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Depression and Risk for Alzheimer Disease

Systematic Review, Meta-analysis, and Metaregression Analysis
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Vineeth John, MD; David Loewenstein, PhD

Context: A history of depression may increase risk for
developing Alzheimer disease (AD) later in life. Clarify-
ing this relation might improve understanding of risk fac-
tors for and disease mechanisms in AD.

Objective: To systematically review and complete a meta-
analysis on the relation of depression and AD.

Data Sources: We conducted electronic bibliographic
searches of MEDLINE, PsychLit, EMBASE, and BIOSIS
using search terms sensitive to studies of etiology com-
bined with searches on terms related to depression and
AD and reviewed reference lists of articles.

Study Selection: Studies with data contrasting depressed
vsnondepressed patients who did and did not later develop
ADwereincluded. Studies that related continuous measures
of depression and cognitive status were excluded.

Data Extraction: Numerical data were independently
extracted by 3 reviewers. They also rated studies on a

scale that assessed quality indicators for observational
studies. Data on the interval between observation of de-
pression and the diagnosis of AD were collected when
available.

Data Synthesis: Mcta-analytic evaluation with random-
effects models resulted in pooled odds ratios of 2.03 (95%
confidence interval, 1.73-2.38) for case-control and of
1.90 (95% confidence interval, 1.55-2.33) for cohort stud-
ies. Findings of increased risk were robust to sensitivity
analyses. Interval between diagnoses of depression and
AD was positively related to increased risk of develop-
ing AD, suggesting that rather than a prodrome, depres-
sion may be a risk factor for AD.

Conclusions: A history of depression may confer an in-

creased risk for later developing AD. This relation may
reflect an independent risk factor for the disease.
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EPRESSION IS A CRITI-

cally important issue for

those working with the

elderly and especially

those working with older
persons with Alzheimer disease (AD). De-
pression affects a large number of elderly
people! and has been associated with poor
cognitive function.” Its treatment has been
associated with improved functional sta-
tus.” It is a significant behavioral aspect of
the symptomatology of AD* that affects the
cognitive and functional status of pa-
tients with AD.” A better understanding of
the relation of AD and depression thus
might have important clinical and re-
search implications.

A personal history of depression has
been related to increased risk for devel-
oping AD later in life, although this find-
ing has not been universal. For example,
some case-control studies have found a re-
lation between a history of depression and

risk for AD.®® A number of these studies,
however, have potential biases that limit
their interpretability. Most notably, case-
control studies that are inherently retro-
spective may be biased by a greater recall
of history of depression in patients with
AD (the cases), who often undergo more
careful evaluation than do control sub-
jects. Even some case-control studies have
yielded negative results.'>'* Cohort stud-
ies, in which a group of persons under-
goes evaluation and then prospective fol-
low-up, have also yielded inconsistent
results, with some indicating a statisti-
cally significant increased risk for AD with
history of depression'>'? and others not
finding it.2°° Because depression affects
a large number of patients with AD and
has been associated with increased mor-
bidity and mortality in the elderly, an im-
proved understanding of the relation of de-
pression to AD may have important public
health implications.
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The relation between depression and risk for later de-
velopment of dementia is thus unclear. Other study-
related factors may have affected these studies’ outcomes.
Some studies of depression and AD evaluated the relation
between the number of depressive symptoms (rather than
categorical diagnosis) and diagnosis of AD,* whereas oth-
ers studied the relation of symptoms and measures of cog-
nitive function, such as the Mini-Mental State Examina-
tion,” rather than AD diagnosis. Two studies'** found that
the relation between depression and risk for AD existed only
for men, although other studies found a relation between
number of depressive symptoms and subsequent poorer
cognitive function only in women.**

Understanding the relation of depression and AD is fur-
ther complicated by the possibility that depression may be
a prodromal symptom of AD, so that its appearance be-
fore the recognition of other illness-defining symptoms of
AD constitutes a harbinger of rather than a risk factor for
the disease. One reviewer,”* for example, concluded that
there was insufficient evidence to determine whether de-
pression represents an independent risk factor or an early
symptom in AD. Other researchers'®**3? have more re-
cently discussed the uncertainty that exists on this issue.

Previous reviews®'**** on the topic did not include sev-
eral recent references, did not complete a systematic re-
view of data sources, and may have included data from
studies of patient groups with mixed psychiatric histo-
ries. The primary purposes of the present study were thus
to systematically review studies on the relation of a his-
tory of depression to the risk for subsequent diagnosis
of AD and to investigate the relations among observed
risk for AD and other study variables. A secondary pur-
pose was to investigate the relation of the interval be-
tween the diagnoses of depression and AD to observed
risk for AD. We hypothesized that a negative relation (an
inverse relation between the interval and increased risk
for AD, implying that depression was more likely to oc-
cur near the time of AD diagnosis) would support the
interpretation of depression as a prodromal symptom. A
positive relation, with a larger interval between the di-
agnoses of depression and AD related to increased risk
for AD, would then support the hypothesis that depres-
sion is an independent risk factor for AD.

DR METHODS R

DATA SOURCES

Studies were found through a variety of methods that in-
cluded computerized bibliographic searches and review of ref-
erence lists of pertinent articles. Consistent with results of a
study® that showed the importance of searching multiple da-
tabases to find the maximum number of relevant citations, we
searched MEDLINE, PsychLit, EMBASE, and BIOSIS using a
search strategy with maximum sensitivity for studies of etiol-
ogy.* Searches initially used the following strings: risk™(in title
or abstract) OR risk* (as a Medical Subject Heading [MeSH]
term, not exploded) OR cohort studies (as a MeSH term) OR
group™(as a text word). Results of these searches were com-
bined with sets created with depression OR depressive AND Alz-
heimer disease OR dementia OR dementing. Bibliographies of lo-
cated articles were reviewed for possible data sources, as were
the bibliographies of articles thus located.

STUDY SELECTION

We included studies that provided sufficient information to al-
low the calculation of crude odds ratios (ORs) for the risk of
developing AD or AD-like dementia in persons with a history
of depression compared with the same risk in persons without
this history. Studies thus were required to provide data on the
history of clinically diagnosed depressive disorder at some time
before the clinical diagnosis of AD or dementia. Studies were
included if they provided a description of diagnostic criteria
that required the presence of symptoms consistent with major
depressive disorder, even if they did not specifically describe
use of criteria from International Classification of Diseases (ICD)
or DSM.?3° In similar fashion, studies were included if they
included a description of diagnostic criteria for AD or AD-like
dementia (eg, emphasized gradual progression of cognitive defi-
cits), but they were excluded if diagnostic criteria were vague
(eg, organic dementia) or included patients with vascular as
well as AD-type dementias. Studies were excluded if they did
not include a control group for comparison or if they pro-
vided data on continuous measures of depression (eg, number
of depressive symptoms) and thus did not establish the clini-
cal diagnosis of depression or cognitive status (eg, the Mini-
Mental State Examination) and similarly did not establish the
clinical diagnosis of dementia. (A list of excluded studies with
explanations for exclusions is available from the authors.) Stud-
ies using continuous measures were excluded because of the
diversity in use of measures and the fact that many studies only
reported results adjusted for covariates such as age. Differ-
ences in measures of cognitive status and depression, as well
as differences in statistical methodologies, made inclusion of
these studies in the meta-analysis impossible.

DATA ABSTRACTION

Data from studies meeting inclusion criteria were extracted in-
dependently by 3 reviewers (3 from the group of us 5 authors
for each extraction). In addition to the number of patients, stud-
ies were categorized as case-control or cohort, and if cohort,
whether they were prospective or retrospective. Prospective co-
hort studies were defined as those that identified a group of
participants and followed them up through time, whereas ret-
rospective cohort studies were defined as those that identified
a group of participants and used existing records to evaluate
their clinical characteristics and course. The Newcastle-
Ottawa Scale* was used to assess the quality of each study. This
measure assesses aspects of methodology in observational stud-
ies related to study quality, including selection of cases, com-
parability of populations, and ascertainment of exposure to risks.
Where possible, an estimate of the interval between the diag-
noses of depression and AD was extracted. In all cases, dis-
agreements among raters were resolved through discussion so
that a consensus was obtained.

DATA SYNTHESIS

Overview

Before combining studies in the meta-analysis, we evaluated
the presence and possible causes of heterogeneity in risk for
AD associated with a history of depression. The presence of het-
erogeneity in study effects was evaluated first. Because some
evidence was found for the presence of heterogeneity in study
outcomes, subsequent pooled analyses used random-effects es-
timating methods since this approach is more statistically ap-
propriate*#* for the question addressed in this study (ie, as-
suming a sample of studies, what is their likely pooled effect?).
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We evaluated the possible effects of dichotomous variables (such
as case-control vs cohort study methodology or studies that used
structured diagnostic criteria vs those that did not use struc-
tured criteria) in separate analyses stratified on the dichoto-
mous variable. The effects of continuous variables, such as the
interval between the diagnoses of depression and dementia, were
evaluated via metaregression. The influence of specific study
characteristics were evaluated through ratings on the Newcastle-
Ottawa Scale. This scale assesses aspects of observational stud-
ies (eg, completeness of follow-up) often related to study qual-
ity, such as appropriateness of selection criteria or comparability
of patient groups. Analyses of the relation of Newcastle-
Ottawa Scale items to study outcomes were completed via meta-
regression analyses.

Publication bias was evaluated by inspection of a funnel plot
that related studies’ standard errors to their effect sizes. The
underlying notion is that small studies are more likely not to
have been published but would generally have had larger stan-
dard errors. If the funnel plot shows an asymmetry, it suggests
that studies that might have reported negative results may not
have been published.” Because inspection of the funnel plot
suggested the possibility of publication bias, we then applied a
specific statistical technique that evaluated the effect of pos-
sible publication bias on estimates of pooled ORs.* Finally, to
address the question of whether a history of clinical depres-
sion was a prodrome of or a risk factor for AD, we conducted
a separate metaregression analysis to test the hypothesis that
the interval between the diagnoses of depression and AD might
be related to the likelihood of developing AD.

Pooled Analyses

Data were subjected to meta-analyses stratified by study type
(case-control vs cohort study) to obtain composite estimates
of ORs separately for each study type and for all studies com-
bined. Study heterogeneity was assessed through inspection of
the funnel plot and by the Egger test.* We used this test rather
than the x* test for heterogeneity because of its greater sensi-
tivity to the presence of heterogeneity.* Odds ratios corrected
for possible publication bias were calculated** to assess the ef-
fects of this potential bias. Sensitivity analyses included com-
parisons of risks in studies that used structured diagnostic cri-
teria for the diagnoses of AD and depression compared with
those that used less specific criteria and for prospective vs ret-
rospective cohort studies. Sensitivity analyses also included as-
sessment of the influence of each study on overall estimates of
risk by recalculating ORs with 1 study removed and all others
included from the pooled estimate over multiple iterations.

Metaregression Analyses

Metaregression analyses allow the application of regression tech-
niques to the prediction of study outcomes so that the relation
of other variables of interest to outcomes can be evaluated. The
technique is similar to standard linear regression except that it is
usually modified to include a term, 7," that estimates the mag-
nitude of variability among studies. Because of its explicit allow-
ance for and estimation of variability among studies, it is similar
to random-effects analysis of variance and thus may be called ran-
dom-effects metaregression. The effects of several variables in com-
bination on study outcome can be evaluated and corrected for,
providing estimates of the size of pooled study effects after cor-
rection for the variables of interest. In this way, metaregression
analysis provides the ability to evaluate the relation of potential
covariates and confounding variables to study effects.

To assess the effects of study characteristics on risk, we cal-
culated random-effects metaregression analyses of ORs ad-

justed for each of the study characteristics assessed by the New-
castle-Ottawa Scale for case-control and cohort studies.
Consistent with recommendations against using composite scale
scores to control for study quality in meta-analyses and for the
use of specific study characteristics for this purpose,*” we used
the presence or absence of each study characteristic in the meta-
regression. To assess the effect of the interval between depres-
sion and AD diagnoses on risk, we completed a random-
effects metaregression analysis with the interval between the
diagnoses of depression and AD predicting the risk of devel-
oping AD. All analyses were completed using routines avail-
able for Stata software, version 8.2 (StataCorp, College Sta-
tion, Tex).

B xesuits [N

DATA SOURCES, ABSTRACTION,
AND STUDY SELECTION

We identified 153 potentially relevant studies from re-
sults of electronic searches and reviews of bibliogra-
phies. Of these, 16 were review articles that did not in-
clude data; 53 provided data but did not allow group
comparisons; 43 provided data that were not relevant to
the relation of depression and AD; 17 used continuous
measures; and 2 included data that appeared to overlap
with another study. Twenty studies provided data that
could be used in calculating crude ORs. Two additional
studies provided data on AD risk in twin samples as un-
adjusted ORs with 95% confidence intervals (Cls) that
could be used in pooling estimates*™*; these were
judged potentially relevant but, because the compari-
son groups differed substantially from those in the
other 20 studies, they were excluded from pooled data
analyses. We therefore report analyses of these 2 studies
separately.

The remaining 20 studies provided data from an ag-
gregate sample of 102 172 persons in 8 countries. Study
characteristics are listed in Table 1 and ratings of study
quality for each of the Newcastle-Ottawa criteria are pre-
sented in Table 2. We completed analyses of effect het-
erogeneity with case-control and cohort studies in com-
bination and separately for each type of study. For all
studies combined, evidence of significant heterogeneity
was observed (Egger test, t=2.75; P=.01). For separate
analyses by study type, evidence of heterogeneity of bor-
derline statistical significance was found for case-
control studies (P=.10), a probability larger than the gen-
erally accepted value of .05, but suggestive of the presence
of heterogeneity, given the low power of these analyses
stemming from the small number of studies involved. Sig-
nificant heterogeneity was found for cohort studies
(P=.02). Given these findings, we therefore completed
subsequent meta-analyses of ORs using random-effects
models stratified by study type and for all studies com-
bined. A funnel plot was obtained (Figure 1) to visu-
ally assess the presence of publication bias. Inspection
of this plot suggested the possible presence of publica-
tion bias (ie, failure to find studies with negative re-
sults). We used the “trim-and-fill” method proposed by
Duval and Tweedie** to obtain estimates of ORs cor-
rected for possible publication bias.
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Table 1. Characteristics of Studies Included in Meta-analyses

Method of Method of Sample
Source Country Type Outcome Depression Diagnosis Dementia Diagnosis Size Comments
French et al," United States ~ Case-control ~ AD Questionnaire Nonstandard criteria 126 Patients with significant
1985 psychiatric history were
excluded; numbers have to be
inferred from data presented
Agbayewa,'" Canada Case-control ~ AD Clinical diagnosis DSM-1112 1CD-9 268
1986
Shalat et al," United States ~ Case-control ~ AD Patients, clinical records;  DSM-/1,*® 260 All cases and controls were men
1987 controls, questionnaire NINCDS-ADRDA
Broe et al,’ Australia Case-control ~ AD Risk factor interview NINCDS-ADRDA 340 Cases drawn from dementia
1990 developed for study clinics and controls from
primary care practices;
numbers used in analyses
were drawn from review by
Jorm et al®®
Kokmen et al,® United States ~ Case-control ~ AD Record review NINCDS-ADRDA (no 830
1991 psychometric data
used)
Speck et al,” United States ~ Case-control ~ AD Interview DSM-III-R* 594 Used data for estimated history
1995 NINCDS-ADRDA =10y to allow analysis of
effect of interval between
diagnoses
Devanand et al,’®  United States  Prospective AD HAM-D cutoff, empirically ~ DSM-///%8 456 Calculated estimated follow-up
1996 cohort validated against SCID as weighted average of
several waves of data
Buntinx et al,”® The Retrospective  Dementia, ICHPPC, 3 of 6 listed (ICHPPC, similar to 19103  Estimate of interval between
1996 Netherlands cohort similar to criteria DSM criteria for AD) depression and dementia
AD onset is a weighted average
calculated from information
in article
Tsolaki et al,® Greece Case-control ~ AD Self-report and informant ~ DSM-/V* 102
1997 report of history NINCDS-ADRDA%®
Chen et al,® United States ~ Prospective AD CES-D cutoff judged DSM-1II-R*® 803 Calculated follow-up as weighted
1999 cohort equivalent to NINCDS-ADRDA average across several waves
DSM-III-R of data collection
Palsson et al,?! Sweden Prospective Dementia DSM-III-R Neuropsychiatric 267
1999 cohort (unspecified examination, no
type) criteria specified
Zalsmanetal,” Israel Case-control ~ Dementia DSM-1V DSM-1V ¥ 502 Depression only late onset
2000 (unspecified (after age 50y) but “at least”
type) 3y between depression and
onset of dementia
Li et al,?2 2001 United States  Retrospective  AD Personal report of history ~ DSM-II1*® DSM-IV,*" 197 Study reported is a prospective
cohort of depression NINCDS-ADRDA cohort, but data on history of
depression are collected
retrospectively
Lindsay et al,® Canada Prospective AD Self-administered DSM-1lI-R*® 3316
2002 cohort questionnaire for NINCDS-ADRDA
history
Green et al,® United States ~ Case-control ~ AD Clinical history and NINCDS-ADRDA 4046 Used data from 10y for
2003 self-report assessment of interval
Zubenko etal,’””  United States  Retrospective ~ AD CADD'" (developed by NINCDS-ADRDA 394 Controls came from diverse
2003 cohort study authors) sources, including primary
care practices and spouses
of patients
Kessing and Denmark Retrospective  Dementia ICD-8 ICD-8 66986  Used incidence of AD in patients
Nilsson,™ cohort with osteoarthritis as
2003 comparison group
Steffens et al,* United States  Prospective AD HAM-D, MADRS, Duke DSM-IV3 403
2004 cohort Depression Evaluation NINCDS-ADRDA
Scale
Andersen etal,”>  Denmark Retrospective  AD Clinical diagnosis and NINCDS-ADRDA 1822 Possible overlap with study by
cohort self-report Kessing and Nilsson'®
Dal Forno etal,’®  United States  Prospective AD CES-D cutoff as equivalent  NINCDS-ADRDA 1357
2005 cohort of DSM diagnosis of
major depression
Total 102172

*Abbreviations: AD, Alzheimer disease; CADD, Clinical Assessment of Depression in Dementia; CES-D, Center for Epidemiological Studies Depression Rating Scale®';
HAM-D, Hamilton Depression Rating Scale®; /CD-8, International Classification of Diseases, Eighth Revision; ICD-9, International Classification of Diseases, Ninth

Revision; ICHPPC, International Classification of Health Problems in Primary Care®; MADRS, Montgomery-Asberg Depression Rating Scale®®; NINCDS-ADRDA, National

Institute of Neurological and Communication Disorders and Stroke—Alzheimer’s Disease and Related Disorders Association criteria for the diagnosis of AD%,
SCID, Structured Clinical Interview for DSM Disorders.%

Forest plots for random-effects meta-analysis stratified
by study type and for all studies combined are pre-
sented in Figure 2. The OR for case-control studies was

DATA SYNTHESIS
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hort studies, 1.90 (95% CI, 1.55-2.33; 2=6.15; P<<.001).
The estimate for all studies combining both case-
control and cohort studies was 2.02 (95% CI, 1.80-2.26;
z=12.07; P<.001). Stratified analyses for prospective vs
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Table 2. Assessment of Study Quality
Quality Indicators From Newcastle-Ottawa Scale***

Studies I 1 2 3 4 5A 5B 6 7 8 I

Case-control
French et al,'® 1985 No Yes No Yes Yes Yes Yes Yes No
Agbayewa,' 1986 No Yes No No Yes Yes No Yes No
Shalat et al,'® 1987 Yes No Yes Yes Yes Yes No Yes No
Broe et al,'> 1990 Yes Yes No Yes Yes Yes Yes Yes No
Kokmen et al,5 1991 No Yes No Yes Yes Yes No Yes No
Speck et al,” 1995 No Yes Yes Yes Yes Yes Yes Yes No
Tsolaki et al,® 1997 Yes No Yes Yes No No No No No
Zalsman et al,' 2000 No Yes No No No No No No No
Green et al,® 2003 Yes Yes Yes Yes Yes Yes No No No

Cohort
Buntinx et al,’® 1996 Yes Yes Yes Yes Yes Yes Yes Yes Yes
Devanand et al,'® 1996 Yes Yes Yes Yes Yes Yes Yes No Yes
Chen et al,° 1997 Yes Yes Yes Yes Yes Yes Yes Yes Yes
Palsson et al,?' 1999 Yes Yes Yes Yes Yes Yes No Yes Yes
Li et al,? 2001 No No No Yes No No No No Yes
Lindsay et al,* 2002 Yes Yes No Yes Yes Yes Yes Yes Yes
Zubenko et al,'"” 2003 Yes Yes Yes Yes No No Yes No Yes
Kessing and Nilsson,® 2003 Yes Yes Yes Yes No No Yes Yes Yes
Steffens et al,* 2004 Yes Yes Yes Yes Yes Yes No Yes Yes
Dal Forno et al,'® 2005 No Yes No Yes Yes Yes No Yes No
Andersen et al,?® 2005 Yes Yes No Yes Yes Yes No Yes Yes

*For case-control studies, 1 indicates cases independently validated; 2, cases are representative of population; 3, community controls; 4, controls have no
history of Alzheimer disease; 5A, study controls for age; 5B, study controls for additional factor(s); 6, ascertainment of exposure by blinded interview or record;
7, same method of ascertainment used for cases and controls; and 8, nonresponse rate the same for cases and controls. For cohort studies, 1 indicates exposed
cohort truly representative; 2, nonexposed cohort drawn from the same community; 3, ascertainment of exposure; 4, outcome of interest not present at start;
5A, cohorts comparable on basis of age; 5B, cohorts comparable on other factor(s); 6, quality of outcome assessment; 7, follow-up long enough for outcomes to

occur; and 8, complete accounting for cohorts.

Log OR

00 05 10

SE of Log OR

Figure 1. Funnel plot assessing potential publication bias. The horizontal line
indicates the average effect size as the log of the odds ratio (OR); diagonal
lines, approximate 95% confidence intervals for estimates.

retrospective cohort studies yielded pooled OR esti-
mates of 1.78 (95% CI, 1.16-2.73; z=2.64; P=.008) for
6 prospective cohort studies and 2.11 (95% CI, 1.82-
2.45; 2=9.73; P<.001) for 5 retrospective studies.
Stratified analyses for use of structured criteria (DSM
or the National Institute of Neurological and Commu-
nicative Disorders and Stroke—Alzheimer’s Disease and
Related Disorders Association) for AD diagnosis yielded
pooled ORs 0f 2.22 (95% CI, 1.98-2.49; z=13.67; P<.001)
for studies not using structured criteria and 1.91 (95%
CI, 1.62-2.26; z=7.54; P<.001) for studies using struc-

tured criteria. Evaluation of studies that did not use spe-
cific diagnostic criteria for depression (DSM or ICD)
yielded an OR of 1.85 (95% CI, 1.58-2.17; z=7.68;
P<.001) whereas that for studies that did use specific cri-
teria was 2.23 (95% CI, 2.00-2.48; z=14.68; P<.001). The
pooled OR for the 4 studies that used structured or spe-
cific diagnostic criteria for both depression and AD di-
agnoses was 2.30 (95% ClI, 1.71-3.09; z=5.53; P<<.001).
Only studies that found sex differences in ORs reported
data on sex differences in AD risk, so that pooled com-
parisons of risk by sex might have yielded misleading re-
sults because of reporting bias.

Evaluation of possible publication bias suggested its
presence, and we used a technique that estimates the num-
ber and magnitude of missing studies and then calcu-
lates a corrected OR to further evaluate the importance
of this possible bias.* Random-effects ORs corrected in
this way for publication bias were 1.96 (95% CI, 1.68-
2.30; 2=8.50; P<.001) for case-control studies, 1.90 (95%
Cl, 1.55-2.33; z=6.16; P<.001) for cohort studies, and
1.98 (95% CI, 1.76-2.24; z=11.19; P<<.001) for all stud-
ies combined. Correction for possible publication bias
thus did not substantially change estimates of ORs.

We recognized that some of the 6 prospective cohort
studies might have included persons with a history of de-
pression in their comparison groups. The reports of 2 of
the prospective cohort studies explicitly controlled for
this possibility, in one instance by excluding persons with
a history of depression from their comparison group**
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i Odds Ratio
Case-Control Studies (95% Cl) % Weight
French et al,10 1985 2.54 (0.28-23.43) 05
Agbayewa,1 1986 2.90 (0.64-13.15) 11
Shalat et al,13 1978 2.37 (0.96-5.86) 3.2
Broe et al,12 1990 2.87 (0.90-9.20) 1.9
Kokmen et al,6 1991 = 1.70 (1.03-2.81) 10.3
Speck et al,7 1995 — 1.64 (1.08-2.49) 147
Tsolaki et al,8 1997 3.88 (1.56-9.62) 3.1
Zalsman et al,14 2000 1.94 (0.98-3.84) 55
Green et al,9 2003 - 2.08 (1.69-2.56) 59.7
Subtotal < 2.03 (1.73-2.38) 100.0
Cohort Studies
Buntinx et al,15 1996 —_— 2.38 (1.16-4.90) 6.2
Devanand et al,16 1996 — 2.71 (1.56-4.70) 9.1
Chen et al,20 1999 1.23 (0.51-2.98) 4.4
Palsson et al,21 1999 - 1.38 (0.68-2.82) 6.3
—_—a
Li et al,22 2001 - 0.88 (0.42-1.86) 58
Lindsay et al,23 2002 1.33(0.81-2.18) 104
Zubenko et al,17 2003 *. 2.04 (1.32-3.15) 121
Kessing and Nilsson,18 2003 . 2.25 (2.00-2.54) 243
Steffens et al, 24 2004 2.94 (0.64-13.48) 17
Dal Forno et al,19 2005 R 2.95 (1.76-4.94) 9.9
Andersen et al,25 2005 » 1.46 (0.87-2.43) 10.0
Subtotal o 1.90 (1.55-2.33) 100.0
1
Overall < 2.02 (1.80-2.26)
0.042682 1 23.4288
Odds Ratio

Figure 2. Forest plots for random effects meta-analyses. Cl indicates confidence interval.

and in the other by characterizing patients as having early-
or late-onset depression.” Reports of the remaining 4 stud-
ies did not explicitly state how this issue had been dealt
with. The OR for the 2 prospective cohort studies that
accounted for personal history of depression was 1.58
(95% CI, 0.83-3.02) whereas the OR for the prospective
studies that did not state how they accounted for a his-
tory of depression was 1.92 (95% CI, 1.34-2.74).

We evaluated the relation of study quality and ob-
served risk through metaregression of study character-
istic ratings and log ORs. This analysis was undertaken
to further assess the possibility that the observed in-
crease in risk of developing AD in depressed patients might
be related to specific study characteristics not ac-
counted for in stratified analyses. The OR for case-
control studies adjusted in a metaregression analysis for
the presence of quality characteristics from the Newcastle-
Ottawa Scale (Table 2) was 4.14 (95% CI, 1.14-15.11;
2=2.16; P=.03). The similarly adjusted OR for cohort
studies was 3.85 (95% CI, 1.88-7.89; z=3.69; P<<.001).
In the regression model for case-control studies, none of
the individual study characteristics was independently
significantly related to the OR. In the combined regres-
sion of all cohort study variables on the OR, 1 study char-
acteristic was significantly and negatively related to the
predicted OR. This characteristic was the completeness
with which study cohorts were followed up (eg, whether
all participants who began the study were accounted for
at the study’s end; coefficient, -1.48; SE, -0.53; z=-2.79;

P=.005). Correction of ORs for case-control and cohort
studies for characteristics assessed by the Newcastle-
Ottawa Scale, whether or not the characteristics were sig-
nificant predictors of the log OR, did not change the in-
ference that a history of depression may confer an
increased risk for developing AD.

We completed influence analyses by recalculating
pooled ORs for the sample on multiple occasions with 1
of the studies removed at each iteration. These analyses
were especially important because several studies'!'® in-
cluded samples that were substantially larger than most
of the other studies and thus may have exerted large ef-
fects on overall effect estimates. For all studies, these analy-
ses yielded ORs ranging from 1.93 (95% ClI, 1.69-2.20)
to 2.12 (95% CI, 1.94-2.31). Influence analyses strati-
fied by study type yielded a range of ORs from 1.96 (95%
CI, 1.52-2.52) to 2.07 (95% CI, 1.75-2.45) for case-
control studies and from 1.81 (95% CI, 1.45-2.24) t0 2.03
(95% CI, 1.71-2.41) for cohort studies.

As noted, 2 studies** reported results from samples
of twins in the form of ORs and ClIs so that pooled esti-
mates could be calculated. These results were judged po-
tentially relevant but difficult to compare with other stud-
ies. The pooled OR for AD with a history of depression
for these 2 studies was 2.53 (95% CI, 1.00-6.39; z=1.97;
P=.05).

Thirteen studies, including 2 case-control and 11 co-
hort studies, provided data on the interval between the
diagnoses of depression and AD. Metaregression of the
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Table 3. Metaregression Analyses

and AD diagnoses

Variable OR (95% CI)* Z Score P Value 7?2 Statistict Coefficient  z Score P Value
Unadjusted 2.03 (1.81-2.28) 12.00 <.001 0.0053 . . .
Adjusted for interval (in years) between depression 1.53 (1.11-2.11) 2.58 .01 0.00 0.04% 2.01 .04

Abbreviations: AD, Alzheimer disease; Cl, confidence interval; OR, odds ratio; ellipses, not applicable.
*Indicates OR for developing AD in individuals with a history of depression without and with adjustment for interval between diagnoses of depression and AD.

tlndicates the estimate of between-study variability.*'

findicates the regression coefficient for the variable representing the interval between the two diagnoses.

log OR for each study on the interval in years showed a
positive and statistically significant relation (Table 3).
Because whether a study was carried out retrospectively
or prospectively might have been related to the length
of the observed interval between the diagnoses of de-
pression and AD, a second metaregression analysis was
completed. This analysis showed that even after correc-
tion for this element of the study design, the relation be-
tween interval length and risk for AD continued to be
significant and positive (coefficient, 0.003; SE, 0.001;
7=2.01; P=.05). The interval between the diagnoses of de-
pression and AD was thus positively related to in-
creased risk for developing AD. We explored the possi-
bility of a nonlinear relation between interval and risk
in the metaregression via regression models that in-
cluded fractional polynomial coefficients.”® In no case did
adding coefficient terms of higher powers significantly
improve fit, as assessed by change in the deviance sta-
tistic, of regression models when compared with the more
parsimonious baseline linear coefficients model.

B covient [

The purpose of this study was to investigate the relation
of a history of depression to risk for subsequent devel-
opment of AD. Results of this meta-analysis show that
persons with a history of depression were more likely to
be diagnosed as having AD later in life. This finding was
robust across analyses stratified by study type, retrospec-
tive vs prospective data collection, and strictness of di-
agnostic criteria used for AD and depression. The ORs
were still significantly greater than 1 when adjusted in
separate metaregression analyses for case-control and co-
hort studies for 8 quality indicators from the Newcastle-
Ottawa Scale. The ORs were also significantly greater than
1 in metaregression analyses that controlled for the in-
terval between the diagnoses of depression and AD.
Influence analysis showed no substantial difference
in pooled ORs when any single study was excluded. This
was important because 1 cohort study'® contributed more
than 65 000 individuals to the total sample of more than
100 000. Although heterogeneity was found across stud-
ies, all but 1 study examined found an increased (al-
though sometimes nonsignificant) risk for AD in per-
sons with a history of depression. Although significant
heterogeneity was observed in effect sizes, it should be
noted that 19 of the 20 studies used in these analyses
yielded a positive relation of history of depression to risk

for developing AD. Previous reports of negative find-
ings may thus be attributable to failure to find statistical
significance rather than reduced or no change in risk for
AD in individuals with a history of depression.

A secondary purpose of this study was to evaluate
whether observed risk for developing AD was related to
the interval between diagnoses of depression and AD. This
interval was positively and significantly related to the odds
of developing AD in a metaregression analysis. This find-
ing is consistent with the interpretation that occurrence
of depression is a risk factor for AD rather than a pro-
drome of the disease, and it is also consistent with the
results of 1 large study that specifically examined the is-
sue.” Given the small number of studies included in the
metaregression, however, this interpretation must be ten-
tative, but it further strengthens the observation that de-
pression is a distinct risk factor for AD. It should be rec-
ognized as well, however, that these findings do not rule
out the possibility that depression is both a remote risk
factor for AD and a proximal prodromal feature of it.””

Limitations of this study should be acknowledged.
These data relate only the occurrence of at least 1 epi-
sode of diagnosable depression to later risk for AD and
neglect the fact that both depression and AD are heter-
ogeneous entities that may reflect multiple underlying
pathologies.” Several studies used data on hospitaliza-
tions due to depression as an indicator of clinical depres-
sion whereas others recruited nonpatients and then ex-
amined them for depression on the basis of current
symptoms. Groups of persons who were so severely de-
pressed as to require hospitalization may not be equiva-
lent to outpatients whose depression was discovered dur-
ing study evaluations. Data used in the meta-analysis do
not distinguish among the risk for AD in persons who
may have had 1 episode of depression and recovered com-
pared with those who have had multiple episodes or who
may have had chronic minor depression. In this connec-
tion, 1 study” found that risk for dementia increased with
multiple episodes of depression. By choosing to include
studies that allowed us to calculate crude ORs, we ex-
cluded studies that provided estimates of the relation be-
tween depression and AD risk in the form of adjusted ORs
or on the basis of continuous measures. Exclusion of these
studies may have biased our results.

These data do not provide information about why de-
pression and AD may be linked. There is increasing aware-
ness of the possible role of vascular disease in the ex-
pression of the clinical symptoms of AD, and it has been
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reported that AD and depression may share risk factors
for vascular disease.®" One possible link may be long-
term occurrence of inflammatory processes that may un-
derlie depression and AD.®* Several proinflammatory cy-
tokines (eg, tumor necrosis factor ) have been linked
to both vascular disease and depression,®® and the same
cytokines may have direct effects on cognitive status.*
Possible genetic links between the 2 disorders have also
been explored, most notably between apolipoprotein E
€4 and the disorders, because the €4 allele is an estab-
lished risk factor for AD.°” Research on the co-
occurrence of apolipoprotein E in depression and AD has
been inconclusive, with at least 1 study® finding a cross-
sectional relation between the €4 genotype and depres-
sive symptoms whereas other studies*® have not found
a relation. Other authors®"*"" have speculated on po-
tential mechanisms for the link between mood disorder
and AD. The findings of this meta-analysis and meta-
regression thus may have implications for those inves-
tigating the biochemical etiology of AD.

The clinical significance of the findings of the meta-
analysis and metaregression should also be recognized.
From one perspective, the absolute risk for AD con-
ferred by a history of depression is small so that the im-
portance of having a history of depression should not be
overly emphasized in work with patients. On the other
hand, however, depression may be viewed as a modifi-
able risk factor for AD if, in fact, depression is part of the
same disease process that produces clinical AD, and its
treatment will affect cognitive outcome. This possibility
is intriguing in light of evidence that antidepressants can
modify levels of inflammatory cytokines,” but the pos-
sibility that treatment with antidepressants might re-
duce the risk for AD remains speculative without addi-
tional studies.

This meta-analysis and metaregression thus help clarify
the relation between a history of depression and the sub-
sequent risk of developing AD by drawing together data
from numerous sources and exploring several possible
reasons for the observed heterogeneity among studies.
Results were found to be robust in several analyses strati-
fied on study characteristics and in meta-analyses that
controlled for study quality and explored the relation of
the interval between the two diagnoses on risk for AD.
These findings thus underscore the possible relation be-
tween the two disorders and the importance of contin-
ued research on the common and disparate factors in the
etiology of depression and AD.
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