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Abstract
OBJECTIVES—There is increasing evidence that depressive symptoms are associated with the
development of cognitive impairment and dementia in late life. We sought to examine whether
depression increased the risk of incident cognitive impairment in a longitudinal study of older women.

DESIGN—observational study, up to 6 examinations spanning up to 9 years.

SETTING—university-based Division of Geriatric Medicine

PARTICIPANTS—community-based sample of 436 older, non-demented women

MEASUREMENTS—Participants were followed with regular medical and neuropsychiatric
evaluations. Cognitive assessment included episodic immediate and delayed memory, psychomotor
speed, and executive functioning. Participants were characterized as having incident impairment on
a cognitive test when scores fell below the tenth percentile on age-adjusted norms. Baseline
depressive symptoms were measured using the Geriatric Depression Scale (GDS) (30-item).
Discrete-time Cox Proportional hazards regression with generalized linear models were used to
determine whether baseline risk factors predicted incident impairment on each cognitive test, defined
as performance below the tenth percentile on age-adjusted norms.

RESULTS—Baseline GDS was highly associated with incident impairment on all cognitive tests
(p <.03). These associations were unaffected by vascular conditions except diabetes, which was
associated with incident impairment in delayed recall and psychomotor speed.

CONCLUSIONS—These data suggest that depression may be risk factors for cognitive decline,
and thus a potential target for diagnostic and therapeutic interventions.
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Background
There is increasing evidence for an association between depression and dementia. The
prevalence of clinical depression in Alzheimer’s patients is estimated to be 25–30% (1), and
late-life depression is often found to be a prodrome to dementia (2). For example, a diagnosis
of a current major depressive episode increases the risk of progression from mild cognitive
impairment (MCI) to Alzheimer’s Disease (AD) four-fold (3). Similarly, a recent study
suggests that depressive symptoms approximately double the risk of incident MCI in
cognitively normal older persons (4,5). Additional evidence suggests that late-life depression
is associated with executive dysfunction, which persists even after remission of the depressive
episode (6-8).

It is important to determine whether depressive symptoms may be early symptoms of dementia
and whether they might eventually be identifiable risk factors for future dementia. The
abovementioned studies used cutoffs for depression that were validated for diagnosis of major
depression, a valid approach for assessing major depression as a risk factor; but the studies did
not examine the spectrum of depressive symptoms to include “subsyndromal” depression that
would not likely meet DSM-IV critieria but yet is of clinical significance.

Since patients with MCI often convert to AD (9), depressive symptoms may be an important
clinical marker of future cognitive and functional impairment. Thus, we sought to examine
baseline depressive symptoms as a risk factor for incident cognitive impairment across domains
of memory and executive function in a population-based sample of community dwelling older
women enrolled in the Women’s Health and Aging Study (WHAS) II. Given prior studies
suggesting that vascular conditions are also associated with incident cognitive impairment
(5), we controlled for vascular conditions (including diabetes diagnosis) as covariates.

Methods
Participants

The Women’s Health and Aging Study (WHAS) II is a prospective study of physical and
cognitive functioning among the least disabled two-thirds of 70–80 year-old, community-
dwelling women in eastern Baltimore, Maryland. Sampling and recruitment of this cohort is
described in detail elsewhere (10,11) The sampling frame for WHAS II was drawn from female
Medicare beneficiaries on Health Care Financing Administration Medicare eligibility lists.
Trained interviewers determined eligibility at sampling according to whether individuals were:
1) aged 70–79 years at screening, 2) had sufficient hearing and proficiency in English to be
interviewed, 3) could be contacted by telephone, 4) had a Mini-Mental State Exam (MMSE;
(12)) score >23, and 5) reported difficulty in no more than one of four functional domains:
mobility and exercise tolerance; upper extremity; higher functioning (e.g., shopping); and basic
self-care (10). Of 880 eligible individuals, 436 agreed to participate in the baseline examination.
Five follow-up exams were conducted at approximately 1.5 year intervals, with the exception
of a 3-year interval between exams three and four, yielding a 9-year study period. This study
was approved by the Johns Hopkins IRB and each participant gave informed, written consent
before completing a standardized interview at each exam. Exams included a medical history
ascertaining 14 physician-diagnosed chronic conditions or diseases (10) and vision or hearing
difficulties, and a cognitive exam, as part of a one-day evaluation in the Functional Status
Laboratory at the Johns Hopkins Outpatient General Clinical Research Center, or in the home,
as needed. Over the 9-year follow-up, 90 participants died (20.6%) and an additional 103
participants (23.6%) were lost to follow-up.
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Study Measures
Standardized cognitive testing by a trained technician included a global cognitive screen, the
MMSE. Verbal immediate and delayed recall memory of 12 common objects were assessed
using the Hopkins Verbal Learning Test-Revised (HVLT; (13)) and its six alternate forms.
Participants heard and recalled words over three successive learning trials for a score of
immediate recall (HVLT-Imm) (maximum= 36), and again after a filled, 20-minute interval
for a score of delayed recall (HVLT-Del). The Trail Making Test (TMT;(14)) was used to
evaluate psychomotor speed via Part A (TMT-A), and executive function via Part B (TMT-
B). Participants were allotted a maximum time of 240 sec. on TMT-A and 360 sec. TMT-B.
Longer times (higher scores) reflected worse performance on TMT-A and TMT-B.

Depressive symptoms were assessed at baseline using the Geriatric Depression Scale (GDS)
(15-17), a 30-item scale in which each item is endorsed “yes” or “no” by the participant.
Responses reflecting depressed mood are summed with higher score reflecting more depressive
sxs. The GDS is widely used in studies of older persons and its reliability and validity vs. other
depression measures are well established (18). We examined the GDS as a continuous variable
and also dichotomized at ≥9 to reflect significant baseline depressive symptoms; this cutoff
includes many participants with “minor” or “subsyndromal” depression as well as more severe
symptomatology (19).

Medical diagnoses of “possible” angina, MI, stroke, peripheral arterial disease (PAD), and
diabetes were adjudicated by the WHAS-II study team in multidisciplinary case conference as
previously described (10,11).

Study outcomes
The study outcomes were defined as incident impairment in each cognitive domain.
Impairment was conservatively defined according to its first onset, based on performance at
or below tenth percentile cut-offs for each cognitive test using published age- and education-
matched norms: HVLT-Imm≤ 16; and HVLT-Del≤ 4 (13); TMT-A ≥ 81 sec. TMT-B≥ 225
sec.(20). These cut-points matched well with internal norms, corresponding to 1.4 to 1.8
standard deviations below internal norms at baseline, and between the fifth and twelfth
percentiles (21). Cases coded on a given test as incomplete due to cognitive impairment were
defined as impaired at that exam. If data were missing at a timepoint but there were data
available at later timepoints, the person treated as not impaired in that cognitive domain at that
timepoint. If data were missing for the final timepoint available, the case was censored at that
timepoint.

Data Analysis
The baseline cross-sectional associations between depressive symptoms, vascular conditions,
and cognitive impairment on each test was examined using logistic regression. To examine the
predictive effect of these baseline variables on the risk of developing cognitive impairment on
each cognitive test over the 9-year follow-up, discrete time Cox proportional hazards regression
with generalized linear modeling was used to estimate the hazard ratio (HR; (22)) Subjects
without baseline cognitive impairment were included in the analyses if they had a baseline
evaluation and had at least one additional follow-up evaluation for each outcome. Participants
with baseline impairment on a cognitive test were excluded for that specific outcome, resulting
in cohorts of different sizes for each of the four cognitive test outcomes. Participants were
censored at incident impairment, death, or last followup visit without incident impairment. The
timing of incident impairment was defined as the time of first occurrence of impairment during
the study, and all intermittent missing events were conservatively treated as no impairment.
Time was calculated as number of days from baseline evaluation.
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Univariate analyses were first performed to examine the effect of individual covariates on each
cognitive outcome. Covariates examined included baseline age, education (years of schooling),
GDS, systolic blood pressure (SBP), diastolic blood pressure (DBP), and adjudicated diagnoses
of “possible” angina, MI, stroke, peripheral arterial disease (PAD), and diabetes. In univariate
analyses, GDS, age, education, diabetes were associated (p<0.05) with incident cognitive
impairment on at least one outcome (data not shown), and therefore included in multivariate
analyses. Diagnosis of hypertension, SBP, DBP, angina, MI, stroke, or peripheral arterial
disease was not significantly associated with incident cognitive impairment on any outcome
and therefore excluded from the multivariate analyses. We repeated the analyses using more
restrictive adjudicated diagnoses of “probable” angina, etc.; using these alternative definitions
did not change the results (data not shown). Statistical analysis was performed with the software
package Stata 9.2 (College Station, TX).

Results
Description of cohort

Mean duration of follow-up was 7.23 years. Demographic variables, baseline cognitive
performance, and prevalence of vascular conditions are shown in table 1. The participants
averaged 75 years of age at baseline, had 12.5 years of education, and had mild levels of
depression (mean GDS = 4.04 [SD 3.8]). 10.8% of the participants had baseline GDS scores
≥9. The prevalence of each adjudicated vascular condition ranged from approximately 5 to
15%. While approximately half the participants had a diagnosis of hypertension, their blood
pressure was reasonably, though not tightly, controlled

The associations of depression and vascular conditions with baseline cognitive impairment
Forty-five of 412 participants with available baseline HVLT-Imm scores were impaired
(10.9%), 36 of 401 participants with baseline HVLT-Del scores were impaired (8.9%), 71 of
395 participants with baseline TMT-A scores were impaired (17.9%), and 92 of 393
participants with baseline TMT-B scores were impaired (23.4%). The probability of being
impaired in one cognitive domain was strongly associated with being impaired in the other 3
domains (χ2 [1df] ranged from 50.5 to 346.6, p<.001 for these comparisons [data not shown]).
A one-point increase in baseline GDS was associated with greater risk of impairment in baseline
HVLT-Del (OR=1.10 [95% CI 1.02, 1.19], Wald test with 1df, z=2.51, p=.012) after
adjustment for age and education. Baseline vascular factors were not associated with
impairment on any domain with the exception of diabetes being associated with greater risk
of impairment on TMT-B (OR=2.28 [95% C.I. 1.1, 4.7], likelihood ratio χ2 = 47.80, df=3, p=.
026) after adjustment for age and education.

The associations of depression and vascular conditions with incident cognitive impairment
Participants with baseline impairment in a cognitive domain were excluded from longitudinal
analyses for that domain. For HVLT-Imm, 103 of 367 remaining participants (28.0%)
developed impairment during follow-up; 77 of 365 remaining participants (21.0%) developed
impairment on the HVLT-Del; 175 of 324 participants developed impairment (54.0%) on
TMT-A; and 92 of 301 participants (30.6%) developed impairment on TMT-B.

The multivariate analysis is presented in Table 2. Higher age and GDS scores were associated
with greater risk of incident impairment on all cognitive outcomes (Wald test with 1df, z =
2.00–2.41, p<0.05), while higher education levels were protective. The association of higher
baseline GDS score with incident impairment in TMT-B was not altered by controlling for
TMT-A at each timepoint. Diabetes was the only vascular condition associated with greater
risk of incident impairment in any cognitive outcome; a baseline diabetes diagnosis was
associated with greater risk of incident impairment in HVLT-Del (Wald test with 1 df, z= 2.81,
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p = .005) and TMT-A (Wald test with 1 df, z = 3.77, p <.001). There were no significant
interactions between GDS and diabetes in altering the risk of incident cognitive impairment in
any domain (data not shown).

In order to improve the clinical interpretability of these results we also defined baseline
depression as GDS≥9, a fairly low cutoff chosen to include subsyndromal depression. Figures
1-4 graphically display Kaplan-Meier survival curves for incident cognitive impairment
dichotomized by baseline depression. Baseline GDS≥9 significantly increased the risk of
incident impairment in HVLT-Imm 2.1-fold (95% C.I. 1.3–3.6) (figure 1), TMT-A by 2.7-fold
(95% C.I. 1.8–4.0) (figure 3), and TMT-B (figure 4) by 2.5-fold (95% C.I. 1.6–3.8), but did
not significantly increase the risk of incident impairment in HVLT-Del (figure 2). There were
no significant interactions between GDS≥9 and diabetes on incident impairment in any domain
(data not shown).

Discussion
We report that depression is a risk factor for the development of cognitive impairment, across
domains of cognition, in a longitudinal study of older, community-dwelling women. The effect
of depressive symptoms was considerable: for each 1-point increase in GDS, we found a 6–
7% increase in annual risk of cognitive impairment in each cognitive domain, and baseline
depression (defined as GDS ≥9) effectively doubled this risk for three of four domains. These
results imply that the association of depression with incident cognitive impairment generalizes
over a variety of cognitive domains.

These results replicate and extend prior findings, importantly reporting a very similar effect
size. There are several studies examining the effect of depressive symptoms on incident MCI.
Geda et al. reported a hazard ratio for incident MCI of 2.2, using a cutoff of 6 on the 15-item
form of the GDS (4). Barnes et al. reported an odds ratio for incident MCI of >2 for participants
with Center for Epidemiological Studies Depression Scale (CES-D) >7 followed over 6 years
(5). Cross-sectional studies, while not directly comparable, report similar risk. Lopez et al.
reported an odds ratio for prevalent MCI of 1.5 for participants with CES-D>7 (23). Green et
al reported an odds ratio of 2.8 for prevalent AD for participants with a history of clinically
significant depression (24); although the data collection was retrospective and subject to recall
bias, they noted higher odds ratios when the depression was quite recent (within one year of
interview) suggesting that depression was a prodrome to AD in their cohort. Our analysis differs
from these prior studies in that we examined subsyndromal depressive syndromes, while the
abovementioned studies used cutoffs for depression severity similar to Major Depressive
Episode. We chose this approach because, if depressive symptoms are a prodrome or risk factor
for incident cognitive impairment, there is likely to be a clinical spectrum of severity in this
prodrome; to pick up the earliest symptoms requires using a more sensitive threshold, likes
less severe than major depression. Additionally, our analysis examines incident cognitive
impairment rather than incident diagnosis of MCI as an outcome. Even with these differences
in analysis, our findings support these prior results and suggest that clinically significant
depression approximately doubles the risk of developing clinically significant cognitive
impairment.

Observational data cannot directly address the crucial mechanistic question of whether
depression is a symptom of cognitive impairment (i.e., whether depression and dementia are
different symptoms of the same underlying process) or whether depression adds independently
to risk of incident cognitive impairment. Future studies can address these questions by
examining the association of depressive symptoms and biomarkers in prodromal dementia
states. One potential mechanism is the growing evidence that inflammatory mechanisms are
important in the neurotoxicity of Alzheimer’s disease (25) and in mood disorders (26).
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Other replicative findings include: 1) increased age and less education were associated with
increased risk of incident cognitive impairment as has previously reported (5,21). 2) the
baseline (cross-sectional) association of depression with slower psychomotor speed has been
observed in community-dwelling older persons (27).

A diagnosis of diabetes was associated with increased risk of incident cognitive impairment
(delayed recall and processing speed) paralleling prior studies of AD and MCI incidence (28)
and MCI prevalence (23). However, other vascular conditions did not add significantly to the
risk of incident cognitive impairment. This partly replicates the findings of two longitudinal
studies examining similar vascular factors (5,29) but is at odds with others (23,30,31),
particularly in the lack of added risk we found for hypertension despite a high prevalence of
the diagnosis. However, our participants had adequate though not excellent control of blood
pressure on average, and it is possible that medication treatment of hypertension modified the
effect (not assessable with these data). There is not strong concordance in the literature
concerning which vascular risk factors affect cognitive decline. One possibility is that some
risk factors (diabetes) are associated with microvascular ischemia, some risk factors (angina,
MI, and stroke) largely reflect the outcome of macrovascular disease, and some risk factors
(hypertension and hypercholesterolemia) likely affect both. Diabetes has such pleiotropic
mechanisms, affecting many organ systems, that it may be difficult to discern the specific
mechanisms increasing risk of cognitive impairment. Given the discordance with the effects
of other vascular conditions, our results would suggest that vascular mechanisms did not have
a major effect on the cognitive outcomes of our participants. Another possibility is that the
effect of risk factors varies according to age and disease stage; for example, higher serum
cholesterol in mid-life is a risk factor increases the risk of late-life dementia (30) whereas higher
serum cholesterol in late-life decreases the risk of late-life dementia (32). Our results only
reflect the effect of late-life vascular risk factors and are unable to address effects more remote
in time.

Strengths of the study include use of a population-based sample, availability of multiple
cognitive outcomes, consensus diagnosis of medical conditions, low attrition, and long duration
of follow-up. Limitations include a cohort limited to women and lack of clinical consensus
diagnoses or MCI and/or dementia. The latter is especially important in terms of
generalizability, because our analysis is of incident cognitive impairment not dementia, and
the risk factor profile may be different for this important clinical outcome. An additional
limitation is the lack of apoE genotyping: it is possible that the presence of an apoE4 allele
underlies both depressive symptoms and incident cognitive impairment.

These results provide further support for the role of depressive symptoms as a prodromal
marker of future cognitive impairment, and for the incorporation of depressive symptoms into
profiles of clinical and biological markers for the identification of persons at risk for dementia.
This has direct relevance to identifying candidates for disease-modifying therapies for
dementia prevention.
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Figure 1. Baseline depression and incident impairment in immediate recall
Kaplan-Meier survival curves graphing the proportion of participants with HVLT-Imm > 16
(3 trials) vs. time (days), dichotomized by baseline GDS<9 vs. GDS>=9.
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Figure 2. Baseline depression and incident impairment in delayed recall
Kaplan-Meier survival curves graphing the proportion of participants with HVLT-Del > 4 (1
trial) vs. time (days), dichotomized by baseline GDS<9 vs. GDS>=9.
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Figure 3. Baseline depression and incident impairment in psychomotor speed
Kaplan-Meier survival curves graphing the proportion of participants with TMT-A < 81 sec
vs. time (days), dichotomized by baseline GDS<9 vs. GDS>=9.
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Figure 4. Baseline depression and incident impairment in executive function
Kaplan-Meier survival curves graphing the proportion of participants with TMT-B < 224 sec
vs. time (days), dichotomized by baseline GDS<9 vs. GDS>=9.
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TABLE 1
Baseline Demographics and Covariates (N=436)

Medical diagnoses are adjudicated diagnoses that were considered “possible” by the interdisciplinary consensus
team

Variable Mean or N (S.D or %)

Age at baseline (years) 74.6 (2.81)

Age at visit 5(years) 82.4 (2.92)

Education (years) 12.5 (3.34)

Nonwhite 83 (19.0%)

Married 166 (38.1%)

GDS total 4.0 (3.8)

Baseline depression (GDS≥9) 47 (10.8%)

Mini-Mental State Exam 28.1 (1.8)

HVLT-Immediate (baseline) 22.6 (5.1)

HVLT-Immediate (visit 5) 21.9 (6.6)

HVLT-Delayed (baseline) 8.1 (2.7)

HVLT-Delayed (visit 5) 7.1 (3.5)

Trail Making Test, Part A (sec) 48.8 (29.9)

Trail Making Test, Part A (sec) 59.6 (33.5)

Trail Making Test, Part B (sec) 132 (77.2)

Trail Making Test, Part B (sec) 195 (112)

Hypertension 212 (48.7%)

Systolic blood pressure (mm Hg) 152 (21.7)

Diastolic blood pressure (mm Hg) 77 (16.0)

Serum total cholesterol (mg/dl) 233 (39)

Angina 65 (14.9%)

History of Myocardial infarction 21 (4.8%)

Peripheral arterial disease 42 (9.6%)

History of Stroke 22 (5.1%)

Diabetes 41 (9.4 %)

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2011 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Rosenberg et al. Page 14

Ta
bl

e 
2

M
ul

tiv
ar

ia
te

 m
od

el
s

C
og

ni
tiv

e 
ou

tc
om

e 
w

as
 m

od
el

ed
 w

ith
 a

dj
us

te
d 

di
sc

re
te

 ti
m

e 
se

rie
s a

s d
es

cr
ib

ed
 in

 th
e 

M
et

ho
ds

. T
he

 st
at

is
tic

al
 si

gn
ifi

ca
nc

e 
of

 th
e 

co
nt

rib
ut

io
n 

of
 e

ac
h

co
va

ria
te

 to
 c

og
ni

tiv
e 

ou
tc

om
e 

w
as

 te
st

ed
 w

ith
 W

al
d 

te
st

 (1
df

)

Co
gn

iti
ve

 o
ut

co
m

e

H
V

L
T

-I
m

m
 <

17
H

V
L

T
-D

el
ay

ed
 <

5
T

M
T

-A
 >

 8
0 

se
c

T
M

T
-B

 >
 2

24
 se

c

Co
va

ria
te

H
R

C
.I.

H
R

C
.I.

H
R

C
.I.

H
R

C
.I.

G
D

S
1.

07
*

1.
02

,
1.

12
1.

06
^

1.
01

, 1
.1

1
1.

07
*

1.
03

–
1.

13
1.

07
*

1.
02

,
1.

12

D
ia

be
te

s
1.

34
.7

3,
 2

.4
7

2.
38

*
1.

33
, 4

.2
5

3.
65

*
2.

00
,

6.
70

1.
60

.8
2,

 3
.1

1

A
ge

1.
09

*
1.

02
,

1.
17

1.
14

*
1.

06
, 1

.2
2

1.
18

*
1.

08
,

1.
28

1.
15

*
1.

07
,

1.
22

E
du

ca
tio

n
.8

8*
.8

3,
 .9

4
.9

3^
.8

7,
 .9

9
.9

4
.8

7,
 1

.0
1

.8
9*

.8
4,

 .9
4

H
R

= 
ha

za
rd

 ra
tio

 C
.I.

 =
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

 li
m

its
.

^ p<
.0

5

* p<
.0

1

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2011 March 1.


