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ABSTRACT

Background:

A study of the Korean version of the Vascular Cognitive Impairment Harmonization Standards 
(K-VCIHS) in a multicenter, hospital-based stroke cohort in Korea has already been completed. 
We studied the test accuracy of the Korean version of the Informant Questionnaire on 
Cognitive Decline in the Elderly (K-IQCODE) as a screening tool for post-stroke dementia (PSD) 
in this cohort. 

Methods and Findings: 

Cognitive status was evaluated using the K-IQCODE as a screening tool and the 60-minute 
K-VCIHS-neuropsychological (NP) test protocol as a diagnostic standard of PSD at 3 months 
post-stroke. We compared the concordance rate for PSD diagnoses by the K-IQCODE and 
DSM-IV criteria from 60-minute K-VCIHS-NP test protocols for patients involved in the 
K-VCIHS study. Concordance between the PSD results from K-VCIHS-NP test protocols and 
the K-IQCODE was 45.3% (Kappa value = 0.471, p < 0.001). With a cut-off point of 3.6+ on the 
K-IQCODE for Alzheimer’s disease, the ROC curve showed a sensitivity of 45%, specificity of 
96%, and area under the receiver operating characteristic of 0.784. 

Conclusion: 

The IQCODE was not suitable for screening PSD at 3 months post-stroke because of its low 
sensitivity around the cut-off point for AD. We investigated other suggested optimal cut-off 
points on the IQCODE for PSD, but found that these were also unsuitable. 
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Introduction

Stroke is a major cause of dementia, especially 
in Asian countries [1-3]. Although a recent 
study showed that the most common cause 
of dementia in South Korea was Alzheimer’s 

disease (AD) [4], vascular dementia remains 
an important cause. Stroke causes survivors 
to develop residual cognitive impairments or 
behavioral changes in addition to their physical 
deficits. Post-stroke dementia (PSD) is one of 
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the main causes of dependency in survivors and 
includes any dementia after stroke, regardless 
of its underlying cause (AD, vascular, other 
degenerative, or mixed) [5]. A study to determine 
the frequency of vascular cognitive impairment 
(VCI) using the Korean version of the Vascular 
Cognitive Impairment Harmonization 
Standards (K-VCIHS) and to investigate the 
feasibility of the K-VCIHS-neuropsychological 
(NP) test protocol in a multicenter, hospital-
based stroke cohort study in Korea has already 
been completed [6].

It is hard to assess cognitive dysfunction in stroke 
patients because of their disabilities; therefore, 
brief and easily applicable tests are needed 
to screen for cognitive impairment among 
them. Many studies have used the Informant 
Questionnaire on Cognitive Decline in the 
Elderly (IQCODE) in investigating cognitive 
dysfunctions associated with stroke, because the 
IQCODE does not require the involvement of 
the person being assessed. While the IQCODE is 
useful for the assessment of pre-stroke cognitive 
decline such as Alzheimer’s disease (AD), its 
validity in determining PSD has been evaluated 
only in few studies [7,8].

This study aimed to evaluate the test accuracy 
of the Korean version of the IQCODE 
(K-IQCODE) as a screening tool for PSD. We 
performed this study by comparing diagnosis 
rate of PSD using both the K-IQCODE and the 
comprehensive NP tests in patients who were 
enrolled in our previous multi-center stroke 
cohort study (K-VCIHS study) at 3 months 
post-stroke.

Methods

Among 899 acute stroke patients who enrolled 
in the K-VCIHS study, 506 patients underwent 
a follow-up evaluation, and 353 patients 
completed the 60-minute K-VCIHS-NP 
protocol at 3 months post-stroke. Of the 353 
who completed the standard neuropsychology 
battery, 346 were evaluated using the follow-up 
IQCODE test as a screening tool for PSD. The 
number of subjects with VCI at 3 months post-
stroke was 221 (62.6%) of the 353 post-stroke 
survivors who completed the K-VCIHS-NP test 
protocol; PSD was diagnosed in 45 (12.7%) 
patients [6]. To elucidate the test accuracy of 
the IQCODE as a screening tool for PSD, we 
evaluated the concordance rate for PSD diagnoses 
of the K-IQCODE and the Diagnostic and 
Statistical Manual of Mental Disorders, Fourth 

Edition (DSM-IV), criteria from the 60-minute 
K-VCIHS-NP test protocol for patients involved 
in the K-VCIHS study.

At 3 months after stroke onset, the K-IQCODE 
was completed by a reliable informant (relatives 
or care givers) as the screening tool and 60-minute 
K-VCIHS-NP test protocol as the standard 
neuropsychology battery was performed. The 
standard NP tests were performed by well 
qualified neuropsychologists who had been 
blinded about the IQCODE data of each patient. 
Both tests have been validated and standardized 
with Korean subjects [6,9]. Diagnosis for 
dementia was performed according to the DSM-
IV criteria based on clinical interviews and 
cognitive functions assessed using 60-minute 
K-VCIHS-NP test, and social functioning status 
measured by the Instrumental Activities of Daily 
Living (IADL) scale at 3 months after stroke [10]. 
A participant was categorized as having impaired 
cognitive functions if he/she scored below the 
10th percentile on an individual domain of 
cognition. PSD was defined as dementia in post-
stroke survivors without regard to pre-stroke 
cognitive status.

For the statistical analysis, the sensitivity, 
specificity and the area under the receiver 
operating characteristic (AUROC) curve of the 
K-IQCODE were measured against the clinical 
diagnoses. The concordance rate, defined as 
the number of overlapping cases between the 
K-IQCODE and 60-minute K-VCIHS-NP 
test protocol was evaluated with Cohen’s kappa 
coefficient. A two-sided P-value of less than 
0.05 was defined as statistically significant. 
This study was approved by the Institutional 
Review Board of each participating hospital, 
and all subjects provided written informed 
consent.

Results

The mean age of the 353 stroke survivors was 
63.9 ± 12.4 years, male gender was 38.8% and 
education level was 4.7 ± 1.7 years. Hypertension 
and smoking were frequent risk factors (62.9% 
and 44.3%, respectively). The mean score of 
National Institute of Health Stroke Scale score at 
admission was 3 and the proportion of poor pre-
morbid status was 7.6% (modified Rankin score 
≥ 3). When we compared to the stroke survivors 
with normal cognition, VCI patients were older 
(66.5 years, p < 0.001) and had more frequent 
history of hypertension (69.2%, p < 0.001)
and diabetes (36%, p = 0.039). The subtype of 
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ischemic stroke was different; the proportion of 
large artery atherosclerosis was higher in VCI 
patients (46.1%, p = 0.002) but, small vessel 
occlusion was less frequent in this group (21.3%, 
p < 0.001).

The concordance rate of detecting PSD in 
the K-VCIHS-NP test protocol and the 
K-IQCODE at 3 months after stroke was 
45.3% (Kappa value = 0.471, p < 0.001). 
When applying the K-IQCODE threshold of 
3.6, which was designated for AD, the ROC 
curve showed sensitivity of 45%, specificity 
of 96%, and AUROC of 0.706. Suggested 
optimal cut-off points of the K-IQCODE 
for PSD are listed in Table 1. Taking the 
K-IQCODE threshold of 3.13 the sensitivity, 
specificity, and AUROC were 75.5%, 75.0% 
and 0.752 respectively. The ROC curve of the 
K-IQCODE for PSD with threshold of 3.13 is 
presented in Figure 1. 

Discussion

This study is the first study of the K-IQCODE 
performance in the screening of PSD in Korean 
patients to the best knowledge of ours. This study 
showed that the concordance rate of detecting 
PSD in the K-VCIHS-NP test protocol and the 
K-IQCODE at 3 months after stroke was 45.3% 
and which indicates that the K-IQCODE might 
not be a useful tool to predict PSD. Whereas the 
K-IQCODE was validated and has a sensitivity 
of 90% and specificity of 70% for a cut-off of 
3.6+ for screening of AD in Korea [9], the present 
study showed that the cut-off value for AD was 
not appropriate for screening of PSD because 
of low sensitivity (45%). Theoretically, perfect 
screening test has both 100% of sensitivity and 
specificity. However, sensitivity and specificity 
are so inversely proportional, indicating that it 
is important to search the optimal cut-off values 
of the tests. 

In general, the ROC analysis provides tools to 
select possibly optimal model and shows optimal 
discrimination threshold. According to arbitrary 
guidelines, screening tests with AUROCs over 
0.8 - 0.85 are regarded as good tests. In this 
study, we tried to find another optimal value 
for PSD on the K-IQCODE instead of that for 
AD, but we failed to demonstrate optimal cut-
off point with good sensitivity, specificity and 
AUROC to detect PSD in patients with post-
stroke state. 

This study was performed based on the K-VCIHS 

Table 1: Suggested optimal cut-off point for the Korean version of the Informant 
Questionnaire on Cognitive Decline in the Elderly (K-IQCODE) for post-stroke 
dementia.

Cut-off 
point Sensitivity Specificity PPV (%) NPV (%) AUROC 95% CI

3.07 0.774 0.642 48.8 86.5 0.708 0.625-0.791

3.09 0.774 0.717 54.7 87.8 0.745 0.665-0.826

3.13 0.755 0.750 57.1 87.4 0.752 0.672-0.833

3.16 0.736 0.775 50.1 86.9 0.755 0.674-0.837

3.20 0.736 0.792 60.9 87.2 0.764 0.683-0.845

3.23 0.717 0.817 63.3 86.7 0.767 0.685-0.848

3.26 0.698 0.842 66.1 86.3 0.770 0.688-0.852

3.60 0.453 0.95.8 82.8 79.9 0.706 0.612-0.799

Note: *Optimal cut-off score based on maximal sensitivity and specificity using the receiver 
operating characteristic (ROC) analysis.

**Abbreviations: PPV - Positive Predictive Value; NPV - Negative Predictive Value

Figure 1: Receiver operating characteristic curve (ROC) of the Korean version of the 
Informant Questionnaire on Cognitive Decline in the Elderly (K-IQCODE) for post-stroke 
dementia. The ROC curve shows 0.752 of the area under the ROC with given 3.13 of cut-off 
point of the K-IQCODE. The sensitivity and specificity were 75.5% and 75.0% respectively.
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study, the first large-scale, multicenter study 
for VCI using 60-minute K-VCIHS-NP test 
protocol proposed by National Institutes of 
Neurological Disorders and Stroke and Canadian 
Stroke Network [11]. Although 60-minute 
K-VCIHS-NP test protocol demonstrated its 
usefulness for evaluating cognitive impairment 
in post-stroke survivors in a multicenter cohort 
[6], the necessity of easily and rapidly applicable 
screening tool for cognitive impairment in post-
stroke patients is still remained.

As for the screening tool for cognitive impairment, 
the MMSE is the most commonly used test 
and many studies have used it for diagnosis of 
dementia. Nonetheless, the pattern of PSD 
cognitive deficit may involve a preponderance 
of so-called “executive” dysfunction unlike AD. 
Therefore, NP test protocol must be sensitive to 
a wide range of cognitive abilities and especially 
attuned to the assessment of executive function 
to diagnose PSD. To this end, further validation 
of the IQCODE for screening for PSD had 
been required and we were able to perform a far 
more reliable evaluation of the K-IQCODE for 
screening PSD.

The IQCODE is the most widely used 
informant-based screening test for cognitive 
abilities [12]. It was originally developed as a 
way of measuring cognitive decline from a pre-
morbid level using informant reports mainly in 
degenerative dementia such as AD. It validly 
reflects past cognitive decline and is relatively 
unaffected by education, pre-morbid ability, or 
proficiency in the culture’s dominant language 
[13]. The IQCODE has been used for assessment 
of pre-stroke and post-stroke cognition and 
to aid prognosis; indeed, the properties of 
IQCODE vary according to the purpose of 
testing [14]. There have been many studies that 
investigated cognitive dysfunctions associated 
with stroke using the IQCODE to evaluate pre-
stoke cognitive impairment [5,15], however 
only few studies have evaluated the value of 
the IQCODE as a screening tool for PSD. 
Nevertheless the possibility of the biases of 
informants, the IQCODE has drawn attention 
for screening of PSD because of its strengths; 
especially it does not require the participation 
of the stroke patients. While Tang et al. 
concluded that the IQCODE did not appear 
to be a useful tool for screening PSD because 
of its low predictive value [7] and Srikanth et 
al. also reported that both the MMSE and the 
IQCODE were individually poor at detecting 
cognitive impairment after first-ever stroke 

in community-based stroke cohort [8], some 
studies showed the usefulness of the IQCODE 
as a screening tool [16-18].

The diagnosis of PSD must be influenced by 
the diagnostic criteria itself. More extensive 
NP test protocols have more chance to find the 
cognitive dysfunction in stroke survivors. So 
standardized comprehensive NP test protocol 
is essential to evaluate the validity of screening 
tool for PSD. Because this study is based on 
the large-scale, multicenter study for VCI using 
the 60-minute K-VCIHS-NP test protocol, the 
participants in this study were all evaluated 
under the same standardized extensive NP test 
protocol. A higher frequency of VCI using 
comprehensive neuropsychology protocol at 
3 months (62.6%) compared to the results in 
which post-stroke cognitive impairment were 
defined using the MMSE; previous Chinese 
study (37.1%) [19] and K-VCIHS study itself 
(26.4%) showed the importance of diagnostic 
standard test in validation of screening test for 
PSD [6].

In conclusion, we found that the IQCODE was 
not suitable for screening PSD at 3 months after 
stroke because of its low sensitivity around 
the cut-off points for AD. We investigated 
other suggested optimal cut-off points on 
the IQCODE for PSD, but found these were 
also unsuitable. Further studies to find easily 
applicable screening tools for detecting PSD 
are needed. These studies should focus on 
instrument reliability and comprehensive NP 
tests.
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