
INTRODUCTION

Alzheimer’s disease (AD) and depression are common 
mental health problems among the elderly. AD, which is the 
most common degenerative brain disease that causes de-
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mentia in the elderly, results in memory decline in its early 
stage. As time passes, it causes impairment through deterio-
rated cognitive functions in many areas. The disease is gener-
ally accompanied by various neuropsychiatric symptoms 
(NPSs). It is especially known to be accompanied by depres-
sive symptoms in its early stage,1,2 but the association between 
the severity of AD and the prevalence of depression is not yet 
clear.3 Depression in AD is so common that its prevalence is 
up to approximately 50%, but the rate may vary depending 
on the diagnostic method, degree of depression, and study 
population.4-7 Additionally, according to a long-term prospec-
tive study, the occurrence of depression during the progress 
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of dementia or mild cognitive impairment seems more com-
mon than in the general population.8

There are many clinically significant studies on the preva-
lence and progress of depression in AD,9 but studies on the in-
cidence of depression are rare. Typical study results published 
up to now are the 1.3% incidence of major depressive disorder 
for two years in the series of studies of Weiner et al.,10,11 which 
used a community database, and the 1.6% incidence per year 
in another study. In a study that targeted patients admitted to 
a nursing home for dementia patients, the incidence of de-
pression appeared to have been 1.8% over six months and 
6.4% over one year, which are somewhat higher.12 The inci-
dence rates in the two aforementioned studies are the results 
of major depressive disorder. If mild depression is included, 
the incidence of depression will be higher. However, prospec-
tive hospital-based studies on the incidence of depression in 
AD patients who actually visit a hospital are insufficient.

The occurrence and presence of depression in AD may sig-
nificantly affect the patient’s function level and quality of life. 
Depression can directly influence the patient’s actual function 
level by affecting his/her cognitive functions. In addition, the 
elderly with depression commonly complain of memory de-
cline, so it is easy to confuse depression with AD, but they may 
be separate diseases that should be differentiated.13,14 There have 
been many studies on the association of depression with cogni-
tive functions and dementia, and the results are varied.15-19 Many 
studies have indicated that depression is a risk factor related 
to the occurrence of dementia, including AD.20-24 Depression 
is an important and relatively common symptom of demen-
tia, including AD, and affects the patient’s general status. Addi-
tionally, depression has a good therapeutic response to medi-
cation, etc. compared to cognitive symptoms, so understanding 
its characteristics and managing it are very important.25

Since depression negatively influences AD patients in gen-
eral, it will be important to identify the possibility of the oc-
currence of depression and the factors associated with such 
occurrence in AD patients who did not have depression. Do-
ing this can provide AD patients’ basic data for clinical ap-
proaches and treatments. Therefore, in this study, AD patients 
without depression were followed up for one year, and the fre-
quency of depression was investigated. This study also sought 
to analyze the influence of depression on cognitive functions 
of AD patients as well as the possible risk factors of the occur-
rence of depression. 

METHODS

Subjects
From October 25, 2011 to March 17, 2014, 1,272 subjects 

were consecutively recruited at 30 psychiatry departments of 

general hospitals in the Republic of Korea. Approval of the 
Institutional Review Board (IRB) was obtained from each in-
stitution before the study started. Among patients who were 
diagnosed with AD based on DSM-IV26 or NINCDS-ADRDA,27 
this study targeted subjects who did not have any depressive 
episode at the start of this study and who were determined to 
have had no depressive episode. The Korean version of the 
Mini-International Neuropsychiatric Interview (MINI-K) was 
used as the interview tool.28 Patients who were unable to visit 
at the appropriate time during the study period, patients with 
a speech impediment to the extent that undergoing an exami-
nation was impossible, and patients without a caregiver who 
could provide information on whether depression occurred 
or not were excluded. At the start of this study, the subjects’ 
detailed demographic information was collected, including 
their age, gender, weight, height, and education level; the date 
of their AD diagnosis, their comorbidity and medical history; 
and the current status of intake of prescription drugs, includ-
ing cognitive enhancers and other psychotropic drugs.

These subjects were followed up for 12 months, and the 
occurrence of depression, their cognitive functions, the severi-
ty of their depressive symptoms, and their overall dementia 
status were measured for a total of 3 times at the baseline and 
after 6 months and 12 months. Tools used were MINI-K, the 
Korean version of the Geriatric Depression Scale-Short Form 
(SGDS-K),29 the Korean version of the Mini-Mental-State Ex-
amination in the CERAD-K (MMSE-KC),30 and the Global 
Deterioration Scale (GDS).31 Finally, the changes from the 
baseline after 12 months were evaluated.

Assessment of depression

MINI-K
MINI is a structured interview developed by Sheehan et al.32 

in 1998 to diagnose mental disorders in the field of psychia-
try. Mental health professionals conduct many structured in-
terviews to standardize diagnosis, but most of them require 
too much time to apply in a real situation. MINI can be con-
ducted after minimal training, takes only about 15 minutes, 
and is a simple and effective interview, so it is suitable for the 
elderly or dementia patients who cannot endure a long inter-
view. It is a tool with high utilization in research or clinical 
practice because it considers the diagnostic criteria of ICD-1033 
or DSM-IV.26 Therefore, in this study, the MINI-K standard-
ized in Korean in 2006 was used. 

SGDS-K
SGDS (Geriatric Depression Scale-Short Form) was devel-

oped as a brief form of a 30-item Geriatric Depression Scale 
(GDS), which is the most widely used for screening elderly 
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depression worldwide.34,35 Compared to the original, the brief 
form containing only 15 items is easy to apply and is known 
to have appropriate reliability and validity in diagnosing elder-
ly depression. In this study, the SGDS-K standardized in Kore-
an in 2004 was used.29

Assessment of cognitive functions and the stage 
of dementia

MMSE-KC
Mini-Mental State Examination (MMSE)36 is a tool for as-

sessing overall cognitive functions. It is frequently used to 
screen dementia. The MMSE score ranges from 0 to 30: the 
higher the score is, the better the cognitive functions are. In 
this study, the MMSE-KC standardized in Korean was used.30 
The MMSE-KC score differs greatly depending on the edu-
cational attainment or age of the subject. Thus, the damage to 
cognitive functions is assessed by suggesting the normative 
score depending on the age, education, and gender.

GDS
GDS was designed to provide rough information to care-

givers on the stage of the overall function level based on the 
damage in the cognitive functions of the patients affected by 
primary degenerative dementia, such as AD.31 It is divided into 
7 stages: stages 1–3 considered the pre-dementia stage, stages 
4–7, the dementia stage.

Analysis
The analysis group comprised patients who completed the 

follow-up examination on the occurrence of depression and 
change in the cognitive functions among the subjects who 
satisfied the inclusion/exclusion criteria. The descriptive sta-
tistics on all the variables were presented, including the basic 
demographic information, medical history, comorbidity, med-
ication history, occurrence and severity of depression, cogni-
tive functions, and overall function level. The basic demo-
graphic information included the age, gender, height, weight, 
body mass index (BMI), and education level. For continuous 
data, the number of cases, the mean, and the standard devia-
tion were presented, whereas for categorical data, the fre-
quency and percentage were presented. The significance level 
for all the statistical tests was set at 0.05, and two-sided tests 
were performed. All the p-values were presented with up to 
four decimal places, and p<0.05 was considered significant. 
The figures with decimal places, including the mean, stan-
dard deviation, and percentage, were presented with up to 
two decimal places. Since this study was primarily an obser-
vational one, missing observations were processed as missing 
data in the analysis. For the recruited patients, a diagram was 

presented to help confirm both the number of subjects ex-
cluded from and those included in the analysis. Additionally, 
descriptive statistics (frequency and percentage) were pre-
sented on whether or not the subjects completed the study, 
along with information on the subjects who dropped out was 
also presented. 

For the incidence of depression, the number of subjects and 
corresponding percentage were presented after the investiga-
tor, who was a psychiatrist, checked the occurrence of depres-
sion after 12 months of observation. A 95% confidence inter-
val was presented for the percentage. The incidence of depression 
was presented based on the investigator’s judgment on wheth-
er or not clinically significant depressive symptoms were pres-
ent. The frequencies and percentages of depression diagnosed 
with MINI-K and SGDS-K were separately suggested. To de-
termine the consistency of the investigator’s clinical judg-
ment with the MINI-K and SGDS-K results on the incidence 
of depression, Cohen’s kappa coefficients were presented. Ac-
cording to the interpretation method suggested by Landis 
and Koch, Cohen’s kappa coefficients were interpreted as 
having had poor consistency (0<Kappa≤0.2), fair consistency 
(0.2<Kappa≤0.4), moderate consistency (0.4<Kappa≤0.6), 
substantial consistency (0.6<Kappa≤0.8), and good consis-
tency (0.8<Kappa≤1).37

For the MINI-K, depending on the group of AD patients 
who developed depression and the group of AD patients who 
did not develop depression, the depression stage was sug-
gested. Subsequently, the difference between the groups was 
analyzed using Fisher’s exact test. The SGDS, MMSE-KC, and 
GDS scores at the baseline and after 12 months, and the de-
scriptive statistics on the amounts of the changes from the 
baseline and after 12 months [the number of cases, mean± 
standard deviation, and median (range)], were presented. 
The significance of the difference between the groups in the 
amounts of changes from the baseline after 12 months was an-
alyzed using Wilcoxon’s rank sum test based on the normali-
ty test results.

To determine the factors that affect the incidence of depres-
sion, univariate logistic regression analysis and multiple lo-
gistic regression analysis were performed. In the univariate 
logistic regression analysis, the individual factors that indepen-
dently affected the incidence of depression were determined 
at a 0.05 significance level. In the multiple logistic regression 
analysis, factors that affected the incidence of depression were 
determined using the stepwise variable selection method at a 
0.05 significance level. 

RESULTS

Among the 1,272 subjects enrolled in this study, 775 
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(60.93%) completed the 12-month follow-up observation 
and were included in the analysis. Of the 497 (39.07%) en-
rolled subjects who did not complete the observation, 384 
(77.26%) failed in the follow-up examination, 32 (6.44%) 
were transferred to another hospital, 37 (7.44%) withdrew 
their consent to participate in this study, 10 (2.01%) died, 
and 34 (6.84%) had other reasons for not completing the ob-
servation, such as the transfer of the investigator to another 
hospital. 

Characteristics of the subjects
With respect to the demographic information of the sub-

jects, their average age was 76.43 (±7.20). Broken down by 
age group, they were mostly in their 70s (655 subjects or 
51.49%); 26 subjects (2.04%) were in their 50s; 170 subjects 
(13.36%) were in their 60s; and 420 subjects (33.02%) were 
in their 80s or older. In terms of gender, majority (855 sub-
jects or 67.22%) were female. As for the treatment type, 1,251 
subjects (98.35%) underwent outpatient treatment. Their av-
erage height, weight, and BMI were 155.78±9.72 cm, 55.74± 
9.97 kg, and 22.94±3.28 kg/m2, respectively. With respect to 
the subjects’ levels of education, the average number of years 
of their education was 7.15 (±4.06), with 246 (19.34%) of 
them illiterate.

Most of the subjects (642 or 50.47%) had clinically impor-
tant medical histories, including disease and surgery histo-
ries. In particular, 423 subjects (33.25%) had hypertension; 
178 (13.99%), diabetes mellitus; 80 (6.29%), hyperlipidemia; 
and 65 (5.11%), major surgery histories.

At the start of this study, 1,185 subjects (93.16%) were ad-
ministered psychoactive drugs. Among them, 1,154 (90.72%) 
were administered cognitive enhancers, with 1,082 (85.06%) 
given acetylcholinesterase inhibitors; 110 (8.65%), meman-
tine or NMDA receptor antagonist; and 420 (33.02%), other 
cognitive enhancers. Among the cognitive enhancers, done-
pezil was the most commonly used single-preparation drug 
(by 874 subjects or 68.71%). A total of 185 subjects (14.54%) 
took antidepressants; 225 (17.69%), antipsychotic drugs; and 
145 (11.40%), anti-anxiety drugs. Among the antidepressants, 
selective serotonin re-uptake inhibitors (SSRIs) were the most 
widely taken (by 131 subjects or 50%), followed by serotonin-
norepinephrine reuptake inhibitors (SNRIs) (by 60 subjects 
or 23%). Twelve subjects (<5%) took tricyclic antidepressants 
(TCAs). As for the antipsychotic drugs, the most widely tak-
en were atypical antipsychotic drugs (99%). More than half 
of the subjects (688 or 54.09%) took a drug other than cogni-
tive enhancers. 

The average SGDS-K score, which assessed the severity of 
the depressive symptoms of the subjects at the start of this 
study, was 3.26 (±2.73) points. The MMSE-KC and GDS 

scores, which assessed the overall cognitive functions and se-
verity of the function level of the subjects depending on the 
damage in their cognitive functions, were 16.85 (±5.43) points 
and 4.06 (±1.04) points, respectively (Table 1).

Comparison of the incidence of depression 
depending on the diagnostic methods 
(diagnostic consistency)

Among the 1,272 AD patients included at the start of this 
study, the occurrence of depression was assessed in 775 sub-

Table 1. Subjects’ demographic and basic information 

Demographic and 
basic information

Total (N=1,272)
N (%)

Age
Mean±SD 76.43 ±7.20
Median 77.00
Range (min to max) 47.00 99.00
50–59 26 (2.04)
60–69 170 (13.36)
70–79 655 (51.49)
Older than 80 years 420 (33.02)

Gender
Female 855 (67.22)

Inpatient/Outpatient classification
Inpatient 12 (0.94)
Outpatient 1251 (98.35)
Inpatient ↔ Outpatient 9 (0.71)

BMI (kg/m2)
Mean±SD 22.94 ±3.28

Number of years of education 
Mean±SD 7.15 ±4.06

Concomitant drug
Yes 1185 (93.16)
Antipsychotic drug 225 (17.69)
Antidepressant 185 (14.54)
Anti-anxiety drug 145 (11.40)
None 87 (6.84)

SDGS
Mean±SD 3.26 ±2.73

MMSE
Mean±SD 16.85 ±5.43

GDS
Mean±SD 4.06 ±1.04

Missing data (persons): Height (676), Weight (666), BMI (687), 
Duration of AD (140). SD: standard deviation, BMI: body mass in-
dex, SGDS: Geriatric Depression Scale-Short Form, MMSE: Mini-
Mental State Examination, GDS: Global Deterioration Scale
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jects after 12 months. Based on the investigator’s clinical as-
sessment, 103 of them had depression [13.29%, 95% confi-
dence interval (10.98, 15.88)] (Table 2). The comparison of the 
characteristics of the subject group that developed depression 
and those of the subject group that did not develop depres-
sion showed no significant difference in their demographic 
information, including in their age, education, BMI, etc., ex-
cept in their gender, as the proportion of females was signifi-
cantly higher in the group that developed depression. In the 
case of the SGDS-K, which assessed the severity of the de-
pression at the start of this study, there was no difference. 
There was also no difference between the groups in their 
MMSE-KC scores that assessed their cognitive functions. 
The GDS score, which assessed their overall function level 
due to cognitive impairment, was higher in the group that de-
veloped depression. The comparison of the groups in terms 
of their use of a psychoactive drug at the baseline depending 
on the occurrence of depression showed that in the group that 
developed depression, more subjects took antidepressants 
(33.98% vs. 19.27%, p<0.0001) or anti-anxiety drugs (20.39% 

vs. 9.52%, p=0.0010). For other drugs, there was no significant 
difference between the groups (Table 3). 

To confirm the consistency of the results in terms of the 
occurrence of depression based on the investigator’s judg-
ment and the MINI-K and SGDS-K scores, Cohen’s Kappa 
coefficients were presented. The incidence of depression as-
sessed with MINI-K, in which a structured diagnostic meth-
od was applied, was 5.29%. The incidence of depression at an 
SGDS-K score higher than 6 points was 19.87%. In the diag-
nosis of depression assessed with MINI-K, it was found that 
major depressive disorder occurred in 1.68% of the subjects. 
Cohen’s Kappa coefficients for the occurrence of depression 
assessed with MINI-K and SGDS-K were 0.38 and 0.21, re-
spectively, showing ‘fair consistency’ with the occurrence of 
depression based on the investigator’s judgment (Table 4).

Severity of depression and changes in cognitive 
functions due to the occurrence of depression

Twelve months after the start of this study, the severity of 
depression and the differences in the changes in cognitive 
functions as well as the amount of changes were assessed, tar-
geting the groups that developed depression and those that 
did not. 

From the assessment of the stage of the depressive episode 
of the 103 subjects diagnosed with depression after 12 months 
using MINI-K, 11.65% (12/103) were classified into the group 
with major depressive disorder; 3.88% (4/103) into the group 

Table 2. Frequency of depression 

Occurrence of 
depression 

Total (N=775) 95% confidence interval 
(lower-upper)N (%)

Yes 103 (13.29) (10.98–15.88)
No 672 (86.71) -

Table 3. Comparison of the characteristics of the group that developed depression and of the group that did not develop depression

Demographic and basic information
Group that developed depression

(N=103)
Group that did not develop depression

(N=672)
p-value

Age Mean±SD 75.14±6.84 76.21±6.96 0.1430*
50–59 2 (1.94) 13 (1.93) 0.7807†

60–69 17 (16.50) 93 (13.84)
70–79 57 (55.34) 360 (53.57)
Older than 80 27 (26.21) 206 (30.65)

Gender Female 80 (77.67) 446 (66.37) 0.0222†

BMI (kg/m2) Mean±SD 23.47±2.99 22.75±3.30 0.2564*
Education years Mean±SD 6.52±2.88 7.11±4.10 0.2119‡

Baseline CE Yes 98 (95.15) 650 (96.73) 0.4153†

Baseline AP Yes 24 (23.30) 106 (15.77) 0.0569†

Baseline AD Yes 35 (33.98) 69 (10.27) <0.0001†

Baseline AA Yes 21 (20.39) 64 (9.52) 0.0010†

SGDS Mean±SD 3.50±2.36 3.25±2.52 0.2632‡

MMSE Mean±SD 17.14±3.69 16.95±5.31 0.9877‡

GDS Mean±SD 4.27±0.89 4.06±1.01 0.0191‡

Missing data (persons): Group that developed depression, BMI (74); and Group that did not develop depression - BMI (316). *two sample t-
test, †Pearson’s chi-squrare test, ‡Wilcoxon’s rank sum test. BMI: body mass index, CE: cognitive enhancers, AP: antipsychotic drugs, AD: an-
tidepressants, AA: anti-anxiety drugs, SGDS: Geriatric Depression Scale-Short Form, MMSE: Mini-Mental State Examination, GDS: Global 
Deterioration Scale
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with minor depressive disorder; and 14.56% (15/103) into the 
group with subsyndromal depression. Although they were 
diagnosed with depression based on the investigator’s judg-
ment, 69.90% (72/103) were classified into the group with ‘no 
depressive episode.’ On the other hand, 98.51% (662/672) of 
the subjects not diagnosed with depression after 12 months 
were classified into the group with ‘no depressive episode.’ The 
percentages of the subjects according to the stage of their de-
pressive episode showed a statistically significant difference 
depending on the diagnosis of depression (p<0.0001) (Table 5).

The SGDS-K scores, which assessed the severity of depres-
sion in the group that developed depression, showed that the 
change in scores from the baseline after 12 months was sta-
tistically significant (p<0.0001). However, this was insignifi-
cant in the group that did not develop depression (p=0.9497). 
The amount of change in the SGDS-K scores showed a statis-
tically significant difference between the groups (p<0.0001). 
In the MMSE-KC assessment of the overall cognitive func-
tions, the changes in the scores from the baseline after 12 
months were statistically significant in both groups (p=0.0448 
and p<0.0001), but the amount of changes did not significant-
ly differ (p=0.4098). In the case of GDS, which is an assess-
ment tool for other cognitive functions and overall function 

level, scores showed a statistically significant difference be-
tween the groups at the baseline (p=0.0191). However, chang-
es in the scores from the baseline after 12 months showed a 
statistically significant difference only in the group that did not 
develop depression (p<0.0001). The amount of changes did 
not significantly differ between the groups (p=0.8402) (Table 6).

Factors in the occurrence of depression
To investigate the risk factors in the occurrence of depres-

sion, the associations of the major demographic characteris-
tics (gender, age, treatment type, and education level), medical 
history (diabetes mellitus, hypertension, and hyperlipidemia), 
drugs administered at the baseline (cognitive enhancers, an-
tidepressants, antipsychotic drugs, and anti-anxiety drugs), 
severity of the depressive mood at the baseline (SGDS-K), and 
overall cognitive functions (MMSE-KC and GDS) with the 
occurrence of depression were analyzed. 

In the univariate analysis, the incidence of depression showed 
a statistically significant difference between the groups in 
terms of the gender (p=0.0108), administration of an antide-
pressant at the baseline (p<0.0001), SGDS-K score (p= 
0.0253), and GDS score (p=0.0012). The incidence of depres-
sion among the female subjects was 2.261 times that in the 

Table 5. Difference in the severities depending on the occurrence of depression (MINI-K)

MINI-K
Group that developed depression

(N=103)
Group that did not develop depression

(N=672) p-value
N (%) N (%)

Major depression 12 (11.65) 1 (0.15) <0.0001*
Mild depression 4 (3.88) 3 (0.45)
Subsyndromal depression 15 (14.56) 6 (0.89)
No depressive episode 72 (69.90) 662 (98.51)
*Fisher’s exact test. MINI: Mini-International Neuropsychiatric Interview

Table 4. MINI-K and SGDS depressive episode depending on the occurrence of depression

Depressive episode
Occurrence of depression (investigator’s judgment)

Kappa*Yes (N=103) No (N=672)
N (%) N (%)

MINI-K
Yes 31 (4.00) 10 (1.29) 0.38

Major depressive disorder 12 (1.55) 1 (0.13)
Minor depressive disorder 4 (0.52) 3 (0.39)
Subsyndromal depression 15 (1.94) 6 (0.77)

No 72 (9.29) 662 (85.42)
SGDS†

Yes 43 (5.55) 111 (14.32) 0.21
No 60 (7.74) 561 (72.39)

*Cohen’s kappa coefficient, †diagnosed with depression when SGDS ≥6. MINI: Mini-International Neuropsychiatric Interview, SGDS: Geri-
atric Depression Scale-Short Form
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male subjects [95% confidence interval (1.079 and 2.879)]. 
The incidence of depression in the subjects who took an an-
tidepressant at the baseline was 4.498 times [95% confidence 
interval (2.790, 7.254)] that of the subjects who did not. A 
one-point increase in the SGDS-K score at the baseline re-
sulted in 1.111 times the incidence of depression [95% confi-
dence interval (1.007, 1.530)]. A one-point increase in the 
GDS score at the baseline resulted in 1.539 times the inci-

dence of depression [95% confidence interval (1.007, 1.530)] 
(Table 7). For the multivariate analysis, using the stepwise 
variable selection method, multiple logistic regression analy-
sis was performed based on the gender, administration of an 
antidepressant, and SGDS-K and GDS scores. The analysis 
results showed that the incidence of depression in the female 
patients was 2.145 times [95% confidence interval (1.005, 
2.752)] that in the male patients [95% confidence interval 

Table 6. Changes in the depression, cognitive functions, and severity of dementia depending on the occurrence of depression

Assessment scales
Group that developed depression (N=103) Group that did not develop depression (N=672)

p-value
Mean±SD Mean±SD

SGDS
Baseline 3.50±2.36 3.25±2.52 0.2632*
12 months 5.70±4.08 3.30±2.64
Amount of change 2.19±4.17 0.05±2.38 <0.0001*
p-value <0.0001† 0.9497†

MMSE
Baseline 17.14±3.69 16.95±5.31 0.9877*
12 months 16.34±4.42 16.19±5.57
Amount of change -0.80±3.73 -0.76±3.32 0.4098*
p-value 0.0448† <0.0001†

GDS
Baseline 4.27±0.89 4.06±1.01 0.0191*
12 months 4.38±1.14 4.22±1.16
Amount of change 0.11±0.88 0.16±0.66 0.8402*
p-value 0.2502† <0.0001†

Amount of change=12 months-baseline. *Wilcoxon’s rank sum test, †Wilcoxon’s signed rank test. SGDS: Geriatric Depression Scale-Short 
Form, MMSE: Mini-Mental State Examination, GDS: Global Deterioration Scale 

Table 7. Analysis of factors in the occurrence of depression (univariate analysis)

Item Estimate SE OR (95% confidence interval) p-value
Gender 0.816 0.320 2.261 (1.207, 4.233) 0.0108
Age -0.024 0.018 0.976 (0.942, 1.012) 0.1903
Treatment type 0.579 1.103 1.785 (0.205, 15.507) 0.5993
Education level 0.287 0.393 1.333 (0.617, 2.880) 0.4651
Hypertension 0.530 0.298 1.699 (0.946, 3.049) 0.0758
Diabetes mellitus 0.004 0.361 1.004 (0.495, 2.038) 0.9906
Hyperlipidemia 0.404 0.613 1.498 (0.450, 4.984) 0.5098
Cognitive enhancers -0.356 0.367 0.701 (0.342, 1.438) 0.3322
Antipsychotic drugs 0.135 0.349 1.145 (0.577, 2.269) 0.6989
Antidepressants 1.504 0.244 4.498 (2.790, 7.254) <0.0001
Ant-anxiety drugs 0.507 0.432 1.660 (0.712, 3.870) 0.2410
SGDS 0.105 0.047 1.111 (1.013, 1.218) 0.0253
MMSE -0.009 0.025 0.991 (0.944, 1.041) 0.7257
GDS 0.431 0.133 1.539 (1.186, 1.996) 0.0012
Univariate logistic regression analysis. SE: standard error, OR: odds ratio, SGDS: Geriatric Depression Scale-Short Form, MMSE: Mini-Men-
tal State Examination, GDS: Global Deterioration Scale
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(1.005, 2.752)], which was statistically significant (p=0.0183). 
Additionally, depending on the SGDS-K score at the base-
line, the incidence of depression increased 1.125 times [95% 
confidence interval (2.957, 7.921), p=0.0168]. Depending on 
the GDS score, it increased 1.530 times [95% confidence in-
terval (1.147, 3.033), p=0.0016] (Table 8).

DISCUSSION

In our study, the incidence of depression that developed 
after one year in 775 AD patients without depressive symp-
toms was 13.29%, based on the clinician’s judgment through 
investigation of the patient’s medical history. The incidence 
of depression in AD differs depending on the method of mea-
surement of the depression or its severity, but is mostly high.5 
Studies on the incidence of depression in AD are few, while 
two related studies reported the incidence and prevalence of 
major depressive disorders. Weiner et al.10 reported the inci-
dence of major depression as 0% in one year and 1.3% in two 
years in their first report. In their subsequent report (2002), 
the incidence was 4.7% in three years, which was about 1.6% 
annually, in one database. In another database, it was 2% in 
three years.11 This was attributed to the fact that they were all 
incidences of major depressive disorders. In this study, the 
incidence of major depressive episodes assessed using MINI 
was 1.68%, similar to the aforementioned results. Payne et al.12 
reported the incidence of depression in one year as 6.5% us-
ing Cornell Scale for Depression in Dementia (CSDD). In our 
study, the incidence of depression in AD patients without 
depression one year later was 5.29%, when more structured 
diagnostic criteria were applied; 13.29% based on the investi-
gator’s judgment; and 19.87% when the depression measure-
ment was used, which showed relatively higher incidences. 
However, it could be thought that a similar result was produced 
in this study using MINI, a structured tool, because the CSDD 
used in the study of Payne et al.12 was an assessment tool spe-
cialized for dementia. Also, it is worth noting that because it 
included both patients and caregivers, its reliability and va-
lidity were high. Although the clinician’s judgment revealed 
different diagnostic results from those of the structured diag-
nostic tools or depression scales, the diagnostic consistency 
was ‘fair’ (MINI-K: 0.38 and SGDS: 0.21). Therefore, in the 

diagnosis of depression in dementia patients with AD, the as-
sessment by the psychiatrist during consultation with the pa-
tient seemed appropriate. Depression may generally have a 
negative influence in AD on the cognitive functions or the 
overall function level, as well as the course of the disease, and 
degrade the quality of life of the patients or caregivers. It will 
be desirable to assess depression briefly through an interview 
with the psychiatrist and to take proper action in practice. 

When the elderly suffer from depression, as it is associated 
with cognitive decline, their overall function level may de-
crease. Therefore, depression may affect the cognitive func-
tions in AD, which will directly affect the patient’s function 
level. This clearly indicates that it is important to figure out 
associations among such factors. However, even though the 
incidence of depression is high in AD patients, studies on as-
sociations are insufficient compared to studies of the general 
elderly population. Studies of Dufouil et al.17 and Henderson 
et al.15 reported no marked association between depression 
and cognitive decline, while studies of Bassuk et al.16 and Chen 
et al.18 reported associations. Berger et al.19 observed an AD 
patient group with depression and an AD patient group with-
out depression for three years and reported that depressive 
symptoms affected the cognitive decline at the start. A recent 
study reported emotional neuropsychiatric symptoms (NPS), 
such as depressive symptoms, as risk factors in advancement 
to severe AD.38 In the comparison of AD patients with de-
pression after 12 months and AD patients without depres-
sion after 12 months in our study, the amount of changes in 
the MMSE-KC and GDS scores did not show a statistically 
significant difference during the study period. Although the 
amount of change in the scores from the baseline after 12 
months did not show a significant difference between the two 
groups regardless of the diagnosis of depression, the change 
in the MMSE-KC scores during the study period showed a 
significant difference in the two groups (in both, p=0.0448, p< 
0.0001). This indicated that the cognitive functions in the 
AD patients declined over time. However, the change in GDS 
score was found to have been significant in the group that 
did not develop depression, which could be attributed to the 
significantly high GDS score at the baseline in the group that 
developed depression (p=0.0191). Considering that the GDS 
score at the baseline in the group that developed depression 

Table 8. Analysis of factors in the occurrence of depression (multivariate analysis)

Item Estimate SE OR (95% confidence interval) p-value
Gender 0.763 0.323 2.145 (1.138, 4.042) 0.0183 
SGDS 0.118 0.049 1.125 (1.022, 1.240) 0.0168 
GDS 0.425 0.135 1.530 (1.175,1.992) 0.0016 

Multivariate logistic regression analysis. SE: standard error, OR: odds ratio, SGDS: Geriatric Depression Scale-Short Form, GDS: Global De-
terioration Scale
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after 12 months was high, it can be thought that occurrence 
of depression can be affected by the overall functions, includ-
ing the cognitive functions, in AD. Although previous stud-
ies reported various associations between cognitive functions 
and depression, this study showed that depression has a nega-
tive association with the cognitive function level of AD patients.

Generally similar to the elderly, depression in AD may di-
rectly influence the function level and the quality of life. De-
pression itself causes problems in treatment and care. Thus, 
assessing the factors in the occurrence of depression is impor-
tant in dementia management. In this study, based on the uni-
variate analysis to estimate individual risk factors of newly 
developing depression, a female gender, administration of 
antidepressants at the baseline, and high SGDS-K and GDS 
scores were found to affect depression. In the multivariate 
analysis, the administration of antidepressants was associated 
with the occurrence of depression, although this was not sig-
nificant. This study was conducted among patients identified 
as not having had depressive symptoms based on the investi-
gator’s judgment and when MINI-K was used. However, 
14.54% of the subjects were taking an antidepressant at the 
baseline. These subjects took an antidepressant due to depres-
sive episodes before the study started. They were likely to keep 
taking the drug to prevent recurrence, even though symp-
toms improved. They might have taken an antidepressant 
based on the investigator’s judgment that they had a relatively 
high risk of depression. Considering these assumptions, the 
incidence of depression in subjects who took an antidepres-
sant at the baseline could be relatively higher than the inci-
dence of depression in subjects who did not. As a result of 
the stepwise variable selection for multivariate analysis, a fe-
male gender and the SGDS-K and GDS scores at the baseline 
affected the occurrence of depression. Studies related to risk 
factors of depression in AD are very limited, but as many stud-
ies have consistently reported a significantly high frequency 
of depression in women, a female gender can be considered 
a relatively apparent risk of depression.39,40 Holtzer et al.41 re-
ported the overall function level of dementia, not of the cog-
nitive functions, as a risk factor associated with the onset of 
depression over time in AD patients without depression at 
the start of this study. In this study, the score for MMSE-KC, 
an assessment tool for cognitive functions, was not associat-
ed with the occurrence of depression. GDS, which assessed 
the overall function level, revealed an association with the 
occurrence of depression although it was based on cognitive 
functions. These results are somewhat consistent with those 
of previous studies.

Our study had limitations due to its nature as an observa-
tional study. During the study period, among the 1,272 sub-
jects, 497 (39.07%) dropped out. Still, this study is meaning-

ful because the AD patients who underwent hospital treatment 
were investigated nationwide. Additionally, at the screening, 
the patients who were not depressed were included in the 
study using the clinician’s judgment and the MINI-K assess-
ment tool at the same time. During the assessment, depres-
sion was diagnosed using the clinician’s judgment, and based 
on this, the risk factors were analyzed. The disadvantage can 
be overcome because the result of Cohen’s Kappa coefficient 
calculation was ‘fair.’ 

In conclusion, the incidence of depression in AD patients 
was 13.29% based on the clinician’s judgment. The occurrence 
of depression did not affect the cognitive functions for 12 
months. However, the gender and the overall function level, 
including the cognitive functions, seemed to have affected 
the occurrence of depression. 
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