
INTRODUCTION

Increased lifespan and the corresponding expansion of the 
elderly population above the age of 65 have led to the most 
challenging public health issues in developed and developing 
countries including South Korea. In response to the rapidly 
changing demographics, there has been an exponential growth 
in the number of initiatives and interventions designed to 
promote successful aging.1 Successful aging refers to physical, 
mental, and social well-being in older age. Researchers aim 
to define what differentiates successful aging from pathologi-
cal aging in order to design effective strategies and treatments 
that can potentially protect the health and well-being of the el-
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derly people. 
With the exception of a few cognitive functions, various 

mental faculties decline with aging. Memory has been depict-
ed as one of the most vulnerable psychological function asso-
ciated with aging. The ability to encode new memories of 
events or facts and working memory have been shown to de-
cline in aging population both in cross-sectional and longitu-
dinal studies.2 Older adults demonstrate deficits, relative to 
young adults, in episodic memory or more accurately in ex-
plicit tests of memory that require the conscious retrieval of 
previously experienced events.3,4 

Late-life depression is another increasingly significant pub-
lic health problem in countries with rapidly population aging, 
notably South Korea showing the fastest rate of population 
aging. Park and colleagues estimated the prevalence rates for 
possible and probable depression in Korean elders as 10.1% 
and 17.8%, respectively.5 Another study estimated the preva-
lence of major depressive disorder among elderly Koreans as 
5.37%, which is higher than those observed in most Western 
countries and other Asian countries.6 However, they claim that 
this may reflect only a small proportion of the actual prob-
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lem, since a considerable amount of the elderly people with 
clinically significant depressive symptoms do not meet the 
rigorous diagnostic criteria of the Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition7 for major depressive 
disorder. Although depression is one of the most common and 
treatable mental illnesses, late-life depression can oftentimes 
go unrecognized and untreated due to its sub-threshold fea-
tures and complicated etiologies. Consequences of inade-
quately treated late-life depression are substantial, even when 
it is at a sub-threshold level. It has been suggested that this sub-
threshold late-life depression may be just as disabling and det-
rimental to the well-being of an elderly individual as major 
depressive disorder.8 

It has long been observed that depression is associated with 
memory impairment. Cohen and colleagues claimed that 
depressed patients perform comparatively poorly on memory 
tasks,9 while Sternberg and Jarvik have discovered that de-
pressed patients significantly improved their memory perfor-
mance after treatment with antidepressants or other thera-
pies,10 suggesting that there may be underlying biochemical 
mechanisms that relate depression and memory impairment. 
Indeed, more recent evidence from longitudinal studies showed 
that late-life depression was associated with a 2 to 5-fold in-
creased risk of dementia, to which memory impairment con-
tributes significantly.11-14 Another 7-year longitudinal study 
found that even one additional depressive symptom in older 
adults increased the risk of dementia by 20 percent,15 suggest-
ing that the severity of late-life depression may influence the 
risk of dementia. 

Depression, however, has not been found to have detrimen-
tal effects at follow-up in other studies.16,17 Discrepancy in the 
results and the amount of risk depressive mood may pose on 
dementia and memory decline could be explained by varia-
tions in sample size, measures used to assess depressive mood, 
as well as the frequency and severity of depression. Another 
possibility is that there are individual differences in the effects 
of depression on memory decline. According to the cognitive 
reserve hypothesis, some people are able to tolerate higher 
levels of brain pathology before displaying clinical symptoms 
than others. The hypothesis asserts that there is an ability to 
optimize performance through differential recruitment of 
brain networks or alternative cognitive strategies.18-20 In other 
words, cognitive reserve allows for more neural efficiency, ca-
pacity, and flexible strategy use in the face of aging and pathol-
ogy. Assuming this hypothesis is true, individuals with high-
er cognitive reserve will have a delayed onset of cognitive 
decline, and clinical diagnostic criteria for dementia will be 
reached later, when the pathology is more severe. The concept 
of cognitive reserve offers an explanation to why many stud-
ies have demonstrated that individuals with higher levels of 

intelligence and educational and occupational attainment are 
able to sustain greater brain pathology before demonstrating 
functional deficit.

One of the most well-established proxy measures of cogni-
tive reserve is educational attainment, which is thought to re-
flect more effective use of brain networks or cognitive capac-
ity.21,22 In line with the hypothesis of cognitive reserve, many 
studies in both North America and Europe have suggested 
that educational attainment is associated with better cognitive 
performance and reduced risk for cognitive impairment and 
dementia in late-life.23-28 One longitudinal study examined 
memory test data that was collected at regular intervals from 
healthy elderly individuals who were followed up until they 
became demented. It was found that higher education delayed 
the onset of accelerated cognitive decline, and that the rate of 
memory decline after its onset was more rapid in those with 
higher education due to increased pathology burden.29 

Similar findings have been reported with respect to memory 
decline and cognitive decline in normal aging populations, 
indicating that the evidence is not only limited to reducing the 
risk of dementia.30-34 Studies have shown that education atten-
uates cognitive decline among non-demented older adults.32,35-39 
The results from these studies support an active cognitive re-
serve hypothesis in which education promotes more efficient 
cognitive processing and use of brain networks, which ulti-
mately results in slowing the process of age-related cognitive 
decline.40 

The aim of this study was to investigate whether education, 
a proxy of cognitive reserve, moderates the negative effect of 
depressive mood on memory impairment and thus, acts as a 
protective factor against cognitive decline. A positive finding 
would have important implications in terms of delaying mem-
ory impairment in the elderly population, especially in South 
Korea where the society is quickly aging and the rate of late-
life depression is high. The hypothesis was that 1) depressive 
mood would result in lower verbal memory performance in 
normal elderly people and 2) elderly people with moderate 
education would show significantly smaller decline in mem-
ory performance associated with depressive mood, whereas 
those with low educational attainment would display signifi-
cant decline in memory associated with increasing depres-
sive mood level. In other words, education was expected to 
serve as a moderator by dampening the negative effect that 
depressive mood has on memory.

METHODS

Participants
Female elderly individuals were recruited from eight local 

senior welfare centers in Seoul, South Korea. Seventy eight 
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out of the 101 participants, determined as normal by clini-
cians, were included in the final analyses. They were between 
the ages of 65 and 87 years (mean age=74.05, SD=5.61), had 
no history of a neurological disorder, major psychiatric dis-
order, neurosurgical history (such as head trauma or brain 
surgery), no history of diabetes or hypertension that was dif-
ficult to regulate with medication, and no hearing nor vision 
problem that could cause difficulty in performing cognitive 
tasks. Also, their cognitive function assessment (Korean De-
mentia Rating Scale-2)41 results were within the normal range. 
Within this sample, we classified participants having less 
than 6 years of education as the “unschooled” group (n=29), 
while participants having 6 or more years of education were 
categorized as the “schooled” group (n=49). The categoriza-
tion was based on the fact that primary school education was 
observed to have the most significant effect on basic cognitive 
functioning,42 possibly because it involves acquiring basic 
reading and arithmetic skills that lays the foundation for fur-
ther learning. Further, obligatory education for elderly Kore-
ans was the completion of 6 years of primary school. Demo-
graphic data on the participants are presented in Table 1. 

All participants provided written informed consent, and the 
study was approved by the Seoul National University Institu-
tional Review Board (IRB No. 1402/002-016). 

 
Neuropsychological assessments

Depressive mood
The Geriatric Depression Scale (GDS)43 was used to assess 

the degree of depressive mood of the participants. The GDS 
is one of the most popular self-report scale of depression for 
the elderly individuals. Researchers and clinicians have often 
used this scale for assessing sub-threshold depressive symp-

toms as well. The 30 items included in the GDS are based on 
characteristics of depression in the elderly.44 The GDS’s rele-
vance is also seen in its capacity for measuring the same over-
all construct of depression as the most universal and widely 
studied scale for depression in adults, the BDI. Also, the sim-
plicity of the response procedure and brief average length en-
hance understanding, diminish anxiety generated by adminis-
tration of a psychological test, and produce a high completion 
rate.45 

Perceived stress
We assessed the level of perceived stress in order to control 

its effect on the relationship between depressive mood and 
memory in normal elderly participants. We utilized the Ko-
rean version of the Perceived Stress Scale46 which was modi-
fied for Korean elderly people.47 The PSS was designed to 
measure the degree to which respondents found their life sit-
uations unpredictable, uncontrollable, and overloading. The 
scale includes 10 direct queries asking about incidents that 
brought upon states of being upset, nervous, stressed or irritat-
ed. Perceived stressfulness of each item of the scale was rated 
from 0 to 5 instead of from 0 to 4 in the original version. 
Scores ranged from 0 to 50, with higher scores indicating more 
perceived stress.

Cognitive tests
The Korean Dementia Rating Scale-2 (K-DRS-2) was ad-

ministered to screen for dementia. The DRS-2 is an assess-
ment tool that examines an individual’s overall level of cogni-
tive functioning and yields five subscale scores. The five sub-
scales provide additional information on specific abilities, in-
cluding Attention, Initiation/Perseveration, Construction, 
Conceptualization, and Memory. Within each subscale, the 

Table 1. Age, education, the subjective socioeconomic status, the GDS, the PSS, and the EVLT scores by group: two-sample t-test and 
cross tabulation

Unschooled
M±SD or N (%)

Schooled
M±SD or N (%)

T or χ2 p

Age 76.83±4.91 72.41±5.39 3.614 0.001
Years of education 2.45±1.90 8.71±2.81 11.731 <0.001
Subjective socioeconomic status

Lower-class 12 (41.38) 15 (30.61) 1.495 0.683
Lower-middle class 11 (37.93) 20 (40.82)
Upper-middle class 6 (20.69) 13 (26.53)
Upper class 0 (0) 1 (2.04)

PSS 13.72±8.20 8.87±1.27 0.884 0.380
GDS 10.24±4.41 10.18±7.31 0.044 0.965
EVLT Immediate Recall 5.83±1.54 5.76±1.75 0.185 0.854
EVLT Delayed Recall 6.03±1.57 5.88±1.50 0.440 0.661
EVLT Recognition 26.41±2.51 26.88±2.84 0.726 0.470
GDS: geriatric depression scale, PSS: perceived stress scale, EVLT: Elderly Verbal Learning Test
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most difficult tasks are presented first. If the first one or two 
tasks in a subscale are performed well, subsequent tasks in the 
subscale are credited with a correct performance and the ex-
aminer proceeds to the next subscale, which allows for a sig-
nificant testing efficiency. The K-DRS-2 is the adapted and 
standardized version of the DRS-2.41 Age- and education-cor-
rected norms are provided for all K-DRS-2 subscales and total 
score. 

Elderly Verbal Learning Test (EVLT)48 was used to measure 
verbal memory. It is a word list learning task developed for 
elderly adults with low to moderate level of education. It pro-
vides measurement of verbal learning and memory, by using 
the paradigm of the California Verbal Learning Test.49,50 The 
EVLT uses a list consisting of 9 words from three categories 
presented over five trials. Throughout the five trials, the sub-
jects are told to repeat as many of the words as they can re-
member from the list. This allows for the calculation of im-
mediate recall memory. After the introduction of the target 
list, an interference list of 9 different words is presented and 
the subjects are told to repeat this new list. This is followed by 
the short-delay recall of the target list and then long-delay re-
call after 15 to 30 minutes. A recognition trial is also admin-
istered at the end of the test, in which the subjects are given 30 
words one at a time, and are asked to indicate whether each 
word was a part of the original list. Thus, the EVLT provides 
information about acquisition, recall, retention, and retrieval 
of verbal information.

 
Procedure

All subjects participated in an approximately 50-minute 
one-on-one interview surveying the demographic, socio-

economic, and social activity background, and were screened 
for non-demented healthy elderly woman using inclusionary 
criteria. The participants were then scheduled to partake in 
the second phase of the study approximately 5.97 months later 
(SD: 1.78, range: 4 to 9 months) to evaluate cognitive func-
tions. The subjects participated individually in an approxi-
mately 70-minute test session in a quiet environment. The or-
der of the cognitive tasks that were administered was invariant 
across all participants. The current study used the depression 
scale data that was administered in the first data collection 
phase, while data of cognitive tests were from the second phase.

Neuropsychological tests and interviews were administered 
by clinical trainees and clinical psychology specialists. Three 
clinical psychologists participated in case conferences that 
determined whether participants met the inclusionary criteria. 
Hearing difficulty or vision problems were determined at the 
beginning of each interview, and participants were encouraged 
to use their glasses and/or hearing aids. Those who had signifi-
cant difficulty hearing our instructions or seeing the stimuli 
with the available aids were also excluded from the study. 

 
Analysis

The collected data were analyzed in two steps using the IBM 
SPSS Statistics 21 (IBM Corp., Armonk, NY, USA). First, we 
conducted a regression analysis using age, years of education, 
PSS total scores, and GDS total scores as independent vari-
ables, and EVLT scores as dependent variables in the entire 
sample of 78 elderly participants. It was intended to explore 
whether or not the predictability of depression on the mem-
ory function in all participants is significant after controlling 
for age, years of education, and perceived stress. Secondly, we 

Table 2. Multiple regression models on the EVLT scores (N=78)

Dependent variable Regressors B Std. error β T p R2

EVLT Immediate Recall Constant 9.11 2.76 3.30 0.001 0.06
Age (years) -0.04 0.04 -0.12 -1.01 0.318
Education (years) 0.00 0.05 0.01 0.06 0.950
PSS -0.03 0.02 -0.13 -1.02 0.313
GDS -0.04 0.03 -0.14 -1.07 0.290

EVLT Delayed Recall Constant 9.29 2.43 3.82 <0.001 0.12
Age (years) -0.04 0.03 -0.14 -1.24 0.221
Education (years) 0.03 0.04 0.07 0.62 0.537
PSS 0.00 0.02 0.02 0.17 0.872
GDS -0.07 0.03 -0.31 -2.52 0.014

EVLT Recognition Constant 35.44 4.13 8.59 <0.001 0.21
Age (years) -0.10 0.05 -0.20 -1.83 0.071
Education (years) 0.07 0.08 0.10 0.87 0.39
PSS -0.04 0.04 -0.13 -1.14 0.257
GDS -0.14 0.05 -0.32 -2.78 0.007

EVLT: Elderly Verbal Learning Test, B: regression coefficients, Std. error: standard error of regression coefficient, β: standardized regression 
coefficient, PSS: perceived stress scale, GDS: geriatric depression scale
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divided participants into “unschooled” and “schooled” edu-
cation groups. We then applied a similar regression model on 
the data of each group to investigate whether the influence of 
depression on memory function in elderly people is different 
depending on the level of education. 

RESULTS

Initial regression analysis of the entire sample showed that 
the GDS total score significantly predicted the EVLT Delayed 
Recall score (p=0.014) and Recognition score (p=0.007) even 
after controlling the effects of age, education, and perceived 
stress (Table 2). The effect of the GDS total score on the EVLT 
immediate recall was insignificant (p=0.290). 

Next, in order to investigate whether the relationship be-
tween depressive mood and memory functioning in normal 
elderly people is different depending on educational attain-
ment, we divided participants into two groups and compared 
them: the “unschooled” group (years of education <6) versus 
the “schooled” group (years of education ≥6). A two-sample 
t-test showed that differences in the mean and the variance 
in depression, perceived stress and verbal memory function-
ing were not significant between the two education groups. 

The subjective socioeconomic status was not different signifi-
cantly between the two groups (Table 1). As expected, depres-
sive mood was more related with EVLT scores in the “un-
schooled” elderly group than with those in the “schooled” 
elderly group (Figure 1). More specifically, the correlation 
coefficients between the GDS total score and the EVLT scores 
were significant among “unschooled” individuals (Immediate 
Recall: r=-0.38, p=0.040; Delayed Recall: r=-0.50, p=0.006; 
Recognition: r=-0.45, p=0.014), while among “schooled” in-
dividuals, the GDS total score had a significant correlation 
with only the EVLT Recognition score (Immediate recall: r= 
-0.13, p=0.373; Delayed Recall: r=-0.24, p=0.099; Recognition: 
r=-0.36, p=0.010). In order to further investigate whether the 
effect of depressive mood on memory is dependent on edu-
cational attainment, regression analyses were performed for 
each group (Table 3, 4, and 5). The regression model placed 
EVLT scores as the dependent variable, while age and the PSS 
and GDS scores were used as regressors. Within the “un-
schooled” group, the GDS total score significantly predicted 
Immediate Recall, Delayed Recall, and Recognition scores 
on the EVLT (p=0.026, 0.001, 0.017, respectively), even after 
controlling the effects of age and perceived stress. On the other 
hand, in the “schooled” group, it did not predict EVLT scores 

Figure 1. Association between depression and memory depending on educational attainment. EVLT: Elderly Verbal Learning Test, GDS: 
Geriatric Depresion Scale.
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Table 3. Group differences in multiple regression model on the EVLT Immediate Recall

Regressors B Std. error β T p R2

Unschooled (N=29) 0.27
Constant 13.16 4.23 3.11 0.005
Age (years) -0.08 0.05 -0.26 -0.15 0.147
PSS 0.04 0.04 0.21 1.10 0.283
GDS -0.16 0.07 -0.45 -2.37 0.026

Schooled (N=49) 0.09
Constant 7.19 3.41 2.11 0.040
Age (years) -0.01 0.05 -0.02 -0.16 0.870
PSS -0.06 0.03 -0.30 -1.83 0.070
GDS 0.00 0.04 0.00 0.03 0.980

EVLT: Elderly Verbal Learning Test, B: regression coefficients, Std. error: standard error of regression coefficient, β: standardized regression 
coefficient, PSS: perceived stress scale, GDS: geriatric depression scale
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(p>0.089). 

DISCUSSION

This study investigated education as a protective factor mo-
derating the effect of depressive mood on memory impair-
ment in normal elderly people. There were two main find-
ings: 1) an increase in depressive mood resulted in significantly 
lower verbal memory performance for long-term recall and 
recognition memory, but not for short-term recall memory 
in the entire sample of 78 elderly participants, and 2) depres-
sive mood significantly predicted verbal memory perfor-
mance for short-term recall, long-term recall, and recogni-
tion memory in elderly individuals with less than 6 years of 
formal education, while it was not a predictor of the verbal me-
mory performance among those who have completed or re-
ceived more than primary education. 

This study revealed that an increased level of depressive 
mood was associated with memory decline, which is parallel 
to previous reports regarding memory deficits among de-
pressed individuals.51-53 It was found that late-life depression 

was associated with a 2 to 5-fold increase in the risk of demen-
tia, of which memory impairment is a highlighting character-
istic.11,12 Neuroimaging studies involving hippocampal struc-
ture have time and time again offered informative findings for 
this area of research, since the hippocampus is involved in 
both memory performance and mood disorders. MRI studies 
evaluating hippocampus in late-life depression have indicat-
ed that older depressed patients have decreased hippocampal 
volumes compared to non-depressed individuals.54-57 Sheline 
and colleagues claimed that recurrent depression and longer 
duration of depressive episodes have been associated with 
hippocampal volume reduction.58-60 Others have examined 
hippocampal volume in late-life depression and subsequent 
cognitive decline.61 Hence, hippocampal morphology in de-
pressive mood and memory function may play a role in the 
associative link between the two. 

From the cognitive reserve literature, it can be hypothe-
sized that individuals with higher reserve would be more suc-
cessful at coping with the same amount of brain pathology, 
which may be accelerated by depressive mood. In this study, 
we investigated whether the association between depressive 

Table 4. Group differences in multiple regression model on the EVLT Delayed Recall

Regressors B Std. error β T p R2

Unschooled (N=29) 0.47
Constant 15.52 3.67 4.23 0.000
Age (years) -0.11 0.05 -0.33 -2.24 0.034
PSS 0.06 0.03 0.31 1.94 0.063
GDS -0.21 0.06 -0.60 -3.72 0.001

Schooled (N=49) 0.08
Constant 7.93 2.93 2.70 0.010
Age (years) -0.02 0.04 -0.07 -0.46 0.651
PSS -0.02 0.03 -0.13 -0.81 0.421
GDS -0.04 0.06 -0.18 -1.12 0.267

EVLT: Elderly Verbal Learning Test, B: regression coefficients, Std. error: standard error of regression coefficient, β: standardized regression 
coefficient, PSS: perceived stress scale, GDS: geriatric depression scale

Table 5. Group differences in multiple regression model on the EVLT Recognition

Regressors B Std. error β T p R2

Unschooled (N=29) 0.28
Constant 38.12 6.90 5.56 0.000
Age (years) -0.12 0.09 -0.24 -1.39 0.178
PSS 0.04 0.06 0.12 0.65 0.525
GDS -0.28 0.11 -0.48 -2.57 0.017

Schooled (N=49) 0.21
Constant 35.01 5.15 0.000
Age (years) -0.08 0.07 -0.15 -1.15 0.256
PSS -0.08 0.05 -0.25 -1.65 0.106
GDS -0.10 0.06 -0.26 -1.74 0.089

EVLT: Elderly Verbal Learning Test, B: regression coefficients, Std. error: standard error of regression coefficient, β: standardized regression 
coefficient, PSS: perceived stress scale, GDS: geriatric depression scale
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mood and memory impairment are moderated by individual 
difference in cognitive reserve. The results found education 
as a protective factor against the deleterious effects of depres-
sive mood on memory in elderly women, which is one of the 
first findings regarding cognitive reserve moderating the ef-
fects of depression on memory. It further supports Le Carret 
and colleagues’ claim that education is the most important 
factor in reducing cognitive decline.22

Overall the findings are consistent with the abundance of 
studies claiming that education reduces the risk of cognitive 
decline.30-34 In line with the cognitive reserve hypothesis, re-
sults from a number of studies suggest that an enriched envi-
ronment may promote brain development or sustainability 
since it keeps the brain active and neurons constantly stimu-
lated.62,63 This reserve allows individuals greater neural effi-
ciency, greater neural capacity, and the ability for compensa-
tion, and in turn, alters the rate of cognitive decline in elderly 
people. The concept of cognitive reserve implies that receiving 
sufficient education and engaging in cognitive activity result 
in acquiring a higher level of cognitive reserve. It is important 
to keep in mind that higher cognitive reserve delays the on-
set of clinical presentation rather than truly decreasing de-
mentia pathology. Yet, from a public health perspective, a de-
lay of 5 years could potentially halve the prevalence of the 
disease,26 and in turn, lead to significant personal, social, and 
economic benefits. Furthermore, targeting cognitive reserve 
for interventions provides the advantage of having minimal 
potential for harm, as opposed to using drug treatments. It 
could also increase the general quality of life for elderly people 
by encouraging social engagement and more activity. 

This study has several limitations. First, the participants 
were limited to only women due to significant difference in 
educational attainment between the two genders in Korea. 
Korean society had a tradition of prohibiting female educa-
tion in public domain until mandatory education was intro-
duced in 1948. Further, socioeconomic hardship due to colo-
nization and wars during the first half of the 20th century 
made it difficult for girls to get education, and resulted in sig-
nificant discrepancy in formal educational attainment between 
the genders. Hence, this high correlation between education 
and gender made it difficult to include both genders in this 
study. We controlled this correlation by including only elderly 
women in the study, but at the cost of representing only half 
of the population. Another limitation of the study is that since 
assessment of the level of depressive mood and cognitive 
performance was not done at the same time, the issue of tem-
poral relationship between the two variables remains uncer-
tain and requires further investigation. Finally, only educa-
tional attainment in early life was used as a proxy of cognitive 
reserve. In future studies, it would be desirable to measure a 

more comprehensive index of cognitive reserve by taking into 
account the quality of mental activity during the adult life, 
since this factor could vary greatly between individuals. An 
individual may have received little formal education but con-
tinued to engage in mentally stimulating activities throughout 
life, in which case her cognitive reserve could still be high. 

In conclusion, the present study provides one of the first fi-
ndings regarding cognitive reserve as a protective factor 
against the effects of depressive mood on memory impair-
ment. Multiple factors may affect brain development and ag-
ing; some of them act as accelerators of age-related declines, 
and others play a moderating role, slowing age-related dete-
rioration and delaying its advancement to clinical manifesta-
tion. This has important implications for developing poten-
tial interventions for the prevention of dementia. 
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