors, including the CES-D, in a sample of adults 
aged 65 and older, and showed results separately by sex, thus 
most closely approximating the measures and sample demo-
graphics in our study. In multivariate models, Whitney and col-
leagues23 showed that in men, each unit increase in CES-D score 
was associated with 0.13 units increase in the ESS score, a mod-
est relationship; in addition, their multivariate model accounted 
for only 10% of the total variance in ESS in men. In other elderly 
samples, depression was associated with about 2-fold or lower 
increase in risk for daytime sleepiness (risk range 1.1–2.3).18-22,24 
The strength of the association may also depend on how day-
time sleepiness or depression are defined in the different stud-
ies.58 Taken together, results from this study and others support a 
modest relationship between daytime sleepiness and depressive 
symptoms in elderly individuals.

The present investigation in a genetically informative sample 
extends previous findings by showing that daytime sleepiness 
and depressive symptoms are modestly genetically correlated, 
suggesting the presence of genes that affect both measures. The 
magnitude of the genetic correlation was reduced after adjusting 
for significant covariates (ADL, snoring frequency, and lifetime 
history of diabetes), suggesting that these covariate measures 
account for part of the genetic relationship between ESS and 
GDS-15. In addition, it is possible that the decrease in GDS-
15 heritability magnitude after covariate adjustment was due to 
removal of GDS-15 genetic variation that was shared with its 
significant covariates (ADL and lifetime history of diabetes), 
which are also significantly heritable in this sample (data not 
shown).

Computation of the phenotypic correlation is based on the 
total variance for each measure, variance that is both genetic 
and environmental. The genetic correlation is based only on the 
portion of the total phenotypic variance of each of the ESS and 
GDS-15 that is influenced by genes. The two types of correla-
tions are related in that the genetic correlation provides evi-
dence for a mechanism that may help explain the causes of the 
phenotypic relationship.

The present investigation also showed modest but significant 
heritability for the ESS and GDS-15, and no evidence for a sig-
nificant influence of shared environmental factors, consistent 
with previous reports on the magnitude of heritable influences 
on daytime sleepiness in this sample of twins30,31 and on de-
pressive symptoms in other studies of older twins.37,38,40 In a 

reSUltS

Mean and prevalence estimates of sample characteristics 
are shown in Table 1. Mean ESS and GDS-15 scores are con-
sistent with rates reported in other studies of older Caucasian 
men.23,53,57 The phenotypic correlation between ESS and GDS-
15 scores was modest but statistically significant (rph = 0.17, P 
< 0.01). The ESS-GDS rph was computed based on data from all 
the twins surveyed in 1998-2000, which included pairs of twins 
as well as single twins whose cotwin did not participate at this 
survey. The genetic analyses, on the other hand, included only 
data from complete twin pairs, that is both twins of a pair had 
to have been surveyed in1998-2000, hence the smaller sample 
size available for genetic analysis.

Standardized parameter estimates for the best fitting cor-
related factors model before incorporation of covariates are 
shown in Figure 1, Panel A. Phenotypic variance of both the 
ESS and GDS-15 was significantly heritable (A1 = 36.9% and 
A2 = 30.7%, respectively). There was no evidence for a signifi-
cant contribution of shared environmental influences on either 
measure. The possible contribution of non-additive genetic ef-
fects (D) was also tested and was not significant. The ESS and 
GDS-15 were significantly genetically correlated (ra = 0.40), 
suggesting overlap in genetic factors. A correlation between the 
non-shared environmental effects was not modeled (i.e, it was 
constrained to 0).

Genetic and environmental parameter estimates after inclu-
sion of covariates is shown in Figure 1, Panel B. After testing 
the significance of the association of each of the 10 covariates 
with ESS and GDS-15, we found that just 3 of 10 measures 
(ADL, snoring frequency, and lifetime history of diabetes) were 
significantly associated with either the ESS or GDS-15. Greater 
limitation in ADLs was associated with more daytime sleepi-
ness (regression coefficient β = 0.019 [95% CI: 0.014, 0.025]) 
and more depressive symptoms (β = 0.062 [95% CI: 0.055, 
0.069]); greater frequency of snoring was associated with more 
daytime sleepiness (β = 0.099 [95% CI: 0.077, 0.121]); and life-
time history of diabetes was associated with more depressive 
symptoms (β = 0.123 [95% CI: 0.03, 0.22]).
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Figure 1—Path diagrams for the best fitting bivariate genetic 
models for ESS and GDS in the NAS-NRC twin sample before 
(Panel A) and after (Panel B) adjustment for covariates. Numbers 
in parentheses are the 95% confidence limits of the estimates.
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may relate to different physiological processes. Though total 
ESS score is significantly modestly related to sleep latency as 
measured by the MSLT in patient populations,44-48 no relation-
ship has also been reported in some patient groups46,73,74 and 
in a non-patient sample.75 Therefore, the observed genetic re-
lationship may or may not apply to physiological or objective 
sleepiness.

Third, a cross-sectional association as shown in this study 
does not imply a causal influence of one measure on another. The 
present study suggests instead, that other factors, such as genetic 
influences, may account, at least in part, for the relationship be-
tween daytime sleepiness and depressive symptoms. It would be 
interesting to examine the genetic relationship between daytime 
sleepiness and depression in clinically depressed individuals and 
using objective measures of sleepiness. To the degree that de-
pression is heritable and that objective sleepiness measures more 
closely reflect underlying biology, it could be hypothesized that a 
stronger genetic relationship would be observed.

Fourth, findings may not be generalizable to women, to other 
ethnic/racial groups, or to clinical samples. However, analyses 
stratified by sex23,24 and a study in elderly Asian men18 sup-
port the existence of a relationship between excessive daytime 
sleepiness and depressive symptoms in women and in racial/
ethnic groups other than Caucasian. Depressed patients also re-
port excessive levels of daytime sleepiness.13-15,76

Twin studies and gene association studies support the con-
clusion that there are significant genetic influences on daytime 
sleepiness and depressive symptoms. The results in this paper 
suggest the existence of pleiotropic genes associated with day-
time sleepiness and depressive symptoms (as well as perhaps 
significant covariates). The majority of individual variation in 
daytime sleepiness and depressive symptoms in particular after 
covariate adjustment, is attributable to individual-specific envi-
ronmental factors, however, which comprises a broad category 
of possibilities, from lifestyle choices and habits (e.g., diet, ex-
ercise, drug use, work shifts) to sporadic events such as travel 
or acute illness.
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subsample of the NAS-NRC twins, heritability of depressive 
symptoms measured using the CES-D was around 50%.35,39

Heritability represents the total effect of several or many 
genes that account for observed individual differences in be-
havior. There are a few published gene association studies of 
daytime sleepiness, conducted in largely Caucasian samples, 
parallel to the ethnic/racial distribution of our sample, and none 
were conducted in elderly, general population samples. As-
sociation was found between daytime sleepiness in narcolep-
tic patients and variation in the catechol-O-methyltransferase 
(COMT) gene involved in dopamine degradation59 and between 
excessive daytime sleepiness and variation in the orexin/hypo-
cretin system gene OX2R involved in sleep regulation.60 No as-
sociation was found between the apolipoprotein E (APOE) ε4 
allele and ESS scores.61

In relation to gene association studies of depressive symp-
toms, a handful of published studies using Caucasian elderly 
samples show a role of genes in the serotonergic system, a 
major target for antidepressant medication. Associations have 
been reported between depressive symptoms and variation in 
the serotonin receptor 2a gene (5-HTR2A), in the tryptophan 
hydroxylase gene (TPH) responsible for serotonin synthesis, in 
the vesicular monoamine transporter 2 gene (VMAT2) respon-
sible for serotonin transport, and in the monoamine oxidase A 
gene (MAO-A) responsible for serotonin degradation.62-64 No 
association between variation in the serotonin transporter gene 
(5-HTT) and depressive symptoms has been found.62-64

The fact that history of diabetes and reported snoring ac-
count for at least some of the genetic correlation between ESS 
and GDS-15 implies that sleep apnea may well be the condition 
underlying the relationships that we have observed here. For 
example, we have already demonstrated a genetic component 
of physiologically measured sleep apnea in a smaller subset of 
this twin cohort (heritability coefficients of 36% to 37%).65 Dia-
betes and insulin resistance are well-recognized correlates of 
sleep apnea.66-68 Cross-sectional studies showing relationships 
between depression and sleep apnea symptoms69 or diagnoses,70 
as well as at least one longitudinal study71 showing incident de-
pression associated with physiologically monitored, untreated 
sleep apnea are consistent with sleep apnea as the condition un-
derlying the relationships noted in our study. On the other hand, 
in our previous analyses of the genetic versus environmental 
factors shared by EDS, obesity and reported snoring, we found 
that EDS shared only 30% of genetic variance with snoring (as 
a sleep apnea proxy) and even less (6%) with obesity.31 Thus, 
the genetic overlap between EDS and depression is unlikely to 
be subsumed entirely by their relationship to sleep apnea.

Several limitations to this study need to be considered. First, 
a statistical genetic correlation does not necessarily imply a bio-
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