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Purpose of the Study: We tested the ethnic-
group measurement invariance of 2 commonly used
informant-report scales of patients’ dementia symp-
toms: the Functional Assessment Questionnaire
(FAQ), a measure of functional abilities, and the
Neuropsychiatric Inventory Questionnaire (NPI-Q),
a measure of behavioral and psychological symp-
toms of dementia. Design and Methods: We
conducted multigroup confirmatory factor analy-
ses on 311 Hispanic and 10,863 non-Hispanic
White (NHW) outpatients and their informants
diagnosed with dementia or normal cognition at
their initial Alzheimer’s Disease Center evalua-
tions nationwide. Results: We confirmed our
hypothesized one-factor FAQ and four-factor NPI-Q
models for each ethnic group. We also found evi-
dence for the configural (i.e., number of factors)
and factorial (i.e., pattern of factor loadings)
invariance of both scales and structural (i.e., fac-
tor covariances) invariance of the NPI-Q across
groups. However, we did not obtain evidence
for ethnic-group scalar (i.e., intercept) invariance
for either scale. Implications: The FAQ and
NPI-Q were operating similarly across Hispanics
and NHWs, suggesting that they can be meaning-
fully used within and across these groups to meas-
ure informant-reported dementia symptomatology.
However, their scalar noninvariance indicates that
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meaningful ethnic-group comparisons of their latent
factor mean values cannot be made.

Key Words: Factor analysis, Ethnicity, Latino/a,
Dementia, Informant reports

As the United States elderly population contin-
ues to surge, it is projected that Hispanic American
older adults will be at a disproportionate risk of
dementia through the next 50 years (Valle & Lee,
2002). Accordingly, it is important to assess for
possible differences in dementia assessment across
Hispanics and non-Hispanic Whites (NHWs), as
clinicians will be increasingly likely to work with
Hispanic older adults with possible dementia.

Clinicians frequently rely on informant-reported
dementia symptomatology, such as declines in
functional abilities, during the diagnostic process,
as they can be useful indicators of latent dementia.
Erzigkeit and colleagues (2001) found that the
Bayer-Activities of Daily Living (B-ADL) scale was
as effective as or superior to a dementia cognitive
screen in identifying individuals with clinically
manifest dementia symptoms. Thus, evidence
suggests that changes in individuals’ ability to
function in daily life may represent the earliest
stages of a dementing disorder and can be a valuable
area to assess through informants. The Functional
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Assessment Questionnaire (FAQ; Pfeffer, Kurosaki,
Harrah, Chance, & Filos, 1982) is a frequently
used informant-report scale that measures patients’
ability to conduct 10 instrumental activities of
daily living (IADLs) to assist clinicians in dementia
diagnosis. Pfeffer and colleagues (1982) validated
the FAQ on a sample of 195 older adults aged
61-91 years in a stable retirement community of
22,000 people.

Family members or other informants also often
notice changes in patients’ personality, behav-
ior, and mood, commonly seen in dementia,
even before the assignment of a formal diagnosis
(Balsis, Carpenter, & Storandt, 2005). Therefore,
behavioral and psychological symptoms of demen-
tia (BPSD), even those present at earlier stages, can
also be dependably reported by informants to aid
clinicians in diagnosis. One validated, commonly
used informant-report measure of BPSD is the
Neuropsychiatric Inventory Questionnaire (NPI-
Q; Kaufer et al., 2000), a briefer version of the NPI
(Cummings et al., 1994), which evaluates changes
in BPSD among patients with possible dementia.
The NPI-Q was validated on a sample of primar-
ily highly educated NHW participants and their
informants from a university-based research clinic,
with adequate test-retest reliability and conver-
gent validity reported.

What is lacking in the literature is the examina-
tion of whether the FAQ and NPI-Q can be used
among diverse ethnic groups to draw meaningful
within- and across-group comparisons. The FAQ
creators provided no information regarding their
sample’s ethnic breakdown, thus limiting the abil-
ity to extend the validation of this scale to diverse
groups. Additionally, it remains unclear how the
findings from the NPI-Q validation study would
generalize to more diverse populations and settings.
Finally, the ethnic-group measurement invariance
of these scales has yet to be tested. Accordingly,
more research focused on these scales’ suitability
and measurement invariance across diverse groups
is needed.

Though no research to our knowledge has
investigated the ethnic-group measurement invari-
ance of either the FAQ or NPI-Q, certain studies
have examined the underlying factor structure of
similar measures. Regarding functional abilities,
Erzigkeit and colleagues (2001) found a one-fac-
tor structure that they termed dementia severity
for the B-ADL for separate samples of individu-
als with dementia of varying severity in the United
Kingdom, Germany, and Spain. Their findings
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provided evidence for the factorial invariance of
the one-factor B-ADL structure across these three
European countries and suggested that the mean
differences in scores were likely meaningful and
not due to measurement artifact.

Regarding BPSD, Kang, Ahn, Kim, and Kim
(2010) examined the factor structure of the
12-item Korean NPI using both exploratory and
confirmatory factor analysis (CFA) in their sam-
ple of South Koreans with either Alzheimer’s dis-
ease (AD) or probable AD. They found a 10-item,
four-factor model: hyperactivity (agitation, dis-
inhibition, and irritability), affect (anxiety and
depression), psychosis (delusions and hallucina-
tions), and apathylvegetative symptoms (apathy,
nighttime behavior, and appetite). Aalten and col-
leagues (2007) found a nearly identical four-factor
structure for the 12-item NPI in their sample of
dementia patients from 12 European countries:
hyperactivity (agitation, disinhibition, irritability,
and aberrant motor behavior), affective (anxiety
and depression), psychosis (delusions, hallucina-
tions, and nighttime behavior), and apathy (apa-
thy and appetite). The only differences between
this latter study and the former were the addi-
tion of aberrant motor behavior in hyperactivity
and nighttime behavior in psychosis (as opposed
to the apathylvegetative symptoms in the former
study). Aalten and colleagues noted that these
findings were unclear but reported that aberrant
motor behavior loaded to a very similar degree
on apathy and barely met their 0.40 factor load-
ing cutoff for both factors. Additionally, night-
time behavior also loaded strongly on apathy,
albeit to a lesser degree. Given these results and
the strength of Kang and colleagues’ combined
exploratory and CFA approach, it appears plau-
sible that the NPI-Q may also be best represented
by the same 10-item, four-factor structure in other
ethnic groups. Although these studies’ findings
had in common the co-occurrence of similar BPSD
syndromes across different ethnicities and nation-
alities, their slightly divergent findings suggest that
the NPI may not necessarily be factorially invari-
ant across ethnicities and that invariance cannot
simply be presumed.

A number of possible reasons exist that may lead
to ethnic-group differences in response patterns
on these scales, including linguistic barriers,
ethnocultural influences on the perception and
communication of dementia symptoms, and shame
and stigma associated with dementia (Sayegh &
Knight, 2013). If the FAQ and NPI-Q do not
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demonstrate ethnic-group measurement invariance,
then explanations of across-group differences
are called into question, as is clinical diagnostic
validity. Given that Erzigkeit and colleagues
(2001) confirmed the measurement invariance of
the B-ADL, a measure similar to the FAQ, among
individuals of different nationalities and found
a one-factor structure of dementia severity, we
hypothesized that the FAQ would also have a
10-item, one-factor structure reflecting dementia
severity and demonstrate measurement invariance
across Hispanics and NHWs. Additionally, we
predicted that the NPI-Q would have a 10-item,
four-factor structure and demonstrate ethnic-
group measurement invariance. We hypothesized
that these four factors would be similar to those
found in the Kang and colleagues (2010) study, as
reported previously. Finally, we hypothesized that
the FAQ and NPI-Q’s latent factor mean values
would not differ significantly across groups, as
they would not be expected to differ systematically
on the basis of ethnicity alone.

Methods
Participants and Procedure

Participants included existing outpatients and
volunteers (who thereby became outpatients)
who underwent evaluation and their informants
enrolled in the longitudinal National Alzheimer’s
Coordinating Centers’ (NACC) Alzheimer’s
Disease Center (ADC) study at 33 sites nation-
wide based on a sample of 23,029 ethnically
diverse patients with various diagnoses. This
study included data (using the June 2011 data
freeze) from 11,174 Hispanic and NHWs (and
their informants) with an initial clinical diagnosis
of normal cognitive function (NCF) or dementia
based on all the information (e.g., neuropsycho-
logical data, informant reports, and neurologi-
cal examinations) available to clinicians as part
of this data set. Clinicians, whether individually
or through consensus, provided an overall judg-
ment regarding whether patients had NCF (i.e.,
no mild cognitive impairment [MCI], dementia,
or other neurological condition resulting in cog-
nitive impairment) or met criteria for dementia
in accordance with standard criteria for either (a)
AD (using the National Institute of Neurological
and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders
Association [NINCDS/ADRDA]; McKhann et al.,
1984), or (b) vascular dementia (using the National
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Institute of Neurological Disorders and Stroke
and Association Internationale pour la Recherche
et I’Enseignement en Neurosciences [NINDS/
AIREN]; Roman et al., 1993), or (¢) demonstrated
sufficient evidence of other non-Alzheimer’s or vas-
cular types of dementia (e.g., Lewy body dementia
and frontotemporal dementia). Additional inclu-
sion criteria were having an ethnically matched
informant deemed reliable to report on patients’
symptoms and a completed FAQ and NPI-Q.
Patients were excluded if they had diagnoses of
stroke or Parkinson’s disease without dementia
associated with these diagnoses, MCI, and cog-
nitive impairment without MCI or dementia. All
patients were assessed in English, though these
data do not explicitly indicate the languages in
which informants provided information for ques-
tionnaire completion.

Measures

Functional Assessment Questionnaire. —Inform-
ants completed the FAQ, which measures patients’
abilities to carry out 10 IADLs with response
options including: 0 (normal), 1 (has difficulty, but
does by self), 2 (requires assistance), 3 (dependent),
and 8 (not applicable [e.g., never did]). Total scores
range from 0 to 30, with higher scores representing
more difficulty or requiring assistance with IADLs
for more than 4 weeks. Trained clinicians (e.g.,
physicians and nurses) or other health profession-
als conducted interview with patients’ informants
to complete the FAQ, with detailed, standardized
administration instructions provided in the study’s
codebook.

Neuropsychiatric Inventory Questionnaire. —
Informants completed the NPI-Q, which meas-
ures the occurrences of patients” BPSD in the past
month. Total scores for the 10 items used in our
CFAs range from 0 to 10, with higher scores indi-
cating a greater number of BPSD. NACC required
online training to provide certification for clini-
cians and other health professionals to administer
the NPI-Q and provided standardized administra-
tion instructions in this study’s codebook.

Analysis

We first evaluated the data for multivariate
kurtosis, a critically important assumption of
structural equation modeling (SEM). To assess the
ethnic-group measurement invariance of the FAQ
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and NPI-Q, we conducted CFAs on the Hispanic
and NHW samples using AMOS 17.0. We tested
for measurement invariance in two stages (Byrne,
2010). First, we created baseline models for each
scale separately for each group and evaluated the
goodness of fit to the data. In the event that two or
more factors were found to be highly correlated,
alternative models in which these factors’ items
were combined into one factor were assessed and
compared with the hypothesized baseline models.
Second, using multigroup CFAs, we examined
four assumptions based on the baseline models
to assess measurement invariance across groups:
(a) configural invariance—the same hypothesized
number of factors, (b) factorial invariance—the
same factor structure or pattern of factor loadings,
(c) structural invariance—the same structural
relations (i.e., factorial covariances), which only
needed to be tested for the multidimensional NPI-
Q, with its four latent factors set to be correlated
with each other because they are theoretically
all areas of BPSD, and (d) scalar (i.e., intercept)
invariance, a prerequisite for assessing for latent
mean value differences. In the event of findings that
did not support ethnic-group scalar invariance,
we conducted post hoc analyses to assess for
significant, meaningful item-level group differences
to determine whether any specific items may
have been accountable for scalar noninvariance.
Scalar noninvariance is believed to result from
differential additive response bias and suggests
that issues unrelated to the pertinent constructs are
influencing the presence of systematically different
scores on some or all items in one group compared
with the other.

To evaluate the criteria used to accept models,
we examined various goodness of fit statistics,
including the goodness of fit indices (GFI),
comparative fit indices (CFI), Tucker-Lewis
Indices (TLI), and the root mean square error
of approximation (RMSEA). Though rules for
establishing goodness of fit for models vary
widely, adequate fit is often indicated by GFI,
CFI, and TLI values greater than .95 and RMSEA
values less than .06 (Schreiber, Nora, Stage,
Barlow, & King, 2006). To assess for significant
changes in model fit, we examined the ACFI
values, with changes of less than .01 indicative
of invariance (Cheung & Rensvold, 2002).
To evaluate the adequacy of our sample sizes,
we examined Hoelter’s (1983) critical N (CN)
for the .05 level, with values greater than 200
suggestive of a large enough sample and values
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less than 75 deemed unacceptably low. Although
an arbitrary 0.40 standardized factor loading
cutoff is often used in the literature to determine
whether items meaningfully load onto factors
(Aalten et al., 2007), we based our decisions
regarding the acceptability of factor loadings
both on our hypothesized factor structures and
whether specific item loadings were noticeably
lower than those of other items. Finally, given the
discrepancy in sample sizes across ethnic groups
(311 Hispanics and 10,863 NHWs), we randomly
selected a sample of 311 NHWSs and reconducted
our CFAs to assess whether sample size influenced
our multigroup invariance analyses.

Results

The data showed evidence of multivariate kur-
tosis for both Hispanics (Mardia’s coefficient:
FAQ =61.51; NPI-Q =26.12) and NHWs (Mardia’s
coefficient: FAQ = 381.69; NPI-Q = 239.55).
Therefore, CFAs were based on asymptotically dis-
tribution-free estimation (Browne, 1984). There was
no evidence of multivariate outliers for the Hispanic
or NHW data for either scale based on examination
of Mahalanobis distance values.

The sample was composed of 311 Hispanic and
10,863 NHW outpatients and their informants,
matched by ethnicity. A total of 6,151 (55.0%,
standard error of percentage [SE ercentage]l = 0.47)
patients were diagnosed with dementia and 5,023
patients with NCE. Of the 311 Hispanic patients,
187 (60.13%) were Mexican/Chicano/Mexican
American, 58 (18.65%) were Puerto Rican, 17
(5.47%) were South American, 14 (4.50%) were
Central American, 11 (3.54%) were Cuban, 7
(2.25%) were Dominican, 14 (4.50%) were clas-
sified as other, and 3 (0.96%) were coded as
unknown. The origins of the Hispanic informants
in this study were similar to those of the patients in
terms of frequencies. Of the Hispanic patients, 181
(58.20%, SE percentage = 2-80) were diagnosed with
dementia and 130 with NCE. Among the NHW
patients, there were similar proportions of diag-
noses, with 5,970 (54.96%, SE e centage = 0.48)
diagnosed with dementia and 4,893 with NCE
Table 1 provides additional descriptive infor-
mation on demographic and other key variables
separated by ethnicity and diagnosis. Table 2 pro-
vides information on the number and percentages
of the specific types of and contributing factors
to dementia for the entire sample and separate
ethnicities.
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Table 1. Descriptive Statistics and p Values for ¢ Tests and Chi-Square Statistics by Ethnicity and Diagnosis

Overall

NCF

Dementia

NCEF vs. Dementia,

(N=11,174), M (SD) (N =5,023),M (SD) (N =6,151), M (SD) p Values
Age (years)
Hispanic (N = 311) 72.59 (9.88) 70.09 (9.42) 74.39 (9.84) <.01
NHW (N =10,862) 72.67 (10.74) 71.56 (10.92) 73.59 (10.51) <.01
Hispanic vs. NHW, p value .08 13 31 —
Patient education (years)
Hispanic (N = 310) 12.61 (3.81) 13.33 (3.55) 12.09 (3.92) .01
NHW (N = 10,782) 15.25 (2.98) 15.82 (2.73) 14.78 (3.10) <.01
Hispanic vs. NHW, p value <.01 <.01 <.01 —
Informant education (years)
Hispanic (N = 286) 14.07 (2.93) 14.06 (2.90) 14.07 (2.96) .96
NHW (N = 10,336) 15.59 (2.67) 15.81 (2.68) 15.41 (2.66) <.01
Hispanic vs. NHW, p value <.01 <.01 <.01 —
NCEF vs. Dementia,
Overall, N (%) NCE N (%) Dementia, N (%) p value
Women
Hispanic (N = 311) 189 (60.77) 92 (70.77) 97 (53.59) .00
NHW (N = 10,863) 5,998 (55.21) 3,026 (61.84) 2,972 (49.78) <.01
Hispanic vs. NHW, p value .05 .04 31 —
Coresidency
Hispanic (N = 311) 161 (51.77) 59 (45.38) 102 (56.35) .06
NHW (N = 10,863) 7,071 (65.09) 2,782 (56.86) 4,289 (71.84) <.01
Hispanic vs. NHW, p value .00 .01 <.01 —
NCEF vs. Dementia,
Overall, M (SD) NCE M (SD) Dementia, M (SD) p value
Total FAQ
Hispanic (N = 311) 10.58 (11.02) 0.50 (1.34) 17.81 (9.05) <.01
NHW (N =10,863) 9.22 (10.38) 0.48 (1.96) 16.37 (8.90) <.01
Hispanic vs. NHW, p value .03 .93 .03 —
Total NPI-Q
Hispanic (N = 311) 2.50 (2.58) 0.91 (1.51) 3.64 (2.59) <.01
NHW (N = 10,863) 2.18 (2.46) 0.69 (1.28) 3.40 (2.52) <.01
Hispanic vs. NHW, p value .03 .10 22 —

Notes: NCF = normal cognitive functioning; NHW = non-Hispanic White; FAQ = Functional Assessment Questionnaire;
NPI-Q = Neuropsychiatric Inventory Questionnaire.

Functional Assessment Questionnaire

Establishing  Baseline  Models. —SEM-based
congeneric estimate of score reliability (Graham,
2006) for this scale was 0.99 for Hispanics. For the
Hispanic group, our CFA yielded a GFI value of .96,
a CFIvalue of .94,a TLI value of .92, a RMSEA value
of .09, 90% confidence interval (CI) [0.07, 0.11],
and a CN value of 125. All of these values represent
indicators of reasonably adequate to good model fit
and acceptable, albeit somewhat low, sample size.
SEM-based congeneric estimate of score reliability
for this scale was 0.99 for NHWs. When we tested
the model for the NHW group, results yielded a
GFI value of .95, a CFI value of .90, a TLI value of
.87, a RMSEA value of .08, 90% CI [0.08, 0.08], and

a CN value of 218. Overall, this model appeared to
adequately fit the data and sample size was deemed
sufficient. The factor loadings for both models are
listed in Table 3.

Multigroup Measurement Invariance. —First, we
tested whether the one-factor structure was equiv-
alent across groups (Model 1), and the obtained
fit indices were overall indicative of adequate fit
(Table 4). These results suggested that the FAQ
structure is indeed most appropriately described
by a one-factor (dementia severity) model for both
the Hispanic and NHWSs samples. Second, we
assessed whether the pattern of factor loadings
was equivalent across groups. Results from this
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Table 2. Number and Percentages of Types of and Contributing Factors to Dementia for the Overall Sample and Separate Ethnicities

Overall Hispanic NHW
(N =6,151), N (%) (N =181), N (%) (N =5,970), N (%)

Probable Alzheimer’s disease 3,991 (64.88) 130 (71.82) 3,861 (64.67)
Possible Alzheimer’s disease 780 (12.68) 7 (14.92) 753 (12.61)
Dementia with Lewy bodies 485 (7.88) 0(5.52) 475 (7.96)
Vascular dementia 186 (3.02) 1 (6.08) 175 (2.93)
Alcohol-related dementia 1 (0.50) 1 (0.55) 0 (0.50)
Dementia of undetermined etiology 138 (2.24) 3(1.66) 135 (2.26)
Frontotemporal dementia (behavioral/ 559 (9.09) 4(2.21) 555(9.30)

executive dementia)
Primary progressive aphasia (aphasic 337 (5.48) 2 (1.10) 335 (5.61)

dementia)
Progressive supranuclear palsy 55 (0.89) 0 (0.00) 55(0.92)
Corticobasal degeneration 124 (2.02) 2 (1.10) 122 (2.04)
Huntington’s disease 1(0.02) 0 (0.00) 1(0.02)
Prion disease 40 (0.65) 1(0.55) 39 (0.65)
Cognitive dysfunction from medications 54 (0.88) 0 (0.00) 54 (0.90)
Cognitive dysfunction from medical 83 (1.35) 2(1.10) 81 (1.36)

illnesses
Depression 1, 315 (21.38) 55 (30.39) 1, 260 (21.11)
Other major psychiatric illness 74 (1.20) 2 (1.10) 72 (1.21)
Down’s syndrome 6 (0.19) 0 (0.00) 6 (0.10)
Parkinson’s disease 219 (3.56) 5(2.76) 214 (3.58)
Stroke 265 (4.31) 11 (6.08) 254 (4.25)
Hydrocephalus 1(0.83) 2 (1.10) 9(0.82)
Traumatic brain injury 1(1.32) 3 (1.66) 8 (1.31)
Central nervous system neoplasm 6 (0.26) 0 (0.00) 6 (0.27)
Other 482 (7.84) 10 (5.52) 472 (7.91)

Note. NHW = non-Hispanic White.

Table 3. Standardized Factor Loadings from the Functional
Assessment Questionnaire (FAQ) Baseline Models

Non-Hispanic

Hispanics White

Dementia severity Dementia severity

Bills/finances .99 95
Taxes/papers .97 .92
Shopping 95 .94
Games/hobbies .84 .85
Stove .87 .83
Meal preparation 92 .89
Tracking events 95 .92
Paying attention .89 .88
Remembering dates .94 .92
Travel 93 91

Notes: All factor loadings are significant at the <.01 level.
Unstandardized factor loadings with standard errors can
be provided upon request by contacting the corresponding
author.

test of Model 2 (Table 4) determined that the pos-
tulated equality of factor loadings across groups
was tenable, ACFI = 0.00, suggesting that pattern
of factor loadings was invariant across groups.
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Scalar Invariance. —Third, we tested the FAQ
for ethnic-group scalar invariance. The goodness
of fit statistics from this test is presented in Table 4
(Model 3) and were mainly indicative of adequate
fit though suggestive of a less than adequate sam-
ple size. However, the increases in the CFI values
for this model compared with both the configural
model (Model 1, ACFI = 0.01) and the measure-
ment model (Model 2, ACFI = 0.01) were not less
than 0.01. Thus, we did not find evidence for full
scalar invariance across groups.

Because we did not find evidence for full scalar
invariance, our next step was to conduct analyses
to assess for partial scalar invariance, which is sug-
gested as a compromise between full and a lack of
measurement invariance. A conservative method of
implementing partial invariance constraints is to use
modification indices (MI) and degree of expected
parameter change values to determine which con-
straints to relax (Steenkamp & Baumgartner, 1998).
We considered MI values that stood out as exces-
sively large in comparison to other values (Byrne,
2010) or values greater than 20 to be indicative of
a significant scalar invariance problem, though we
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Table 4. Summary of Tests for Ethnic-Group Invariance of the Functional Assessment Questionnaire (FAQ)
Measurement Model

90% CI of
GFI CFI TLI RMSEA RMSEA CN
Model 1: Number of factors .95 .90 .87 .06 0.06, 0.06 389
(i.e., 1) invariant
Model 2: Model 1 with pattern of factor- 95 .90 .88 .05 0.05,0.06 430
loading invariant
Model 3: Model 1 with intercepts invariant and — 91 91 A1 0.11,0.11 110

latent mean freely estimated in one group

Notes: GFI = goodness of fit indices; CFI = comparative fit indices; TLI = Tucker-Lewis indices; RMSEA = root mean square
error of approximation; 90% CI = 90% confidence interval; CN = Hoelter’s Critical N (.05 level).

did not find any values that met these criteria. An
alternative approach is to detect noninvariant item
intercepts by sequentially removing equality con-
straints on each item’s measurement intercept and
examining the ACFI value until one identifies non-
invariant items (Van Lieshout, Cleverley, Jenkins,
& Georgiades, 2011). However, we still did not
find evidence for partial scalar invariance using this
approach, as the CFI values were identical or very
similar in all cases. Therefore, we could not mean-
ingfully test for significant differences on this scale’s
latent factor mean values.

To assess whether there were specific items
accounting for the lack of ethnic-group scalar
invariance, we compared the FAQ’s item mean val-
ues across groups and found that Hispanics had sig-
nificantly higher scores than NHWs on shopping,
z=-2.03, p = .04; remembering events, z = -2.42,
p = .02; remembering dates, z = -3.67,p < .01; and
traveling, z = -2.05, p = .04. Nonetheless, these
group differences generally had small effect sizes
(r=-.02,-.02,-.03, and -.02, respectively), which
means that they may not be meaningfully interpret-
able differences in light of our large sample size.

Neuropsychiatric Inventory Questionnaire

Establishing Baseline Models. —Hancock and
Mueller’s (2001) weighted construct reliability
coefficient for Hispanics was .87. Subscale reli-
ability coefficients using the Kuder-Richardson
Formula 20 (KR-20) were as follows: hyperactiv-
ity, .68; affect, .52; psychosis, .50; and apathy/
vegetative symptoms, .48. For the Hispanic group,
our CFA yielded a GFI value of .98, a CFI value of
.98, a TLI value of .97, an RMSEA value of .02,
90% CI [0.00, 0.05], and a CN value of 399. All of
these values represent indicators of good model fit
and sufficient sample size. Hancock and Mueller’s
weighted construct reliability coefficient for NHWSs
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was .85. Subscale reliability coefficients using the
KR-20 were as follows: hyperactivity, .65; affect,
.53; psychosis, .50; and apathylvegetative symp-
toms, .54. When we tested the model for the NHW
group, results yielded a GFI value of .98, a CFI
value of .92, a TLI value of .87, an RMSEA value of
.03,90% CI[0.03,0.04], and a CN value of 1,155.
Overall, this four-factor model also appeared to
fit the data reasonably well and sample size was
deemed sufficient. The factor loadings and correla-
tions for both models are listed in Tables 5 and 6,
respectively. Given the high correlations between
the affect and apathy/vegetative symptoms factors
among both groups, we tested an alternative three-
factor model in which these two factors were com-
bined. However, the goodness of fit indices for this
model were nearly identical to the hypothesized
four-factor model and were not significantly dif-
ferent based on ACFI values. As the focus of these
analyses was confirmatory and aimed at testing
multigroup invariance rather than factor structure
per se, we conducted our multigroup analyses using
our originally proposed four-factor model.

Multigroup  Measurement  Invariance. —First,
we tested whether the four-factor structure was
equivalent across groups (Model 1), and our results
(Table 7) suggested that the NPI-Q structure is
indeed most appropriately described by our hypoth-
esized four-factor model for both groups. Second,
we assessed whether the pattern of factor loadings
was equivalent across ethnic groups. Results from
this test of Model 2 provided evidence for invari-
ance, ACFI = .00. Third, we examined whether the
factor covariances were equivalent across groups.
Goodness of fit statistics from the estimation of
Model 3 were indicative of adequate to good model
fit and the ACFI of .00 indicated a nominal change
in fit, suggestive of invariant factor covariances.



Table 5. Standardized Factor Loadings from the Neuropsychiatric Inventory Questionnaire (NPI-Q) Baseline Models

Hispanic Non-Hispanic White
Apathy/ Apathy/

Hyperactivity =~ Affect ~ Psychosis  vegetative — Hyperactivity Affect Psychosis  vegetative
Agitation 72 71
Disinhibition .60 .53
Irritability .68 .67
Anxiety .65 .64
Depression .61 .58
Delusions 77 .68
Hallucinations .50 48
Apathy .69 64
Sleep 31 46
Appetite 48 46

Notes: All factor loadings are significant at the <.01 level. Unstandardized factor loadings with standard errors can be
provided upon request by contacting the corresponding author.

Table 6. Factor Correlations for the Neuropsychiatric Inventory Questionnaire (NPI-Q) Baseline Models

Hispanic Non-Hispanic White
Apathy/ Apathy/
Hyperactivity Affect  Psychosis vegetative Hyperactivity = Affect  Psychosis vegetative
Hyperactivity — —
Affect .74 — .70 —
Psychosis .56 .39 — .55 S1 —
Apathy/vegetative .69 93 31 — .75 .82 .54 —

Note: All correlations are significant at the .05 level (¢ > 1.

96).

Table 7. Summary of Tests for Ethnic-Group Invariance of the Neuropsychiatric Inventory Questionnaire (NPI-Q)
Measurement and Structural Models

90% CI of
GFI CFI TLI RMSEA RMSEA CN
Model 1: Number of factors .98 .92 .87 .02 0.02,0.03 1,981
(i.e., four) invariant
Model 2: Model 1 with pattern of .98 .92 .89 .02 0.02,0.03 2,122
factor-loading invariant
Model 3: Model 1 with pattern of .98 .92 .89 .02 0.02,0.02 2,252
factor-loading invariant and factor
variances and covariances invariant
Model 4: Model 3 with intercepts — .96 .95 .03 0.03,0.03 1,339

invariant and latent mean freely
estimated in one group

Notes: GFI = goodness of fit indices; CFI = comparative fit

indices; TLI = TuckerLewis Indices; RMSEA = root mean square

error of approximation; 90% CI = 90% confidence interval; CN = Hoelter’s Critical N (.05 level).

Scalar Invariance. —Fourth, we tested the NPI-Q
for scalar invariance across ethnic groups. Table 7
provides the goodness of fit statistics from this test
(Model 4). All fit indices were suggestive of a well-
fitting model. However, the ACFI value exceeded
.01 for this model compared with both the configu-
ral model (Model 1, ACFI = .04), the measurement

model (Model 2, ACFI = .05), and the structural
model (Model 3, ACFI = .05). Therefore, we did not
find evidence for full scalar invariance across groups.

Given the lack of evidence obtained for full
scalar invariance, we conducted analyses to assess
for partial scalar invariance using the previously
described techniques used with the FAQ. However,
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we failed to find evidence for partial scalar invari-
ance using these approaches, as the CFI values
remained identical or very similar in all cases. Thus,
we were unable to meaningfully test for significant
group differences on this scale’s latent mean val-
ues. Consequently, we compared NPI-Q item-level
mean differences across groups. Hispanics had sig-
nificantly higher scores than NHWs on delusions,
(1, N = 11,174) = 17.13, p < .01; hallucina-
tions, x*(1, N = 11,174) = 5.14, p = .02; agita-
tion, y>(1, N = 11,174) = 4.30, p = .04; depression,
21, N = 11,174) = 9.06, p = .00; and appetite,
¥2(1,N = 11,174) = 7.31, p = .01. However, in light
of our large sample, the effect sizes associated with
these differences were rather small (® = 0.04, 0.02,
0.02, 0.03, and 0.03, respectively), suggesting that
they may not be meaningful differences.

Results Using Matched Sample Sizes

To assess whether discrepant sample sizes may
have affected our findings, we randomly selected a
sample of 311 (out of 10,863) NHWSs to match the
Hispanic sample size. Results revealed an identical
overall pattern of results, suggesting that sample
size was not affecting our key findings regarding
ethnic-group invariance.

Discussion

This study examined the ethnic-group measure-
ment invariance of the FAQ and NPI-Q among
Hispanic and NHW outpatients. This study is the
first to examine the psychometric properties of
these scales to determine whether they are oper-
ating equivalently and whether meaningful ethnic-
group latent mean comparisons of these scales’
factors can be made, which bears relevance in terms
of dementia diagnostic validity across groups.

Before we discuss our results, we duly note
that in some cases, including our baseline mod-
els, goodness of fit statistics did not meet the
strict cutoff criteria suggested by some research-
ers (Schreiber et al., 2006). However, Byrne (2010)
strongly advised against modifying baseline mod-
els when testing for multigroup invariance, even if
fit statistics are modest at best and modifications
result in good fit. The more an originally hypoth-
esized model is modified at this stage of analysis,
the more difficult it is to determine measurement
and structural equivalence, particularly when MI
values are small, as was the case for our baseline
models. Byrne (2010) also noted that there is a
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risk of “overfitting” a model by making post hoc
modifications in that the addition of extra param-
eters can (a) represent weak effects that are not
likely replicable, (b) lead to significant increases in
standard errors, and (c) affect the model’s primary
parameters. Model alterations may simply be fit-
ting the sample’s small, distinctive characteristics.
Furthermore, other researchers have used less strin-
gent fit index cutoffs, noting that although cutoffs
suggested by Schreiber and colleagues (2006) are
now widely used, these higher thresholds may not
reflect a significant improvement and may not be
applicable to all models (Marsh, Hau, & Wen,
2004). Taken together, although we believe that
our model fit statistics generally support our con-
clusions, we nonetheless suggest that caution be
used in the interpretation of our results without
further study involving other samples of Hispanics
and NHWs.

Functional Assessment Questionnaire

As hypothesized, results from our multigroup
CFAs revealed that the FAQ demonstrated most
aspects of ethnic-group measurement (i.e., con-
figural and factorial) invariance, suggesting that
this scale has the same number (i.e., one) of fac-
tors and a similar pattern of factor loadings across
groups. The one-factor (dementia severity) struc-
ture found for the FAQ is consistent with the find-
ings of a prior study that used a similar measure of
functional abilities that also found a comparable
one-factor structure that was invariant across par-
ticipants from three European countries (Erzigkeit
et al., 2001). Given that we found evidence for the
ethnic-group configural and factorial invariance of
the FAQ, we can conclude that this scale is likely
operating similarly across groups and is measuring
the same latent construct of dementia severity with
regard to I[ADLs.

Our analyses failed to provide evidence for the
ethnic-group scalar invariance of the FAQ, which
may have in part been due to a less than adequate
sample size. The finding of scalar noninvariance
suggests that item mean scores were not similar
across ethnic groups. Therefore, meaningful com-
parisons of levels of the latent dementia severity
factor could not be made across groups. Item inter-
cept invariance is a requirement for the comparison
of latent means, as it implies identical intervals and
zero points of the scale across groups. When scalar
invariance is not tenable, the comparison of latent
means becomes equivocal as the between-group



differences in latent means are confounded with the
scale and origin of the latent variable (Cheung &
Rensvold, 2002). It is possible that linguistic bar-
riers may have been present among some Hispanic
informants that may have made it more difficult
for them to accurately convey patients’ functional
abilities to the primarily English-speaking clini-
cians in this study. Additionally, Hispanic and
NHW informants differed significantly in terms of
education level, which could also be driving scalar
noninvariance. Informants with higher education
levels may be better able to recognize and report
on dementia-related symptoms and be more likely
to obtain a timely dementia evaluation for their
patients, which could influence scores on these
measures. Our post hoc analyses did not reveal any
specific item(s) that caused the scalar noninvari-
ance. Therefore, the most probable reason for the
scalar noninvariance is that these item intercept-
level disparities were distributed across some or
all items but were not significant on an item-level
basis, consistent with our post hoc analyses that
failed to find meaningful item-level differences
across ethnicities.

Our findings suggest that the FAQ can likely
continue to be used as a useful measure of patients’
functional abilities among both Hispanics and
NHWs. Indeed, it proved to be invariant across
ethnic groups in terms of both its factor structure
and pattern of factor loadings. However, because
we did not find evidence for the scalar invariance
of this scale, meaningful contrasts of the dementia
severity factor derived from this scale cannot be
made across these ethnic groups. This finding is a
limitation of which researchers should be mindful
when employing this scale to compare latent mean
values of this factor across Hispanics and NHWs.
Despite this limitation, future research should
examine whether this widely used, validated, prac-
tical informant-report scale of patients’ functional
abilities demonstrates measurement invariance
across other ethnic groups.

Neuropsychiatric Inventory Questionnaire

We also found evidence to confirm our hypoth-
esis regarding most aspects of the NPI-Q’s ethnic-
group measurement invariance. These findings
suggest that this scale has the same number (i.e.,
four) of factors and a similar pattern of both fac-
tor loadings and covariances across Hispanics
and NHWs. The hypothesized four-factor (hyper-
activity, affect, psychosis, and apathy/vegetative
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symptoms) structure of the NPI-Q that we con-
firmed for both groups is consistent with the find-
ings of prior studies using comparable versions
of this BPSD measure that also found a similar
invariant four-factor structure among individuals
from 12 European countries (Aalten et al., 2007)
and South Korea (Kang et al., 2010). However,
as the correlations between the affect and apathy/
vegetative symptoms factors for both groups in this
study were high, it should be noted that these two
factors are essentially indistinguishable. Given the
evidence found for the NPI-Q’s ethnic-group facto-
rial invariance, we can conclude that this scale was
operating similarly across both groups and was
measuring the same four latent constructs of BPSD.

However, the NPI-Q did not demonstrate eth-
nic-group scalar invariance, suggesting that mean
differences in this scale’s four latent factors can-
not be meaningfully interpreted and compared
across Hispanics and NHWs. It is possible that
education-level differences, language barriers, and
ethnocultural differences in how BPSD are inter-
preted and communicated may have influenced
ethnic-group differences on responses to the NPI-Q
items. Additionally, the shame and stigma associ-
ated with dementia and its BPSD may be particu-
larly salient among Hispanics (Sayegh & Knight,
2013), which could have systematically influenced
response patterns across ethnic groups. Similarly,
informant-reporting styles on patients’ BPSD may
have differed across groups given that Hispanic
caregivers may be more sensitive to BPSD than
NHW caregivers (Valle, 1994). Because our post
hoc analyses failed to reveal any particular item(s)
contributing to the scalar noninvariance, it is likely
that these differences were spread out across some
or all items but may not have been significant for
any individual item(s), as may be the case with the
FAQ and as was supported by our post hoc analy-
ses assessing for meaningful ethnic-group item-
level differences on this measure.

Our multigroup CFA revealed that the NPI-Q can
continue to be used as a useful measure of patients’
BPSD among both Hispanics and NHWs, as it dem-
onstrated ethnic-group configural, factorial, and
structural invariance. These findings confirm that
this scale is operating similarly across these groups,
supporting the measurement validity of the NPI-Q
in clinical and research contexts. Additionally, our
results suggested that this scale can be readily and
validly used among both groups to measure specific
dimensions of BPSD beyond a more general opera-
tionalization of these symptoms.
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However, the NPI-Q cannot be used to make
meaningful comparisons across ethnic groups
in terms of its four latent factors’ mean values.
Researchers should be mindful of this limita-
tion when considering comparing Hispanics and
NHWs on latent mean values of these factors.
Aside from this limitation, both the overall useful-
ness of this scale and its validity and specificity sug-
gest that future research should examine whether
the NPI-Q demonstrates measurement invariance
across other ethnic groups.

Limitations and Strengths

This study has certain limitations that suggest
that caution should be used in the interpretation
of these results. The generalizability of these find-
ings may be somewhat limited, as ADC partici-
pants essentially represent a convenience sample
composed of patients and informants who pre-
sented to academic AD clinics. Additionally, this
sample lacked enough statistical power to exam-
ine differences across subgroups of the Hispanic
outpatients, which could provide richer findings
regarding differences across more specific ethnic
groups. We also may have lacked adequate statisti-
cal power for both the FAQ’s baseline model for
Hispanics and the ethnic-group scalar invariance
model. Furthermore, these data do not explicitly
state the language in which informants completed
the questionnaires, though it is presumable that
the vast majority were completed in English rather
than Spanish (or another language) as these data
derived from an English language module. Despite
these limitations, this study also has a number of
strengths, including its use of a nationwide, multi-
site data set characterized by standardized meth-
ods, which bolsters both the external and internal
validity of this study. Additionally, the inclusion of
a relatively large and diverse Hispanic sample and
a large NHW sample is another strength. Finally,
this study contributes to the literature by being
the first to examine the ethnic-group measurement
properties of the FAQ and NPI-Q.

Conclusion

In sum, our findings regarding the ethnic-group
measurement invariance of the FAQ and NPI-Q
bear relevance in terms of diagnostic validity
among Hispanics and NHWs. We found that both
scales demonstrated all aspects of ethnic-group
measurement invariance except scalar invariance,
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suggesting that they are measuring the same under-
lying constructs and are operating similarly across
groups. However, because we did not find evidence
for ethnic-group scalar invariance for the FAQ and
NPI-Q, they may not be used to make meaning-
ful comparisons based on latent mean estimates of
these measures’ factors.
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