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Abstract.
Background: Cognitive assessment for foreign-born individuals is suboptimal. The Multicultural Cognitive Examination
(MCE) was developed for use in culturally, linguistically and educationally diverse populations. The MCE includes the Row-
land Universal Dementia Assessment Scale (RUDAS) and performs assessment of memory, verbal fluency, and visuospatial
function.
Objective: To compare the psychometric properties of the Swedish version of the Multicultural Cognitive Examination
(MCE-S) with the Swedish versions of the RUDAS (RUDAS-S), the Mini-Mental State Examination (MMSE-SR), and the
Clock Drawing Test (CDT), and to explore the ability of the MCE-S test to differentiate patients with and without dementia
in a multicultural population.
Methods: 117 outpatients at four memory clinics were tested using the MCE-S to complement the routine cognitive
assessment.
Results: Significant differences between patients with and without dementia were observed for all MCE-S components.
There were significant differences between foreign-born and Swedish-born patients in the MMSE-SR, but not in the MCE-S
or the RUDAS-S. The MCE-S, had good diagnostic performance for detecting dementia (AUC, 0.82), and was at least as
good as the RUDAS-S alone (AUC, 0.79). The MCE-S also distinguished Alzheimer’s disease (AD) from non-AD dementia.
Contrary to expectations, the MCE-S was also at least as good as the MMSE-SR among the Swedish-born patients.
Conclusions: The MCE-S is adequate for detecting dementia in both foreign-born and Swedish-born populations. Based on
the cultural diversity of general society, adapted cognitive tests that can be used for everyone are practical and beneficial for
both patients and health-care professionals. Further studies are needed within primary care.
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INTRODUCTION

Similar to other European countries, the population
of Sweden has become increasingly diverse in recent
decades.

An increase in the number of older foreign-born
individuals is expected in Europe because of demo-
graphic aging, which means an expected increase
in the number of people with cognitive decline and
dementia in this group [1–3]. This predicts that their
aging profile will be correlated with a higher inci-
dence of vascular and lifestyle risk factors [2, 4, 5].

The cognitive assessment of foreign-born individ-
uals is associated with various challenges caused
by communication difficulties, language barriers,
and cultural background [6–11], the use of inter-
preters [1, 12–14], education background [2, 15,
16] and the tests used during the assessment [1, 2,
16, 17].

Second-language effects are clear in most neu-
ropsychological tests, and patients with a mother
tongue other than Swedish can present lower scores
in all Swedish-language-administered neuropsycho-
logical tests with a verbal component [18]. Previous
studies have indicated that migrants may have lower
odds of receiving a specific dementia diagnosis, lower
use of dementia-specific drugs, and higher use of
neuroleptics [19]; moreover, they may remain undi-
agnosed [20, 21], or be over-diagnosed if aged below
60 years and underdiagnosed if aged over 60 years
[22].

The existing cognitive tests (e.g., the Mini-Mental
State Examination (MMSE)) are not adjusted for
multicultural populations and their scores are affected
by language, cultural background, and education [1,
2]. The MMSE [23] is the tool most commonly used
in memory clinics in Europe, and is also the pre-
ferred test for use in their foreign-born patients [22].
The need to develop adequate assessment methods
for foreign-born patients is being increasingly recog-
nized [1, 2, 11, 24, 25].

The Rowland Universal Dementia Assessment
Scale (RUDAS) [26], which has been validated in
many different countries, is a test with good diagnos-
tic performance for detecting dementia across high-,
low-, and middle-income settings and in samples with
a lower and higher proportion of participants with no
formal education [27]. The RUDAS was validated
in Sweden and exhibited moderate-to-good diagnos-
tic performance for detecting dementia [12]. Clinical
experience and previous studies reveal a need for sup-
plementary tests to the RUDAS for a more precise

cognitive assessment of foreign-born individuals [12,
28, 29].

Several test batteries that can supplement the
RUDAS have been developed to improve cognitive
assessment among the multicultural populations of
Europe, such as the Cross-cultural Neuropsycholog-
ical Test Battery [28, 29], Cross-Cultural Dementia
(CCD) [30] screening, and the Multicultural Cogni-
tive Examination (MCE) [31]. The MCE cognitive
screening instrument includes the RUDAS [26], the
Recall of Pictures Test (RPT) [32], the Supermarket
Fluency (SF) test [33], and the Clock Reading Test
(CRT) [34].

Aim

The aims of the study were to compare the psycho-
metric properties of the Swedish version of the MCE
(MCE-S) with the Swedish versions of the RUDAS
(RUDAS-S), the MMSE (MMSE-SR), and the Clock
Drawing Test (CDT), and to explore the ability of
the MCE-S test to differentiate patients with demen-
tia from those without dementia in a multicultural
population at memory clinics in Sweden.

MATERIAL AND METHODS

Participants

All specialist memory clinics in southern Sweden
were invited to participate in this prospective study.
Four out of five clinics accepted the invitation and
agreed to include at least 30 patients each. All health-
care professionals at the memory clinics were given
detailed information about the study trained by the
research group (authors 1 and 2) in the administration
of the MCE-S and in interpreter-mediated cognitive
assessment. Thereafter the inclusion of patients was
started.

Together with the regular invitation for the appoint-
ment at the memory clinics, an informative letter with
the invitation to participate in the study was sent via
regular post to potential participants. No exclusion
criteria were formulated for participation in the study,
to reflect the clinical patient population and give all
individuals an equal opportunity to participate. The
patients were referred for cognitive assessment and
all had suspected cognitive impairment but no estab-
lished diagnosis of dementia. When the patients came
to the clinics for the cognitive assessment, they also
declared whether they accepted or declined to par-



R. Torkpoor et al. / Validation of MCE-S in Sweden 717

Table 1
The Multicultural Cognitive Examination

Cognitive domain Item Points

General Cognitive Function RUDAS (memory and memory recall, visuospatial orientation, praxis,
visuoconstructional drawing, judgment, and language)

30

Memory∗ Recall of Pictures Test (immediate recall, delayed recall, and recognition of 10
pictures)

30

Language/executive Supermarket Fluency (the number of different supermarket items produced in
1 min)

28

Visuospatial Clock Reading Test (reading of the time on 12 clock faces) 12
Total score /100

∗Immediate recall is the mean score of three learning experiences. Delayed recall is the number of pictures that the participant can recall
after an interference interval; score, 0–10. Recognition is the number of pictures the participant can recognize among 10 other pictures,
subtracted by the number of false-positive answers; score, 0–10.

ticipate in the study. Both the study information and
consent forms were translated by translation agen-
cies and were made available to patients who had
not reached a reading level in Swedish. Verbal infor-
mation and written study materials were provided
to the patients at the visit. After the patients pro-
vided written consent, they were included in the
study.

The inclusion began and continued based on prac-
tical circumstances at each clinic and took place
between September 2018 and October 2019. Accord-
ing to the clinical activity, the four participating
memory clinics started including patients at differ-
ent time points. The patients were mostly referred
from primary care or, in some cases, psychiatric and
other specialist clinics.

Formal interpreters from the procured interpreting
agency were available to all foreign-born patients,
as needed. Although the cognitive assessment was
performed using an interpreter for most foreign-born
patients who participated in the study, 12 patients did
not wish to have an interpreter because they were
fluent in Swedish or would rather have the help of
a relative. Of these 12 patients, nine originated from
another Nordic or non-Nordic European country, one
was from an Asian country, and two were from a
South American country.

Procedures

According to the national guidelines, the clini-
cal diagnoses were based on physical, neurological,
and psychiatric examinations; laboratory tests of
blood samples; brain imaging; cognitive tests; and
interviews with relatives [35]. The routine cognitive
tests included the MMSE-SR and the CDT. In some
patients, Cube copying and lumbar puncture were
performed. The MMSE-SR and the CDT were used

for diagnosis, whereas the MCE-S was not part of the
diagnostic procedure.

In the present study, the MMSE-SR, the CDT [36],
with a range of 0–5, and the MCE-S, including the
RUDAS-S, were used to assess cognitive impairment.
To evaluate the instrumental activities of daily living
(IADL), the Functional Assessment Questionnaire
(FAQ) [37], with a range of 0–30 points, was used. A
score of ≥9 points, or dependence in three or more
activities, indicated impaired IADL. To identify a
depressive component, the 20-item Swedish version
of the Geriatric Depression Scale (GDS-20) with a
cutoff of ≥6 points was used [38].

Multicultural cognitive examination

The MCE [31] is a brief cross-cultural cognitive
screening instrument with a total score of 100 points.
The MCE does not require any specialized train-
ing and may be useful for the classification of mild
dementia or dementia subtypes. The MCE is a com-
prehensive combination of sensitive instruments and
comprises four parts that assess separate cognitive
functions, respectively. The test includes the RUDAS
for the assessment of general cognitive functioning
[26], the Recall of Pictures Test (RPT) for memory
[32], the Supermarket Fluency (SF) test for verbal
fluency [33], and the CRT for visuospatial function
[34] (Table 1).

Previously, we translated and back-translated the
RUDAS into Swedish [12] according to established
principles [39]. The same procedures were used to
prepare the MCE-S.

After the study, three or four health-care profes-
sionals, nurses or physicians, from each participating
clinic shared their experiences of the tests in three
focus-group interviews.
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Diagnoses

All diagnoses were established according to the
International Classification of Diseases (ICD-10)
diagnostic system [40] and included etiological
diagnosis and level of cognitive impairment. The cog-
nitive impairment was classified as dementia, mild
cognitive disorder corresponding to mild cognitive
impairment (MCI), and unspecified symptoms and
signs involving cognitive functions and awareness,
corresponding to subjective cognitive impairment
(SCI). The McKeith criteria were used for the diag-
nosis of dementia with Lewy bodies (DLB) in the
memory clinics [41]. In Sweden, the code F02.8
G31.8 is used for DLB, as it is not specified in ICD-
10. The diagnoses were established via consensus in
joint diagnosis rounds in which several physicians
and other health-care personnel from the different
memory clinics participated.

Ethics

The local ethics committee of Lund Univer-
sity approved the study (2016/292 and 2018/109).
Informed consent was obtained from all participants.

Statistical analysis

Descriptive statistics were applied to compare
demographic and clinical characteristics. Student’s t
test was used to compare group means of continuous,
normally distributed variables (e.g., age), whereas the
Mann–Whitney U test was used to compare continu-
ous, nonnormally distributed variables and variables
with uneven scaling properties (e.g., cognitive test
results, GDS, and FAQ). Fisher’s exact test (e.g., sex)
and Pearson’s χ2 test were used to test differences in
the distribution of categorical variables. Spearman’s
correlations were used for analyses between contin-
uous variables (age, years of education, MMSE-SR,
CDT, RUDAS-S, MCE-S, and FAQ). Binary logistic
regression analyses of the MCE-S were performed to
investigate the probability of dementia adjusted by
age, sex, years of education, and foreign-/Swedish-
born status. Missing data in years of education were
substituted by multiple imputations using all test data,
age, and education.

The effect size was calculated as η2 for ANOVA
(0.01, small effect; 0.06, medium effect; and 0.14,
large effect), as well as r for the Mann–Whitney U
test (<0.3, small effect; 0.3–0.5, medium effect; and
>0.5, large effect).

Receiver operating characteristic (ROC) curve
analyses were applied to test the ability of the
MMSE-SR, CDT, RUDAS-S, and MCE-S to identify
dementia, as the criterion standard. No other covari-
ates were used. An area under the ROC curve (AUC)
between 0.9 and 1.0 is considered excellent, between
0.8 and 0.9 is considered good, between 0.7 and 0.8
is considered fair, between 0.6 and 0.7 is considered
poor, and between 0.5 and 0.6 is considered a failure
[42].

The Clinical Calculator 1 from the Vassar Stats
website (www.vassarstats.net/clin1.html) was used to
calculate sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
likelihood ratio (LR)+, and LR– with 95% confidence
intervals (CIs) at different cutoff points. All other
analyses were performed using IBM SPSS Statistics
for Windows (version 27; IBM Corp., Armonk, NY,
USA). Significance was set at p < 0.05.

RESULTS

Participant characteristics

Of the 180 patients who received the informative
letter, 127 agreed to participate in the study and 125
received a diagnosis. However, as not all patients
underwent the MCE-S test in its entirety, data were
analyzed based on the 117 individuals who answered
all questions included in the MCE-S (Fig. 1).

Eighty-seven patients were born in Sweden and
30 were born elsewhere: five originated from another
Nordic country (Denmark, Finland, or Norway), 12
from an Eastern European country (Bosnia, Poland,
former Yugoslavia, Kosovo, Makedonia, or Belarus),
six from a Middle Eastern country (Iran, Iraq,
Lebanon, or Palestine), three from an Asian country
(Thailand or Taiwan), three from a South Ameri-
can country (Brazil or Chile), and one was from
an African country (Cameroon). According to the
World Bank Group’s country classification, which
indicates socioeconomic position, 10 participants
were classified as coming from a high-, 16 from an
upper-middle-, and four from a lower-middle income
country. Foreign-born participants had lived in Swe-
den for 1–55 years (mean, 30 years).

The comparison of foreign-born and Swedish-
born patients revealed the absence of significant
differences in age (68.8 ± 13.0 years; range, 43–88
versus 70.8 ± 11.8 years; range, 30–92 years) or sex
(19 females/11 males versus 43 females/44 males).
Moreover, compared with Swedish-born patients,

www.vassarstats.net/clin1.html
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Fig. 1. Flow chart: Participants and clinical diagnoses.

foreign-born participants had fewer years of edu-
cation (9.6 ± 4.0 years; range, 1–17 years versus
11.3 ± 3.6 years; range, 6–20 years; p = 0.05).

The comparison of foreign-born and Swedish-
born patients showed that the mean MMSE-SR score
was significantly lower in the former (19.8 ± 5.5
versus 24.8 ± 4.8, U = 613.5, p < 0.001, r = 0.40), fol-
lowed by the score on the CDT (2.0 ± 1.8 versus
3.6, ± 1.5, U = 952.0, p = 0.05, r = 0.18). In the MCE-
S there was a significant difference in the SF task
(12.0 ± 5.8 versus 15.0 ± 6.6, U = 941.0, p = 0.02,
r = 0.21), but not in any of the remaining MCE-S
measures, including total score (63.0 ± 18.0 versus
67.0 ± 17.3) and RUDAS-S score (23.1 ± 4.6 versus
22.6 ± 4.5). Mean time in months from first consul-
tation to diagnosis was 5.1 ± 1.7 for the foreign-born
and 5.3 ± 3.1 for the Swedish-born patients. Preva-
lence of dementia diagnoses did not differ between
the foreign-born (50%) and Swedish-born (47%)
patients. Figure 1 reports the distribution of the diag-
noses.

Fifty-six patients were diagnosed with demen-
tia, 36 with MCI (F067) and 25 with SCI (13
with memory-related subjective symptoms (R418A)
and 12 with other diagnoses, such as depression,
posttraumatic stress disorder (PTSD), burnout syn-
drome, fibromyalgia, and neurological disorders such
as dysphasia and parkinsonism). Among those with
dementia (n = 56), 14 patients had Alzheimer’s dis-
ease (AD), 10 had vascular dementia (VaD), 18
had mixed AD/VaD, four had DLB/Parkinson’s
disease dementia (PDD), and five had frontotempo-
ral dementia (FTD). Five patients were diagnosed
with nonspecific dementia. Among those with MCI,
seven patients had positive AD CSF biomarkers.
The distribution of diagnoses did not differ sig-
nificantly between foreign-born and Swedish-born
patients.

The demographic and cognitive characteristics of
the patients with a diagnosis of clinical dementia,
MCI, and SCI are summarized in Table 2. Signifi-
cant group differences were detected for FAQ-IADL,
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Table 2
Demographic characteristics, test results and cognitive diagnoses of the study population (N = 117)

Characteristic Total Dementia Non-Dementia p
MCI SCI

N 117 56 36 25
Age, y, m (SD) 70.3(12.0) 76.5 (6.6) 68.7 (12.0) 58.7 (12.7) <0.001

Sex, Female, (N) % (62) 53% (32) 57% (16) 44.4% (14) 56% 0.46a

Years of education 10.9 (3.8) 10.3 (3.7) 10.9 (3.8) 12.1 (3.8) 0.31

Foreign-Born, (N) % (30) 26% (15) 27% (7) 19% (8) 32% 0.52a

Swedish-Born, (N) % (87) 74% (41) 73% (29) 81% (17) 68%
FAQ, m (SD), N = 105 12.3 (7.9) 15.5 (7.5) 9.8 (6.5) 8.2 (8.0) <0.001

GDS, m (SD), N = 110 5.2 (4.09) 4.4 (3.3) 4.8 (3.6) 7.6 (5.2) 0.004
MMSE, m (SD) 23.6 (5.4) 21.0 (5.7) 25.2 (3.9) 26.8 (4.0) <0.001

CDT, m (SD), N = 115 3.5 (1.6) 3.0 (1.7) 3.9 (1.4) 4.1 (1.2) 0.004
MCE, m (SD) 66 (17.5) 55.9 (13.8) 70.5 (15.8) 82.1 (11.5) <0.001
RUDAS 22.7 (4.5) 20.4 (3.9) 23.4 (3.9) 27.1 (2.6) <0.001
RPT, Immediate Recall 5.6 (2.4) 4.3 (2.3) 6.0 (1.8) 7.8 (1.6) <0.001
RPT, Delayed Recall 5.3 (3.2) 3.4 (2.7) 6.1 (2.8) 8.12 (2.3) <0.001
RPT, Recognition 8.8 (2.0) 8.1 (2.4) 9.2 (1.7) 9.7 (0.6) 0.001
SF 14.2 (6.5) 11.5 (5.2) 15.7 (6.6) 18.4 (6.3) <0.001
CRT 9.8 (3.0) 8.6 (3.6) 10.9 (1.6) 10.9 (2.0) <0.001

Abbreviations: FAQ, Functional Assessment Questionnaire; GDS, Geriatric Depression Scale; MMSE, Mini Mental Scale Examination;
CDT, Clock Drawing Test; MCE, Multicultural Cognitive Examination; RUDAS, Rowland Universal Dementia Assessment Scale; RPT,
Recall of Pictures Test; SF, Supermarket Fluency; CRT, Clock Reading Test; SD, standard deviation; M, mean; N, number. Non-dementia
included MCI, SCI, depression, posttraumatic stress disorder (PTSD), burnout syndrome, fibromyalgia, and neurological disorders (such as
dysphasia and parkinsonism). a = χ2.

GDS-20, and all cognitive measures. Patients with
dementia had the lowest scores across all cognitive
measures, followed by patients with MCI and those
with SCI.

Significant differences between patients with and
without dementia were detected for all MCE com-
ponents, with a large effect size (RUDAS, RPT,
SF, CRT, η2 = 0.10–0.29). The mean MCE-S score
was 55.9 ± 13.8 in patients with dementia, whereas
in non-dementia cases it was as follows: MCI,
70.5 ± 15.8; and SCI, 82.1 ± 11.5 (F (2, 114) = 32.9,
p < 0.001, η2 = 0.37).

Psychometric properties

The internal consistency of the MCE-S was accept-
able, with a Cronbach alpha of 0.78 (a value >0.70
is considered acceptable) [43]. The MCE-S total
score was strongly and significantly correlated with
all MCE-S subcomponents (p < 0.001) in the whole
group, as follows: RUDAS-S (r = 0.846, p < 0.001),
SF (r = 0.825, p < 0.001), RPT immediate recall
(r = 0.801, p < 0.001), RPT delayed recall (r = 0.789,
p < 0.001), RPT recognition (r = 0.611, p < 0.001),
and CRT (r = 0.686, p < 0.001). Strong significant
correlations were observed between the MCE-S total
score and MMSE-SR (r = 0.726, p < 0.001) and CDT
(r = 0.496, p < 0.001).

Diagnostic accuracy

Data on diagnostic accuracy pertaining to the abil-
ity of the MCE-S to differentiate patients with from
those without dementia are presented in Table 3.

ROC curve analyses were used to compare the
accuracy for the diagnosis of dementia of the cog-
nitive tests, i.e., MCE-S, RUDAS-S, MMSE-SR, and
CDT (Fig. 2). The analyses revealed that the MCE-S
(AUC, 0.82) was at least as good as the RUDAS-
S (AUC, 0.79), MMSE-SR (AUC, 0.76), and CDT
(AUC, 0.67) in distinguishing patients with from
those without dementia.

Moreover, an ROC curve analysis revealed the
absence of differences in the diagnostic accuracy of
the MCE-S between the foreign-born (AUC, 0.82)
and Swedish-born (AUC, 0.83) patients.

The repetition of the analyses in a subgroup of
patients with dementia (n = 56) and SCI (n = 25)
yielded AUC values of 0.92 for the MCE-S and
RUDAS-S, 0.81 for the MMSE-SR, and 0.70 for the
CDT.

Comparison of AD dementia and non-AD
dementia

Among the 56 patients with dementia, 14 were
diagnosed with AD dementia and 42 with non-AD
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Table 3
Diagnostic accuracy of the MCE at different cutoff scores (N = 117)

Cutoff score YI Sensitivity
(95% CI)

Specificity
(95% CI)

PPV (95%
CI)

NPV (95%
CI)

LR+ (95%
CI)

LR– (95%
CI)

*A%

<68/100 50 0.78
(0.65–0.88)

0.72
(0.59–0.82)

0.72
(0.59–0.82)

0.78
(0.65–0.88)

2.59
(1.68–3.99)

0.27
(0.16–0.45)

0.75

<69/100 52 0.80
(0.67–0.89)

0.72
(0.59–0.82)

0.72
(0.59–0.83)

0.80
(0.67–0.89)

2.65
(1.72–4.08)

0.25
(0.15–0.43)

0.76

<70†/100 58 0.84
(0.71–0.92)

0.74
(0.61–0.84)

0.75
(0.62–0.84)

0.83
(0.70–0.92)

2.94
(1.88–4.59)

0.2
(0.11–0.36)

0.79

<71/100 53 0.86
(0.73–0.93)

0.67
(0.54–0.78)

0.70
(0.49–0.67)

0.84
(0.70–0.92)

2.4
(1.61–3.58)

0.19
(0.10–0.37)

0.76

<72/100 54 0.89
(0.77–0.95)

0.65
(0.52–0.77)

0.70
(0.58–0.80)

0.87
(0.73–0.94)

2.38
(1.61–3.51)

0.15
(0.07–0.32)

0.77

YI, Youden Index = Sensitivity (%) + Specificity (%) – 100; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive
value; LR+, positive likelihood ratio = Sensitivity / (1 – Specificity); LR–, negative likelihood ratio = (1 – Sensitivity) / Specificity; *A,
Accuracy = true positive + true negative / all cases, LR+ and LR– weighted for prevalence; †optimal cutoff value. At the optimal cutoff of
<70/100 points, the MCE-S had a sensitivity of 0.84 and a specificity of 0.74. Twenty-three patients with a diagnosis of dementia (41%)
had scores above the cutoff for cognitive impairment on the MMSE-SR, nine patients (16%) on the MCE-S and five patients (9%) on the
RUDAS-S. Among the 23 patients with dementia, 16 (70%) had MCE-S scores <70 and 14 (61%) had RUDAS-S scores <25, and all were
Swedish-born individuals.

Fig. 2. ROC curve analysis of the MCE-S, RUDAS-S, MMSE-
S, and CDT for detecting dementia (N = 115). MCE-S, Swedish
version of the Multicultural Cognitive Examination; RUDAS-S,
Swedish version of the Rowland Universal Dementia Assessment
Scale; MMSE-SR, Swedish version of the Mini Mental Scale
Examination; CDT, Clock Drawing Test.

dementia. The comparison of the AD and non-AD
dementia groups using the different parts of the
MCE-S showed that patients with AD dementia had
significantly lower scores on RPT delayed recall
(U = 174.5, p = 0.02, r = 0.31), whereas there were
trends toward significance on RPT immediate recall
(p = 0.06) and MCE-S total score (p = 0.08) (Table 4).

Effect of demographic variables on the diagnosis
of dementia

A binary logistic regression analysis of MCE-S
was conducted to evaluate the effect of the demo-
graphic variables on the ability of this instrument to
classify dementia. In this regression model, the prob-
ability of dementia was significantly predicted by age
(p = 0.001) and the MCE-S score (p < 0.001), but not
by sex, years of education, or foreign-/Swedish-born
status.

Face validity

The health-care professionals who participated in
this study reported that the MCE-S was a test that was
easy to administer and to use through an interpreter.
Namely, the test contained no questions that were
perceived as difficult to ask through an interpreter
compared with the MMSE-SR. A recurrent example
of this was the repetition question where the patient
must say ‘no ifs, buts, or whys’. There has always
been uncertainty in asking that question, as it has
usually been problematic, both for the interpreter to
transmit it and for the patient to understand it.

DISCUSSION

In this validation study of the MCE-S in a
mixed population of foreign-born and Swedish-
born outpatients, we showed that the MCE-S had
good diagnostic performance for detecting demen-
tia (AUC, 0.82) and was at least as good as the
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Table 4
Comparison of the mean scores on the MCE-S and its sub-components among patients with AD

and non-AD dementia

MCE-S and MCE-S sub-component AD, N = 14 Non-AD, N = 42 p
Mean (SD) Mean (SD)

MCE-S total score 50.4 (11.8) 57.8 (14.0) 0.08
RUDAS-S 19.1 (3.7) 20.8 (3.9) 0.17
RPT, immediate recall 3.3 (1.7) 4.6 (2.4) 0.06
RPT, delayed recall 2.1 (2.3) 3.9 (2.6) 0.02a

RPT, recognition 7.4 (2.9) 8.4 (2.3) 0.19
SF 10.9 (4.2) 11.7 (5.5) 0.61
CRT 7.3 (4.1) 9.0 (3.4) 0.14

AD, Alzheimer’s disease; MCE-S, Swedish version of the Multicultural Cognitive Examination; RUDAS-S,
Swedish version of the Rowland Universal Dementia Assessment Scale; RPT, Recall of Pictures Test; SF, Super-
market Fluency; CRT, Clock Reading Test; n, number; SD, standard deviation. aMann–Whitney U test.

RUDAS alone. The MCE-S as a screening instrument
was also useful for the classification of milder cog-
nitive symptoms, i.e., for differentiating MCI from
SCI. The MCE-S with its various subcomponents
may be an opportunity to assess the cognitive profile
and, to a certain extent, guide the specific demen-
tia diagnostics. These results confirmed a previous
validation study of the MCE [31]. In contrast to our
expectation, the MCE-S functioned at least as good
among the Swedish-born patients compared with the
MMSE-SR.

Previous studies have highlighted the importance
of cognitive tests that are sensitive for identifying
dementia without the effects of language, culture,
and educational background [17, 24]. Although the
RUDAS-S is currently recommended in Sweden, the
extension of complementary tests for cognitive exam-
ination, such as the remaining subcomponents of the
MCE, is warranted. Our results showed that the MCE-
S was not affected by factors such as language and
educational background, or whether the patient was
born in Sweden or elsewhere. This was illustrated
by lower mean MMSE-SR and CDT scores among
foreign-born participants, regardless of whether they
had a diagnosis of dementia. This difference was not
observed in the MCE-S total scores or in most parts
of the MCE-S test. By adding different test parts,
which specifically assess the patient’s memory, lan-
guage, and visuospatial function, to the RUDAS-S,
the MCE-S had a slightly higher diagnostic accuracy
than the RUDAS-S alone and the MMSE-SR. In addi-
tion, in line with previous research, the RPT delayed
recall component of the MCE-S was not affected by
education and foreign-born or Swedish-born status,
and was highly sensitive to dementia [28, 31, 32, 44].
The comparison of patients with AD and non-AD
dementia revealed that patients with AD dementia

were more impaired in the memory domain, espe-
cially in delayed recall. This despite the suspicion
that the non-AD group probably contains individuals
with a mixed pathology including AD. Impairment in
delayed recall was consistent with that reported previ-
ously [45] and supports earlier claims that the MCE-S
may be useful for identifying profiles of cognitive
impairment that differentiate patient groups with AD
and non-AD dementia from each other [31]. This
finding is especially interesting because early detec-
tion of AD can be decisive for patients and for the
administration of treatment and support (see Supple-
mentary Material).

This study also showed that CDT, but not CRT,
was affected by education and the foreign-born or
Swedish-born status, which agreed with Nielsen et al.
[29]. Moreover, Maestri et al. [46] suggested that the
application of the CDT in a multicultural population
should be performed with care.

Our study yielded an AUC of 0.82 and a cutoff
score <70 for the MCE-S. In the regression analysis,
the ability of the MCE-S (and all subcomponents)
to predict dementia was affected by age exclusively,
which may indicate that the diagnostic properties
of the MCE-S are relatively unbiased regarding the
educational background and whether the patient is a
foreign-born or Swedish-born individual. The high
internal correlation observed between the different
parts of the MCE-S strengthens the ability of the test
to distinguish different degrees of cognitive impair-
ment (SCI, MCI, and dementia). Our results support a
previous validation study of MCE [31], which yielded
the exact same cutoff scores for the MCE as those
reported here, with an AUC >0.90. Nielsen et al.
[31] studied patients with dementia and healthy con-
trols, whereas our population consisted of patients
with dementia, MCI, SCI, and other diagnoses who
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were undergoing investigations at memory clinics,
which could explain the different AUCs obtained. The
present study expanded the findings of Nielsen et al.
on early and mild dementia by also analyzing milder
cognitive impairment levels, such as MCI and SCI
[31].

Although the diagnoses were established in spe-
cialist clinics and were the gold standard for our
study, the diagnoses mentioned herein can still be
questioned, e.g., the MCI diagnosis. We noticed that
many of the patients received MCI diagnosis already
after the first contact with the specialist clinics (due
to local traditions) and that, eventually, many of these
diagnoses were changed to other conclusions after the
diagnostic rounds. But we still suspect because of the
test results that there may be some patients with MCI
who should have received a diagnosis of dementia,
i.e., that MCI was over-diagnosed, which may have
affected our analyses.

The experience of the participating health-care
professionals regarding the use of the MCE-S sup-
ports previous studies, which applied the test in more
than 20 languages and reported that the test is easy
to administer both with and without an interpreter
and without having to change the content of the test
[29]. By contrast, the MMSE, which is a highly verbal
screening test [47], was perceived as being difficult
to use among foreign-born patients or through an
interpreter.

Strengths and limitations

The strengths of the present study were that there
were no differences between the foreign-born and
Swedish-born groups in terms of sex and age. There
was only a trend toward a significant difference in
years of education between the foreign-born and
Swedish-born patients, whereas we cannot explain
the differences in the results of the conventional cog-
nitive tests, such as the MMSE-S and CDT, as solely
being related to education. The time lived in Sweden
of the participants varied between 1 and 55 years,
with an average of 30 years. We propose that having
a different country of birth and a different cultural
background (versus Sweden) was a disadvantage for
the foreign-born participants, despite the use of an
interpreter. This speaks against the use of customary
(culture- and education-dependent) tests among for-
eign individuals who have lived for a long time in a
foreign country. One of the limitations of the study
was that a measurement of acculturation was not per-
formed, as a lower degree of acculturation could be

related to poorer performance in cognitive testing
[48–50], specifically in tests of cognitive speed and
executive ability [51]. This is important to consider
for future studies of MCE subcomponents in relation
to different dementia disorders.

To reflect real life, no exclusion criteria for partic-
ipation were set in this study. One of the advantages
of the study was that it included patients with differ-
ent mother tongues and cultural backgrounds, which
were representative of the most common foreign-born
groups in Sweden [52], as well as Swedish patients.
Interestingly, the study showed that the MCE-S test
identified Swedish patients with dementia more accu-
rately than the MMSE-SR.

The setting of the present study was special-
ized memory clinics, and most of the patients were
referred from primary care. Therefore, the MCE-S
test could probably be used in primary care.

Conversely, the small number of foreign-born
patients included in the study was one of its draw-
backs. This might reflect the lower number of
foreign-born patients seeking care for cognitive dis-
orders [1] and that the proportion of foreign-born in
the different catchment areas for the memory clinics
varies, which in turn affects the number of foreign-
born in the study.

This study was carried out in different specialist
clinics with different routines and expertise. Even if
the diagnoses were established based on consensus,
we are not entirely sure that they were completely
correct, especially among foreign-born patients, who
tend to be misdiagnosed [8, 10]. The fact that an
interpreter was used in some cases may have par-
tially affected the patient’s test results, as shown in
previous studies [12, 13, 53].

Another study limitation was that the results of
the MMSE-SR were used to establish the diagnosis
of dementia. This may have affected the psychome-
tric properties of the MMSE-SR because of circular
reasoning. Moreover, the clinical dementia diagnosis
was used as a gold standard, and use of a separate
measure of cognitive impairment, such as the clinical
dementia rating scale, would have been advantageous
[54].

In summary, this validation study of the MCE-S
was used for the cognitive assessment of both foreign-
born (from 18 different countries) and Swedish-born
patients. The MCE-S exhibited good accuracy, at
least as good as that of the RUDAS-S alone, for iden-
tifying dementia in a Swedish context. Furthermore,
the test had the ability to distinguish AD from non-
AD dementia, as well as different cognitive levels
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(dementia, MCI, and SCI) from each other, which
indicates good test properties as a screening instru-
ment for the early diagnosis of cognitive impairment.

In conclusion, this MCE-S validation study
showed that this test has good properties for use
in both foreign-born and Swedish-born populations.
Based on the cultural diversity of general society,
adapted cognitive tests that are sensitive for iden-
tifying dementia and can be used for everyone are
practical and beneficial for both the patients and the
health-care staff who perform the investigations. Fur-
ther studies are needed with larger patient groups,
for people who are illiterate or have few years of
schooling and also within a primary care setting.
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