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ABSTRACT

Backgrounds: The recent growth of older adult immigrants and
the increased burden of Alzheimer’s disease and related dementias
(ADRD) call for validation of the assessment tools and timely detection
of cognitive impairment. In particular, older Chinese Americans are
among the fastest growing populations in the U.S., who are at high
risk for delayed diagnosis and deficient management of ADRD due
to limited knowledge of dementias and barriers to healthcare access.
The value of the MMSE as a screening tool in detecting ADRD is well
documented in western countries. Yet, little is known about the psy-
chometric characteristics of a Chinese version of the MMSE (CMMSE)
in older Chinese immigrants, whose cognitive test performances
may relate to cultural and linguistic differences. Purpose: The study
aims to assess factor structure and psychometric properties of
CMMSE among older Chinese immigrants in the United States.
Methods: Participants were recruited from the greater Chicago area
in the Pop-ulation-based Study of Chinese Elderly (PINE). The
sample included 3,126 respondents aged 60 or over, who selected
Chinese dialects in completing face-to-face interviews. A bifactor
analysis was conducted to test unidimensionality of the CMMSE.
Rasch modeling was used to assess scale properties. Age, sex, and
education were tested for dif-ferential item functioning
(DIF).Results: A bifactor analysis identified a unidimensional
general factor with 30 items, reflecting a single un-derlying construct
of cognitive capacity. We also found five concurrent subdomains with
19 items. The general factor explained 71 percent of the variance in
the CMMSE. The Rasch model provided evidence of construct
validity with acceptable item fit statistics. The DIF analysis showed
that item biases were generally negligible. Conclusion: The
CMMSE appeared to be a valid, reliable screening instrument for cog-
nitive impairment in the US Chinese older adults. Findings provided
support for the use of the CMMSE in detecting cognitive impairment
among older Chinese immigrants. Although the five-factor solution has
been replicated, item compositions of subdomains remain controver-
sial. Future efforts are needed to improve neuropsychological assess-
ment accuracy by developing a culturally and linguistically appropriate
assessment tool in minority older populations.
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INTRODUCTION

The Mini-Mental State Exam (MMSE)Mis one of
the most widely used screening instruments for
detecting cognitive impairment and quantifying
its severity. ¥ The MMSE assesses five
cognitive domains: orientation to time and place,
registration, attention, recall, and language.
The scale is available in many languages and
has been validated in various study populations.
1 Numerous investigations have been
conducted to test its factor structure and
predictive value. % The predictive validity and
reliability are found to be generally acceptable
using classical test theory (CTT) approaches. !
However, its  psychometric properties,
particularly its internal structure remains
controversial across countries and cultural
groups. 671

Previous studies using factor analysis
procedures have documented two-, three-, or
five-factor structure for the MMSE in various
study samples. 68919 Qverall, cognitive abilities
or subdomains of orientation, attention, and
recall have been commonly found with various
item combinations, but registration and
language have not been consistently
reproduced. ® Different factor structures are
partly attributable to cultural difference and
language of test administration. ™ Ethnic origin
and education also affect performance on the
cognitive tests and contribute to overestimation
of cognitive impairment among racial/ethnic
minorities, the less educated, or non-English
speakers. 112

The recent growth of older adult immigrants and
the increased burden of Alzheimer’s disease
and related dementias (ADRD) call for validation
of the assessment tools and timely detection of
cognitive impairment in the older population. In
particular, Chinese Americans are among the
fastest growing populations in the U.S., and 14
percent of them are aged 65 or older. [*3l They
are at high risk for delayed diagnosis and
deficient management of ADRD due to limited
knowledge of dementias and barriers to timely
diagnosis, treatment, and healthcare access. 4
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The value of the MMSE as a screening tool in
detecting ADRD is well documented in western
countries. Bl Yet, little is known about the
psychometric characteristics of a Chinese
version of the MMSE (CMMSE) in older Chinese
immigrants, whose cognitive test performances
may relate to cultural and linguistic differences in
addition to the well-known age and educational
effects. It is noted that cognitive assessment of
minority older adults present unique challenges
due to the varying extents of exposure to the
dominant culture and proficiency in the language
utilized in the test administration. [*5 Therefore,
it is especially important to evaluate the
psychometric properties of the translated MMSE
and analyze item performance in a particular
older immigrant population.

The Current Study

The purpose of the current study was to assess
factor structure and psychometric properties of
the CMMSE in a sample of older Chinese
immigrants. Specifically, the first objective of the
study is to test factor structure by fitting a bifactor
model in the CMMSE. A bifactor structural model
specifies that the covariance among a set of item
responses is accounted for by a single general
factor that reflects the common variance among
all scale items and by specific factors that reflect
additional variance among cluster of items. [16]
Bifactor modeling has been found as an effective
approach to modeling unidimensionality that
arises in a broad construct, at the same time
allowing specific subdomains of item contents.
[6] That is, bifactor models account for residual
correlations when a general factor contains a
couple of related subdomains, and explore the
extent to which items reflect both a general

factor and subdomains as well, 718 thus
providing superior parameter recovery in
comparison with unidimensional models to

handle dependencies of local items. [*°! Results
from the bifactor models will indicate whether the
data support the scale as a unidimensional
construct or the use of a multidimensional
structure and scale. 6!
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Next, to the extent that a unidimensional scale
with related subdomains is supported in the
CMMSE data, our second objective is to test
item difficulty and construct validity using the
item response theory (IRT) model. In recent
years, an increasing number of studies have
applied IRT models to conduct psychometrical
evaluations and assess dimensional constructs.
IRT is believed to be more efficient and accurate
than CTT in a wide variety of substantive
contexts, providing  considerably  more
psychometric information at the item response
level. 28] In the case of the MMSE, IRT models
provide more accurate estimations of cognitive
impairment by including the level of item difficulty
in the design and scaling of the measurement.
[2021] The Rasch or one-parameter model has
been applied in the MMSE, assessing and
establishing a hierarchy of item difficulty and the
extent to which respondents are separated by
cognitive ability level. "]

The third objective is to detect possible
differential item functioning (DIF) for bias of
items across different age, sex, and education
groups. DIF is another function provided by IRT,
which helps determine the presence of bias in
assessment of cognitive abilities across various
subgroups when the subgroups have the same
scores on the latent trait. [*2 For example, when
a group of men and women have the same sum
score on the MMSE, they should have the same
probability of endorsing any specific test item;
otherwise, DIF occurs when the parameters of a
given item differ across groups, indicative of item
bias and lack of validity. [) Previous studies have
documented DIF in the MMSE attributable to
educational attainment, sex, age, or language of
administration. [710:2223] Qverall, IRT approaches
are appropriate for identifying and eliminating
language- and culture-related biases at both
item and test levels, constructing tests with
equivalent reliability at all ability levels. 12
METHODS

Chinese Version of the MMSE (CMMSE)

The 30-item MMSE was translated from English
to Chinese, then translated back to English and
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compared with the original version by a bilingual
research team. ?4 tems with discrepancies were
further modified. The test was administrated in
English, Mandarin, or Cantonese, according to
the participant’s request. [?*l A previous study
showed that a Cantonese version with some
item adaptations has been validated in a sample
of older adults in Hong Kong, and the scale
demonstrated good reliability (Cronbach’s alpha
= 0.86; test-retest reliability = 0.78; inter-rater
reliability = 0.99), and discrimination validity
against clinical diagnoses (canonical correlation
= 0.94). 9]

Participants

Participants were recruited from the greater
Chicago area in the Population-based Study of
Chinese Elderly (PINE), conducted between
2011and 2013. ¢ Guided by a community-
based participatory research approach, the
PINE is a population-based epidemiological
study of the health and well-being among adults
aged 60 and over, who self-identified as Chinese
in the U.S. (N=3,157). 8] The study sample
included 3,126 (99%) respondents who selected
Chinese dialects in completing face-to-face
interviews, and those selecting English in
interviews were excluded (n = 31). The average
age of the sample respondents was 72.8 years
(SD =8.3, range: 59 — 105), and about 39% were
75 years or older. The average years in school
was 8.7 (SD =5.1, range: 0 — 26), and 58% were
female.

Statistical Analysis

To test factor structure and unidimensionality,
two bifactor models were estimated, comparing
the originally designed structure with five
subdomains M and a modified four-subdomain
solution with 29 items. ! The bifactor model fits
the data when the test items are loaded on two
separate factors: the general factor and one
specific subdomain. Comparison of model fit
was based on Chi-square, Comparative Fit
Index (CFI), Tucker-Lewis Index (TLI), Root
Mean Square Error of Approximation (RMSEA),
Akaike’s Information Criterion (AIC), and
Bayesian information criterion (BIC). Adequate
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fit is indicated by the CFI and TLI values greater
than 0.95, 27 and the RMSEA less than 0.06. [28!
Smaller AIC and BIC values indicate better
model fit.

We further estimated essential unidimensionality
using the explained common variance (ECV),
that is, the percentage of explained variance by
the general factor out of the total variance
explained by both the general factor and the
specific factors. 8] For this purpose, we also
applied the index coefficient omega hierarchical
(wH), an appropriate model-based reliability
index when item response data are consistent
with a bifactor structure. 16 |t estimates the
amount of variance that can be attributed to a
single general factor. Higher ECV and wH
values indicate a stronger general factor relative
to the subdomain factors and thus, a more
confidence in applying a unidimensional IRT
model. 2]

For the IRT analysis, we used the one-
parameter Rasch model to assess item difficulty
and construct validity. The Rasch model predicts
the probability of a correct response to an item
given the individual ability and the item difficulty.
The assumptions of Rasch models include
unidimensionality (i.e., the items are explained
by a single underlying construct) and local
independence (i.e., shared item variance is
accounted for by the unidimensional construct.
[30] We assessed the fit of each item using infit
and outfit values, which indicate how accurately
data fit the model, or how well item difficulty and
individual ability contribute to the latent trait of
the test. 3332 According to Linacre (2002), [?°
infit and outfit values between 0.5 and 1.5 were
deemed acceptable, values of between 1.5 and
2.0 were deemed moderate, and values less
than 0.5 or greater than 2.0 were considered
unacceptable.

Lastly, we conducted DIF analysis to assess the
measurement  equivalence and examine
whether the probability of passing an item is
different for various subgroups, when the
subgroups have the same or matched scores on
the latent trait. The logistic regression model was
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carried out for an overall test of DIF effects
between the comparison groups of age (older
than 75 versus 75 or younger), sex (male versus
female), and education (less than nine years
versus nine years or above). The logistic
regression model is powerful and flexible in
detecting items with DIF. 38l The DIF estimates
are classified according to effect size as “A”
(negligible effect), “B” (moderate effect), and “C”
(large effect”). 32

RESULTS

Following the theoretical framework and
empirical evidence, we estimated and compared
two bifactor structural models: five subdomains
with 30 items, M and four subdomains (without
registration) with 29 items (without Item 11-
repeat: apple). B Although the CFI, TLI, and
RMSEA were comparable between two models,
the 5-subdomain model (x* = 2345.56, df = 376,
CFl = 0.90, TLI = 0.89, RMSEA = 0.04, AIC =
12391.82, BIC = 12925.21) was considered
better fit given the smaller AIC and BIC values
as compared with the 4-subdomain model (x* =
2213.18, df = 350, CFl = 0.90, TLI = 0.89,

RMSEA = 0.04, AIC = 17865.44, BIC =
18369.20). When further examining the
parameter estimators, we found that the

subdomain factor structures did not hold,
particularly for the Orientation to Time and
Language, as items 1-5, 22-24, 26-28 had
negative factor loadings, indicating the model
had some difficulty converging. We removed
these items from the subdomains but not from
the general factor, which would have little impact
on the remaining measurement model, since
these items contributed very little variance to the
model. The final five-subdomain solution fit the
data with 30 items in the general factor and19
items in the subdomains (see Figure 1). The
robust maximum likelihood estimation was then
used and model fit indices were improved (x* =
736.03, df =386, CFI =0.99, TLI =0.99, RMSEA
=0.02).

Table 1 presents that the majority of items had
sizable slopes that defined their relationships
with the general factor, with standardized
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Table 1. Bifactor Analysis and a Rasch Model of the CMMSE.

Bifactor Loadings Rasch Model Statistics

ltem #/ Item General factor Subdomain Difficulty Outfit Infit
Factor factors MSQ MSQ
Orientation
6 State 0.56 0.43 0.92 0.73 0.89
7 County 0.35 0.37 341 0.99 1.00
8 City 0.39 0.11 -1.07 0.92 0.97
9 Room 0.29 0.08 -1.49 1.05 1.1
10 Address 0.44 0.32 1.00 1.08 1.06
Registration
11 Repeat: Apple 0.31 0.65 -3.12 0.16 0.80
12 Repeat: Newspaper 0.40 0.43 -1.62 0.64 0.90
13 Repeat: Train 0.46 0.20 -0.94 0.78 0.82
Attention-calculation
14 100-7 0.52 0.13 -1.03 0.51 0.81
15 93-7 0.45 0.46 1.62 0.94 0.96
16 86-7 0.47 0.54 1.48 0.86 0.82
17 79-7 0.50 0.58 1.32 0.76 0.87
18 72-7 0.48 0.55 1.72 0.83 0.89
Recall
19 Recall: Apple 0.43 0.11 0.37 0.96 1.04
20 Recall: Newspaper 0.40 0.22 1.83 1.09 1.09
21 Recall: Train 0.33 0.20 251 1.24 1.19
Language
25 Follow direction 0.63 0.42 0.01 0.48 0.80
29 Write a sentence 0.60 0.53 0.73 0.75 0.85
30 Drawing copy 0.51 0.17 0.87 0.94 0.98
Not in subdomains
1 Year 0.62 NA -0.34 0.57 0.79
2 Season 0.44 NA -0.58 0.98 0.99
3 Date 0.40 NA 1.01 1.24 1.15
4 Day of week 0.47 NA -0.91 0.79 0.91
5 Month 0.52 NA -1.08 0.56 0.80
22 Recognition: wristwatch 0.29 NA -2.70 0.66 0.91
23 Recognition: pencil 0.19 NA -3.46 0.70 0.94
24 Immediate repetition "NO 0.44 NA -0.16 0.99 1.04

IFS, ANDS, OR BUTS"
26 Paper in right hand 0.24 NA -0.03 1.64 1.29
27 Fold paper in half 0.45 NA -0.09 0.86 1.02
28 Place paper in lap 0.44 NA -0.19 0.95 1.01

Note: Bold statistic indicated outfit values were not within acceptable range.
IJOAR: https://escipub.com/international-journal-of-aging-research/
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coefficients ranging from 0.19 to 0.62. Only Item
23 had a factor loading below 0.20. The factor
loadings for five subdomains varied from 0.08 to
0.65. It seemed that three items (19 — 21) did not
load well on the Recall subdomain due to the low
factor loadings (0.11 — 0.22). Some items (e.g.,
Items 14, 19, 30) had higher loadings on the
general factor than on the subdomain,
suggesting they might share more in common
with the general factor than with the specific
subdomain. Overall, the general factor was
strong in comparison with the specific
subdomain factors (ECV = 0.69). The general
factor of cognitive ability was reliable (w estimate
= 0.91), indicating 91 percent of the variance in
the observed scores was due to all sources of
the common variance. The general factor alone
explained about 71 percent of the variance (wH
=0.71).

Table 1 also presents the summary of the Rasch
model results. Iltem 7 (“what county are we in?”)
was the most difficult, followed by Item 21 (recall:
train) and Item 20 (recall: newspaper). By
contrast, Item 23 (recognition: pencil) was the
easiest, followed by Item 11 (repeat: apple), and
Item 22 (recognition: wristwatch). Regarding
item fit, Item 11 (immediate recall: apple), Item
25 (follow direction: read words on card), and
Item 26 (follow direction: paper in right hand)
showed indication of bad fit due to the outfit
statistics (either <0.5 or >1.5), indicating that
they were less productive for the measurement
construction. But infit indices for all items were
acceptable.

The DIF analysis showed that 14 items exhibited
DIF by age groups, 16 items with DIF by sex, and
23 items with DIF by education groups. However,
the effect sizes of the results were negligible (“A”)
for all items, except that Item 23 had a large
effect size (“C”) by sex groups. It seemed that
the overall DIF or item biases are negligible in
the CMMSE.

DISCUSSION

The 30-item CMMSE appears to be a valid,
reliable instrument for screening cognitive
impairment in the US Chinese older adults. As

suggested, a bifactor model was estimated to
handle dependencies of scale items and provide
accurate model estimates. B Our study
documented that the bifactor model fit the
CMMSE data well, identifying a general factor
that reflects a single underlying construct of
broad cognitive capacity, as found in previous
research. 2° Therefore, we can conclude that
the CMMSE is essentially unidimensional, but
with five specific subdomains as well. The
findings of a strong general factor and
concurrent subdomains may explain the mixed
findings regarding factor structure in previous
factor analysis studies. [6:8:9:10]

Although the five-factor solution has been
replicated in this study, item compositions of five
subdomains still remain controversial. Five items
of orientation to time were dropped from the
subdomain, yet they still contributed to the
general factor. We had conducted additional
analysis to test whether a six-factor solution fit
the data, with the added orientation-to-time
subdomain, but findings did not support the
structure. Thus, we retained the original five-
factor structure, dropping the Orientation-to-time
items as well as six items from the Language
subdomain. Findings indicated that the
Language subdomain is less cohesive or less
cross-cultural replicable. For example, the
phase “No ifs, ands, or buts” is not easily
translated, and its articulation complexity can be
lost in the translation into other languages. Bl
Lack of consistency in item compositions
warrants  further research into distinct
components and cross-cultural equivalence of
the MMSE. 0]

The Rasch model provided further evidence of
construct validity, and it appeared to fit well for
the majority of the items, except a few items with
unacceptable outfit statistics. Yet, it should be
noted that outfit statistics are susceptible to the
influence of outliers and that for this reason, infit
statistics are generally more emphasized over
the oultfit statistics. ¥ Our analysis showed that
all infit values were within the recommended
acceptable range, suggesting that the CMMSE
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fit well with the Rasch model and that the items
indeed assess the latent trait of cognitive status.
[7

The IRT analysis also established a hierarchy of
item difficulty, with Item 7 (naming the residence
county) being the most difficult. This is probably
because of the issues related to language
translation and transfer across cultures that can
have a major impact on the psychometric
properties of a test. 34 Compared with the state,
city, and street address, a county name may be
less mentioned or familiar to older adult
immigrants. The item bias occurred as it could
be more difficult for a non-English speaker to
memorize a foreign county name which does not
make sense to them. The language issues may
exist in other items of orientation to place,
making it distinct from orientation to time. The
use of ten orientation items may be excessive
and invalid. B% In addition, delayed recall and
attention items were found to be more difficult
than other subdomain items in this study sample
of older Chinese immigrants, which is consistent
with previous studies in other populations. [:3]
The easiest items included recognition of objects
and immediate repeating words, also
corroborating previous findings. 31 Although
we found the presence of DIF in some items that
may be attributable to age, sex, and education,
the effect sizes were generally negligible,
suggesting that item bias does not appear to be
a major source of observed differences in
cognitive status by these groups. 2?1 Therefore,
the CMMSE can be considered a valid
assessment tool.

Some limitations of this study should be noted.
First, the study sample was restricted to the
greater Chicago area, thus limiting the external
validity of the research. Second, immigration
experience and cultural adaptation process may
affect cognitive test performance, for example,
some orientation and language items could be
challenges for recent immigrants due to cultural,
idiomatic, and geographic differences. In
addition, the CMMSE was administrated with
different Chinese dialects, including Mandarin,

IJOAR, 2021, 4:89
Cantonese, and Taishanese, which may have
impact on test performance across language
groups. The MMSE was always translated with
linguistic and cultural adaptations when it was
administrated in a foreign country to assure
cultural competence with the instrument. [336]
Although it may not be the case for immigrants
to English-speaking host countries, a direct
translation, as used in the present study, may
make performance on the MMSE less
meaningful for those with little or no education.
[3,36]

In summary, this study is the first comprehensive
psychometric investigation of the CMMSE in a
representative sample of older Chinese
immigrants. Findings bearing on the factor
structure and item characteristics have both
clinical and research implications since the study
adds to the body of the literature on the validity
and reliability of the scale. We found support for
a bifactor model that indicated a generally
unidimensional cognitive ability and supported
the use of a sum or a latent score across all
items. We also found five concurrent
subdomains, as theorized by Folstein et al. [
Identification of the underlying cognitive
subdomains that reflect the cognitive process
may help clinicians to detect different stages of
cognitive decline and subtypes of cognitive
impairment. 3% The IRT analysis identified few
statistically problematic items, and item bias is
generally ignorable across age, sex, and
education groups. The order of item difficulty is
mostly comparable to the findings in other
populations. Future efforts are needed to
improve neuropsychological assessment
accuracy for identifying cognitive decline and
dementias through the use of a culturally and
linguistically appropriate assessment tool in
diverse older populations.
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