
BackgroundBackground It is notclear whetherIt is notclear whether

the increasedmortality associatedwiththe increasedmortality associatedwith

depression canbe explainedby the effectsdepressioncanbe explainedby the effects

of potential confounding variables.of potential confounding variables.

AimsAims Tomeasure the effectofTomeasure the effectof

depression onmortality after controllingdepression onmortality after controlling

for cognitive decline, cardiovascular riskforcognitive decline, cardiovascular risk

factors and antidepressantuse.factors and antidepressantuse.

MethodMethod Aprospective cohort studyAprospective cohort study

derived fromdata fromamulti-centrederived fromdata fromamulti-centre

randomised controlled trial ofmoderaterandomised controlled trial ofmoderate

hypertension.Atotalof 2584 participants,hypertension.Atotalof 2584 participants,

aged 65^75 years at studyentry, wereaged 65^75 years at studyentry, were

followedup for11years.followedup for11years.

ResultsResults Depression ontheDepression onthe
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mortality after controlling for gender.mortality after controlling for gender.

Aftercontrolling for cardiovascular riskAftercontrolling forcardiovascular risk

factors, cognitive decline and anti-factors, cognitive decline and anti-

depressantuse, depression continued todepressantuse, depression continued to

have amodesteffect (hazardratiohave amodesteffect (hazardratio¼1.43;1.43;

95%CI1.03^1.98).Depressioninmales and95%CI1.03^1.98).Depressioninmales and

inpeople agedunder 70 years significantlyinpeople agedunder 70 years significantly

increased the riskof death.increased the riskof death.

ConclusionsConclusions DepressionwasDepressionwas

associatedwithmortalityonly afterassociatedwithmortalityonly after

controlling forgender.Therewasamodestcontrolling forgender.Therewasamodest

but robust associationbetweenbutrobust associationbetween

depression andmortality thatwasnotdepression andmortality thatwasnot

explainedbyconfounding byexplainedbyconfoundingby

cardiovascular risk factors, cognitivecardiovascular risk factors, cognitive

decline orhistoryof antidepressantuse.decline orhistoryof antidepressantuse.
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Despite fairly consistent evidence for the as-Despite fairly consistent evidence for the as-

sociation between depression and mortalitysociation between depression and mortality

(Wulsin(Wulsin et alet al, 1999; Saz & Dewey, 2001), a, 1999; Saz & Dewey, 2001), a

number of questions remain. Several con-number of questions remain. Several con-

ventional cardiovascular risk factors (e.g.ventional cardiovascular risk factors (e.g.

smoking) are associated with psychiatricsmoking) are associated with psychiatric

disorder (Ismaildisorder (Ismail et alet al, 2000). Unless these, 2000). Unless these

are controlled for, it is hard to knoware controlled for, it is hard to know

whether the increased mortality simplywhether the increased mortality simply

reflects the lifestyle profiles of these popula-reflects the lifestyle profiles of these popula-

tions. Cognitive decline and dementia aretions. Cognitive decline and dementia are

strongly associated with mortality, andstrongly associated with mortality, and

depression is frequently an early sign ofdepression is frequently an early sign of

cognitive decline in elderly populationscognitive decline in elderly populations

(Witthaus(Witthaus et alet al, 1999). It is clearly import-, 1999). It is clearly import-

ant to control for all these confoundersant to control for all these confounders

before postulating depression as an inde-before postulating depression as an inde-

pendent risk factor for mortality. Further-pendent risk factor for mortality. Further-

more, new papers have suggested that themore, new papers have suggested that the

effect of depression on mortality may beeffect of depression on mortality may be

greater in males than females and in majorgreater in males than females and in major

as opposed to minor depression (Penninxas opposed to minor depression (Penninx etet

alal, 1999; Schoevers, 1999; Schoevers et alet al, 2000; Saz &, 2000; Saz &

Dewey, 2001).Dewey, 2001).

METHODMETHOD

Study setting and designStudy setting and design

The Medical Research Council ElderlyThe Medical Research Council Elderly

Hypertension Trial was a randomised,Hypertension Trial was a randomised,

placebo-controlled, single-blind trial of theplacebo-controlled, single-blind trial of the

treatment of moderate hypertension (meantreatment of moderate hypertension (mean

systolic blood pressuresystolic blood pressure¼160–209 mmHg,160–209 mmHg,

mean diastolic blood pressuremean diastolic blood pressure 55115 mmHg)115 mmHg)

in 4396 subjects aged 65–74 years, con-in 4396 subjects aged 65–74 years, con-

ducted from 1983 to 1989 in 226 generalducted from 1983 to 1989 in 226 general

practices across the UK (MRC Workingpractices across the UK (MRC Working

Party, 1992). Exclusion criteria wereParty, 1992). Exclusion criteria were

known serious cardiovascular or cerebro-known serious cardiovascular or cerebro-

vascular disease, cancer or dementia. Sub-vascular disease, cancer or dementia. Sub-

jects were tagged via their Nationaljects were tagged via their National

Health Service numbers. The date of death,Health Service numbers. The date of death,

if this occurred, was collected until the endif this occurred, was collected until the end

of follow-up in September 1994. Thus, 11of follow-up in September 1994. Thus, 11

years of follow-up data were available.years of follow-up data were available.

Data on a range of variables were col-Data on a range of variables were col-

lected at baseline. Some variables were alsolected at baseline. Some variables were also

measured at the 1-, 9-, 21- and 54-monthmeasured at the 1-, 9-, 21- and 54-month

follow-up assessments. Patients were ran-follow-up assessments. Patients were ran-

domised to three groups: beta-blockerdomised to three groups: beta-blocker

(atenolol, 50 mg daily), thiazide diuretic(atenolol, 50 mg daily), thiazide diuretic

(hydrochlorothiazide, 25 mg or 50 mg, plus(hydrochlorothiazide, 25 mg or 50 mg, plus

amiloride, 2.5 or 5 mg daily) or placebo.amiloride, 2.5 or 5 mg daily) or placebo.

The results of the main study have beenThe results of the main study have been

published elsewhere (MRC Working Party,published elsewhere (MRC Working Party,

1992). In summary, both treatments1992). In summary, both treatments

reduced blood pressure compared withreduced blood pressure compared with

placebo. Furthermore, the diuretic group,placebo. Furthermore, the diuretic group,

but not the beta-blocker group, had signifi-but not the beta-blocker group, had signifi-

cantly reduced risks of stroke, coronarycantly reduced risks of stroke, coronary

events and all cardiovascular events, com-events and all cardiovascular events, com-

pared with placebo.pared with placebo.

ParticipantsParticipants

The subjects for the current paper wereThe subjects for the current paper were

those who took part in the psychiatric sub-those who took part in the psychiatric sub-

study, namely the first 2680 recruits for thestudy, namely the first 2680 recruits for the

main study. Of these 2680, 29 refused tomain study. Of these 2680, 29 refused to

participate. Of the 2651 who agreed,participate. Of the 2651 who agreed,

2584 (97.5%) contributed adequate data2584 (97.5%) contributed adequate data

on the main explanatory measures. Theseon the main explanatory measures. These

constitute the current sample.constitute the current sample.

MeasuresMeasures

Depression statusDepression status

Depression was measured on a validatedDepression was measured on a validated

12-item depression scale, the SelfCARE–D.12-item depression scale, the SelfCARE–D.

This is a self-administered depression scaleThis is a self-administered depression scale

derived from the Comprehensive Assess-derived from the Comprehensive Assess-

ment and Referral Evaluation depressionment and Referral Evaluation depression

scale and was developed specifically forscale and was developed specifically for

use in elderly subjects in the primary careuse in elderly subjects in the primary care

setting (Birdsetting (Bird et alet al, 1987). Each of the 12, 1987). Each of the 12

questions are scored either 0 or 1, thereforequestions are scored either 0 or 1, therefore

scores are in the range 0–12. In the presentscores are in the range 0–12. In the present

study, the SelfCARE–D was applied atstudy, the SelfCARE–D was applied at

entry and at each subsequent follow-up.entry and at each subsequent follow-up.

BirdBird et alet al (1987) suggested that a cut-off(1987) suggested that a cut-off

ofof 556 out of 12 is indicative of clinical de-6 out of 12 is indicative of clinical de-

pression in the general elderly population.pression in the general elderly population.

However, a subsequent study using theHowever, a subsequent study using the

Geriatric Mental State (GMS; CopelandGeriatric Mental State (GMS; Copeland

et alet al, 1986) as the gold standard found that, 1986) as the gold standard found that

the mean score for cases of depression wasthe mean score for cases of depression was

557, with a specificity of only 45% for the7, with a specificity of only 45% for the

556 cut-off (Blanchard6 cut-off (Blanchard et alet al, 1994). An-, 1994). An-

other study carried out in elderly peopleother study carried out in elderly people

with physical illness recommended a cut-with physical illness recommended a cut-

off ofoff of 557 (Banerjee7 (Banerjee et alet al, 1998). Conse-, 1998). Conse-

quently, we decided to explore the effectquently, we decided to explore the effect

of depression at two cut-offs of the scale:of depression at two cut-offs of the scale:

556 (‘possible depression’) and6 (‘possible depression’) and 557 (‘de-7 (‘de-

pression’). History of antidepressantpression’). History of antidepressant

medication use was recorded at baselinemedication use was recorded at baseline

and at each follow-up.and at each follow-up.
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Cognitive function at baselineCognitive function at baseline

(a) Premorbid IQ was measured using the(a) Premorbid IQ was measured using the

New Adult Reading Test (NART;New Adult Reading Test (NART;

Nelson & O’Connell, 1978).Nelson & O’Connell, 1978).

(b) ‘Fluid intelligence’ (abstract reasoning,(b) ‘Fluid intelligence’ (abstract reasoning,

problem-solving) was measured usingproblem-solving) was measured using

Raven’s Progressive Matrices (Raven,Raven’s Progressive Matrices (Raven,

1940).1940).

(c) Recent memory was assessed with the(c) Recent memory was assessed with the

Paired Associate Learning Test (PALT;Paired Associate Learning Test (PALT;

Inglis, 1959), which tests the ability toInglis, 1959), which tests the ability to

learn and recall cued words. A higherlearn and recall cued words. A higher

PALT score signifies more recalledPALT score signifies more recalled

words and thus better performance.words and thus better performance.

This was available at baseline and atThis was available at baseline and at

each wave of data collection.each wave of data collection.

(d) Attention, concentration and psycho-(d) Attention, concentration and psycho-

motor function were assessed usingmotor function were assessed using

the Trail-Making Test (TMT; Reltan,the Trail-Making Test (TMT; Reltan,

1959), which is a timed task involving1959), which is a timed task involving

line drawing between numbers on aline drawing between numbers on a

page. A higher score signifies greaterpage. A higher score signifies greater

time to complete the task and thustime to complete the task and thus

poorer performance.poorer performance.

Cognitive declineCognitive decline

A summary score, the ‘PALT coefficient’,A summary score, the ‘PALT coefficient’,

reflecting the change in each subject’s PALTreflecting the change in each subject’s PALT

score over time was calculated by derivingscore over time was calculated by deriving

the regression equation for the PALT scorethe regression equation for the PALT score

against time for each subject (Princeagainst time for each subject (Prince et alet al,,

1996). A more positive PALT coefficient1996). A more positive PALT coefficient

signifies better performance and thereforesignifies better performance and therefore

less decline in cognition. The TMT wasless decline in cognition. The TMT was

also measured at each wave of data collec-also measured at each wave of data collec-

tion. The TMT was converted into a sum-tion. The TMT was converted into a sum-

mary measure, the ‘TMT coefficient’, tomary measure, the ‘TMT coefficient’, to

reflect the change in each subject’s TMTreflect the change in each subject’s TMT

score over time (Princescore over time (Prince et alet al, 1996). A more, 1996). A more

positive TMT coefficient signifies lesspositive TMT coefficient signifies less

improvementimprovement with time and thus worsewith time and thus worse

performance.performance.

Cardiovascular risk factorsCardiovascular risk factors

Smoking at time of entry to trial was codedSmoking at time of entry to trial was coded

as a binary variable (smoker/non-smoker).as a binary variable (smoker/non-smoker).

Non-fasting random serum cholesterolNon-fasting random serum cholesterol

was measured at baseline. Systolic bloodwas measured at baseline. Systolic blood

pressure was measured by trainedpressure was measured by trained

research nurses as the sitting bloodresearch nurses as the sitting blood

pressure using a random-zero sphygmo-pressure using a random-zero sphygmo-

manometer at entry and each follow-up.manometer at entry and each follow-up.

Body mass index was measured at baseline.Body mass index was measured at baseline.

Electrocardiogram (ECG) evidence ofElectrocardiogram (ECG) evidence of

cardiac ischaemia or arrhythmia was mea-cardiac ischaemia or arrhythmia was mea-

sured using expert analysis of 12-leadsured using expert analysis of 12-lead

electrocardiography.electrocardiography.

Statistical analysesStatistical analyses

All analyses were carried out using STATAAll analyses were carried out using STATA

version 6 (StataCorp, 1999). Univariateversion 6 (StataCorp, 1999). Univariate

associations between the potential explana-associations between the potential explana-

tory variables and mortality were assessedtory variables and mortality were assessed

using classical Mantel–Haenszel methodsusing classical Mantel–Haenszel methods

for rate ratios. Hazard ratios were derivedfor rate ratios. Hazard ratios were derived

using Cox’s regression (Clayton & Hills,using Cox’s regression (Clayton & Hills,

1996). Assessment of the proportional ha-1996). Assessment of the proportional ha-

zards assumptions was carried out usingzards assumptions was carried out using

an Aalen cumulative incidence plot, and aan Aalen cumulative incidence plot, and a

formal test for heterogeneity of the effectformal test for heterogeneity of the effect

of depression over thirds of the follow-upof depression over thirds of the follow-up

(each with an equal number of deaths).(each with an equal number of deaths).

The effect of each continuous and orderedThe effect of each continuous and ordered

categorical variable on mortality was mod-categorical variable on mortality was mod-

elled first to assess whether a factor or lin-elled first to assess whether a factor or lin-

ear relationship was the best fit for eachear relationship was the best fit for each

variable. Any departure from linearity wasvariable. Any departure from linearity was

formally tested using a likelihood ratio test.formally tested using a likelihood ratio test.

The survival probability was plotted forThe survival probability was plotted for

those with and without depression at entry,those with and without depression at entry,

with all other variables held constant atwith all other variables held constant at

baseline. Multivariate analyses were carriedbaseline. Multivariate analyses were carried

out using Cox regression to build up a mod-out using Cox regression to build up a mod-

el for the effect of depression on mortality,el for the effect of depression on mortality,

adding in potential confounding variablesadding in potential confounding variables

one at a time and assessing the contributionone at a time and assessing the contribution

of depression within the model followingof depression within the model following

the addition of each confounder using thethe addition of each confounder using the

likelihood ratio test. Potential interactionslikelihood ratio test. Potential interactions

between depression and any other explana-between depression and any other explana-

tory variables were first identified by look-tory variables were first identified by look-

ing for any suggestion of unequal rate ratiosing for any suggestion of unequal rate ratios

using classical Mantel–Haenszel methodsusing classical Mantel–Haenszel methods

and then, if interaction appeared likely, byand then, if interaction appeared likely, by

a formal likelihood ratio test using Cox’sa formal likelihood ratio test using Cox’s

regression.regression.

RESULTSRESULTS

Descriptive characteristics of theDescriptive characteristics of the
samplesample

Table 1 shows the main socio-demographicTable 1 shows the main socio-demographic

and clinical characteristics of the sample.and clinical characteristics of the sample.

Of the 2584 subjects, 42% were male andOf the 2584 subjects, 42% were male and

58% female. The mean age at entry to the58% female. The mean age at entry to the

trial was 70.3 years. During the follow-uptrial was 70.3 years. During the follow-up

period, 744 subjects (29%) died. On theperiod, 744 subjects (29%) died. On the

depression scale at baseline, 8.0% scoreddepression scale at baseline, 8.0% scored

556 (possible depression) and 4.9% scored6 (possible depression) and 4.9% scored

557 (depression). The percentages who died7 (depression). The percentages who died

in these groups were 32% and 36%,in these groups were 32% and 36%,

respectively.respectively.

Proportional hazards assumptionsProportional hazards assumptions

A formal test for heterogeneity of the effectA formal test for heterogeneity of the effect

of depression over thirds of the follow-upof depression over thirds of the follow-up

(each with an equal number of deaths)(each with an equal number of deaths)

showed no statistical evidence of departureshowed no statistical evidence of departure

from the proportionality assumptionfrom the proportionality assumption

((ww22¼0.99,0.99, PP¼0.609). Thus it was0.609). Thus it was

reasonable to use Cox’s proportionalreasonable to use Cox’s proportional

hazards to model the effect of depressionhazards to model the effect of depression

on mortality.on mortality.

Univariate associations betweenUnivariate associations between
baseline variables and mortalitybaseline variables andmortality

Table 2 describes the association betweenTable 2 describes the association between

the main variables and mortality. Depres-the main variables and mortality. Depres-

sion was only weakly associated whension was only weakly associated when

coded as a binary variable (coded as a binary variable (PP¼0.07). Poss-0.07). Poss-

ible depression was not associated withible depression was not associated with

mortality. Not surprisingly, male gender,mortality. Not surprisingly, male gender,

older age, smoking, raised systolic bloodolder age, smoking, raised systolic blood

pressure and ECG ischaemia were all asso-pressure and ECG ischaemia were all asso-

ciated with mortality. Lower cholesterolciated with mortality. Lower cholesterol

levels were also associated with increasedlevels were also associated with increased

mortality. More died in the beta-blockermortality. More died in the beta-blocker

group than in the diuretic group (31%group than in the diuretic group (31% vv..

26%), with the placebo group intermediate.26%), with the placebo group intermediate.

124124

Table1Table1 Baseline characteristics of participantsBaseline characteristics of participants

((nn¼2584)2584)

Socio-demographic variablesSocio-demographic variables

Age at baseline, years (s.d.)Age at baseline, years (s.d.) 70.3 (2.8)70.3 (2.8)

Gender,Gender, nn (%)(%)

MaleMale 1088 (42.1%)1088 (42.1%)

FemaleFemale 1496 (57.9%)1496 (57.9%)

Urban residence,Urban residence, nn (%)(%) 1703 (65.9%)1703 (65.9%)

DepressionDepression

Depression score at entryDepression score at entry11

Median (interquartile range)Median (interquartile range) 1.3 (0.3^2.5)1.3 (0.3^2.5)

5566 197 (8.0%)197 (8.0%)

5577 121 (4.9%)121 (4.9%)

Antidepressant useAntidepressant use 95 (3.8%)95 (3.8%)

Cardiovascular risk factorsCardiovascular risk factors

Systolic BP at entry, mmHgSystolic BP at entry, mmHg

(s.d.)(s.d.)

184.0 (12.9)184.0 (12.9)

Cholesterol, g/l (s.d.)Cholesterol, g/l (s.d.) 6.5 (1.2)6.5 (1.2)

Bodymass index (s.d.)Bodymass index (s.d.) 26.6 (4.0)26.6 (4.0)

Current smoker,Current smoker, nn (%)(%) 533 (20.6%)533 (20.6%)

Ischaemia on ECG,Ischaemia on ECG, nn (%)(%) 363 (14.1%)363 (14.1%)

Arrhythmia on ECG,Arrhythmia on ECG, nn (%)(%) 139 (5.4%)139 (5.4%)

Cognitive risk factorsCognitive risk factors

PALTat entry (s.d.)PALTat entry (s.d.) 17.0 (1.7)17.0 (1.7)

TMTat entry (s.d.)TMTat entry (s.d.) 60.5 (29.9)60.5 (29.9)

NART (s.d.)NART (s.d.) 31.1 (10.8)31.1 (10.8)

RPM (s.d.)RPM (s.d.) 15.4 (4.1)15.4 (4.1)

BP, blood pressure; ECG, electrocardiogram; PALT,BP, blood pressure; ECG, electrocardiogram; PALT,
Paired Associate LearningTest; RPM, Raven’sPaired Associate LearningTest; RPM, Raven’s
Progressive Matrices;TMT,Trail-MakingTest; NART,Progressive Matrices;TMT,Trail-MakingTest; NART,
New Adult ReadingTest.New Adult ReadingTest.
1. Scored on the12-item SelfCARE^D depression scale.1. Scored on the12-item SelfCARE^D depression scale.
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There was no association between mor-There was no association between mor-

tality and baseline measures of intelligencetality and baseline measures of intelligence

and cognition. However, decline in cogni-and cognition. However, decline in cogni-

tive performance over the course of thetive performance over the course of the

study was associated with mortality.study was associated with mortality.

Association between depressionAssociation between depression
andmortality controlled forandmortality controlled for
confoundersconfounders

Table 3 shows the change in the effect ofTable 3 shows the change in the effect of

depression on mortality when various po-depression on mortality when various po-

tential confounders are added to the model.tential confounders are added to the model.

Depression (i.e. scoringDepression (i.e. scoring 557 on the depres-7 on the depres-

sion scale) becomes more powerfully asso-sion scale) becomes more powerfully asso-

ciated once gender is controlled for. Thisciated once gender is controlled for. This

reflects the higher prevalence of depressionreflects the higher prevalence of depression

in females and the higher death rate inin females and the higher death rate in

males. There was some confounding by car-males. There was some confounding by car-

diovascular risk factors and by urban resi-diovascular risk factors and by urban resi-

dence. The full model, which controlleddence. The full model, which controlled

for gender, age, cardiovascular risk factors,for gender, age, cardiovascular risk factors,

cognitive decline and urban residence,cognitive decline and urban residence,

showed that depression was still modestlyshowed that depression was still modestly

associated with mortality. The effect of de-associated with mortality. The effect of de-

pression scored as a continuous variablepression scored as a continuous variable

was similar. Assuming an overall preva-was similar. Assuming an overall preva-

lence of major depression of 5% and alence of major depression of 5% and a

hazard ratio of 1.43, we calculate thehazard ratio of 1.43, we calculate the

population-attributable risk percentage ofpopulation-attributable risk percentage of

depression on mortality to be 2.1%.depression on mortality to be 2.1%.

Possible depression (i.e. scoringPossible depression (i.e. scoring 556 on6 on

depression scale) had a modest effect ondepression scale) had a modest effect on

mortality after controlling for gendermortality after controlling for gender

(hazard ratio(hazard ratio¼1.33; 95% CI 1.12–1.72,1.33; 95% CI 1.12–1.72,

PP¼0.041). The relationship was con-0.041). The relationship was con-

founded by cardiovascular risk factors andfounded by cardiovascular risk factors and

by urban residence. After adjustment forby urban residence. After adjustment for

all these factors, the hazard ratio was 1.22all these factors, the hazard ratio was 1.22

(95% CI 0.92–1.63,(95% CI 0.92–1.63, PP¼0.18).0.18).

Interaction between depressionInteraction between depression
and gender and depression and ageand gender and depression and age

We detected an interaction term (We detected an interaction term (ww22¼3.05,3.05,

1 d.f.,1 d.f., PP¼0.081) between depression and0.081) between depression and

gender. Males with depression had con-gender. Males with depression had con-

siderably increased risk of dying (hazardsiderably increased risk of dying (hazard

ratioratio¼2.12, 95% CI 1.28–3.52) even after2.12, 95% CI 1.28–3.52) even after

adjustment for cardiovascular and cog-adjustment for cardiovascular and cog-

nitive risk factors and for urban residence.nitive risk factors and for urban residence.

In females the risk was not significantlyIn females the risk was not significantly

increased (hazard ratioincreased (hazard ratio¼1.14, 95%1.14, 95%

CI 0.75–1.73). There was also a significantCI 0.75–1.73). There was also a significant

interaction term between age and depres-interaction term between age and depres-

sion. Younger people with depression weresion. Younger people with depression were

at increased risk (Table 4), but depressionat increased risk (Table 4), but depression

in those aged over 70 years at baseline didin those aged over 70 years at baseline did

not appear to be associated with mortality.not appear to be associated with mortality.
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Table 2Table 2 Univariate associations with mortalityUnivariate associations withmortality

Hazard ratioHazard ratio

(95% CI)(95% CI)

Likelihood ratioLikelihood ratio

testtest ww22 (d.f.)(d.f.)

PP

DemographicsDemographics

Female genderFemale gender 0.52 (0.45^0.60)0.52 (0.45^0.60) 80.01 (1)80.01 (1) 550.0010.001

Urban residenceUrban residence 1.17 (1.01^1.36)1.17 (1.01^1.36) 4.10 (1)4.10 (1) 0.0430.043

Age at baselineAge at baseline11 1.21 (1.11^1.32)1.21 (1.11^1.32) 17.98 (1)17.98 (1) 550.0010.001

Cardiovascular risk factorsCardiovascular risk factors

Smoker at entrySmoker at entry 1.82 (1.56^2.14)1.82 (1.56^2.14) 51.32 (1)51.32 (1) 550.0010.001

Systolic BP at entrySystolic BP at entry22 1.00 (1.00^1.01)1.00 (1.00^1.01) 1.55 (1)1.55 (1) 0.2100.210

Mean BP over trialMean BP over trial11 1.34 (1.23^1.47)1.34 (1.23^1.47) 42.18 (1)42.18 (1) 550.0010.001

Cholesterol at entryCholesterol at entry11 0.80 (0.73^0.87)0.80 (0.73^0.87) 25.55 (1)25.55 (1) 550.0010.001

ECG ischaemia at entryECG ischaemia at entry 1.37 (1.13^1.66)1.37 (1.13^1.66) 9.89 (1)9.89 (1) 0.0020.002

ECG arrhythmia at entryECG arrhythmia at entry 0.82 (0.61^1.10)0.82 (0.61^1.10) 1.73 (1)1.73 (1) 0.1900.190

Bodymass indexBodymass index11 0.93 (0.85^1.01)0.93 (0.85^1.01) 2.62 (1)2.62 (1) 0.1100.110

Treatment groupTreatment group

DiureticDiuretic vv. rest. rest 0.86 (0.72^1.02)0.86 (0.72^1.02) 3.2 (1)3.2 (1) 0.0780.078

Beta-blockerBeta-blocker vv. rest. rest 1.11 (0.94^1.31)1.11 (0.94^1.31) 1.59 (1)1.59 (1) 0.2000.200

DepressionDepression

Depression scoreDepression score

556 out of 126 out of 12 1.14 (0.88^1.47)1.14 (0.88^1.47) 0.90 (1)0.90 (1) 0.3400.340

557 out of 127 out of 12 1.32 (0.97^1.79)1.32 (0.97^1.79) 2.96 (1)2.96 (1) 0.0730.073

Antidepressant use at baselineAntidepressant use at baseline 1.07 (0.72^1.58)1.07 (0.72^1.58) 0.12 (1)0.12 (1) 0.7300.730

Cognitive risk factorsCognitive risk factors

NARTscoreNARTscore11 0.94 (0.86^1.02)0.94 (0.86^1.02) 2.02 (1)2.02 (1) 0.1600.160

Raven’s Progressive Matrices scoreRaven’s Progressive Matrices score11 0.97 (0.88^1.06)0.97 (0.88^1.06) 0.40 (1)0.40 (1) 0.5300.530

PALTat entryPALTat entry11 0.95 (0.87^1.03)0.95 (0.87^1.03) 1.26 (1)1.26 (1) 0.2600.260

PALT coefficientPALT coefficient

MidMid vv. most decline. most decline 0.79 (0.66^0.94)0.79 (0.66^0.94)

LeastLeast vv. most decline. most decline 0.91 (0.77^1.09)0.91 (0.77^1.09) 7.35 (2)7.35 (2) 0.0250.025

TMTTMT11 at entryat entry 1.05 (0.96^1.14)1.05 (0.96^1.14) 0.99 (1)0.99 (1) 0.3200.320

TMT coefficientTMT coefficient

MidMid vv. most improved. most improved 0.79 (0.78^1.12)0.79 (0.78^1.12)

LeastLeast vv. most improved. most improved 1.25 (1.06^1.49)1.25 (1.06^1.49) 12.40 (2)12.40 (2) 00.002.002

BP, blood pressure; ECG, electrocardiogram; NART,New Adult ReadingTest; PALT, Paired Associate LearningTest;BP, blood pressure; ECG, electrocardiogram; NART,New Adult ReadingTest; PALT, Paired Associate LearningTest;
TMT,Trail-MakingTest.TMT,Trail-MakingTest.
1. Linear increase in thirds.1. Linear increase in thirds.
2. Linear increase in quarters.2. Linear increase in quarters.

Table 3Table 3 Cox’s regression showing the association between depression at trial entry andmortality, adjustingCox’s regression showing the association between depression at trial entry andmortality, adjusting

for confounding variablesfor confounding variables

Depression (scoringDepression (scoring5577

on depression scale)on depression scale)

Hazard ratio forHazard ratio for

mortality (95% CI)mortality (95% CI)

Likelihood ratioLikelihood ratio

testtest ww22

PP valuevalue

Depression (univariate)Depression (univariate) 1.32 (0.97^1.79)1.32 (0.97^1.79) 2.962.96 0.0860.086

Depression adjusted for genderDepression adjusted for gender 1.55 (1.14^2.11)1.55 (1.14^2.11) 6.966.96 0.0080.008

Depression adjusted for variable 1Depression adjusted for variable 1 1.56 (1.15^2.13)1.56 (1.15^2.13) 7.187.18 0.0070.007

Depression adjusted for 1, 2Depression adjusted for 1, 2 1.50 (1.10^2.05)1.50 (1.10^2.05) 5.995.99 0.0140.014

Depression adjusted for 1, 2, 3Depression adjusted for 1, 2, 3 1.51 (1.11^2.05)1.51 (1.11^2.05) 6.056.05 0.0140.014

Depression adjusted for 1, 2, 3, 4Depression adjusted for 1, 2, 3, 4 1.48 (1.08^2.01)1.48 (1.08^2.01) 5.475.47 0.0190.019

Depression adjusted for 1, 2, 3, 4, 5Depression adjusted for 1, 2, 3, 4, 5 1.43 (1.03^1.98)1.43 (1.03^1.98) 4.214.21 0.0400.040

Confounding variables: 1, gender and baseline antidepressant use; 2, cardiovascular risk factors (i.e. cholesterol,Confounding variables: 1, gender and baseline antidepressant use; 2, cardiovascular risk factors (i.e. cholesterol,
smoking, mean blood pressure, electrocardiogram (ECG) ischaemia, ECG arrhythmia, randomised antihypertensivesmoking, mean blood pressure, electrocardiogram (ECG) ischaemia, ECG arrhythmia, randomised antihypertensive
treatment); 3, IQ (New Adult ReadingTest and Raven’s Progressive Matrices) and cognitive decline (Paired Associatedtreatment); 3, IQ (New Adult ReadingTest and Raven’s Progressive Matrices) and cognitive decline (Paired Associated
LearningTest coefficient,Trail-MakingTest coefficient); 4, age; 5, urban residence.LearningTest coefficient,Trail-MakingTest coefficient); 4, age; 5, urban residence.
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Antidepressant use andmortalityAntidepressant use and mortality

There were no significant associations be-There were no significant associations be-

tween antidepressant use at trial entry andtween antidepressant use at trial entry and

mortality. The hazard ratio for antidepres-mortality. The hazard ratio for antidepres-

sant use at entry, adjusted for gender,sant use at entry, adjusted for gender,

cardiovascular risk factors, age, urbancardiovascular risk factors, age, urban

residence and depression score, was 1.01residence and depression score, was 1.01

(95% CI 0.65–1.55,(95% CI 0.65–1.55, PP¼0.99). The hazard0.99). The hazard

ratio for antidepressant use during the trialratio for antidepressant use during the trial

(linear increase in quarters), adjusted for(linear increase in quarters), adjusted for

gender, cardiovascular risk factors, age,gender, cardiovascular risk factors, age,

urban residence and depression score, wasurban residence and depression score, was

1.06 (95% CI 0.99–1.13,1.06 (95% CI 0.99–1.13, PP¼0.084).0.084).

DISCUSSIONDISCUSSION

The long follow-up of a group at high riskThe long follow-up of a group at high risk

of mortality (elderly hypertensive) gave usof mortality (elderly hypertensive) gave us

sufficient power to detect a modest associa-sufficient power to detect a modest associa-

tion between mortality and depression. Thetion between mortality and depression. The

association is only present after controllingassociation is only present after controlling

for gender, and appears to be most power-for gender, and appears to be most power-

fully present in males and younger subjects.fully present in males and younger subjects.

The association was not explained by mostThe association was not explained by most

conventional cardiovascular risk factors orconventional cardiovascular risk factors or

by cognitive decline. Antidepressant useby cognitive decline. Antidepressant use

was not associated with mortality.was not associated with mortality.

Study limitationsStudy limitations

The study restricted the sample to a rela-The study restricted the sample to a rela-

tively healthy group. Thus, it is unlikelytively healthy group. Thus, it is unlikely

that the association is due to the presencethat the association is due to the presence

of physical illness among those rated as de-of physical illness among those rated as de-

pressed at baseline. However, there werepressed at baseline. However, there were

potential methodological flaws in the de-potential methodological flaws in the de-

sign of this study. First, we concentratedsign of this study. First, we concentrated

on a high-risk group of elderly subjects withon a high-risk group of elderly subjects with

hypertension who had agreed to participatehypertension who had agreed to participate

in a randomised trial; therefore the resultsin a randomised trial; therefore the results

may be of limited generalisability and maymay be of limited generalisability and may

not apply to younger and normotensivenot apply to younger and normotensive

populations. Second, although we werepopulations. Second, although we were

able to control for a wider range of con-able to control for a wider range of con-

founders than most previous studies, smok-founders than most previous studies, smok-

ing was only coded as a binary variable.ing was only coded as a binary variable.

This overaggregation might lead to residualThis overaggregation might lead to residual

confounding. However, this may not be ofconfounding. However, this may not be of

major concern because controlling formajor concern because controlling for

cardiovascular risk factors only reducedcardiovascular risk factors only reduced

the hazard ratio from 1.56 to 1.50. Onethe hazard ratio from 1.56 to 1.50. One

would expect a much more dramatic de-would expect a much more dramatic de-

crease in the hazard ratio when controllingcrease in the hazard ratio when controlling

for this confounder if residual confoundingfor this confounder if residual confounding

was capable of explaining the association.was capable of explaining the association.

Third, our measure of depression was aThird, our measure of depression was a

questionnaire. It is possible that this is lessquestionnaire. It is possible that this is less

valid than clinical interviews, although thevalid than clinical interviews, although the

SelfCARE–D has been shown to haveSelfCARE–D has been shown to have

accepacceptable validity and reliability in thistable validity and reliability in this

age groupage group (Bird(Bird et alet al, 1987; Upadhyaya &, 1987; Upadhyaya &

Stanley, 1997). If there was misclassifica-Stanley, 1997). If there was misclassifica-

tion of cases it is most likely that this wouldtion of cases it is most likely that this would

be random misclassification, and thus leadbe random misclassification, and thus lead

to underestimation of effect size.to underestimation of effect size.

Major versus minor depressionMajor versus minor depression

Our finding is consistent with recent find-Our finding is consistent with recent find-

ings from the longitudinal Amsterdamings from the longitudinal Amsterdam

study reporting a greater effect on mortalitystudy reporting a greater effect on mortality

for major depression than for minor depres-for major depression than for minor depres-

sion (Penninxsion (Penninx et alet al, 1999). Given the find-, 1999). Given the find-

ing by Blancharding by Blanchard et alet al (1994), using a(1994), using a

comprehensive structured clinical assess-comprehensive structured clinical assess-

ment for depression in the elderly (GMSment for depression in the elderly (GMS

AGECAT; CopelandAGECAT; Copeland et alet al, 1986), that the, 1986), that the

mean score for cases of depression in anmean score for cases of depression in an

elderly community sample waselderly community sample was 557 on the7 on the

SelfCARE–D, it is likely that theSelfCARE–D, it is likely that the 557 cut-7 cut-

off provides greater specificity and/oroff provides greater specificity and/or

indicates greater severity than theindicates greater severity than the 556 cut-6 cut-

off. The effect of depression that we foundoff. The effect of depression that we found

appeared greater and was more statisticallyappeared greater and was more statistically

significant at the higher cut-off of the Self-significant at the higher cut-off of the Self-

CARE–D (i.e. atCARE–D (i.e. at 557 out of 12 compared7 out of 12 compared

withwith 556). At the6). At the 556 cut-off 8% were6 cut-off 8% were

depressed, and at thedepressed, and at the 557 cut-off7 cut-off 4.9%4.9%

were depressed. Ifwere depressed. If 556 represents possible/6 represents possible/

minor depression, this prevalence is some-minor depression, this prevalence is some-

what lower than reported from communitywhat lower than reported from community

studies (e.g. 12.8%; Penninxstudies (e.g. 12.8%; Penninx et alet al, 1999)., 1999).

Given that our population is from aGiven that our population is from a

randomised trial, this probably reflects therandomised trial, this probably reflects the

healthy volunteer effect.healthy volunteer effect.

Male gender andmortalityMale gender andmortality
from depressionfrom depression

The increased risk associated with depres-The increased risk associated with depres-

sion was present in males (but not females)sion was present in males (but not females)

and in the younger age group in this sam-and in the younger age group in this sam-

ple. The interaction terms that we detectedple. The interaction terms that we detected

were of only borderline statistical signifi-were of only borderline statistical signifi-

cance (0.05cance (0.0555PP550.1) and may represent0.1) and may represent

type I error. However, our findings are con-type I error. However, our findings are con-

sistent with recent papers suggesting thatsistent with recent papers suggesting that

the effect of depression on mortality isthe effect of depression on mortality is

greater in men than in women (Mallongreater in men than in women (Mallon etet

alal, 2000). Furthermore, Pennix, 2000). Furthermore, Pennix et alet al

(1999: p. 63) reported that although major(1999: p. 63) reported that although major

depression predicted mortality in malesdepression predicted mortality in males

and females, minor depression predictedand females, minor depression predicted

mortality only in males. We are not awaremortality only in males. We are not aware

of any research to date that has detectedof any research to date that has detected

age differences in the effect of depressionage differences in the effect of depression

on mortality, so this finding requireson mortality, so this finding requires

replication.replication.

Mediating factorsMediating factors

Given the increasing evidence for theGiven the increasing evidence for the

association between depression and cardiacassociation between depression and cardiac

mortality (Penninxmortality (Penninx et alet al, 2001) and the, 2001) and the

association between male gender andassociation between male gender and

cardiovascular disease, it could be that thecardiovascular disease, it could be that the

effect of depression is partly explained byeffect of depression is partly explained by

cardiovascular and/or cerebrovascular dis-cardiovascular and/or cerebrovascular dis-

ease, which has not been dealt with in theease, which has not been dealt with in the

analysis. Although suicide may be anotheranalysis. Although suicide may be another

explanation for the excess mortality inexplanation for the excess mortality in

males with depression, this is unlikelymales with depression, this is unlikely

because it is a rare cause of death inbecause it is a rare cause of death in

community samples (Penninxcommunity samples (Penninx et alet al, 1999)., 1999).

It would be valuable to carry out furtherIt would be valuable to carry out further

analysis in our sample to look at cause-analysis in our sample to look at cause-

specific mortality.specific mortality.

The literature that has previously linkedThe literature that has previously linked

depression and mortality has proposed twodepression and mortality has proposed two

main mechanisms. The first relates to life-main mechanisms. The first relates to life-

style, namely that depression may be a morestyle, namely that depression may be a more

distal risk factor for a number of risk factorsdistal risk factor for a number of risk factors

that increase morbidity and mortality fromthat increase morbidity and mortality from

cardiovascular and other physical disease.cardiovascular and other physical disease.

For example, people with depression mayFor example, people with depression may
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Table 4Table 4 The interaction between depression onmortality, by age groupThe interaction between depression onmortality, by age group11

Depression (scoringDepression (scoring557 on depression scale)7 on depression scale) Hazard ratio for mortalityHazard ratio for mortality

(95% CI)(95% CI)

Wald testWald test PP

Effect of depression in youngest thirdEffect of depression in youngest third

(aged 65^69 years at study entry)(aged 65^69 years at study entry)22
2.26 (1.34^3.80)2.26 (1.34^3.80) 3.063.06 0.0040.004

Effect of depression inmiddle thirdEffect of depression in middle third

(aged 69^71 years at study entry)(aged 69^71 years at study entry)22
1.27 (0.69^2.36)1.27 (0.69^2.36) 0.770.77 0.440.44

Effect of depression in oldest thirdEffect of depression in oldest third

(aged 72^75 years at study entry)(aged 72^75 years at study entry)22
0.95 (0.54^1.68)0.95 (0.54^1.68) 770.180.18 0.890.89

1. Interaction parameter: mid-age comparedwith youngest age1. Interaction parameter: mid-age comparedwith youngest age¼0.57 (0.25^1.27),Wald0.57 (0.25^1.27),Wald zz¼771.401,1.401, PP¼0.161; oldest age0.161; oldest age
compared with youngest agecomparedwith youngest age¼0.43 (0.19^0.91),Wald0.43 (0.19^0.91),Wald zz¼772.201,2.201, PP¼0.028. Likelihood ratio test for overall interaction0.028. Likelihood ratio test for overall interaction
ww22 (2 d.f.)(2 d.f.)¼4.93,4.93, PP¼0.085.0.085.
2. Adjusted for cholesterol, smoking,meanbloodpressure, electrocardiogram ischaemia, randomised antihypertensive2. Adjusted for cholesterol, smoking,meanbloodpressure, electrocardiogram ischaemia, randomised antihypertensive
treatment, cognitive decline, gender and urban residence.treatment, cognitive decline, gender and urban residence.
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smoke more, exercise less, adhere less tosmoke more, exercise less, adhere less to

treatment and drink more alcohol (Allgu-treatment and drink more alcohol (Allgu-

lander, 1994; Blanchardlander, 1994; Blanchard et alet al, 1994). We, 1994). We

have been able to study markers for cardio-have been able to study markers for cardio-

vascular disease, including ECG ischaemiavascular disease, including ECG ischaemia

and smoking. Although these sorts of vari-and smoking. Although these sorts of vari-

able have been dealt with as confoundersable have been dealt with as confounders

in this analysis, they are, strictly speaking,in this analysis, they are, strictly speaking,

intermediary factors on the same causalintermediary factors on the same causal

pathway. Our analyses suggest that the as-pathway. Our analyses suggest that the as-

sociation is unlikely to be entirely explainedsociation is unlikely to be entirely explained

by these risk factors, although we were un-by these risk factors, although we were un-

able to control effectively for exercise orable to control effectively for exercise or

alcohol intake.alcohol intake.

The second mechanism involves aThe second mechanism involves a

group of risk factors that relate to possiblegroup of risk factors that relate to possible

biological change occurring in depression.biological change occurring in depression.

Depression is known to be associated withDepression is known to be associated with

increased cortisol, increased platelet co-increased cortisol, increased platelet co-

agulability and changes in heart rate varia-agulability and changes in heart rate varia-

bility, perhaps indicating a cardiovascularbility, perhaps indicating a cardiovascular

system more prone to arrhythmias (Dalacksystem more prone to arrhythmias (Dalack

& Roose, 1990; Mikuni& Roose, 1990; Mikuni et alet al, 1992). These, 1992). These

findings are predominantly derived fromfindings are predominantly derived from

small clinical samples of patients withsmall clinical samples of patients with

severe depression. The next step will be tosevere depression. The next step will be to

exploreexplore such associations in large epi-such associations in large epi-

demiologically based samples. We weredemiologically based samples. We were

able to adjust for ECG evidence ofable to adjust for ECG evidence of

arrhythmia and hence this does not appeararrhythmia and hence this does not appear

to have mediated the association betweento have mediated the association between

depression and mortality.depression and mortality.

Future researchFuture research

In terms of public health implications,In terms of public health implications,

depression is a common exposure. Mostdepression is a common exposure. Most

people with depression in the communitypeople with depression in the community

do not receive any specific treatment for de-do not receive any specific treatment for de-

pressive symptoms (Schoeverspressive symptoms (Schoevers et alet al, 2000)., 2000).

Two early studies suggest that treatmentTwo early studies suggest that treatment

of depression may lower mortality, espe-of depression may lower mortality, espe-

cially in men (Avery & Winokur, 1976;cially in men (Avery & Winokur, 1976;

Craig & Lin, 1981). The findings here, to-Craig & Lin, 1981). The findings here, to-

gether withgether with the previous literature, suggestthe previous literature, suggest

the need to investigate the effect on mortal-the need to investigate the effect on mortal-

ity of vigorous treatment of confirmedity of vigorous treatment of confirmed

depression.depression.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Major depression is associatedwith increasedmortality in older people, but theMajor depression is associatedwith increasedmortality in older people, but the
effect size is small (population-attributable risk percentage around 2%).effect size is small (population-attributable risk percentage around 2%).

&& During episodes of depressionmales are at greater risk ofmortality than females.During episodes of depressionmales are at greater risk ofmortality than females.

&& Previous antidepressant use is not associatedwith an increasedmortality risk.Previous antidepressant use is not associated with an increasedmortality risk.

LIMITATIONSLIMITATIONS

&& The study was restricted to people aged over 65 years withmoderateThe study was restricted to people aged over 65 years withmoderate
hypertension at baseline.hypertension at baseline.

&& Depression status relied on the SelfCARE^D score, which has limited reliabilityDepression status relied on the SelfCARE^D score, which has limited reliability
and validity.and validity.

&& We did not have data on the causes of death.We did not have data on the causes of death.
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