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ABSTRACT

Depressive symptoms are associated with an increased risk of death but most of this association
remains unexplained. Our aim was to explore the contribution of sleep duration and

disturbances to the association between depressive symptoms, all-cause and cardiovascular
disease mortality. A total of 5813 (4220 men and 1593 women) aged 50 to 74 at baseline,
participants of the British Whitehall II prospective cohort study, were included. Depressive
symptoms, sleep duration and disturbances were assessed in 2003-2004. Mortality was
ascertained through linkage to the national mortality register until August 2012; mean
follow-up of 8.8 years. Depressive symptoms were associated with an increased risk of
mortality from all-causes (HR= 1.51; 95% CI, 1.16-1.97) and cardiovascular diseases
(HR=1.63; 95% CI, 1.01-2.64) after adjustment for sociodemographic characteristics.
Further adjustment for sleep duration and disturbances reduced the association between
depressive symptoms and cardiovascular mortality by 21% (HR=1.53 95% CI, 0.91-2.57).
Sleep seems to have a role, as a mediator or confounder, in explaining the association
between depressive symptoms and cardiovascular mortality. These findings need
replication in larger studies with longer follow-up.
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INTRODUCTION
There is consistent evidence for an increased risk of mortality, particularly cardiovascular
deaths, among persons with depressive symptoms.(Ariyo et al., 2000, Nicholson et al., 2006,
Nabi et al., 2010, Lefevre et al., 2012) In parallel, an increasing number of studies have also
found sleep duration and sleep disturbances to be associated with mortality risk (Cappuccio
et al., 2010, Rod et al., 2011, Ferrie et al., 2007). What is more, depression and sleep are
associated with each other in a bidirectional fashion (Mezick et al., 2011, Breslau et al.,
1996). However, we are aware of no previous study that has examined the role of sleep in
the association between depression and mortality. Accordingly, we explored the
contribution of sleep duration and disturbances to the association between depressive
symptoms, all-cause and cardiovascular mortality.
METHODS
Participants
The Whitehall II study, established in 1985, is a longitudinal study based on 10,308 civil
servants (6,895 men and 3,413 women)(Marmot and Brunner, 2005). Baseline examination
(phase 1) took place between 1985 and 1988 and involved a clinical examination and a selfadministered questionnaire. Subsequent data collection phases have alternated between a
questionnaire (even-numbered phases), and questionnaire plus clinical examination (oddnumbered phases). University College London Medical School Committee on the Ethics of
Human Research approved the protocol and informed consent was gained from all
participants.
Measures
Depressive symptoms assessed at phase 7(2003–2004) used the Center for Epidemiologic
Studies Depression Scale (CES-D, Cronbach’s alpha = 0.83) for the first time in the Whitehall
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II study. Scores ≥ 16 from a total possible score of 60 were used to distinguish depressed
from non-depressed participants (Radloff, 1977).
Sleep duration was assessed at phase 7 by asking participants “how many hours of sleep do
you have on an average week night?” Responses choices were: 5 hours or less, 6 hours, 7
hours, 8 hours, and 9 hours or more. Those reporting ≤5 hours per night were assigned to
the “short sleep duration” category and those reporting ≥6 hours per night to the “long or
normal sleep duration” category (the reference group)(Gallicchio and Kalesan, 2009,
Groeger et al., 2004).
Sleep disturbances were assessed at phase 7 using the 4-item Jenkins Scale(Jenkins et al.,
1988). This scale includes 4 questions on “having trouble falling asleep”, “waking up several
times per night,” “having trouble staying asleep,” “waking up after the usual amount of sleep
feeling tired and worn out” (i.e., waking without feeling refreshed); all items have a 6-point
response scale (1 = never; 2 = 1–3 days; 3 = 4–7 days; 4 = 8–14 days; 5 = 15–21 days; 6 =
22–31 days). In the absence of defined cut-off score for the Jenkins scale, we categorized

participants into two groups: No sleep disturbances (any sleep problem ≤14 days and no
hypnotics use during the last month, the reference group). Those who reported
experiencing any of the four items ≥15 days or reported the use of hypnotics were
considered to have sleep disturbances.
Mortality: Mortality follow-up was available through the National Health Services Central

Registry until August 2012. Death certificates were coded using the 10th revision of the
International Classification of Disease (ICD). All-cause mortality and death from
cardiovascular diseases (CVD; ICD-10 codes I20-I25 and I60-I67) were the outcomes of
interest.
Covariates: Sociodemographic measures included age, sex, ethnicity, marital status and
occupational grade assessed by British civil service grade of employment taken from the
phase 7 questionnaire. Behavioural risk factors were assessed using responses to the phase
4

7 questionnaire: smoking status (none, former or current), recommended physical activity
(yes or no), high alcohol consumption (yes or no). The following biological CVD risk factors
at phase 7 clinical examination were considered: hypertension (systolic/diastolic blood
pressure >140/90 mmHg or antihypertensive medication), body mass index (BMI <20, 2024.9, 25-29.9, or ≥30 kg/m2) and diabetes (yes or no).
Statistical analyses
We examined the associations of depressive symptoms with mortality outcomes using
serially adjusted Cox regression models. The contribution of sleep to these associations was
assessed by including the two sleep variables into the Cox regression model separately and
simultaneously and calculating the percentage of reduction in the hazard ratios. We
combined men and women in the analyses (p >0.05 for interaction with sex) and verified
that the assumptions for proportional hazards were not violated (all p>0.05).
RESULTS
A total 5813 participants (4220 men and 1593 women) aged 50 to 74 had complete data on
the variables of interest in 2002-04 (the baseline of the present study) and were included in
the analysis. Of these participants, 14.6% were above our cut-point for depression, 8.0%
were considered “short sleepers” and 31.0% as with “sleep disturbances”. As expected the
depressive symptoms score and sleep scores were correlated, with coefficients of -0.22 for
sleep duration and 0.27-0.50 for sleep quality items.
During a mean follow-up of 8.8 years, 338 deaths from all causes occurred, including 98
deaths from cardiovascular diseases. There was some evidence suggesting an association
between “short sleep” duration (fully adjusted HR=1.41; 95% 0.75-2.68) and “sleep
disturbances” (Fully adjusted HR=1.26; 95% 0.83-1.90) and cardiovascular mortality,
although the evidence was weak, probably due to lack of power. For all-cause mortality,
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HRs varied between 0.99 and 1.14 and there was no evidence of an association (data not
shown).
Table 1 shows the associations between depressive symptoms and mortality and the
contribution of sleep to these associations. After adjustment for sociodemographic
variables, depressive symptoms were associated with an increased risk of all-cause
mortality (HR= 1.57; CI 95%, 1.19-2.06). Additional adjustment for sleep variables did not
materially changed the magnitude and the significance of this association.
Depressive symptoms were associated with increased cardiovascular mortality (HR=1.67;
95% CI, 1.02-2.75) in model adjusted for sociodemographic variables. Additional
adjustment for sleep variables reduced the magnitude of the association by 21% (HR=1.53;
95% CI, 0.91-2.57) and rendered it statistically non-significant.
DISCUSSION
We sought to examine the role of sleep in explaining the association of depressive
symptoms with all-cause and cardiovascular mortality. We found that depressive symptoms
predicted both mortality outcomes even after adjustment for sociodemographic
characteristics. However, the association between depressive symptoms and cardiovascular
mortality was reduced and no longer significant after additional adjustment for sleep
duration and disturbances.
Our finding is consistent with the notion that sleep in part mediates the association
between depressive symptoms and cardiovascular mortality. However, given that
depressive symptoms and sleep variables were measured concurrently, we cannot exclude
the possibility that sleep may confound (rather than mediate) the observed association with
cardiovascular mortality. For instance, sleep problems may independently influence the
onset of depressive symptoms (Mezick et al., 2011) and increase mortality risk, supporting
their role as a confounding factor.
6

We found sleep to play a more important role in the association between depressive
symptoms and cardiovascular mortality than in the association with all-cause mortality.
This finding is biologically plausible because sleep problems have been found to be
associated with major CVD risk factors, including obesity, hypertension, diabetes, and
inflammation(Tasali and Ip, 2008, Spiegel et al., 2005, Williams et al., 2007).
To our knowledge, this is the first study to explore the role of sleep in explaining the
association between depressive symptoms and mortality. We were able to adjust for a wide
range of factors which can potentially confound the associations of interest. The present
findings should be interpreted in light of some limitations. First, our study is based on
government employees and is not representative of the general population, limiting the
generalizability of these findings. Second, we examined depressive symptoms rather than
clinical depression. Thus, the relationship between depression and mortality may have been
underestimated. Moreover, sleep duration and sleep disturbances were self-reported.
Reporting bias and measurement errors due to how sleep duration was recorded
(responses were recorded as whole numbers of hours) may have biased the contribution of
sleep to the relationship between depression and cardiovascular mortality. Third, the mean
follow-up period was 8.8 years which explains the low number of deaths, particularly CVD
deaths. Larger studies with longer follow-up and with repeated measures of depressive
symptoms and sleep are needed to test the role of sleep.
Despite these limitations, the results represent a unique contribution to the literature.
These results suggest that sleep may partially explain the association between depressive
symptoms and cardiovascular mortality. Although sleep may also act as a confounder, these
findings underscore the importance of considering sleep in studies aimed at examining
increased cardiovascular mortality in depressive individuals. If the mediating role of sleep
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is confirmed, the implication is that preventive efforts for persons with depression should
take into account aspects related to the quality of their sleep.

Acknowledgements
We thank all participating civil service departments and their welfare personnel, and establishment
officers; the Occupational Health and Safety Agency; the Council of Civil Service Unions; all
participating civil servants in the Whitehall II study; all members of the Whitehall II study team. The
Whitehall II Study team comprises research scientists, statisticians, study coordinators, nurses, data
managers, administrative assistants and data entry staff, who make the study possible. HN is
supported by a grant from Institut de Recherche en Santé Publique (IReSP 2011 A11228LS). MK is
supported by the Medical Research Council, the EU OSH ERA Research Programme, the Academy of
Finland, the US National Institutes of Health (R01HL036310, R01AG034454) and an ESRC
professorship. MJS is supported by a grant from the British Heart Foundation. AS-M is supported by
a “European Young Investigator Award” from the European Science Foundation and the National
Institute on Aging, NIH (R01AG013196, R01AG034454).

Author contributorship
HN designed the study. MADS and HN managed the literature searches. MADS undertook the
Statistical analysis and wrote the first draft of the manuscript with HN. All authors contributed to
the interpretation of the results and have approved the final manuscript.

8

References
Ariyo, A. A., Haan, M., Tangen, C. M. et al. Depressive symptoms and risks of coronary heart disease and
mortality in elderly Americans. Cardiovascular Health Study Collaborative Research Group.
Circulation, 2000, 102: 1773-9.
Breslau, N., Roth, T., Rosenthal, L. and Andreski, P. Sleep disturbance and psychiatric disorders: a
longitudinal epidemiological study of young adults. Biol Psychiatry, 1996, 39: 411-8.
Cappuccio, F. P., D'elia, L., Strazzullo, P. and Miller, M. A. Sleep duration and all-cause mortality: a
systematic review and meta-analysis of prospective studies. Sleep, 2010, 33: 585-92.
Ferrie, J. E., Shipley, M. J., Cappuccio, F. P. et al. A prospective study of change in sleep duration:
associations with mortality in the Whitehall II cohort. Sleep, 2007, 30: 1659-66.
Gallicchio, L. and Kalesan, B. Sleep duration and mortality: a systematic review and meta-analysis. J Sleep
Res, 2009, 18: 148-58.
Groeger, J. A., Zijlstra, F. R. and Dijk, D. J. Sleep quantity, sleep difficulties and their perceived
consequences in a representative sample of some 2000 British adults. J Sleep Res, 2004, 13: 35971.
Jenkins, C. D., Stanton, B. A., Niemcryk, S. J. and Rose, R. M. A scale for the estimation of sleep problems
in clinical research. J Clin Epidemiol, 1988, 41: 313-21.
Lefevre, T., Singh-Manoux, A., Stringhini, S. et al. Usefulness of a single-item measure of depression to
predict mortality: the GAZEL prospective cohort study. Eur J Public Health, 2012, 22: 643-7.
Marmot, M. and Brunner, E. Cohort Profile: the Whitehall II study. Int J Epidemiol, 2005, 34: 251-6.
Mezick, E. J., Hall, M. and Matthews, K. A. Are sleep and depression independent or overlapping risk
factors for cardiometabolic disease? Sleep Med Rev, 2011, 15: 51-63.
Nabi, H., Shipley, M. J., Vahtera, J. et al. Effects of depressive symptoms and coronary heart disease and
their interactive associations on mortality in middle-aged adults: the Whitehall II cohort study.
Heart, 2010, 96: 1645-50.
Nicholson, W. K., Setse, R., Hill-Briggs, F., Cooper, L. A., Strobino, D. and Powe, N. R. Depressive
symptoms and health-related quality of life in early pregnancy. Obstet Gynecol, 2006, 107: 798806.
Radloff, L. S. The CES-D scale A self-report depression scale for research in the general population.
Applied psychological measurement, 1977, 1: 385-401.
Rod, N. H., Vahtera, J., Westerlund, H. et al. Sleep disturbances and cause-specific mortality: Results from
the GAZEL cohort study. Am J Epidemiol, 2011, 173: 300-9.
Spiegel, K., Knutson, K., Leproult, R., Tasali, E. and Van Cauter, E. Sleep loss: a novel risk factor for insulin
resistance and Type 2 diabetes. J Appl Physiol, 2005, 99: 2008-19.
Tasali, E. and Ip, M. S. Obstructive sleep apnea and metabolic syndrome: alterations in glucose
metabolism and inflammation. Proc Am Thorac Soc, 2008, 5: 207-17.
Williams, C. J., Hu, F. B., Patel, S. R. and Mantzoros, C. S. Sleep duration and snoring in relation to
biomarkers of cardiovascular disease risk among women with type 2 diabetes. Diabetes care,
2007, 30: 1233-40.

9

10

Table1. Role of sleep in the association between depressive symptoms and all-cause and
cardiovascular mortality
Adjusted for :

Depressive
symptoms

N events/N
total

HR [IC 95%]

%
reduction

All-cause mortality
None

No
Yes

270/4965
68/848

1
1.51 (1.16-1.97)**

-

Sociodemographics a

No
Yes

270/4965
68/848

1
1.57 (1.19-2.06)**

-

No
Yes

270/4965
68/848

1
1.39 (1.05-1.83)*

-32

No
Yes

270/4965
68/848

1
1.57 (1.19-2.07)**

0

No
Yes

270/4965
68/848

1
1.53 (1.15-2.02)**

-7

No
Yes

270/4965
68/848

1
1.54 (1.16-2.04)**

-5

None

No
Yes

77/4963 c
21/848

1
1.63 (1.01-2.64)*

-

Sociodemographics a

No
Yes

77/4963
21/848

1
1.67 (1.02-2.75)*

-

No
Yes

77/4963
21/848

1
1.45 (0.87-2.40)

-33

No
Yes

77/4963
21/848

1
1.61 (0.97-2.67)

-8

No
Yes

77/4963
21/848

1
1.57 (0.94-2.62)

-17

No
Yes

77/4963
21/848

1
1.53 (0.91-2.57)

-21

Sociodemographics a +
biobehavioural risk factors b
Sociodemographics + sleep
duration
Sociodemographics + sleep
disturbances
Sociodemographics + sleep
duration and disturbances
Cardiovascular mortality

Sociodemographics a +
biobehavioural risk factors b
Sociodemographics + sleep
duration
Sociodemographics + sleep
disturbances
Sociodemographics + sleep
duration and disturbances
a

Adjusted for sex, age, ethnicity, marital status and occupational grade
Adjusted for smoking, alcohol intake, body mass index, physical activity, hypertension and diabetes
c Two participants with unknown cause of death have been excluded from these analyses.
*p<0.05; ** p<0.01
b
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