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Abstract: Mild cognitive impairment (MCI) and depression are common and frequently misdiag-
nosed in older adults in primary care. In particular, depression combined with cognitive dysfunction
is associated with a higher risk of dementia. We tried to find the usefulness of orientation to time
as an easy case-finding tool for suspecting MCI or depression. This cross-sectional study included
2668 community-dwelling adults aged 70–84 years from the Korean Frailty and Aging Cohort Study
(mean age of 76.0 ± 3.9 years). MCI was defined based on the criteria from the National Institute on
Aging and the Alzheimer’s Association; depression was defined as a score of ≥6 on the Geriatric
Depression Scale—Short Form (GDS-SF). Time orientation to year, month, day of the week, date, and
season were tested. The sensitivity for the diagnosis of each of MCI and depression was the highest
for the orientation to year (MCI, 17.7%; depression, 16.0%). For the diagnosis of MCI or depression,
orientation to the year had the highest sensitivity (15.5%), and the specificity, PPV, NPV was 95.5%,
67.0%, 65.5%. In conclusion, asking “what year is it?” can be helpful as an aid to case finding to
suspect MCI or depression in community and primary care settings.

Keywords: cognitive dysfunction; depression; orientation

1. Introduction

Rapid global aging and subsequent life expectancy prolongation have raised many
medical concerns. With increasing life expectancy, cognitive impairment is being recog-
nized as major threats to healthy aging and quality of life [1]. In the U.S., an estimated
5.8 million people aged 65 years and older were living with dementia in 2020 [2]. In
South Korea, the number of patients with dementia has been increasing and is expected
to reach nearly 3 million by 2050 [3]. In addition, the dementia prodrome, mild cognitive
impairment (MCI), has garnered attention and active study since the early 1990s as a risk
factor for developing dementia, with an annual rate of progression of 12%, reaching up
to 20% in populations with prodromal Alzheimer’s disease or stroke [4,5]. In primary
care settings, the diagnosis of dementia can be delayed by up to 2.5 years [6]. Therefore,
early screening and diagnosis of MCI are important, as early detection of cognitive decline
can allow interventions before further damage occurs and may postpone or even prevent
progression to dementia [7].
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There are numerous cognitive screening tools with several limitations, including low
accuracy in diagnosing MCI [8]. Out of the many screening tools for dementia, the Mini-
Mental State Examination (MMSE) is the measure most widely used to screen for cognitive
dysfunction [9]. Of the items examined in the MMSE, orientation in time and delayed recall
are known to be more closely related to Alzheimer’s disease [10]. In particular, those with
at least one error in the time-orientation domain are known to have a 58% higher risk of
dementia [10]. Nevertheless, few studies have examined the links between time-orientation
errors and MCI.

Depression is a common problem in older adults. In community settings, approxi-
mately 5% of older adults aged ≥65 years meet the diagnostic criteria for major depression,
and 8%–16% meet the criteria for minor depression [11]. Depression in old age is related
to several diseases and worsening of health. Depression increases the risk of falls in
older people by almost 50% [12]. A major problem is that depression is often undetected
and untreated [13]. According to one meta-analysis, primary care physicians have cor-
rectly detected only 47.3% of patients with depression among older adults over 60 years
of age [14].

The prevalence of depression among demented patients has been reported to be
up to 60% [15]. In addition, it is well known that depression combined with cognitive
dysfunction is associated with a higher risk of cognitive impairment compared to cognitive
dysfunction alone [16]. Therefore, an easy case-finding tool for suspecting depression or
MCI in older adults in primary care is needed.

Based on this context, we examined the value of the time-orientation test as an aid to
case finding for MCI and/or depression.

2. Materials and Methods
2.1. Participants

Adults who participated in the Korean Frailty and Aging Cohort Study (KFACS) were
aged between 70 and 84 years. The KFACS is a multicenter, longitudinal study with a
baseline survey conducted in 2016–2017 [17]. A total of 3014 community-dwelling older
adults from urban and rural regions nationwide in 10 study centers were recruited after
stratification based on age and sex [17]. Each center recruited participants using quota
sampling stratified by age (70–74, 75–79, and 80–84 years with a ratio of 6:5:4, respectively)
and sex (male and female), with the aim of recruiting 1500 men and 1500 women, ending
up oversampling with the disproportion of sex. Finally, 3014 participants were enrolled
with 1432 men and 1582 women. Participants were recruited from diverse settings (local
senior welfare centers, community health centers, apartments, housing complexes, and
outpatient clinics) to minimize selection bias [17].

Participants with a history of dementia were excluded from the study. The collected
baseline data were demographic, medical, psychosocial, socioecological, and cognitive
functions. Among the participants, only 2668 who completed questionnaires required for
the diagnosis of MCI were included in this study.

2.2. MCI

The National Institute on Aging and the Alzheimer’s Association revised the criteria
for MCI in 2011 [18]. The revised criteria for MCI are as follows: (1) cognitive concern
reflecting a change in cognition reported by the patient, informant, or clinicians (i.e.,
historical or observed evidence of decline over time); (2) objective evidence of impairment
in one or more cognitive domains, typically including memory (i.e., formal or bedside
testing to establish the level of cognitive function in multiple domains); (3) preservation of
independence in functional abilities; and (4) absence of dementia.

Using this, we defined MCI as follows:
(1) Cognitive function test results <−1.5 standard deviations of those of age-, sex-,

and education-matched Korean norms on any one of the four cognitive functioning tests
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including the trail-making test, frontal assessment battery, digit span backward, and word
list recall test [1].

(2) No significant dependency on instrumental activities of daily living (IADL) as-
sessed using three items of the K-IADL: managing money, telephone use, and responsibility
for medication [1,19].

We regarded participants who fulfilled criteria (1) but had significant dependency in
IADL as having dementia; therefore, they were excluded from this study.

2.3. Depression

In this study, we regarded depression as a score of ≥6 on the Geriatric Depression
Scale—Short Form (GDS-SF), which is a screening measure designed for detecting de-
pression in older populations. All participants with a score of <6 were grouped in the
non-depression group. The GDS-SF consists of 15 items [20,21].

2.4. Neuropsychological Tests
2.4.1. The Consortium to Establish a Registry for Alzheimer’s Disease Assessment
Battery (CERAD-K)

We conducted neuropsychological tests, the Consortium to Establish a Registry for
Alzheimer’s Disease Assessment Battery (CERAD-K) and Korean version of the Frontal
Assessment Battery, to appraise comprehensive cognitive function. The CERAD-K is a
standardized clinical and neuropsychological assessment battery for the evaluation of
patients with Alzheimer’s disease. The CERAD-K consists of eight tests (verbal fluency,
modified Boston naming, MMSE, word list memory, constructional praxis, word list recall,
word list recognition, and constructional praxis recall); however, in this study, word list
memory/recall/recognition, digit span (forward and backward), the trail-making test
(TMT) A, and the MMSE were included [22].

• The Word List Recall: evaluates the ability to recall the given 10 words from the word
list memory task. A maximum of 90 sec is allowed, and the maximum score is 10 [22];

• Digit Span Backward: consists of 2 to 8 digits. The participants are given digits at a
rate of one digit per sec and had to repeat numbers in the reverse order. The score is
the total number of correct items [22];

• The Trail-Making Test: evaluates attention, ordering, executive function, time-space
search, and mental motion velocity. The participants were asked to draw a line connect-
ing the numbers from 1 to 25 in ascending order, and the time (s) was recorded [22];

• Time-orientation test: as a test that constitutes the MMSE, it evaluates the participants’
temporal orientation by asking five questions; “What year is it?”, “What month is it?”,
“What date is it?”, “What day of the week is it?”, “What season is it?”;

• Three-item recall test: is a part of the MMSE assessing the participant’s delayed
memory. Instruct the participants to listen and remember three words; tree, hat, and
car, and then repeat them. After minutes with other questions as the recall distracter,
ask the patient to repeat the three previously stated words [23]. Corrected answers are
the score with a maximum of 3.

2.4.2. The Frontal Assessment Battery (FAB)

FAB consists of 6 subtests (similarities test, verbal fluency test, Luria motor sequences,
conflicting instructions, go-no go test, and prehension behavior) examining different func-
tions related to the frontal lobes. Each subtest is scored from 0 to 3 (better score), for a
maximum score of 18 [24].

2.5. Statistical Analysis

We used the independent t-test for continuous variables and the chi-squared test for
categorical variables. The results are presented as mean ± standard deviation (SD) or
as numbers (percentage, %). Sensitivity, specificity, and positive and negative likelihood
ratios (with 95% confidence intervals (CIs)) were calculated for each orientation of time.
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Examination of the receiver operating characteristic curves was used to select the cut-off
points in error scores for each aspect of three-item recalls in the supplement that maximized
the sum of sensitivity and specificity.

Statistical analysis was performed using IBM SPSS Statistics Version 23.0 for Windows
(IBM Corp., Armonk, NY, USA), and significance was defined as p < 0.05.

3. Results
3.1. Baseline Characteristics of the Study Population

Figure 1 shows the distribution according to whether the participants had MCI or
depression. Participants with MCI were 592, and 575 participants had depression. A total
of 172 participants had both MCI and depression, and 1673 participants had neither MCI
nor depression.
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Table 1 shows the baseline characteristics of participants according to the MCI and
depression status. A total of 592 participants were classified into the MCI group, with a
mean age of 76.6 years. In the MCI group, there were fewer men (p = 0.010), lower education
levels (p < 0.001), lower urban residence (p < 0.001) than those in the non-MCI group. The
MCI group more commonly answered the time-orientation questions incorrectly in any of
the five questions. In particular, the MCI group showed the highest rate of disorientation
to the year (17.7%), followed by the date (10.5%), day of the week (10.0%), season (4.1%),
and month (3.5%) (Table 1).

Regarding depression, 575 participants were grouped into the depression group, with
a mean age of 76.6 years. The proportion of men in the depression group was lower (32.5%)
than that in the non-depression group. Errors in recognizing the year were most commonly
seen (16.0%) in the depression group (Table 1).

Table 2 shows the baseline characteristics according to each time-orientation item.
Age, education, and cell phone use were significantly different between the two groups.
Orientations to the year (p < 0.001), date (p < 0.001), and day of the week (p < 0.05) were
different by sex. Female were wrong more on year (male, 4.3%; female, 12.5%) and date
(male, 3.4%; female, 6.9%), and male did more on day of the week (male, 7.1%; female,
4.4%). There was no significant difference between genders on month and season (Table 2).
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Table 1. Baseline characteristics of the study subjects according to mild cognitive impairment or depression.

Variable

Mild Cognitive Impairment
p

Depression
p Total

(n = 2668)Non-MCI
(n = 2076)

MCI
(n = 592)

Non-Depression
(n = 2093)

Depression
(n = 575)

Age, years 75.8 ± 3.9 76.6 ± 3.8 <0.001 75.8 ± 3.9 76.6 ± 3.9 <0.001 76.0 ± 3.9
Sex

Male 1012 (48.7) 253(42.7) 0.010 1078 (51.5) 187 (32.5) <0.001 1265 (47.4)
Female 1064 (51.3) 339 (57.3) 0.010 1015 (48.5) 388 (67.5) <0.001 1403 (52.6)

BMI 24.49 ± 3.02 24.37 ± 3.02 0.373 24.48 ± 3.00 24.42 ± 3.11 0.667 24.47 ± 3.02
Polypharmacy 639 (30.8) 209 (35.3) 0.037 1463 (69.9) 357 (62.1) <0.001 848 (31.8)

Smoking 815 (39.3) 208 (35.1) 0.069 852 (40.7) 171 (29.7) <0.001 1023 (38.3)
Alcohol drinking 390 (18.8) 88 (14.9) 0.028 406 (19.4) 72 (12.5) <0.001 478 (17.9)

Education, ≥7 years 1251 (60.3) 279 (47.1) <0.001 1305 (62.4) 225 (39.1) <0.001 1530 (57.3)
Cell phone use 938 (45.2) 361 (61.0) <0.001 917 (43.8) 382 (66.4) <0.001 1299 (48.7)

Living alone 449 (21.6) 183 (30.9) <0.001 417 (19.9) 215 (37.4) <0.001 632 (23.7)
Urban residence 1537 (74.4) 370 (62.9) <0.001 1506 (72.4) 401 (70.0) 0.254 1907 (71.9)

Medical aid 102 (5.0) 28 (4.9) 0.928 79 (3.8) 51 (9.1) <0.001 130 (5.0)
Hypertension 1178 (56.7) 351 (59.3) 0.269 1193 (57.0) 336 (58.4) 0.538 1529 (57.3)
Dyslipidemia 719(34.6) 159 (26.9) <0.001 684 (32.7) 194 (33.7) 0.632 878 (32.9)

Angina 131 (6.3) 32 (5.4) 0.417 127 (6.1) 36 (6.3) 0.864 163 (6.1)
Osteoarthritis 511 (24.6) 167 (28.2) 0.076 489 (23.4) 189 (32.9) <0.001 678 (25.4)

Diabetes mellitus 447 (21.5) 132 (22.3) 0.690 458 (21.9) 121 (21.0) 0.666 579 (21.7)
Kidney disease 35 (1.7) 4 (0.7) 0.071 27 (1.3) 12 (2.1) 0.158 39 (1.5)

Time orientation
Year, wrong 125 (6.0) 105 (17.7) <0.001 138 (6.6) 92 (16.0) <0.001 230 (8.6)

Month, wrong 26 (1.3) 21 (3.5) <0.001 28 (1.3) 19 (3.3) 0.001 47 (1.8)
Date, wrong 78 (3.8) 62 (10.5) <0.001 94 (4.5) 46 (8.0) 0.001 140 (5.2)

Day of the week, wrong 93 (4.5) 59 (10.0) <0.001 121 (5.8) 31 (5.4) 0.721 152 (5.7)
Season, wrong 28 (1.3) 24 (4.1) <0.001 39 (1.9) 13 (2.3) 0.541 52 (1.9)
MMSE, score 26.2 ± 2.8 24.0 ± 3.7 <0.001 26.0 ± 3.0 24.6 ± 3.5 <0.001 25.7 ± 3.2

TMT, s 69.4 ± 40.8 122.5 ± 89.7 <0.001 74.5 ± 54.1 105.6 ± 71.6 <0.001 81.2 ± 59.7
Digit span backward, score 3.6 ± 0.9 2.5 ± 1.1 <0.001 3.5 ± 1.1 3.0 ± 1.1 <0.001 3.4 ± 1.1

FAB, score 14.3 ± 2.4 11.2 ± 3.2 <0.001 13.9 ± 2.8 12.4 ± 3.0 <0.001 13.6 ± 2.9
Word list recall, score 5.9 ± 1.8 4.4 ± 2.4 <0.001 5.7 ± 2.0 5.1 ± 2.1 <0.001 5.6 ± 2.1

All values are presented as mean ± standard deviation or number (%). Depression was defined as a GDS score of ≥6. Polypharmacy was defined as taking five or more prescribed medications. Alcohol
consumption was defined as ≥2 or 3 or more alcoholic drinks per week. Smoking was defined as lifetime consumption of ≥5 packs of cigarettes. Education was defined as a lifetime education period of ≥7 years.
MMSE, Mini-Mental State Examination; TMT, trail-making test (out of 360 s); digit span backward (total score of 8); FAB, frontal assessment battery (total score of 18); recall test (total score of 10); GDS, Geriatric
Depression Scale (range 0 to 15, higher scores represent more severe depression).
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Table 2. Baseline characteristics of study participants according to each time orientation.

Variables

Year Month Date Day of the Week Season

Wrong
(n = 230)

Right
(n = 2438)

Wrong
(n = 47)

Right
(n = 2621)

Wrong
(n = 140)

Right
(n = 2528)

Wrong
(n = 152)

Right
(n = 2516)

Wrong
(n = 52)

Right
(n = 2616)

Age, years 77.4 ± 4.0 75.8 ± 3.8 † 78.5 ± 4.0 76.0 ± 3.9 † 78.0 ± 3.8 75.8 ± 3.9 † 77.4 ± 4.2 75.9 ± 3.9 † 77.7 ± 4.0 75.9 ± 3.9 *
Sex

Male 54 (4.3) 1211 (95.7) † 16 (1.3) 1249 (98.7) 43 (3.4) 1222 (96.6) † 90 (7.1) 1175 (92.9) * 26 (2.1) 1239 (97.9)
Female 176 (12.5) 1227 (87.5) † 31 (2.2) 1372 (97.8) 97(6.9) 1306 (93.1) † 62 (4.4) 1341 (95.6) * 26 (1.9) 1377 (98.1)

BMI 24.4 ± 3.2 24.5 ± 3.0 24.3 ± 3.3 24.5 ± 3.0 24.3 ± 3.3 24.5 ± 3.0 24.0 ± 3.2 24.5 ± 3.0 24.2 ± 3.8 24.5 ± 3.0
Polypharmacy 91 (39.6) 757 (31.1) * 18 (38.3) 830 (31.7) 49 (35.0) 799 (31.6) 55 (36.2) 793 (31.5) 15 (28.8) 833 (31.8)

Smoking 57 (24.8) 966 (39.6) † 13 (27.7) 1010 (38.5) 38 (27.1) 985 (39.0) * 73 (48.0) 950 (37.8) * 16 (30.8) 1007 (38.5)
Alcohol drinking 26 (11.3) 452 (18.5) * 5 (10.6) 473 (18.0) 19 (13.6) 459 (18.2) 23 (15.1) 455 (18.1) 14 (26.9) 464 (17.7)

Education, ≥7 years 48 (20.9) 1482 (60.8) † 13 (27.7) 1517 (57.9) † 48 (34.3) 1482 (58.6) † 67 (44.1) 1463 (58.1) * 22 (42.3) 1508 (57.6) *
Cell phone use 168 (73.0) 1131 (46.4) † 34 (72.3) 1265 (48.3) † 96 (68.6) 1203 (47.6) † 93 (61.2) 1206 (47.9) † 32 (61.5) 1267 (48.4) †

Living alone 89 (38.7) 543 (22.3) † 13 (27.7) 619 (23.6) 53 (37.9) 579 (22.9) † 37 (24.3) 595 (23.6) 11 (21.2) 621 (23.7)
Urban residence 132 (57.4) 1775 (73.3) † 30 (63.8) 1877 (72.0) 80 (57.1) 1827 (72.7) † 93 (62.0) 1814 (72.5) * 28 (54.9) 1879 (72.2) *

Medical aid 12 (5.4) 118 (4.9) 2 (4.7) 128 (5.0) 10 (7.4) 120 (4.8) 11 (7.3) 119 (4.8) 0 (0.0) 130 (5.0)
Hypertension 145 (63.0) 1384 (56.8) 28 (59.6) 1501 (57.3) 80 (57.1) 1449 (57.3) 91 (59.9) 1438 (57.2) 28 (53.8) 1501 (57.4)
Dyslipidemia 67 (29.1) 811 (33.3) 11 (23.4) 867 (33.1) 48 (34.3) 830 (32.8) 40 (26.3) 838 (33.3) 16 (30.8) 862 (33.0)

Angina 16 (7.0) 147 (6.0) 0 (0.0) 163 (6.2) 8 (5.7) 155 (6.1) 13 (8.6) 150 (6.0) 2 (3.8) 161 (6.2)
Osteoarthritis 78 (33.9) 600 (24.6) * 16 (34.0) 662 (25.3) 43 (30.7) 635 (25.1) 41 (27.0) 637 (25.3) 14 (26.9) 664 (25.4)

Diabetes mellitus 42 (18.3) 537 (22.0) 11 (23.4) 568 (21.7) 38 (27.1) 541 (21.4) 34 (22.4) 545 (21.7) 14 (26.9) 565 (21.6)
Kidney disease 3 (1.3) 36 (1.5) 0 (0.0) 39 (1.5) 0 (0.0) 39 (1.5) 2 (1.3) 37 (1.5) 0 (0.0) 39 (1.5)

MCI 105 (45.7) 487 (20.0) † 21 (44.7) 571 (21.8) † 62 (44.3) 530 (21.0) † 59 (38.8) 533 (21.2) † 24 (46.2) 568 (21.7) †
MMSE, score 20.8 ± 4.0 26.2 ± 2.7 † 18.8 ± 4.8 25.9 ± 3.0 † 21.5 ± 4.2 26.0 ± 2.9 † 22.3 ± 4.3 25.9 ± 3.0 † 20.6 ± 5.5 25.8 ± 3.0 †

TMT, s 153.5 ± 94.7 74.4 ± 50.1 † 147.5 ± 104.2 80.0 ± 57.9 † 136.0 ± 91.6 78.2 ± 55.9 † 115.2 ± 84.4 79.1 ± 57.2 † 124.6 ± 86.2 80.3 ± 58.7 *
Digit span backward, score 2.4 ± 1.3 3.4 ± 1.0 † 2.5 ± 1.4 3.4 ± 1.1 † 2.7 ± 1.3 3.4 ± 1.1 † 3.0 ± 1.3 3.4 ± 1.1 * 2.9 ± 1.7 3.4 ± 1.1 *

FAB, score 10.9 ± 3.0 13.9 ± 2.7 † 10.9 ± 3.1 13.6 ± 2.9 † 11.3 ± 3.1 13.7 ± 2.8 † 11.9 ± 3.2 13.7 ± 2.8 † 11.3 ± 3.9 13.6 ± 2.8 †
Word list recall, score 3.7 ± 2.0 5.8 ± 2.0 † 3.5 ± 2.2 5.6 ± 2.0 † 3.8 ± 2.2 5.7 ± 2.0 † 4.0 ± 2.2 5.7 ± 2.0 † 4.4 ± 2.2 5.6 ± 2.1 †

Table 2 shows the comparison between participants who answered right and wrong for each five time-orientation domains. All values are presented as mean ± standard deviation or number (%). Depression was
defined as a GDS score of ≥ 6. Polypharmacy was defined as taking five or more prescribed medications. Alcohol consumption was defined as ≥2 or 3 or more alcoholic drinks per week. Smoking was defined as
lifetime consumption of ≥5 packs of cigarettes. Education was defined as a lifetime education period of ≥7 years. MMSE, Mini-Mental State Examination; TMT, trail-making test (out of 360 s); digit span
backward (total score of 8); FAB, frontal assessment battery (total score of 18); recall test (total score of 10); GDS, Geriatric Depression Scale (range 0 to 15, higher scores represent more severe depression).
* p < 0.05; † p < 0.001.
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Baseline characteristics of participants according to the MCI, depression, and each
time-orientation item were analyzed separately for males and females (Tables S1–S4).

3.2. Time-Orientation Tests for Diagnosing MCI

Each of the five subscales of time orientation showed similar positive predictive values
(PPVs) (38.8%–46.2%), accuracies (76.5%–77.7%), and negative predictive values (NPVs)
(78.2%–80.0%) for the diagnosis of MCI (Table 3). The sensitivities of the five subscales
were relatively low, and disorientation to year showed the highest sensitivity (17.7%) for
the diagnosis of MCI. In contrast, the three-item recall test with a cut-off of two errors,
commonly regarded as a suitable screening tool for cognitive function, showed higher
sensitivity (37.8%) and a similar NPV (80.9%), but a lower PPV (30.2%) and accuracy
(66.8%) for the diagnosis of MCI compared to those for disorientation to the year (Table S5).

Table 3. Time-orientation tests for the diagnosis of MCI.

Time Orientation Sensitivity Specificity PPV NPV Accuracy

Year (wrong) 17.7% 94.0% 45.7% 80.0% 77.1%
Month (wrong) 3.5% 98.7% 44.7% 78.2% 77.6%
Date (wrong) 10.5% 96.2% 44.3% 79.0% 77.2%

Day of the week (wrong) 10.0% 95.5% 38.8% 78.8% 76.5%
Season (wrong) 4.1% 98.7% 46.2% 78.3% 77.7%

PPV, positive predictive value; NPV, negative predictive value; Accuracy, proportion of true results among the total number of cases examined.

3.3. Time-Orientation Tests for Diagnosing Depression

Among the time-orientation tests, “year” disorientation had the highest sensitivity
(16.0%) and NPV (80.2%), but disorientation to the month showed the highest specificity
(98.7%), PPV (40.4%), and accuracy (78.1%) (Table 4). In contrast, the three-item recall test
with a cut-off of two errors showed higher sensitivity (32.5%) and a similar NPV (79.9%),
but a lower PPV (25.2%) and accuracy (64.7%) for the diagnosis of depression compared to
those for the disorientation to the year (Table S6).

Table 4. Time-orientation tests for the diagnosis of depression (GDS score of ≥6).

Time Orientation Sensitivity Specificity PPV NPV Accuracy

Year (wrong) 16.0% 93.4% 40.0% 80.2% 76.7%
Month (wrong) 3.3% 98.7% 40.4% 78.8% 78.1%
Date (wrong) 8.0% 95.5% 32.9% 79.1% 76.6%

Day of the week (wrong) 5.4% 94.2% 20.4% 78.4% 75.1%
Season (wrong) 2.3% 98.1% 25.0% 78.5% 77.5%

GDS, Geriatric Depression Scale (range 0 to 15, higher scores represent more severe depression).

3.4. Time-Orientation Tests for Diagnosing MCI or Depression

For the diagnosis of MCI or depression, disorientation to the year had the highest
sensitivity (15.5%), PPV (67.0%), NPV (65.5%), and accuracy (65.6%) (Table 5). In contrast,
the three-item recall test with a cut-off of two errors had higher sensitivity (34.6%) and a
similar NPV (66.2%) but a lower PPV (46.4%) and accuracy (60.7%) for the diagnosis of
MCI or depression (Table S7).

Table 5. Time-orientation tests for the diagnosis of MCI or depression.

Time Orientation Sensitivity Specificity PPV NPV Accuracy

Year (wrong) 15.5% 95.5% 67.0% 65.5% 65.6%
Month (wrong) 3.0% 99.0% 63.8% 63.2% 63.2%
Date (wrong) 8.7% 96.8% 62.1% 64.1% 64.0%

Day of the week (wrong) 7.8% 95.6% 51.3% 63.6% 62.9%
Season (wrong) 3.1% 98.7% 59.6% 63.2% 63.1%
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3.5. Time-Orientation Tests for Diagnosing MCI, Depression, and MCI or Depression

Each result of Tables 3–5 was analyzed separately according to sex (Table S8–S13). The
sensitivity of year orientation was high in female (MCI, 9.9% (men) vs. 23.6% (women);
depression, 9.1% (men) vs. 19.3% (women); MCI or depression, 8.6% (men) vs. 19.8%
(women)). The accuracy of each time orientation for diagnosing MCI, depression, and MCI
or depression was relatively high in males.

4. Discussion

We found that 8.6% of the community-dwelling older adults in South Korea had
disorientation to the year, and the older adults with disorientation to the year had a high
probability of having MCI or depression, although the sensitivity is low. To the best of
the authors’ knowledge, this is the first study that if disorientation to the year is found, it
means a high possibility of MCI or depression in community-dwelling elderly.

In individuals with MCI, there was a noticeable decline in cognitive abilities that do
not interfere with daily functioning are at increased risk of developing Alzheimer’s disease
or other dementia [25]. In one meta-analysis, MCI incidence per 1000 person-years was 22.5
for ages from 75 to 79 years, up to 60.1 for ages over 85 years [25]. Meanwhile, depression
is the single largest contributor to global disability and a major contributor to suicides [26].
One meta-analysis shows that the prevalence of depression among the elderly over 60 years
is 34.4% in community-based settings [26]. MCI and depression in the elderly may have
varied presentations and may be difficult to diagnose. Therefore, a quick assessment tool
for suspecting MCI or depression in the elderly in primary care is needed.

This study analyzed the relationship between each subscale of the time-orientation
tests and MCI and depression. Although a previous study found that errors in time
orientation in the elderly were related to an increased risk of future dementia [10], no study
has examined the value of time-orientation tests as a case finding for MCI. In addition,
one study showed that temporal disorientation remained independently associated with
late-life depression in a multiple regression analysis of community-dwelling individuals
aged over 75 years [27], but no studies have found a relationship between orientation in
time subscales and depression.

Our study showed that the error in time orientations to the year had a relatively high
PPV (45.7%) for MCI, although the sensitivity (17.7%) was lower than that of the three-item
recall tests. In addition, the error in year or month showed the highest PPV of approximately
40% for depression. Taken together, disorientation to the year, out of the five time subscales,
had the highest PPV (67.0%), NPV (65.5%), accuracy (65.6%), and sensitivity (15.5%) for
MCI or depression diagnosis. This tendency is consistent when analyzing by sex (male,
PPV (61.1%), accuracy (70.7%); female, PPV (68.8%), accuracy (61.1%)) (Tables S10 and S13).
Therefore, if an older adult living in the community provides a wrong answer when asked
the current year, they have a 45.7% probability of having MCI and 67% probability of
having MCI or depression. This result is also in line with findings from other studies; errors
in naming the year and month had the highest sensitivity (95%) and specificity (86.5%) for
detecting cognitive impairment in older hospitalized patients [28].

It is interesting that disorientation to the year had higher accuracy and PPV for MCI or
depression prediction than the three-item recall test. This is plausible because both amnestic
and non-amnestic MCIs are included in the diagnosis of MCI in this study according to the
definition of the National Institute on Aging and the Alzheimer’s Association.

In this study, the error rate in naming the year was very high, at 8.6%, while that
for the month, date, day of the week, and the season was 1.8%, 5.2%, 5.7%, and 1.9%,
respectively. Among a sample of non-institutionalized subjects aged ≥ 65 years in three
cities in France, the most common error was observed for the date (5%), followed by the
season (3%) and day of the week (2%); less than 1% of the participants failed to correctly
name the current month or year [10]. The reason why the error rate for naming the year is
so high among this cohort is not certain. Some older adults use the lunar calendar instead
of the solar calendar; however, the investigations were performed from April to November,
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and the use of the lunar calendar may not explain this error rate. It is assumed that the
error rate for naming the year is high in this cohort because elderly people usually do not
have much social work and have a relatively monotonous daily life, which might mean
that the changes in a year do not matter much to them. Also, further studies would be
needed for a generalization of the results because a dual or triple-year system is also in use
in various countries such as Israel, China, and Saudi Arabia.

In sex subgroup analysis, the female group shows relatively higher sensitivity of
year orientation for diagnosing MCI, depression, and MCI or depression (Tables S8–S13)
compared to male participants. This may be because female older adults participated in
social activities less than male older adults. Further studies would be needed to explain
this phenomenon.

This study has some limitations. First, the age of the participants in the study was
from 70 to 84 years, which might limit the applicability of our results to a general older
adult population. Second, depression was defined only using the GDS score. In addition,
we did not subdivide MCI into amnestic MCI and non-amnestic MCI for separate analysis.
In addition, as one meta-analysis found that MoCA meets the criteria for screening tests
for the detection of MCI in patients over 60 years better than MMSE [29], a future study
would be needed to proceed with other screening tools for evaluating cognitive function.

The five subscales of time orientation had relatively low sensitivity for MCI screening.
Nevertheless, our study showed for the first time that temporal disorientation, especially
disorientation to the year, is associated with higher accuracy and PPV for MCI or depression
among community-dwelling older adults. This could mean that by performing a quick
assessment of orientation to the “year” in older adults who do not have dementia, clinicians
can suspect the possibility of MCI or depression and then lead to further screening tests.
Considering MMSE takes about 6 to 10 min to perform [30], evaluating patients’ year
orientation first, which can be confirmed in about 10 s is thought to be helpful as an aid to
case finding in the busy primary care practice.

5. Conclusions

Older adults with temporal disorientation, especially to the year, have a high proba-
bility of having MCI or depression, although the sensitivity is low. Therefore, the question
“what year is it?” can be helpful as an aid to case finding to MCI or depression in community
or primary care settings.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18158096/s1, Table S1: Baseline characteristics of the study subjects according to mild
cognitive impairment or depression (male), Table S2: Baseline characteristics of study participants
according to each time orientation (male), Table S3: Baseline characteristics of the study subjects
according to mild cognitive impairment or depression (female), Table S4: Baseline characteristics
of study participants according to each time orientation (female), Table S5: Number of errors in
three-item recall (tree, car, hat) tests for the diagnosis of MCI, Table S6: Number of errors in three-item
recall (tree, car, hat) tests for the diagnosis of depression (GDS score of ≥6), Table S7: Number of
errors in three-item recall (tree, car, hat) tests for the diagnosis of MCI or depression (GDS score
of ≥6), Table S8: Time-orientation tests for the diagnosis of MCI (male), Table S9: Time-orientation
tests for the diagnosis of depression (GDS score of ≥6) (male), Table S10: Time-orientation tests for
the diagnosis of MCI or depression (male), Table S11: Time-orientation tests for the diagnosis of MCI
(female), Table S12: Time-orientation tests for the diagnosis of depression (GDS score of ≥6) (female),
Table S13: Time-orientation tests for the diagnosis of MCI or depression (female).

Author Contributions: Conceptualization, C.W. and S.K.; methodology, C.W., S.K. and H.B.; formal
analysis, H.B.; investigation, C.W. and S.K.; data curation, H.B. and S.K.; writing—original draft
preparation, H.B.; writing—review and editing, H.B., S.K., B.K., M.K., J.Y., E.J., Y.K. and C.W.;
supervision, C.W.; project administration, H.B. All authors have read and agreed to the published
version of the manuscript.

https://www.mdpi.com/article/10.3390/ijerph18158096/s1
https://www.mdpi.com/article/10.3390/ijerph18158096/s1


Int. J. Environ. Res. Public Health 2021, 18, 8096 10 of 11

Funding: This research was supported by a grant from the Korea Health Technology R&D Project
through the Korea Health Industry Development Institute (KHIDI), which was funded by the Ministry
of Health and Welfare, Republic of Korea (grant number: HI15C3153).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Kyung Hee University
(IRB number: 2020-09-046). The KFACS protocol was approved by the IRBs of the Kyung Hee
University Medical Center, Seoul, Korea (IRB number: 2015-12-103).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy reasons.

Acknowledgments: We would like to thank the study participants and staff of the Korean Frailty
and Aging Cohort Study for their cooperation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Won, C.W.; Lee, Y.; Kim, S.; Yoo, J.; Kim, M.; Ng, T.-P.; Kim, H.; Son, S.J. Modified criteria for diagnosing “cognitive frailty”.

Psychiatry Investig. 2018, 15, 839. [CrossRef]
2. Longhe, Z. 2020 Alzheimer’s disease facts and figures. Alzheimer’s Dement. 2020, 16, 391–460. [CrossRef]
3. Han, J.W.; Kim, T.H.; Kwak, K.P.; Kim, K.; Kim, B.J.; Kim, S.G.; Kim, J.L.; Moon, S.W.; Park, J.Y.; Park, J.H.; et al. Overview of the

Korean Longitudinal Study on Cognitive Aging and Dementia. Psychiatry Investig. 2018, 15, 767–774. [CrossRef] [PubMed]
4. Campbell, N.L.; Unverzagt, F.; LaMantia, M.A.; Khan, B.A.; Boustani, M.A. Risk Factors for the Progression of Mild Cognitive

Impairment to Dementia. Clin. Geriatr. Med. 2013, 29, 873–893. [CrossRef]
5. Plassman, B.L.; Langa, K.M.; Fisher, G.G.; Heeringa, S.G.; Weir, D.R.; Ofstedal, M.B.; Burke, J.R.; Hurd, M.D.; Potter, G.G.;

Rodgers, W.L.; et al. Prevalence of cognitive impairment without dementia in the United States. Ann. Intern. Med. 2008, 148,
427–434. [CrossRef]

6. Bradford, A.; Kunik, M.E.; Schulz, P.; Williams, S.P.; Singh, H. Missed and delayed diagnosis of dementia in primary care:
Prevalence and contributing factors. Alzheimer Dis. Assoc. Disord. 2009, 23, 306–314. [CrossRef] [PubMed]

7. Sanford, A.M. Mild Cognitive Impairment. Clin. Geriatr. Med. 2017, 33, 325–337. [CrossRef] [PubMed]
8. Zhang, J.; Wang, L.; Deng, X.; Fei, G.; Jin, L.; Pan, X.; Cai, L.; Albano, A.D.; Zhong, C. Five-Minute Cognitive Test as A New Quick

Screening of Cognitive Impairment in The Elderly. Aging Dis. 2019, 10, 1258–1269. [CrossRef]
9. Sheehan, B. Assessment scales in dementia. Ther. Adv. Neurol. Disord. 2012, 5, 349–358. [CrossRef] [PubMed]
10. Dumurgier, J.; Dartigues, J.-F.; Gabelle, A.; Paquet, C.; Prevot, M.; Hugon, J.; Tzourio, C. Time Orientation and 10 Years Risk of

Dementia in Elderly Adults: The Three-City Study. J. Alzheimer’s Dis. 2016, 53, 1411–1418. [CrossRef] [PubMed]
11. Park, M.; Unützer, J. Geriatric Depression in Primary Care. Psychiatr. Clin. N. Am. 2011, 34, 469–487. [CrossRef] [PubMed]
12. Kessler, R.C.; Birnbaum, H.; Bromet, E.; Hwang, I.; Sampson, N.; Shahly, V. Age differences in major depression: Results from the

National Comorbidity Survey Replication (NCS-R). Psychol. Med. 2009, 40, 225–237. [CrossRef] [PubMed]
13. Unützer, J. Diagnosis and treatment of older adults with depression in primary care. Biol. Psychiatry 2002, 52, 285–292. [CrossRef]
14. Mitchell, A.J.; Rao, S.; Vaze, A. Do primary care physicians have particular difficulty identifying late-life depression? A meta-

analysis stratified by age. Psychother. Psychosom. 2010, 79, 285–294. [CrossRef]
15. Varghese, M.; Muliyala, K.P. The complex relationship between depression and dementia. Ann. Indian Acad. Neurol. 2010, 13,

69–73. [CrossRef]
16. Shin, M. Depressive symptoms with cognitive dysfunction increase the risk of cognitive impairment: Analysis of the Korean

Longitudinal Study of Aging (KLoSA), 2006–2018. Int. Psychogeriatrics 2020, 2020, 1–11. [CrossRef]
17. Won, C.W.; Lee, Y.; Choi, J.; Kim, K.W.; Park, Y.; Park, H.; Oh, I.-H.; Ga, H.; Kim, Y.S.; Jang, H.C.; et al. Starting Construction of

Frailty Cohort for Elderly and Intervention Study. Ann. Geriatr. Med. Res. 2016, 20, 114–117. [CrossRef]
18. Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.; Jagust, W.J.;

Petersen, R.C.; et al. The Diagnosis of Mild Cognitive Impairment due to Alzheimer’s Disease: Recommendations from the
National Institute on Aging-Alzheimer’s Association Workgroups on Diagnostic Guidelines for Alzheimer’s Disease. Focus 2013,
11, 96–106. [CrossRef]

19. Delrieu, J.; Andrieu, S.; Pahor, M.; Cantet, C.; Cesari, M.; Ousset, P.J.; Voisin, T.; Fougère, B.; Gillette, S.; Carrie, I.; et al.
Neuropsychological Profile of “Cognitive Frailty” Subjects in MAPT Study. J. Prev. Alzheimers Dis. 2016, 3, 151–159. [PubMed]

20. Yesavage, J.A.; Sheikh, J.I. 9/Geriatric Depression Scale (GDS). Clin. Gerontol. 1986, 5, 165–173. [CrossRef]
21. Park, H.S.; Deung Jung, Y.J.; Lee, C.I.; Oh, J.E.; Hong, S.H.; Cho, C.Y. Comparing Various Short-Form Geriatric Depression Scales

in Elderly Patients. J. Korean Acad. Fam. Med. 2006, 27, 364–369.
22. Park, J.-M.; Lee, J.; Kim, Y.-J.; Won, C.W. Calorie Intake and Cognitive Function in the Elderly: Data from the Korean Frailty and

Aging Cohort Study (KFACS). J. Nutr. Health Aging 2019, 23, 930–936. [CrossRef] [PubMed]

http://doi.org/10.30773/pi.2018.05.22
http://doi.org/10.1002/alz.12068
http://doi.org/10.30773/pi.2018.06.02
http://www.ncbi.nlm.nih.gov/pubmed/30086611
http://doi.org/10.1016/j.cger.2013.07.009
http://doi.org/10.7326/0003-4819-148-6-200803180-00005
http://doi.org/10.1097/WAD.0b013e3181a6bebc
http://www.ncbi.nlm.nih.gov/pubmed/19568149
http://doi.org/10.1016/j.cger.2017.02.005
http://www.ncbi.nlm.nih.gov/pubmed/28689566
http://doi.org/10.14336/AD.2019.0115
http://doi.org/10.1177/1756285612455733
http://www.ncbi.nlm.nih.gov/pubmed/23139705
http://doi.org/10.3233/JAD-160295
http://www.ncbi.nlm.nih.gov/pubmed/27392864
http://doi.org/10.1016/j.psc.2011.02.009
http://www.ncbi.nlm.nih.gov/pubmed/21536169
http://doi.org/10.1017/S0033291709990213
http://www.ncbi.nlm.nih.gov/pubmed/19531277
http://doi.org/10.1016/S0006-3223(02)01338-0
http://doi.org/10.1159/000318295
http://doi.org/10.4103/0972-2327.74248
http://doi.org/10.1017/S1041610220003622
http://doi.org/10.4235/agmr.2016.20.3.114
http://doi.org/10.1176/appi.focus.11.1.96
http://www.ncbi.nlm.nih.gov/pubmed/27547746
http://doi.org/10.1300/J018v05n01_09
http://doi.org/10.1007/s12603-019-1249-z
http://www.ncbi.nlm.nih.gov/pubmed/31781721


Int. J. Environ. Res. Public Health 2021, 18, 8096 11 of 11

23. Borson, S.; Scanlan, J.; Brush, M.; Vitaliano, P.; Dokmak, A. The mini-cog: A cognitive ‘vital signs’ measure for dementia screening
in multi-lingual elderly. Int. J. Geriatr. Psychiatry 2000, 15, 1021–1027. [CrossRef]

24. Slachevsky, A.; Villalpando, J.M.; Sarazin, M.; Hahn-Barma, V.; Pillon, B.; Dubois, B. Frontal Assessment Battery and Differential
Diagnosis of Frontotemporal Dementia and Alzheimer Disease. Arch. Neurol. 2004, 61, 1104–1107. [CrossRef] [PubMed]

25. Gillis, C.; Mirzaei, F.; Potashman, M.; Ikram, M.A.; Maserejian, N. The incidence of mild cognitive impairment: A systematic
review and data synthesis. Alzheimer’s Dement. Diagn. Assess. Dis. Monit. 2019, 11, 248–256. [CrossRef]

26. Pilania, M.; Yadav, V.; Bairwa, M.; Behera, P.; Gupta, S.D.; Khurana, H.; Mohan, V.; Baniya, G.; Poongothai, S. Prevalence of
depression among the elderly (60 years and above) population in India, 1997–2016: A systematic review and meta-analysis.
BMC Public Health 2019, 19, 1–18. [CrossRef] [PubMed]

27. da Costa Dias, F.L.; Teixeira, A.L.; Guimarães, H.C.; Barbosa, M.T.; Resende, E.D.P.F.; Beato, R.G.; Carmona, K.C.; Caramelli, P.
Cognitive performance of community-dwelling oldest-old individuals with major depression: The Pieta study. Int. Psychogeriatr.
2017, 29, 1507. [CrossRef]

28. O’Keeffe, E.; Mukhtar, O.; O’Keeffe, S.T. Orientation to time as a guide to the presence and severity of cognitive impairment in
older hospital patients. J. Neurol. Neurosurg. Psychiatry 2010, 82, 500–504. [CrossRef]

29. Ciesielska, N.; Sokołowski, R.; Mazur, E.; Podhorecka, M.; Polak-Szabela, A.; Kędziora-Kornatowska, K. Is the Montreal Cognitive
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