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Abstract
Objective—There is evidence that major depression increases the risk for dementia, but there is
conflicting evidence as to whether depression may accelerate cognitive decline in dementia. The
authors tested the hypothesis that decline in cognitive function over time is more pronounced in
patients with dementia with comorbid depression, when compared with patients with dementia
without depression history.

Design—Prospective, longitudinal cohort study of aging.

Setting—Nursing home.

Participants—Three hundred thirteen elderly nursing home residents (mean age at baseline:
86.99 years, standard deviation = 6.7; 83.1% women). At baseline, 192 residents were diagnosed
with dementia, and another 27 developed dementia during follow-up. Thirty residents suffered
from major depression at any point during the study, and 48 residents had a history of depression.

Measurements—The authors measured cognitive decline using change in Mini-Mental State
Examination (MMSE) scores over up to 36 months. The authors calculated multilevel regression
models to estimate the effects of age, gender, education, dementia status, depression, depression
history, and an interaction between dementia and depression, on change in MMSE scores over
time.

Results—Beyond the effects of age, gender, and education, residents showed steeper cognitive
decline in the presence of dementia (β = 13.69, standard error = 1.38) and depression (β = −4.16,
SE = 1.2), which was further accelerated by the presence of both depression and dementia (β =
−2.72, SE = 0.65).

Conclusions—In dementia, the presence of depression corresponds to accelerated cognitive
decline beyond gender and level of education, suggesting a unique influence of depression on the
rate of cognitive decline in dementia.

Keywords
Depression; dementia; cognitive decline

Send correspondence and reprint requests to Michael A. Rapp, M.D., Ph.D., Department of Psychiatry, Geriatric Psychiatry Center,
Charité Campus Mitte, Psychiatric University Clinic at St. Hedwig’s Hospital, Grosse Hamburger Str. 5–11, Berlin 10115, Germany.
michael.rapp@charite.de.

NIH Public Access
Author Manuscript
Am J Geriatr Psychiatry. Author manuscript; available in PMC 2011 April 1.

Published in final edited form as:
Am J Geriatr Psychiatry. 2011 April ; 19(4): 357–363. doi:10.1097/JGP.0b013e3181e898d0.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Major depression is a common comorbid disorder in patients suffering from dementia. Most
studies report a prevalence of anywhere between 30% and 50% of patients with dementia
who suffer from comorbid depression.1,2 There is evidence to show that depression
increases the risk for subsequent onset of dementia. Studies suggest that depression conveys
an increased risk for clinically diagnosed dementia in older adults.3–11 At the same time,
geriatric depression in itself has been associated with deficits in episodic memory,12,13 and
there is evidence that a lifetime history of depression may be related to structural changes in
the hippocampus.4,14,15 In late-onset depression, structural imaging studies point to not only
changes in deep frontal white matter16 but also structural changes in the hippocampus17 and
prefrontal cortex.18 Geriatric depression is often accompanied by cognitive impairments in
multiple domains 12,13, which may in itself increase the risk of conversion to dementia and
accelerate cognitive decline.19,20 At the same time, memory dysfunction has been shown to
be persistent in older depressed patients even after their mood disorder has responded to
anti-depressant medications.21

However, there is conflicting evidence as to whether depression in dementia affects
cognitive decline over time.22 Although some studies report no effect of depression on
cognitive decline over time,11,22,23 others report accelerated cognitive decline in patients
with dementia and depression.24,25 On a behavioral level, there is indeed evidence that
chronic psychological distress may accelerate cognitive decline in old adults suffering from
dementia.26 Studies reporting contradictory findings differed with respect to the samples
under study, in that all the studies that did not find an effect of depression on cognitive
decline investigated community-based samples.22,23 At the same time, two of the studies
that did find an effect of depression on cognitive decline in dementia used clinical or nursing
home samples and used a clinical diagnosis of depression or depression history,11,24

whereas other studies used continuous measures of depressive symptoms.22,23 A recent
community-based study using continuous measures of depressivity could not confirm the
risk of conveyed by depression to develop subsequent dementia.27

Neurobiological mechanisms that may account for the deleterious effects of depression on
cognition in patients with dementia include impaired neurotrophy,28 vascular pathology,29

and exacerbation of Alzheimer disease (AD).25,30 Furthermore, there is recent evidence that
geriatric patients suffering from depression show increased plasma amyloid levels31 and
increased amyloid pathology in imaging studies,32 suggesting a possible interaction between
depression and the neuropathology and course of AD.

Taken together, these findings raise the possibility that depression may be an important
factor in the progression of dementia in very old age. In this study, we examined whether
cognitive decline over time differs in patients with dementia with depression, when
compared with patients with dementia with no depression.

METHODS
Participants

Participants were 313 elderly nursing home residents from the Jewish Home & Hospital
(JHH) in Bronx, NY, and Manhattan, NY. The JHH has been an academic affiliate of the
Mount Sinai School of Medicine (MSSM) for the last 25 years. Participants were part of a
prospective, longitudinal study of cognition in old age, the Clinical and Biological Studies of
Early Alzheimer’s Disease project, at the Department of Psychiatry, MSSM. Inclusion
criteria in this study were age >54 years, at least two Mini-Mental State Examination
(MMSE) assessments, and complete demographic information (age, sex, and education).
The study was approved by both the MSSM and JHH institutional review boards.
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Clinical Variables
Clinical variables included sex, ethnicity, age at onset of dementia, age at death, depression,
and clinical diagnosis of dementia or no dementia. Dementia diagnosis was ascertained
through clinical interview, baseline screening using the MMSE,33 and additional
information from the Clinical Dementia Rating (CDR)34 scales, neuropsychological
evaluations, when available, and a short interview assessing diagnostic criteria from the
Diagnostic and Statistical Manual of Mental Disorders (DSM)-III-R or DSM-IV.35 All
diagnoses were confirmed further at a clinical diagnosis consensus conference attended by
many of the present authors during which all medical, psychiatric, neuropsychological, and
psychosocial information was reviewed.

The MMSE was administered along with a standardized questionnaire assessing psychiatric
history and current symptoms. We followed standard administration protocols for the
MMSE33 except for the administration of the Attention item, which was assessed based on
spelling world backward only—serial seven calculations were not assessed. Trained research
assistants administered all tasks.

These research assistants completed a standardized questionnaire assessing the presence or
absence of DSM-III-R or DSM-IV symptoms of major depressive disorder, which was
developed as a modified version of the mood disorders module from the Structured Clinical
Interview for DSM-IV Axis I disorders.36 The modification essentially entailed a restriction
to items specifying depression diagnoses, thus dropping items specifying a diagnosis of
bipolar affective disorders. In addition, the presence or absence of both major depression
and history of depression was further extracted from medical information, including charts
and information obtained from the treating physician, the study subject, and/or
knowledgeable informant. The diagnosis of a lifetime depression was reviewed and verified
by a physician with specialty training in geriatric psychiatry. Using the information from the
psychiatric symptoms and history data, we defined a history of depression as present in
patients who had at least one prior episode of major depression before the onset of dementia
according to psychiatric history. In an earlier report,12 the external validity of this variable
was assessed in comparison with scores on the Geriatric Depression Scale and shown to be
satisfactory (sensitivity = 0.95 and specificity = 0.90).

Statistical Analyses
Raw scores were used for all analyses. Descriptive analyses were performed using SPSS
(SPSS Inc, Chicago, IL). Between-group t-tests and χ2 tests were used to assess group
differences in descriptive variables and covariates. All tests of significance were two tailed
with α set at 0.05. Effect sizes were calculated using Cohen’s d.37

Multilevel regression models were used to examine the relationship between depression and
total MMSE scores over time, controlling for age, gender, and level of education. The use of
multilevel regression models enabled us to study MMSE scores across time while
accounting for within-subject correlations, thus providing an efficient way to use all the
information from each participant. Another advantage of using these models is that it
permits analysis of the unbalanced data, i.e., different number of follow-up occasions or
different follow-up times. All the multilevel models fitted in the present analysis include
random intercept and random slope (in follow-up time) to take into account the fact that
each participant has different baseline MMSE score and various patterns of decline at
follow-up periods. Specifically, we fitted a multilevel regression model that represents
scores on the MMSE as a function of age, gender, education, presence of dementia, presence
of depression, presence of depression history, and the interaction of depression and
dementia:
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(1)

where MMSEt,i is the MMSE score from time t in individual i, and age, dementia,
depression, and interaction represent the respective predictor variables from time t in
individual i. Note that both gender and education are Level 2 (individual) variables only and
were constrained not to vary over time. For the multilevel analysis, we compared several
models by subsequently adding all variables as specified in Eq. (1). Furthermore, we ran
additional models to control for the effects of type of dementia (AD versus mixed dementia
versus vascular dementia versus dementia with Lewy bodies). Model fits were compared
using iterative generalized least squares estimators and likelihood ratio tests in MLwiN
version 2.02.38

RESULTS
Demographic and Clinical Characteristics

The overall study group (N = 313) comprised 260 women (83.1%) and 53 men (16.9%),
reflecting the old age and the residence type (nursing home) of the study sample. The mean
age at baseline was 86.99 years (standard deviation [SD] = 6.72, range = 55–105), with a
mean education level of 12.64 years (SD = 4.8, range = 0–30), and a mean baseline MMSE
score of 21.60 (SD = 9.89, range = 0–30); 84.3% of the sample (N = 264) were white, 10.9%
(N = 34) were African American, and 3.8%12 were Hispanic, with all other ethnicities
accounting for less than 1% of the sample. Participants were followed up for up to 36
months (range = 3–36 months).

Overall, 15.7% (N = 49) of the final sample had a history of depression, and another 9.6%
(N = 30) suffered from major depression at any point during the study. There were no
statistically significant differences with respect to age (t = 0.15, df = 311, p = 0.88), gender
(χ2 = 0.05, df = 1, p = 0.82), education (t = 1.14, df = 311, p = 0.26), and ethnicity (χ2 =
5.55, df = 5, p = 0.35) as a function of depression or depression history. Neither baseline
MMSE scores (t = 0.18, df = 311, p = 0.86) nor baseline CDR scores differed in patients
with or without depression (t = 0.79, df = 311, p = 0.43). Furthermore, the number of
comorbid medical diagnoses did not differ as a function of depression (t = 0.76, df = 311, p
= 0.45).

At baseline, 192 (61.3%) of the sample suffered from dementia, and subjects with dementia
were, on average, older (t = 2.03, df = 311, p < 0.05) and had lower baseline scores on the
MMSE (t = 14.65, df = 311, p < 0.001) and CDR at baseline (t = 29.73, df = 311, p < 0.001).
There were no statistically significant differences with respect to gender (χ2 = 1.86, df = 1, p
= 0.17), education (t = 1.23, df = 313, p = 0.22), ethnicity (χ2 = 4.29, df = 5, p = 0.51) nor
the number of comorbid medical diagnoses (t = 0.12, df = 313, p = 0.29) as a function of
dementia. Of the 192 residents with dementia, 77 (40.1%) were diagnosed with AD, 33
(17.2%) suffered from atypical or mixed AD, 46 (24.0%) suffered from vascular dementia,
and 12 (6.25%) were diagnosed with dementia with Lewy bodies. Dementia diagnosis was
not specified in 24 patients. Characteristics of the sample are listed in Table 1.
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Cognitive Decline Over Time as a Function of Depression History
Beyond the effects of age (β = 0.33, SE = 0.01), gender (β = −2.35, SE = 0.39), and
education (β = −0.03, SE = 0.01), residents showed steeper cognitive decline in the presence
of dementia (β = −13.69, SE = 1.38). History of depression alone did not significantly
increase model fit (Δ − 2log likelihood = 46; χ2 = 2.29, df = 4, p = 0.51), but both the
presence of major depression at any point during the study (β = −4.16, SE = 1.2) and the
interaction of major depression and dementia (β = −2.72, SE = 0.65) did significantly
increase model fit beyond the effects of age, gender, education, and the presence of
dementia (Δ − 2log likelihood = 732; χ2 = 13.3, df = 5, p < 0.01).

Parameter estimates and changes in model fit are shown in Table 2. The model fit did not
change when adding terms for type of dementia (Δ − 2log likelihood = 61; χ2 = 1.98, df = 6,
p = 0.64). In addition, we restricted the analyses to cases with either vascular (N = 46) or
AD (N = 110) and introduced a dummy variable coding for the type of dementia diagnosis
(vascular dementia = 0; AD = 1) and reran the model specified earlier in the text including
this variable. Within patients with dementia, and beyond the effects of major depression at
any point during the study (β = −3.78, SE = 1.4), the interaction of major depression and
type of dementia diagnosis (β = −2.24, SE = 0.71) added significantly to model fit (Δ − 2log
likelihood = 598; χ2 = 9.2, df = 6, p < 0.01), indicating that patients suffering from AD
exhibited more rapid cognitive decline over time.

Furthermore, to determine the convergent validity of our findings, we reran our models
using CDR scores instead of MMSE values. Again, beyond the effects of age (β = 0.11, SE
= 0.01), gender (β = −0.25, SE = 0.08), and education (β = −0.02, SE = 0.01), residents
showed steeper cognitive decline in the presence of dementia (β = −0.45, SE = 0.17).
History of depression alone did not significantly increase model fit (Δ − 2log likelihood =
14; χ2 = 1.07, df = 4, p = 0.71), but both the presence of major depression at any point
during the study (β = −0.16, SE = 0.02) and the interaction of major depression and
dementia (β = −0.22, SE = 0.05) did significantly increase model fit beyond the effects of
age, gender, education, and the presence of dementia (Δ − 2log likelihood = 876; χ2 = 14.4,
df = 6, p < 0.01).

DISCUSSION
We found distinct differences in cognitive decline, as measured by the MMSE, over time in
residents with depression compared with residents without depression. The effect remained
stable beyond the effect of dementia diagnosis alone and was sizable in that it reflected a 4-
point decline in MMSE over about 3 years relative to residents without depression.
Furthermore, there was a significant depression by dementia interaction, suggesting that the
presence of comorbid depression in dementia further accelerates cognitive decline. Although
residents suffering from dementia, on average, declined 13.7 points over about 3 years, the
presence of depression in dementia led to an additional loss of ~2.7 points on the MMSE
during the course of this study, showing that the presence of comorbid depression
accelerates cognitive decline associated with dementia in old age. When restricting our
analyses to cases with AD and vascular dementia only (N = 156), we found that patients
with AD and comorbid depression exhibited an additional decline of ~2.2 points on the
MMSE during the course of this study, suggesting that depression may exert specific effects
on the course of cognitive decline in AD. Such an interaction could be mediated by effects
of depression on AD neuropathology,23 which may be driven by depression-associated
changes in the neurotrophin system,24 but we cannot characterize such neurobiological
changes from the present data.
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The assessment of major depression and depression history in dementia, as used in our
study, is characterized by intrinsic methodological limitations. The reported point
prevalence of depression in older nursing home residents ranges from 6% to 32%2 and is
thus comparable with the prevalence of ~10% in our sample. However, clinical studies
suggest that the prevalence of depression in dementia may be even higher, ranging from
30% to >50%,1 suggesting that the prevalence of depression in our sample may have been
underestimated. Prior studies showed that, when informants and structured interviews are
used, interrater reliability might not exceed 80%.39,40 Thus, the accuracy of the depression
diagnoses in our sample may be limited. On the one hand, underestimating the incidence of
depression is likely to have biased the results toward a reduced estimate of the influence of
depression on cognitive function, raising the possibility that depression impacts the rate of
progression of dementia more than that observed in this study. On the other hand, the
diagnosis of depression in dementia is clinically difficult, and we may have missed
depressed patients with dementia with our assessment that could have been detected using
specific scales for the assessment of depression in dementia. Therefore, depression severity
may have been a factor, with greater depressive symptoms leading to cognitive decline.
However, because there was no measure of depression severity, this possibility cannot be
tested. In addition, we cannot rule out that the effects of depression on cognitive decline in
dementia are in part due to psychotropic medications prescribed, because we lack these data
in our sample.

Furthermore, overall sample size made it difficult to examine effects of different types of
depression and/or depression duration across the lifespan on cognitive decline in dementia.
For example, we explored whether onset of depression (recurrent, early onset versus late
onset) had a differential effect on cognitive decline, and model fit did not change when
adding that variable (−2log likelihood = 61; χ2 = 1.98, df = 2, p = 0.64), but limited power
prohibits further interpretation of that finding.

Despite these limitations, the results showed that the presence of depression in older adults
suffering from dementia is associated with accelerated cognitive decline. Moreover, we
analyzed longitudinal data from elderly with a wide, yet more or less normally distributed,
range of educational attainment and a wide range of cognitive functioning. Our study points
to an accelerated decline in patients with dementia and specifically patients with AD with
comorbid depression. Our study is in line with two other studies showing accelerated
cognitive decline in dementia as a function of depression,24,25 whereas most community-
based studies did not find such an effect.11,22,23 In community-based studies, it has been
shown that depression in itself may not be a risk factor for dementia.27 It may well be that
detecting the comparably small additive effects of depression on cognitive decline in
dementia is more likely when comparing patients diagnosed with depression to
nondepressed patients with dementia, rather than using continuous measures of depression,
and associated neurobiological changes may be especially pronounced in major depressive
disorder, as has been shown, e.g., changes in the neurotrophin system.24 A key limitation in
that context is that we did not investigate possible underlying neurobiological changes as a
function of comorbid depression, and future longitudinal studies are needed to address this
issue.

Recent studies suggests accelerated amyloid pathology in subjects with depression.31,32

Such an increase in amyloid pathology in persons with depression may provide another
potential mechanism for the results observed in this study. This hypothesis is consistent with
our earlier observation of increased neuritic plaque an neurofibrillary tangle pathology in
persons with a lifetime history of depression and AD.25,30 However, we lack more detailed
information on depression that could be of interest, such as disease duration, number of prior
episodes, and medication treatment, that could help develop hypotheses on possible
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mechanisms of accelerated cognitive decline in depression and dementia. Conceptually,
depressive symptoms may be an early manifestation rather than a risk factor for dementia
and AD, in that the underlying neuropathological condition that causes dementia may also
cause depressive symptoms.41 It is possible, albeit unproven in this study, that factors such
as reduced cognitive42 or neurobiological reserve in dementia may have contributed to the
greater impact of depression on cognitive decline. Comorbid depression in dementia often
goes undetected in the clinical context and may result in higher rates of nursing home
placement in patients with dementia by increasing their functional disability.43

To conclude, we showed that the presence of major depression leads to accelerated cognitive
decline in dementia beyond age, gender, and level of education, suggesting a unique
influence of depression on cognitive decline in dementia.
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TABLE 1

Characteristics of Patients With Dementia and Comparison Subjects With and Without Comorbid Depression

Nondemented Subjects (121) Patients With Dementia (192)

Nondepressed (99)
Depression or Depression
History at Baseline (25) Nondepressed (154)

Depression or Depression
History at Baseline (38)

Age at baseline 86.02 (8.24) 85.11 (3.81) 87.24 (6.09) 88.57 (5.88)

N female (%) 76 (76.7) 19 (76.0) 132 (85.7) 29 (76.38)

Education 11.15 (3.21) 12.23 (2.78) 12.57 (2.98) 11.46 (2.28)

CDR score at baseline 0.16 (.24) 0.48 (0.58) 2.12 (0.47) 2.33 (0.65)

Number of comorbid
medical diagnoses

2.61 (1.49) 2.75 (1.44) 2.56 (1.50) 2.73 (1.45)

MMSE at baseline 25.58 (3.07), N=99 25.65 (2.57), N=25 19.01 (4.35), N= 154 19.91 (2.67), N=38

MMSE Year 1 25.56 (3.84), N=89 25.14 (3.62), N=23 16.21 (5.58), N= 128 18.7 (5.14), N=23

MMSE Year 2 26.36 (2.69), N=72 24.75 (3.13), N=16 14.74 (5.93), N= 88 13.84 (8.34), N=22

MMSE Year 3 27.25 (1.77), N=56 23.22 (1.66), N=11 12.24 (7.49), N= 56 10.12 (7.07), N=13

Notes: Values in parentheses reflect standard deviations except where otherwise indicated. Longitudinal sample size is given in each column.
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TABLE 2

MMSE Slopes From Linear Mixed Models of Change in MMSE Score Over Time

Variables Estimate (± SEM) Δ − 2Log Likelihood

Age 0.33 ± 0.01 1,264a

Gender −2.35 ± 0.39 1,456a

Education −0.03 ± 0.01 408b

Dementia −13.69 ± 1.38 2,467a

Depression −4.16 ± 1.2 1,139a

Dementia × depression −2.72 ± 0.65 732b

Notes: Estimates represent standardized regression coefficients for the extent of decline over up to 36 months on the MMSE. δ-2loglikelihood
denotes change in likelihood estimators (df = 1,

a
p < 0.001,

b
p < 0.01).
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