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Background and Purpose Although depression is a common psychiatric symptom in Alzheimer’s disease (AD), there has not been a lot

of research on neuropsychological characteristics of this symptom. To determine the characteristic neuropsychological deficit in patients with
depression compared to patients without depression, this study compared each neuropsychological test between AD patients with depression
and without depression.
Methods Psychotropic-naïve (drug-naïve) early stage [Clinical Dementia Rating Scale (CDR)=0.5 or CDR=1] probable AD patients with depression (n=77) and without depression (n=179) were assessed with the Seoul Neuropsychological Screening Battery, which includes measures
of memory, intelligence, and executive functioning.
Results AD patients with depression had lower scores on the digit forward, digit backward, calculation, and Color Word Stroop Test tests
compared to AD patients without depression.
Conclusions Our study showed that AD patients with depression have disproportionate cognitive deficit, suggesting frontal (especially in
the left dorsolateral), left hemisphere and left parietal dysfunction. Considering the neuropsychological differences between AD patients with
depression and without depression, depression may have specific anatomic substrates.
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INTRODUCTION
Although Alzheimer’s disease (AD) is a neurodegenerative
disease characterized by impairment in memory, language,
visuospatial function, and executive function, various accompanying neuropsychiatric symptoms are also the important
aspects of this disease. Among them, depression is one of the
most common psychiatric complications of AD, with 30% to
50% prevalence. In AD, depression often has different clinical manifestations when compared with early-life depression.
While classical symptoms of early-life depression such as sad
mood, guilt feelings, and self-depreciation are less prominent,
cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

nonspecific inner feelings, such as lack of pleasure or not feeling well, may be the primary manifestations of depression in
patients with AD. What causes these differences is not yet clear.
Cognition is especially primarily and persistently affected
during disease progression in AD; hence, the atypical symptomatology of AD may be attributed to this impairment.
Even in cognitively normal younger or older adults, depression may be associated with cognitive impairments.1,2 Although
the results of studies are somewhat mixed, slowed mental
processing and deficits in attention and executive function
seem to be more common in depressed individuals than in
non-depressed individuals in the absence of dementia. Individuals with late-onset depression have more significant cognitive impairment.3 In AD, the relationship between cognitive
impairment and depression remains controversial. Some previous studies have reported the negative impact of depression
Copyright © 2016 Korean Dementia Association
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on general cognition,4 measures of dementia severity, working memory, processing speed,5 attention, motor functioning,
visuospatial perception and construction.6 Other investigators
have found no cognitive differences between AD patients with
and without depressive symptoms.7 Due to this lack of a consistent relationship or a weak relationship between cognitive abnormalities and depression, it is uncertain whether depression
is secondary to cognitive impairment or epiphenomena of AD.
These inconsistent results may be due to diverse study designs, and among these confounding factors, the inclusion of
patients receiving psychoactive medications in the study may
be critical. Depression is not only affected by antidepressants,
but also by other psychoactive medications. Due to the longstanding Korean tradition of caring for dementia patients by
family members, there are a considerable number of patients
with mild to moderate AD who visit dementia clinics with
never been on medication status. Therefore, we can build databases for drug-naïve probable AD patients, which will thus
overcome this limitation.
However, we do not know much about whether depression
in AD patients is associated with impaired cognitive performance beyond the effect of dementia itself. That is, if dementia severity was held constant, would AD patients with depression perform more poorly than AD patients without depression?
In this study, we used the information about the stage of dementia to group people with a similar degree of dementia severity, and examined their performance on several specific
neuropsychological tests. Therefore, the aim of this study was
to determine whether diagnosed depression or reports of depressive features in AD patients were associated with additional cognitive impairment, particularly on timed tasks or tasks
requiring effortful attention.

METHODS
Participants

We conducted a retrospective review of 1426 patients with
dementia from March 2003 to December 2015 at the Hyoja
Geriatric Hospital and Seoul Veterans Hospital, using the Dementia Registry which records all clinical, laboratory, and radiological information. Among the 1426 patients with dementia, the subjects of this study included 256 patients with probable
mild AD [Clinical Dementia Rating Scale (CDR) 0.5 or 1],
who were newly diagnosed and not medicated before visiting
hospital. All patients included in this study met the National
Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders Association
criteria for probable AD.8 The patients were drug-naïve, except for episodic hypnotics that were taken for sleep distur-
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bances. Patients who were taking psychoactive drugs, including antidepressants, antipsychotics, benzodiazepines, anticonvulsants and cholinesterase inhibitors, were excluded from
this study.
The diagnostic evaluation included the medical history,
physical and neurological examination, comprehensive neuropsychological test, routine laboratory test, and brain magnetic resonance imaging or computed tomography scans. The
age at the onset of dementia was defined as the time of onset
of memory disturbances that exceeded episodic forgetfulness.

Procedures

A structured interview and neuropsychological examination were performed for each subject. First, in order to assess
cognitive function, the Korean version of the Mini-Mental
State Examination (K-MMSE)9 and CDR10 were used. The
Barthel index11 for evaluation of activities of daily living was
adopted. Secondly, Geriatric Depression Scale 15 (GDS15) was
administered by a trained neuropsychologist.
The GDS is a reliable screening tool for depressive symptoms in elderly persons and patients with mild cognitive impairment. Although the usefulness of the GDS in patients with
dementia, such as AD, is questionable,12 a recent study showed
good consistency and reliability in AD (mostly mild stage).13
The provided cutoff screening criterion for the Korean version
GDS15 for depression is 8 or more endorsed items14 and depression is defined by this score.
This study was approved by the Institutional Review Board
of the Veterans Health Service Medical Center.

Neuropsychological examinations

All study subjects underwent the Seoul Neuropsychological
Screening Battery (SNSB),15 a neuropsychological test battery
that includes validated and standardized tests of various cognitive areas. The SNSB includes tests that assess attention, language, praxis, calculation, visuo-constructive function, memory (verbal and visual), and frontal/executive function, and
provide numeric scores in most items. Among them, digit
span (forward and backward), calculation, ideomotor praxis,
the Korean version of the Boston Naming Test, the Rey-Osterrieth Complex Figure Test (RCFT), the Seoul Verbal Learning Test (immediate and a 20-min delayed recall trial for the
12 items), fist edge arm test, alternating hand movement test,
alternating square test, Luria test, contrasting program test,
go-no-go test, test of semantic fluency and letter-phonemic
fluency (the Controlled Oral Word Association Test), and Stroop
test (Color Word Stroop Test) were adopted for this research.
All study subjects underwent neuropsychological tests using
the same protocol.
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Statistical analysis

The baseline characteristics and neuropsychological differences between AD patients with depression and without depression were assessed by independent t-test. For categorical
variables, chi-square test was used.
Statistical analyses were performed with the SPSS version
18.0 (SPSS Inc., Chicago, IL, USA), and a significance level of
0.05 was set for analyses.

RESULTS
Characteristics of the patients

The present study included 99 men (38.7%) and 157 women
(61.3%). Depression was present in 77 patients (30.1%), whereas the remaining 179 patients (69.9%) were classified as having no depression. The CDR, K-MMSE, Barthel index, GDS15,
and demographic and clinical characteristics of patients with
and without depression are presented in Table 1.

Differences in neuropsychological tests between
patients with depression and without depression

Table 2 shows the differences in each neuropsychological
test between AD patients with depression and without depression. AD patients with depression showed significantly lower
scores on the digit forward, digit backward, calculation, CWST
word, CWST color tests compared to AD patients without depression. RCFT copy score was lower in AD patients with depression compared to AD patients without depression, although
statistical significance was not reached (p=0.076).

Correlation between GDS15 and specific cognitive
function tests in AD patients with depression

In Table 3, the correlation between GDS15 and specific cog-

Table 1. Demographic data of drug-naïve AD patients with depression and without depression (mean±standard deviation)

Depression (-)

Depression (+)

p-value*

Number (female)
Age (years)

179 (103)
74.3±7.0

77 (54)
75.3±7.1

0.069
0.127

Onset age (years)

71.3±7.5

72.8±7.0

0.150

Duration (months)

35.4±27.2

34.4±25.8

0.855

Education

9.6±5.4

8.1±5.9

0.099

K-MMSE

21.5±3.8

20.8±3.6

0.146

CDR

0.76±0.25

0.82±0.24

0.091

Barthel
GDS

19.6±1.5
9.9±4.9

19.5±1.3
23.0±3.1

0.766
0.000

*Independent t-test was performed.
AD: Alzheimer’s disease, CDR: Clinical Dementia Rating Scale, GDS:
Geriatric Depression Scale, K-MMSE: Korean Mini-Mental State Examination.

nitive function tests in AD patients with depression is summarized. GDS15 was significantly correlated with digit forward,
digit backward, calculation, CWST word, and CWST color tests.

DISCUSSION
Cognitive impairment not only changes how we perceive
ourselves and the world around us, it also changes the way we
feel. Previous studies in patients with early-onset depression
have focused on cognitive processes and the content of depressive cognition in an attempt to understand depression. Negative views of the self, the world, and the future, as well as recurrent and uncontrollable negative thoughts are debilitating
symptoms of depression. Moreover, biases in cognitive processes such as attention and memory may not only be correlates of depressive episodes; they may also play a critical role
in increasing an individual’s vulnerability for depression.
Three important mechanisms have been postulated as potential links between biased attentional/memory processes and
emotion dysregulation in early-onset depression. However, the
true pattern of cognitive impairment in patients with earlyTable 2. A comparison of neuropsychological tests between AD
patients without depression and with depression

Depression (-) Depression (+) p-value*
Digit forward
Digit backward
K-BNT

5.15±1.38
3.21±1.17

4.61±1.24
2.63±0.66

0.005
0.000

31.89±10.83

30.46±11.18

0.362

Calculation

9.49±3.24

7.94±3.44

0.001

Ideomotor praxis

3.65±1.62

3.42±1.57

0.321

12.90±4.77

12.30±4.35

0.359

SVLT immediate recall
SVLT delayed recall

1.68±2.56

1.58±2.21

0.763

24.32±9.49

21.75±9.15

0.076

RCFT immediate copy

5.08±5.61

4.42±3.84

0.413

RCFT delayed copy

4.44±5.42

3.74±4.14

0.379

Contrasting

16.96±6.08

16.68±6.04

0.751

Go-no-go

14.02±6.80

13.16±6.80

0.394

Fist-edge-arm

2.08±0.94

2.00±1.18

0.678

Alternating hand

2.30±0.93

2.21±1.15

0.618

Alternating square

1.53±1.32

1.47±1.65

0.433

Luria

1.52±1.32

1.61±1.75

0.800

COWAT animal

10.26±3.71

9.70±3.71

0.262

COWAT supermarket

10.35±5.08

9.63±5.25

0.327

COWAT phonemic

16.43±8.40

14.26±8.42

0.165

CWST word correct
CWST color correct

106.66±14.37
52.95±26.70

96.67±21.28
40.58±23.72

0.003
0.033

RCFT copy

*Independent t-test was performed.
AD: Alzheimer’s disease, COWAT: Controlled Oral Word Association
Test, CWST: Color Word Stroop Test, K-BNT: Korean version of the
Boston Naming Test, RCFT: Rey-Osterrieth Complex Figure Test,
SVLT: Seoul Verbal Learning Test.
www.dnd.or.kr
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Table 3. Correlation between GDS15 and specific neuropsycological tests in AD patients with depression

Correlation coefficient

p-value*

Digit forward
Digit backward

-0.159
-0.237

0.013
0.000

K-BNT

-0.059

0.368

Calculation

-0.229

0.000

Ideomotor praxis

-0.030

0.642

SVLT immediate recall

-0.122

0.058

SVLT delayed recall

-0.033

0.668

RCFT copy

-0.118

0.084

RCFT immediate copy

-0.046

0.503

RCFT delayed copy

-0.005

0.937

Contrasting

-0.070

0.287

Go-no-go

-0.064

0.331

Fist-edge-arm

-0.012

0.887

Alternating hand

-0.117

0.331

Alternating square

-0.021

0.797

0.069

0.381

COWAT animal

-0.097

0.131

COWAT supermarket

-0.117

0.069

COWAT phonemic

-0.138

0.075

CWST word correct
CWST color correct

-0.308
-0.215

0.000
0.023

Luria

*Pearson bivariate correlation was performed.
AD: Alzheimer’s disease, COWAT: Controlled Oral Word Association
Test, CWST: Color Word Stroop Test, GDS15: Geriatric Depression
Scale 15, K-BNT: Korean version of the Boston Naming Test, RCFT: ReyOsterrieth Complex Figure Test, SVLT: Seoul Verbal Learning Test.

onset depression remains a matter of controversy because
most studies are modest or small in terms of their sample size,
and hence cognitive deficits tend to differ between and within studies, in both their nature and severity.12
The cognitive implications of depression in patients with
AD have been less studied compared to those of early-onset
depression. Previous studies provide evidence for both a negative relation and no significant relation of depression with cognition. These inconsistencies in results of previous studies were
mainly attributable to the study subjects (medicated vs. nonmedicated, or homogeneous AD group vs. heterogeneous dementia group). Fortunately, we could overcome these limitations due to the aforementioned reasons.
In our study, AD patients with depression showed significantly lower scores on the digit forward, digit backward, calculation, and CWST tests compared to AD patients without
depression. The digit span subtest of the Wechsler Memory
Scale comprises two tests, digits forward and backward. Digits
forward is the simpler and less effortful condition requiring
the efficiency of attention rather than memory.16 It tends to be
more susceptible to the left hemisphere impairment rather
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than either the right hemisphere impairment or diffuse brain
damage.17 Whereas digits backward is the more complex and
effortful condition requiring executive abilities,18 which is supported by the factor analytic study loaded digit backward onto
a “frontal factor”.19 In addition, in neuroimaging studies among
healthy adults, doing digits backward has been associated with
greater frontal activation than doing digits forward.20 Accordingly, digits backward is regarded as a better test for assessing
executive aspects of working memory.21 However, it should
be noted that the manipulation of information during working memory tasks such as digits backward also requires activation of posterior brain regions (e.g., the superior and inferior
parietal cortex, the superior temporal cortex), suggesting a
role for non-frontal brain regions as well.22 Impairment of performance on calculation tests was reported in patients with a
left parietal lesion.23
The ability to restrain irrelevant information, suppress activation of an inappropriate response triggered by associated
cues; thus focusing on relevant information is the one of the
important roles of executive functioning.24 This cognitive inhibition is an essential part of goal-directed behavior, and thus a
part of maintaining daily functioning. To measure this cognitive inhibition, Stroop test is widely used. The Stroop task
presents incongruously colored ink (e.g., the word ‘red’ printed
in blue ink). Participants are asked to name the ink color of
each word, while attempting to ignore the meaning of the
word. This attempt to suppress word meaning in order to name
ink color has led to longer response latencies than those that
result from color naming congruent stimuli (e.g., the word ‘red’
printed in red ink), a phenomenon that has been referred to as
the Stroop effect. In the first neuropsychological study with
the Stroop test in patients with focal brain lesions, impairment of performance on the Stroop test was associated with
a left dorsolateral prefrontal lesion.25 Another study showed
that patients with left dorsolateral lesions showed impaired
performance on the Stroop test.26 Moreover, superior medial
lesions, particularly involving the right supplementary motor
area, were also reported to be associated with errors during
the interference condition of the Stroop task.27
Considering the impairment of performance on the digit
forward, backward, calculation and CWST tests, our study
suggested that the frontal, left hemisphere and the left parietal dysfunctions were associated with depression. In studies
of major depression without dementia, the medial prefrontal
areas such as the anterior cingulate cortex, orbitofrontal cortex, and also the dorsolateral prefrontal regions, ventral striatum (caudate and putamen), middle temporal regions and
limbic structures are the suggested candidates for affective regulation areas. For detailed anatomical localization, neuropsy-
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chological tests are of limited value, but our study suggested
similar anatomic areas.24,28
Correlation analysis between GDS15 and specific cognitive
neuropsychological tests showed a significant correlation with
these neurocognitive tests. These findings imply that these
specific cognitive neuropsychological tests might be not only
a trait marker, but also a state marker. A trait marker shows the
properties of a certain symptom that plays the role of an antecedent and possibly plays a causative role in the pathophysiology of the symptom, whereas a state marker indicates the
status of clinical manifestations in patients. Although it is not
possible to elucidate the cognitive impairments that cause depression or epiphenomenon, certain pathophysiological anatomy may be involved in the depressive symptomatology of AD.
However, this study had several limitations. First, this study
is a retrospective study and sample size is relatively small.
Secondly, depression was defined with the GDS15, a questionnaire that reflects only the patient’s subjective symptoms based
on the questions asked by the examiner. AD patients frequently deny having depressive symptoms. Therefore, the assessment of depression based on patient self-reports could lead to
biased outcomes. Finally, our study is a hospital-based study,
and hence, it may not represent the real community.
In conclusion, our study shows that AD patients with depression have a disproportionate cognitive deficit, suggesting
frontal (especially in the left dorsolateral), left hemisphere
and left parietal dysfunction. Considering the neuropsychological differences between AD patients with depression and
without depression, depressive symptoms may have specific
anatomic substrates. In a future study, a higher number of
drug-naïve patients and more specific tests that represent specific anatomical substrates may provide a better understanding
of the biological pathophysiology of depression in patients with
AD.
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