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Objective: Sleep disturbance is common in 
psychiatric disorders. However, the relationships 
of core parameters in sleep research, such as total 
sleep time (TST), with depression and anxiety 
disorders are unclear and have rarely been inves­
tigated in large population-based studies.

Method: This study was embedded in the Rot­
terdam Study, a community-based cohort study of 
elderly persons living in a district of Rotterdam, 
The Netherlands. Between January 2002 and  
December 2005, sleep parameters were assessed 
with the Pittsburgh Sleep Quality Index in 5,019 
persons aged 58 to 100 years. DSM-IV-TR diag­
noses of depressive and anxiety disorders were 
ascertained by psychiatric interview (the Schedules 
for Clinical Assessment in Neuropsychiatry for 
depressive disorders and a slightly adapted Munich 
version of the Composite International Diagnostic 
Interview for anxiety disorders). Associations be­
tween sleep parameters and psychiatric disorders 
were investigated with analyses of covariance and 
logistic regression models.

Results: Both short-duration (< 6 hours per 
night) and long-duration (≥ 9 hours per night) 
sleepers were more likely to have a depressive  
disorder (P < .001) than were those sleeping 7 to  
< 8 hours per night; the association between TST 
and anxiety disorders was also U-shaped. These as­
sociations were stronger in people who did not use 
psychoactive medication but did not substantially 
change after exclusion of persons with probable 
sleep apnea or excessive alcohol use. Participants 
with a depressive disorder and a comorbid anxiety 
disorder reported a 1-hour shorter TST than per­
sons with 1 disorder or no disorders (P < .001). On 
average, however, depressed persons spent more 
time in bed than did the nondepressed group.

Conclusion: In a community-dwelling older 
population, not only insomnia or short sleep but 
also long sleep can be symptomatic of psychiatric 
disorders such as depression and anxiety disorders.
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Total sleep time (TST) is a core parameter in clinical 
sleep medicine and epidemiologic sleep research. It 

is related to well-being, health, and mortality.1,2 Individual 
differences in TST may result from psychiatric disorders, 
such as depression—because depression is strongly related 
to sleep disturbance3–8: in 40% to 90% of subjects with di­
agnosed depression, complaints of poor sleep quality are 
observed.5,7,8 Some authors have suggested that depres­
sion may be involved in the mechanisms explaining the 
U-shaped curve between sleep duration and mortality, 
particularly at the “long sleep” tail of the curve.9 However, 
others reported that depression did not have a substan­
tial moderating influence on the association of sleep with 
mortality.1,10

The association between depression and sleep distur­
bance has been extensively studied. Polysomnographic 
sleep research has shown alterations of sleep architecture 
in depression, in particular an impaired sleep efficiency, 
a reduction of slow-wave sleep, and changes in rapid eye 
movement (REM) sleep.5,11 Several hypotheses regarding 
physiologic mechanisms underlying sleep disturbance in 
depression have been discussed in an elaborate review by 
Tsuno et al.5 The association of depression with poor sleep 
quality has also been studied in epidemiologic research. 
These studies show that the relationship is bidirectional: 
on the one hand, depression strongly increases the risk 
of poor sleep quality, and, on the other hand, poor sleep 
quality is a predictor for future depressive episodes.4–6,8,12,13 
This relationship holds even after accounting for previous  
depression.11 Although the relationship between depres­
sion and perceived or measured sleep disturbance is of great 
clinical interest, from an epidemiologic perspective, other 
sleep parameters are important as well. Most previous stud­
ies that examined associations between mental health and 
sleep disturbance did not analyze other sleep parameters 
such as TST, time spent in bed (TIB), or time needed to 
fall asleep (sleep onset latency [SOL]). The few studies that 
did investigate the association between TST and depression 
reported conflicting results. Chang et al13 found that those 
getting 7 hours of sleep or less were more likely to develop 
a depressive disorder than those getting more than 7 hours 
of sleep, but this association was only marginally significant 
in an adjusted model. Taylor et al14 could not detect any  
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association between TST or SOL and depression or anxiety. 
Some epidemiologic studies1,15 found a higher likelihood  
of depression, or a higher number of depressive symptoms, 
in both short-duration and long-duration sleepers, defined 
as either shorter or longer than 7 hours, respectively,1 or as 
shorter than 6 hours and longer than 8 hours, respectively.15 
One previous study2 reported on the association between 
long sleep (9 or more hours) and depression, but, since long 
sleep was the focus of this study, they did not report whether 
a U-shaped curve was present. These differences in obser-
vations may be a consequence of differences in assessment 
methods of both sleep and psychiatric disorders. In most 
population-based studies, questionnaires are used for the 
ascertainment of psychiatric disorders; the use of psychiat-
ric interviews is exceptional.

Poor sleep can also be a consequence or symptom of an 
anxiety disorder.16–19 It is, for example, an important symp-
tom of generalized anxiety disorder,17 which is the most 
common anxiety disorder among older adults.20 It has also 
been shown that insomnia is common in patients with panic 
disorder19,21 and related to “trait” anxiety.14 Whereas sleep 
in depressive disorders has been extensively studied, the 
study of sleep in anxiety disorders is less well developed. In 
particular, the relationship between anxiety disorders and 
sleep parameters has scarcely been studied in population 
samples. Anxiety disorders frequently coexist with depres-
sive disorders,22 and this comorbidity may affect sleep even 
more than having only 1 disorder.

Many previous studies of sleep disturbance and psychi-
atric disorders were performed in clinical populations or 
otherwise selected groups, which limits the generalizability 
of the results.

The present study examined various sleep parameters 
in 5,019 community-dwelling elderly persons. We were in-
terested in the relationships of sleep parameters (TST, TIB, 
SOL, and self-reported global sleep quality) with depres-
sion and anxiety. As psychiatric disorders are known to be 
associated with poor sleep, we expected SOL to be longer 
and sleep quality to be poorer in persons with depressive 
or anxiety disorders than in persons without these disor-
ders and to be probably even more altered in persons with 
both disorders. We had no a priori hypothesis about TIB. 
As both insomnia and hypersomnia can be symptomatic of 

depressive disorders according to the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fourth Edition, Text 
Revision (DSM-IV-TR),23 we hypothesized that both long 
and short sleep durations are associated with depressive 
disorders. We defined short sleep and long sleep as shorter 
or longer than the reference category of 7 to < 8 hours per 
night, which was the median sleep duration in our study.

As anxiety disorders are likely to involve increased 
arousal, we expected an association between short sleep and 
anxiety disorders but not between long sleep and anxiety 
disorders. We nevertheless explored whether such a rela-
tionship exists, considering the relationship both between 
TST and anxiety disorders in general and between TST and 
specific anxiety disorders. To rule out that relationships  
between TST and psychiatric disorders are explained by 
the use of psychoactive medication or alcohol and by the 
presence of sleep apnea, we repeated the analyses after 
exclusion of these groups. Finally, we tested whether long 
sleepers and short sleepers with psychiatric disorders were 
characterized by specific features.

METHOD

Study Population
This study is embedded in the Rotterdam Study, a  

population-based cohort study aimed at assessing the  
occurrence of and risk factors for chronic diseases in the 
elderly.24 In 1990, all inhabitants of a district of Rotterdam 
aged 55 years and over were invited to participate. In 2000, 
the study population was extended with a second cohort of 
people aged 55 years and over. Between January 2002 and  
December 2005, 3,547 participants from the original co-
hort and 2,500 participants from the extended cohort 
underwent a home interview. Of these 6,047 participants, 
173 persons were excluded because of considerable cogni-
tive impairment (Mini-Mental State Examination [MMSE]25 
score < 22), as we expected the assessment of both psychi-
atric disorders and sleep to be unreliable in these persons. 
For 5,019 of the remaining 5,874 participants, complete 
and valid data on sleep, depression, and anxiety disorders 
were available. Figure 1 shows the composition of the study 
population in a flowchart. The Medical Ethics Committee 
of Erasmus University Rotterdam approved the Rotterdam 

For Clinical Use

◆	 In elderly persons, not only short sleep but also long sleep can be symptomatic of 
psychiatric disorders such as depression and anxiety.

◆	 Clinicians should inquire not only about the number of hours a depressed or anxious 
person sleeps but also about the time he or she spends in bed.

◆	 The use of psychoactive medication strongly attenuates the relationship between short sleep 
duration and prevalent depression.
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Study, and written informed consent was obtained from all 
participants.

Assessment of Sleep Parameters
We assessed subjective sleep quality with the Dutch 

version of the Pittsburgh Sleep Quality Index (PSQI)26 
as a part of the home interview. The PSQI is a self-rated 
questionnaire that measures sleep quality and disturbance 
retrospectively over a 1-month period, resulting in a global 
score between 0 and 21, with higher scores indicating poorer 
sleep quality. Self-reported TST and SOL were derived from 
2 individual PSQI questions. Time in bed was calculated 
from self-reported bedtime and get-up time.

Assessment of Depression and Anxiety
Depressive disorders were diagnosed using a 2-step 

procedure. First, participants were screened for depres-
sive symptoms with a validated Dutch translation27 of the 
original Center for Epidemiologic Studies Depression Scale 
(CES-D)28 by Radloff et al during the home interview. As a 
second step, subjects with a CES-D score ≥ 16 underwent a 
semistructured psychiatric interview with the Schedules for 
Clinical Assessment in Neuropsychiatry29 (formerly known 
as Present State Examination) performed by an experienced 
clinician. Depressive disorders (major depressive disorder, 
minor depressive disorder, and dysthymic disorder) were 

classified according to DSM-IV-TR criteria.23 As part of  
the initial home interview, a slightly adapted Munich ver-
sion of the Composite International Diagnostic Interview  
(M-CIDI)30,31 was administered to assess the following anxi-
ety disorders according to DSM-IV-TR criteria23: generalized 
anxiety disorder, specific phobia, social phobia, agoraphobia 
without panic disorder, and panic disorder with or without 
history of agoraphobia. As the prevalences of most of the 
separate disorders were low in our study population, we 
used 2 dichotomous variables indicating whether or not a 
person had at least 1 of the DSM-IV-TR depressive disorders 
or 1 of the anxiety disorders. However, generalized anxiety 
disorder and agoraphobia could also be analyzed separately, 
as these were the 2 largest groups.

Assessment of Other Variables
The use of psychoactive medication (antidepressants, 

anxiolytics, sedatives, hypnotics) and alcohol was assessed 
in the home interview. Excessive alcohol use was defined as 
more than 21 alcoholic drinks per week. Cognitive function 
was assessed with the MMSE.25 Scores on this test range 
from 0 to 30, with higher scores indicating a better cognitive 
performance. To evaluate functional disability, we used the 
Stanford Health Assessment Questionnaire,32 a subjective 
measure of physical health with emphasis on the ability to 
perform daily activities in 5 different domains. This instru-
ment has been validated in different populations and is 
frequently used in studies with normal aging populations.33 
Higher scores on this questionnaire represent more dis-
ability. To operationalize the occurrence of probable sleep 
apnea, 2 questions from the PSQI were used. In line with 
Fogelholm et al,34 in our study sleep apnea was considered 
probable in persons who reported (1) loud snoring at least 
2 nights a week, with at least occasional respiratory pauses, 
or (2) respiratory pauses during sleep with a frequency of 
at least 1 to 2 nights weekly. All of the questionnaires were 
administered as part of the home interview.

Statistical Analysis
We divided our study population into 4 groups: per-

sons without any depressive or anxiety disorder (reference 
group), persons with only a depressive disorder, persons 
with only an anxiety disorder, and persons with both a  
depressive disorder and an anxiety disorder. We used analy-
sis of covariance to estimate age- and gender-adjusted mean 
values of self-reported TST, SOL, TIB, and global PSQI score 
for each of the groups—and differences from the values of 
the reference group.

To investigate whether quadratic relationships existed 
between TST and depressive disorders or anxiety disorders, 
we performed logistic regression analyses with a continuous 
measure of TST as the independent variable and depressive 
disorder and anxiety disorder, respectively, as dichotomous 
dependent variables. It has to be noted that with neither of 
our analyses did we imply a causal or temporal direction of 

Figure 1. Flowchart Showing Composition of the Study 
Population

Abbreviations: CES-D = Center for Epidemiologic Studies Depression 
Scale, CIDI = Composite International Diagnostic Interview, 
MMSE = Mini-Mental State Examination, PSQI = Pittsburgh Sleep 
Quality Index, SOL = sleep onset latency, TIB = time in bed, TST = total 
sleep time.

Initial cohort from Rotterdam Study
eligible for 4th wave of data
collection (2002), N = 4,806

Extended cohort from Rotterdam 
Study eligible for 2nd wave of data

collection (2004), N = 2,814

Nonparticipants,
N = 1,259

Nonparticipants,
N = 314

Underwent home interview,
N (total) = 3,547 + 2,500 = 6,047

Excluded due to MMSE < 22, N = 173

global PSQI score, N =
Missing data for SOL, TST, TIB, or

611

Missing data for depression (CES-D
or psychiatric interview), N = 43

Missing data for anxiety disorders
(CIDI), N = 201

Study population,
N = 5,019

Home interview and MMSE ≥ 22,
N = 5,874
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the associations under study. We tested both linear models 
and models in which a quadratic term was added since both 
short and long sleep may be related to psychiatric disorders. 
The analyses were repeated for the 2 largest groups of per-
sons with specific anxiety disorder diagnoses, generalized 
anxiety disorder and agoraphobia. When we found that the 
relationship between TST and depressive and anxiety disor-
ders was best described by a quadratic model, we repeated 
the analyses with categories of TST (< 5, 5 to < 6, 6 to < 7,  
7 to < 8, 8 to < 9, and ≥ 9 hours) to illustrate the results. These 
last analyses were repeated 3 times: first, after exclusion of 
persons with excessive alcohol consumption; second, after 
exclusion of persons with probable sleep apnea; and third, 
in the participants who did not use psychoactive medica-
tion (n = 3,862).

As the main analyses showed that both long and short 
sleep durations were associated with depression, we per-
formed additional analyses to examine whether the 2 tails 
of the distribution reflected different characteristics. In 
particular, we examined whether the group of depressive 
persons with short TST (< 7 hours, n = 99) differed from 
the group of depressive persons with long TST (≥ 8 hours, 
n = 48) with respect to comorbidity with functional dis-
ability and the number of depressive symptoms. Physical 
symptoms may cause or aggravate poor sleep, and long—or 
short—sleep may reflect a more severe subtype of depres-
sion. All of the analyses were adjusted for age and gender. 
All analyses were performed with SPSS version 11.0 (SPSS 
Inc, Chicago, Illinois).

RESULTS

Table 1 presents the characteristics of the study popu-
lation. Of the 5,019 participants in our study, 56.7% were 
female, and the mean age was 72.4 years (SD = 7.6; range, 
58–100). Table 2 shows the mean sleep parameters and the 
prevalence of depressive disorders and anxiety disorders in 
the study population. DSM-IV-TR criteria for a depressive 
disorder were met by 179 participants (3.6% of the total 
study population); 407 (8.1%) had one or more anxiety 
disorders. Participants reported a mean of 6.88 (SD = 1.27) 
hours of sleep per night.

Table 3 shows the age- and gender-adjusted estimated 
means of TST, SOL, TIB, and global PSQI score for groups of 
participants with depressive disorders, anxiety disorders, or 
both. Total sleep time in persons with a depressive disorder 
only, or an anxiety disorder only, did not differ from TST 
of persons in the reference category. However, participants 
with both disorders reported a 1.07-hour (95% CI = –1.37 
to –0.76) shorter TST than persons without these disorders. 
Sleep onset latency was 8.9 minutes (95% CI = 3.7 to 14.1) 

Table 1. Demographic and Clinical Characteristics of the Study Population

Characteristic

Total Study 
Population
(N = 5,019)

No Depressive Disorder 
or Anxiety Disorder

(n = 4,499)

Depressive Disorder, 
No Anxiety Disorder

(n = 113)

Anxiety Disorder, No 
Depressive Disorder 

(n = 341)

Both Depressive 
Disorder and Anxiety

Disorder (n = 66)
Age, mean (SD), y 72.4 (7.6) 72.3 (7.6) 75.3 (8.8) 71.7 (7.2) 73.9 (7.7)
Gender, female, n (%)a 2,848 (56.7) 2,453 (54.5) 78 (69.0) 264 (77.4) 53 (80.3)
Cognitive function, MMSE score, 

mean (SD)b
27.7 (1.8) 27.7 (1.8) 27.1 (2.1) 27.5 (1.8) 26.9 (2.0)

Depressive symptoms, CES-D score, 
mean (SD)

6.0 (7.4) 4.9 (5.7) 24.6 (7.2) 9.6 (9.1) 30.0 (8.4)

Functional disability, HAQ score, 
mean (SD)

1.5 (0.6) 1.5 (0.5) 2.1 (0.8) 1.7 (0.6) 1.9 (0.7)

Use of psychoactive medication, n (%)a 805 (17.2) 613 (14.7) 57 (53.3) 104 (32.1) 31 (50.8)
Excessive alcohol consumption, > 21 

drinks per week, n (%)a
531 (10.7) 488 (11.0) 13 (11.7) 29 (8.7) 1 (1.5)

Probable sleep apnea, n (%)a 403 (10.3) 370 (10.5) 10 (12.7) 21 (8.4) 2 (4.8)
aPercentages refer to the cases with information on this variable (valid percentage).
bPersons with MMSE score < 22 have been excluded.
Abbreviations: CES-D = Center for Epidemiologic Studies Depression Scale, HAQ = Stanford Health Assessment Questionnaire, MMSE = Mini-Mental 

State Examination.

Table 2. Depressive Disorders, Anxiety Disorders, and Sleep 
Parameters in the Study Population (N = 5,019)
Characteristic Mean (SD)
Sleep parameters

Total sleep time, h 6.88 (1.27)
Sleep onset latency, min 21.6 (28.8)
Time in bed, h 7.74 (1.10)
Global PSQI score 3.9 (3.6)

n (%)
DSM-IV-TR depressive disorders (total)a 179 (3.6)

Major depressive disorder 98 (2.0)
Minor depressive disorder 62 (1.2)
Dysthymic disorder 19 (0.4)

DSM-IV-TR anxiety disorders (total)a 407 (8.1)
Generalized anxiety disorder 111 (2.2)
Social phobia 56 (1.1)
Specific phobia 79 (1.6)
Agoraphobia without history of panic disorder 195 (3.9)
Panic disorder with or without agoraphobia 28 (0.5)

aCategories of depressive disorders are mutually exclusive, but categories 
of anxiety disorders are not.

Abbreviation: PSQI = Pittsburgh Sleep Quality Index.
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longer in depressed participants than in the reference cat-
egory, 5.6 minutes (95% CI = 2.5 to 8.7) longer in persons 
with an anxiety disorder, and 15.2 minutes (95% CI = 8.4 to 
22.0) longer in participants with both disorders, which con-
firms our hypothesis. Time in bed was significantly longer 
in participants with only a depressive disorder than in any 
of the other groups (Table 3).

Table 4 shows that the relationship of TST with depressive 
disorders was adequately described by a quadratic U-shaped 
model (OR of quadratic term = 1.10; 95% CI = 1.05 to 1.15, 
P < .001), as well as the relationship of TST with anxiety dis-
orders (OR of quadratic term = 1.06; 95% CI = 1.02 to 1.20, 
P = .002). Linear models were also significant for depres-
sive disorders as well as anxiety disorders, both with ORs 
< 1.00, indicating that the associations of short sleep with 
both disorders were stronger than were the associations of 
long sleep.

The analyses were repeated for the 2 largest groups of 
persons with specific anxiety disorder diagnoses, general-
ized anxiety disorder (n = 111) and agoraphobia without 
history of panic disorder (n = 195). This repeated analysis 
showed that TST also had a clear quadratic relationship with 
generalized anxiety disorder (OR of quadratic term = 1.10; 
95% CI = 1.04 to 1.17, P = .001). The relationship of TST 
with agoraphobia, however, was best described by a linear 
model (OR = 0.89, 95% CI = 0.80 to 1.00, P = .04); a quadratic 
model was not significant. This indicates that short sleepers 
were more likely to have this disorder than long sleepers.

To illustrate the quadratic relationships, Figure 2 presents 
the associations of categories of TST with depressive disor-
ders, and Figure 3 presents the associations of TST with 
anxiety disorders. Figure 2 shows that persons with a TST 
of < 6 hours and persons with a TST of ≥ 9 hours were more 
likely to have a depressive disorder than were persons in the 
reference category of 7 to < 8 hours. The ORs for depression 
of persons with a TST of < 5 hours, 5 to < 6 hours, and ≥ 9 
hours were all significant at the P < .001 level, whereas only 
persons in the lowest category of TST, < 5 hours, had a sig-
nificantly higher risk of having an anxiety disorder (P < .001) 
in comparison with the reference category. After exclusion 
of persons with excessive alcohol use (n = 531), the odds  
ratios were slightly attenuated, eg, the OR for depression of 
the TST < 5-hour category changed from 4.60 (95% CI = 2.68 
to 7.90) to 4.20 (95% CI = 2.41 to 7.33), but all of the associa-
tions remained highly significant. Exclusion of persons with 
probable sleep apnea (n = 403) slightly increased the odds 
ratios; eg, the OR for depression of the TST < 5-hour catego-
ry was now 5.01 (95% CI = 2.88 to 8.70), but the U-shaped 
pattern did not change. However, exclusion of persons who 
used psychoactive medication substantially changed the 
results. Figures 2 and 3 also present the results of the same 
analyses in a subgroup of participants who used no psy-
choactive medication. The ORs of depression in the lowest 
TST categories, as well as the OR of anxiety disorders in the 
TST < 5-hour category, were substantially higher than the Ta
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ORs in the total study population. This prompted us to per-
form an additional stratified analysis (results not shown). 
In the group of persons who used psychoactive medication, 
the ORs for the lowest TST categories fell outside the CIs 
of the ORs in the group without psychoactive medication: 
eg, the OR for depression in the lowest TST category of < 5 
hours was 2.49 (95% CI = 1.12 to 5.57), whereas, in persons 
without medication, it was 7.01 (95% CI = 3.21 to 15.3).

To conclude, we compared comorbidity with functional 
disability, as a measure of general medical condition, and 
we compared CES-D scores (number of depressive symp-
toms) between depressive persons with short TST (< 7 

hours, n = 99) and depressive persons with long TST (≥ 8 
hours, n = 48). When analyses were adjusted for age and 
gender, there were no significant differences between these 
groups in functional disability (data not shown). However, 
depressed persons with short sleep had higher CES-D scores 
than did depressed persons with long sleep (28.1 vs 24.6; 
P = .02, analysis of covariance).

DISCUSSION

In this cross-sectional study of 5,019 community-dwelling 
elderly subjects, we found that the mean TST in elderly per-
sons with either a depressive disorder or an anxiety disorder 
did not differ from the mean TST of those without these 
disorders. Rather, both short and long sleepers were more 
likely to have a depression or anxiety disorder. These as-
sociations were stronger in participants who did not use 
psychoactive medication. When TIB, instead of TST, was 
analyzed in relation to depressive disorders, we found that 
persons with a depressive disorder did spend more time in 
bed than nondepressed persons. Finally, participants with a 
depressive disorder and a comorbid anxiety disorder report-
ed a substantially shorter TST than other elderly persons.

Our study has several strengths. First, it is a large  
population-based study. In a community sample, one may 
encounter milder and untreated forms of psychiatric dis-
orders that are not present in clinical samples. Moreover, 
it has been shown that persons with psychiatric disorders 
who do not seek help are different from patient popula-
tions, also with respect to sleep disturbance in depression.35 
Second, DSM-IV-TR diagnoses of depressive disorders were 

Table 4. Association of Total Sleep Time With DSM-IV-TR 
Depressive and Anxiety Disorders (N = 5,019)a

DSM-IV-TR Depressive 
Disorders

DSM-IV-TR Anxiety 
Disorders

Model OR (95% CI) P Value OR (95% CI) P Value
Linear model
Total sleep 

time, h
0.80 (0.71 to 0.89) < .001 0.86 (0.79 to 0.93) < .001

Quadratic model
Total sleep 

time, h
0.24 (0.13 to 0.42) < .001 0.40 (0.25 to 0.65) < .001

Total sleep 
time2, h2

1.10 (1.05 to 1.15) < .001 1.06 (1.02 to 1.20) .002

aStatistical test is logistic regression. All analyses are adjusted for age and 
gender.

Figure 2. Association of Categories of Total Sleep Time With 
DSM-IV-TR Depressive Disorders

aReference category.
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carefully ascertained by experienced clinicians. Epidemio-
logic research on this subject is often based on less precise 
measures of depressive disorders, which can result in mis-
classification. This methodological difference may explain 
the low prevalence of depression in our study in comparison 
with other epidemiologic studies in elderly persons.36

However, our study also has some limitations. First, the 
CIDI, which we used to assess anxiety disorders, is a lay-
administered diagnostic interview that is not equivalent 
to an experienced clinician’s assessment. Second, our as-
sessment of anxiety disorders did not include acute stress 
disorder, posttraumatic stress disorder, and obsessive-
compulsive disorder. This implies that some persons in 
the “no anxiety disorder” categories may in fact have had 
one of these anxiety disorders. Third, we combined differ-
ent categories of depressive disorders and also of anxiety 
disorders in order to obtain sufficient statistical power for 
our analyses. However, 2 of the anxiety disorder categories 
could be analyzed separately. There was some evidence that 
different categories of anxiety disorders have different rela-
tionships with sleep. Fourth, the cross-sectional design of 
our study precluded the inference of temporal relationships. 
Fifth, we used self-report measures of sleep. Although we 
used a validated questionnaire, self-report measures can 
be biased, in particular in depressed persons.37 Finally, our 
study population consisted mainly of elderly white Dutch 
persons, which, strictly speaking, limits the generalizability 
of the study. However, we do not have reasons to expect that 
the mechanisms underlying the relationships between sleep 
and psychiatric disorders are substantially different in other 
ethnic groups.

In this study, we assessed TST, TIB, and SOL by question-
naire; these parameters have rarely been studied in relation 
to psychiatric disorders in large population samples. In 
some studies, TST and TIB are used interchangeably,38 
which makes it unclear what exactly is meant by “long or 
short sleep.” Only when both TST and TIB are taken into 
account, short sleep due to insomnia or sleep disturbance 
can be distinguished from short sleep with high sleep effi-
ciency. The latter may be due to voluntary sleep restriction 
or less need of sleep.

Our analyses of TST confirmed our hypothesis of an 
association of both short and long TST with depression. 
This is in accordance with the observation that both in-
somnia and hypersomnia can be symptoms of depressive 
disorders.23 Taylor et al14 noted that self-reported insomnia 
was strongly associated with both depressive and anxiety 
symptoms in a community-based study of 772 persons. 
However, they did not find any association between TST 
or SOL and depression or anxiety. This may have resulted 
from their assessment of depression and anxiety with self-
report questionnaires, which is a less precise method than 
psychiatric interviews. Also, they did not present models 
with quadratic terms. Chang et al13 studied insomnia as a 
risk factor for depression in young men. They found that 

insomnia and, to a lesser extent, sleeping ≤ 7 hours per night 
increased the risk of subsequent depression. Studies such 
as these, which focus on sleep disturbance as a precursor of 
depressive disorders, rarely discuss long sleep or long TIB. A 
cross-sectional association between long sleep and depres-
sion has been previously reported.2 The U-shaped curve has 
also been described previously in 3 Japanese studies1,15,39: 
both long and short sleep were related to depressive symp-
toms, as measured by CES-D, in Japanese adults1,15 and to 
subjective well-being in Japanese elderly.39 We found the  
U-shaped curve with psychiatric disorders that were di-
agnosed according to DSM-IV-TR. We also found that 
depressed persons with short TST had higher CES-D scores 
than did depressed persons with long TST, which may sug-
gest that short sleepers have more severe depressions.

The results of our analyses with TIB did not follow the 
same pattern as the results of TST. We found that depressed 
individuals, on average, reported longer TIB than did non-
depressed persons, unless they also had a comorbid anxiety 
disorder. Spending much time in bed may be a result of 
symptoms of depression, such as fatigue, loss of energy, loss 
of interest or pleasure in activities, or indecisiveness.23 The 
complex interrelatedness of depression, TST, and TIB is 
probably best described by 2 separate mechanisms. On the 
one hand, poor sleep or too little sleep may be both a precur-
sor and a consequence of depression.4–6,8,12,13 On the other 
hand, long sleep is closely related to long TIB and is more 
likely to be a symptom or consequence of depression.

Whether a depression is characterized by insomnia or 
by long sleep and spending much time in bed may be a dif-
ference between individuals, or sleep patterns may change 
in the course of a depressive disorder. In an elderly popula-
tion, circadian rhythms are less entrained by work and other 
duties than in younger persons. Therefore, the relationship 
between long sleep (and long TIB) and depression may be 
particularly apparent in elderly persons. However, hyper-
somnia as a symptom of depression is likely to occur in 
younger persons as well.

To the best of our knowledge, no previous studies have 
investigated the association between sleep parameters 
and anxiety disorders in a population-based setting. We 
observed that the association between TST and anxiety dis-
orders could also be described by a quadratic model. Our 
hypothesis concerning a relationship between short sleep 
and anxiety was confirmed, but, apparently, long sleep dura-
tion is, to some extent, associated with anxiety disorders too, 
although the quadratic relationship is less marked than with 
depression. Sleep onset latency and subjective sleep qual-
ity were also significantly impaired in persons with anxiety 
disorders. This is in accordance with our hypotheses, as 
anxiety disorders manifest with heightened arousal, which 
is also implicated when sleep initiation or maintenance are 
disturbed.21 Interestingly, TST had a clear quadratic rela-
tionship with generalized anxiety disorder, whereas the 
relationship of TST with agoraphobia was best described 
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by a linear model. This suggests that different mechanisms 
are involved in sleep disturbance in these specific disorders. 
Ford and Kamerow4 also reported a higher risk of depres-
sion as well as anxiety disorders in persons with insomnia, 
as well as in persons with hypersomnia. They noted that 
the relationship between anxiety disorders and sleep distur-
bances followed a pattern similar to that between depression 
and sleep disturbances, although the ORs were lower. How-
ever, apart from self-reported sleep complaints, they did not 
investigate other sleep parameters.

Comorbidity of depressive disorders and anxiety disor-
ders is common.4,22,40 In this study, TST was substantially 
shorter in persons with both a depressive disorder and an 
anxiety disorder, although the mean TIB of these persons did 
not differ significantly from the mean TIB in the reference 
group. Comorbidity of depression and anxiety disorders was 
also related to substantially worse self-reported sleep qual-
ity in terms of SOL and global PSQI score. These results 
suggest that persons with both disorders suffer from major 
sleep disturbance. Roth et al41 investigated the relation-
ship between comorbidity of psychiatric disorders and the  
occurrence of sleep problems. They reported that respon-
dents meeting criteria for 3 or more 12-month DSM-IV-TR 
disorders had much higher odds of sleep problems than did 
respondents with 1 or 2 DSM-IV-TR disorders.41

Thase42 demonstrated that antidepressants exert both 
beneficial and, at times, detrimental effects on subjective 
and objective measures of sleep. Because of the large num-
ber of participants in our study, we were able to study the 
association of TST with depression and anxiety disorders in 
participants who did not use antidepressants, anxiolytics, 
sedatives, or hypnotics. In this subgroup, the associations 
of short TST with depression and anxiety disorders were 
stronger than in the total study population; in the group of 
persons who used psychoactive medication, the associations 
were markedly weaker. This suggests that medication use 
increases (perceived) sleep duration in depressed persons. 
Another possible explanation for this finding is that the use 
of psychoactive medication lowers the risk of depression 
and anxiety disorders in short sleepers. Contrary to what 
might be expected, our results do not indicate that severity 
of sleep-related symptoms increases the likelihood of medi-
cation use. This confounding by indication would have led 
to weaker associations between short TST and psychiatric 
disorders in an unmedicated subgroup.

In summary, sleep parameters and psychiatric disorders 
are intertwined in complex ways. We found that both long 
and short TST are associated with depressive disorders in 
an elderly population, and, similarly, the association be-
tween TST and anxiety disorders can also be described 
best by a quadratic model. The use of psychoactive medi-
cation appears to attenuate these relationships. For a better 
understanding of the etiology of depression and anxiety dis-
orders, it is important to know that different phenotypes 
of these disorders with regard to sleep exist in the general 

population. Clinicians should be aware that, on the one 
hand, depressed persons with long TST have less depressive 
symptoms than persons who report habitual sleep durations 
of < 6 hours, which thus may indicate more severe depres-
sion. Also, TST is substantially shorter in persons who have 
depressive disorder and a comorbid anxiety disorder. On 
the other hand, depression can also be accompanied by 
longer-than-average sleep durations, and particularly by 
a long TIB. Therefore, clinicians should also pay attention 
to oversleeping as a possible sign of a psychiatric disorder. 
Restricting TIB may alleviate depressive symptoms in these 
persons.43 Future research in the general population with 
objective measures of sleep parameters may contribute to 
a better understanding of the relationships of sleep param-
eters with psychiatric disorders.
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