
Demographic, Neuropsychological and Functional Predictors of
Rate of Longitudinal Cognitive Decline in Hispanic Older Adults

Sarah Tomaszewski Farias, Ph.D.1, Dan Mungas, Ph.D.1, Ladson Hinton, M.D.2, and Mary
Haan, MPH, Dr.PH3

1Department of Neurology, University of California, Davis
2Department of Psychiatry, University of California, Davis
3Department of Epidemiology, University of Michigan, Ann Arbor

Abstract
Objective—The identification of older adults who are at increased risk of future cognitive
decline is often difficult, particularly in individuals of an ethnic minority. This study evaluated
which baseline demographic, neuropsychological and functional variables were most strongly
associated with future longitudinal decline in global cognitive function.

Design/setting—Participants were part of a community-based prospective longitudinal study of
1789 older Hispanics (Sacramento Area Latino Study on Aging (SALSA)).

Participants—A subsample of 639 individuals were evaluated, comprising cognitively normal,
mildly impaired, and dementia cases, and were followed longitudinally for up to seven years.
Sixty-three percent were tested in Spanish.

Measurements—Latent growth curve modeling of longitudinal data was used to assess the
effects of age, gender, education, language of test administration (Spanish or English),
acculturation, baseline measures of neuropsychological function (i.e. verbal memory and
confrontation naming) and baseline everyday functioning (as measured by the IQCODE) on rate
of change in global cognitive impairment (measured by the 3MS).

Results—Less education, being tested in English, and poorer scores on the neuropsychological
tests were all cross-sectionally associated with lower baseline 3MS scores. However, longitudinal
decline in global cognition over time was primarily associated with older age and poorer everyday
function at baseline.

Conclusions—Informant-based ratings of functional impairment, which are easy to collect in a
clinical setting, have significant utility in identifying Hispanic older adults at increased risk for
future cognitive decline.
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There has been a dramatic increase in the numbers of older persons in the U.S. who belong
to an ethnic minority. Hispanic elderly are among the most rapidly growing aging minorities
in the U.S. [1]. Several studies have suggested that the prevalence of cognitive impairment
and dementia in older Hispanics is similar to, or higher than in non-Hispanic whites [2-5].
Such findings highlight the need for culturally appropriate methods to identify risk factors
for cognitive decline and dementia in elderly Hispanics. Better identification of Hispanic
older adults at risk for cognitive decline and dementia will, in turn, lead to the improved
provision of healthcare services to this underserved population.

Cognitive testing, whether in the form of brief screening measures or more comprehensive
neuropsychological testing, is typically an important part of the standard work-up for
neurodegenerative diseases of aging. However, demographic factors including cultural
background, being tested in a language other than one's first/primary language, and having
low levels of education can adversely affect performance on cognitive tests. In these
situations, cross-sectional cognitive testing can lead to erroneous conclusions about the
presence of an underlying neurodegenerative disease [6-8]. That is, low cognitive test scores
are misattributed to disease rather than being a result of background factors. As such, it can
be difficult for clinicians to identify those older individuals of an ethnic minority or with low
education who are declining and at risk for the development of dementia.

Early signs of neurodegenerative diseases such as Alzheimer's disease manifest not only as
cognitive impairments but also as changes in one's ability to function independently in daily
life. In fact, significant disability in daily function is a required criterion for a dementia
syndrome [9]. More subtle changes in daily function have been shown to be evident well
before frank dementia develops [10-12]. Thus, another approach to evaluating the presence
of an underlying neurodegenerative disease, or predicting risk of future disease progression,
is to evaluate changes in functional status. Several studies have suggested that measures of
everyday function tend to be much less correlated with demographic variables such as
education, than neuropsychological tests [13-16]. Therefore, the measurement of functional
impairment may provide a particularly good way to identify those who are on a ‘downward
trajectory’ (verses those who will remain stable) in individuals of an ethnic minority whose
cognitive test scores can be difficult to interpret due to the confounding effects of education
and cultural background.

This study prospectively followed a large group of elderly Hispanic individuals living in the
community. Participants were evaluated on an annual basis for up to seven years. The goal
of the present study was to determine which variables help identify who is on a trajectory of
decline using a continuous measure of global cognition. More specifically, we examined
which demographic and baseline neuropsychological and functional variables are most
strongly associated with longitudinal decline in global cognitive functioning in Hispanic
older adults. It was hypothesized that informant reports of functional status at baseline
would be a better predictor of future cognitive decline than baseline neuropsychological
performance after controlling for background variables such as age, years of education,
language of test administration, and level of acculturation.

Methods
Participant Sample

Participants in this study were all part of the Sacramento Area Latino Study on Aging
(SALSA). The SALSA project is an epidemiological, longitudinal study of cognitive and
functional impairment in older Hispanics. Recruitment methods have been extensively
described previously [17-19]. Briefly, SALSA recruitment targeted Census tracts of
Sacramento County and neighboring counties with proportional densities of Hispanics
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greater than 5% based on 1990 and 1998 U.S. Census information. The recruitment method
was designed to enumerate all Hispanic households within the targeted Census tracts.
Individuals eligible for the study were (1) self-identified as Latino or Hispanic, (2) age 60 or
above, (3) Spanish or English speakers, and (4) living in a non-institutionalized setting. A
multi-tier approach involved mailing Hispanic households information regarding SALSA,
which was followed by a telephone call. Households that could not be contacted by
telephone or mail were visited by recruiters. The overall response rate in those contacted
was 85%. Approximately 22% of the total eligible population of Sacramento County, CA
was recruited. At baseline a total of 1,789 Hispanics age 60 and over were enrolled in the
SALSA study.

Of the 1,789 individuals recruited into SALSA a subsample underwent further testing and
this subsample is the focus of the present study. Two screening tests were used to determine
who received further neuropsychological testing. These were the 3MSE [20] and Spanish
and English Verbal Learning Test (SEVLT, [17]). The 3MSE is a measure of global
cognitive functioning. The delayed recall trial from the SEVLT was used with the 3MSE to
screen for cognitive impairment. Those individuals who fell below the 20th percentile on
either of these instruments received additional neuropsychological testing. In addition, a
20% random subset of the entire sample was referred for neuropsychological testing.
Neuropsychological testing was completed by 82.6% of SALSA participants referred for
testing. The sampling procedure described above was used to ensure a diverse sample was
captured in terms of range of cognitive function. The initial period of recruitment for the
study occurred between 1998 and 1999 and follow-up evaluations continued through 2006.
Follow-ups were done on approximately an annual basis.

Outcome measure
Global Cognitive Function—The Modified Mini Mental State Exam (3MS; [20]) was
used to measure global cognitive functioning because it is an efficient but sensitive
instrument that has been widely used in epidemiological research on cognition. It is an
expanded version of the MMSE [21] that was designed to increase the sensitivity and
reliability of the original MMSE. The 3MS is a 100-point scale that includes additional
items to assess a wider variety of abilities than the original MMSE (i.e. abstract reasoning,
verbal fluency) and expanded scoring schemes for some items (e.g. pentagon drawing,
spelling ‘world’ backwards) [20,22, 23]. The 3MS was translated and back translated from
English to Spanish. A consensus group of Spanish speakers reviewed these translations.
When applicable, linguistic equivalents of some items were used instead of the exact
translation. This mainly applied to the phrase ‘no ifs ands or buts’ which was replaced with
‘si no sube baja’ in the Spanish version. Evidence of its validity as a measure of cognitive
function in this population comes from a number of studies that show that the 3MS is related
to a diagnosis of dementia [19] to structural and functional brain imaging [24], to the
presence of a metabolic syndrome [25] and to folate deficiency [26].

Baseline predictor variables
Demographic and linguistic variables—Gender, age, and education were included as
basic demographic variables. Participants were allowed to decide whether they wanted to be
tested in English or Spanish. Cultural orientation was measured using the Acculturation
Rating Scale for Mexican Americans – Version II (ARSMA-II; [27]). This instrument
assesses such information as whether an individual prefers Spanish or English media, and
about contacts with their country of origin and with people of Latino and Anglo
backgrounds. It is widely used to assess degree of cultural adaptation of Mexican Americans
into the Anglo culture. The scale was formed so that the least affiliation with Anglo cultured
was scored as 0, and the items were summed to form a scale from 0 – 63.

Farias et al. Page 3

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Functional assessment—Problems in everyday abilities were measured at baseline
using the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE; [13, 28,
29]. This is a 26-item interview-based questionnaire completed by an informant familiar
with the participant. Each informant is asked to compare the participant's current level of
everyday functioning with how he or she was functioning 10 years earlier. Each of the 26
items assesses specific, day-to-day activities dependent upon memory and cognitive
functions which are rated according to a five-point scale: 1 = much better than 10 years
earlier, 2 = somewhat better, 3 = no change, 4 = somewhat worse, 5 = much worse. A total
score was derived from averaging the ratings over the total number of completed items and
ranges from 1.0 to 5.0 with higher scores indicating worse functional impairment. Both
English and Spanish versions of the IQCODE are available [30, 31]. Since the original
Spanish language version of the IQCODE was developed in Spain, a consensus group of
local Spanish speakers (bilingual, bicultural researchers and psychometrists) reviewed this
original Spanish version and when applicable, linguistic equivalents of some items were
used when deemed appropriate to the local Hispanic population. The IQCODE has been
shown to have high internal consistency and good test-retest reliability [13]. The IQCODE
also has limited association with education [13,14]. Examples of IQCODE items are
included in the Appendix. In a previous paper we have shown that the relationship between
the IQCODE and cognitive and neuroimaging variables does not differ as a function of
language status (English or Spanish) [32].

Cognitive measures—Cognitive tests were taken from the Spanish and English
Neuropsychological Assessment Scales (SENAS; [33-35]. This is a neuropsychological test
battery developed using psychometric methods associated with item response theory (IRT)
[36-38]. The overriding goal for the SENAS project was to construct a battery of
psychometrically matched tests that are clinically relevant for the neuropsychological
evaluation of older English and Spanish speaking persons. The goal of psychometric
matching called for highly similar measurement properties of the English and Spanish
versions of the same scale, but also for similar measurement properties of all scales within
each language version.

Two separate measures of cognitive ability were derived from the SENAS for the purposes
of this study: 1) Verbal Memory, 2) Object Naming. The Verbal Memory measure was
derived from the Spanish and English Verbal Learning Test (SEVLT; [17]). The SEVLT
uses a 15 word list that is presented for five learning trials in a standard word-list learning
test format, followed by presentation of a distractor task, and then by free recall of the initial
list. The Verbal Memory measure was a composite measure combining scores from the
learning trials and delayed recall trials. Object Naming is a confrontation naming task that
assesses ability to name objects depicted in colored pictures and drawings. The current study
focused on episodic memory and confrontation naming as possible predictors of future
decline because these two variables from the SENAS have been previously shown to
independently and incrementally discriminate between clinical groups in cross-sectional
analysis [34]. Raw scores were used in the analysis and demographic variables (i.e.
education) were added to various models as covariates.

Data Analysis
A latent variable modeling approach was used to estimate relationships of demographic
variables and baseline measures of cognition and independent function with longitudinal
trajectories of cognition, measured by the 3MS. Latent variable models provide a flexible
platform for characterizing longitudinal change in relationship to external variables that
might account for differences in longitudinal trajectories [39, 40]. In this study, there were
seven observation points for the 3MS with varying numbers of observations at each
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assessment wave. The Mplus application [41] was used to fit a latent growth model with
random effects estimates of 3MS baseline status and linear rate of change [41]. Figure 1
shows the overall analytic framework for this model.

The core measurement model in the bottom part of Figure 1 described the varying 3MS
trajectories. Latent variables were defined to estimate baseline status (loadings of 1.0 for all
seven assessments) and change (loadings corresponding to time of follow-up observation t1
– t6 which were allowed to vary by individual). In this model, the score for any individual at
any time is represented by the sum of the 3MSINT latent variable, 3MSCH times the time
for that assessment, and residual error (e.g. parameter d for 3MSBL). Model estimated
means for 3MSINT and 3MSCH represent the average values in the total sample. Model
estimated variances for these latent variables represent variability of of 3MSINT and
3MSCH around the overall means and the correlation between 3MSINT and 3MSCH was
freely estimated (parameter c). In the structural part of the model in the upper part of Figure
1, 3MSINT and 3MSCH latent variables were regressed on external variables that included
demographic and linguistic characteristics, baseline measures of cognition (Verbal Memory,
Object Naming), and baseline independent functioning (IQCODE).

The structural part of the model relating 3MSINT and 3MSCH to external variables was
evaluated in several sequential steps. In Step 1, the association of demographic variables
with 3MS baseline and change was examined. Effects of baseline neuropsychological
variables (Verbal Memory and Object Naming) on 3MS baseline and change were evaluated
in Step 2, and then effects of neuropsychological variables in conjunction with demographic
variables were evaluated in Step 3. Effects of independent function (IQCODE) were
evaluated in Step 4, followed by joint effects of IQCODE and demographic variables in Step
5. A final joint model (Step 6) assessed the independent associations of the demographic
factors, baseline neuropsychological function, and functional status with baseline and
longitudinal change in global cognitive impairment.

Latent variables models like the model used in this study can be conceptualized as multiple,
simultaneously estimated linear regressions, and for example, each path depicted by a line in
Figure 1 corresponds to a regression of the variable at the (arrow) end of the line on the
variable at the (non-arrow) beginning of the line. The model parameters correspond to
regression coefficients, means, intercepts, and variances. These coefficients divided by their
standard errors are distributed as standard normal (z) statistics. In subsequent results, the
coefficient divided by the standard error generated a z value (based on the sample of 639 in
this study) that was compared to the standard normal distribution to determine statistical
significance.

Maximum likelihood estimation was performed using the missing value analysis option
within Mplus. This approach uses all cases including those with missing observations, and
has been shown to provide unbiased estimation of model parameters if the missing data can
be considered to be missing completely at random or missing at random [36]. Even under
conditions of non-ignorable missingness, the maximum likelihood missing data analysis
yields less bias in parameter estimates than an analysis restricted to cases with complete data
[36]. In studies of cognitive aging, increasing cognitive impairment leading to inability to
complete subsequent evaluations is a major concern that could result in non-ignorable
missing data. This would be expected to result in under estimation of rate of cognitive
decline in those who drop out, which would decrease statistical power for identifying
predictors of cognitive decline. Missing at random is satisfied if patterns of missing data can
be explained by observed variables that are explicitly in the model. The inclusion of multiple
baseline measures of cognitive and functional status in models would minimize this type of
bias since these are direct measures of impairment.
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Maximum likelihood estimation is based on an assumption of multivariate normality of data.
Because the 3MS was not normally distributed, the total number of errors (out of 100) was
log transformed, inverted, and then rescaled to have a mean of 100 and standard deviation of
15 based on the baseline SALSA sample. For example, a score of 100 was at the sample
average and a score of 115 corresponded to one standard deviation above the mean.
Secondary analyses were performed using a robust distribution free estimator to verify that
results were not biased by potential deviations from multivariate normality.

Results
A total of 760 participants were enrolled in the study and had baseline cognitive testing. Of
those, 688 individuals completed at least one follow-up evaluation. Forty-one of this 688
had missing data for at least one of the covariates in this study (age, education, gender,
acculturation, language of administration), yielding a total sample of 639. Six follow-up
evaluations were completed by 217 of the 639, 115 completed five follow-ups, 77 had four
follow-ups, 86 had three, 72 had two follow-ups, and 72 had one follow-up. The average age
of the sample at baseline was 70.1 (SD = 6.7). Individuals were allowed to decide which
language they preferred for testing; 63% were tested in Spanish, the remainder in English.
The mean acculturation level was 42 (SD = 12.7). Scores on this scale ranged from 7
(Mexican oriented) to 62 (Anglo-oriented), indicating a wide distribution of acculturation
levels. The mean level of education for this sample was quite low (mean = 7.3, SD = 5.5),
with more than 50% of the sample having less than a high school education. However, the
education level spanned a very wide range from zero years of formal education to post-
graduate studies. Mean baseline scores for the cognitive and functional predictor variables
are included in Table 1. At baseline, 88% of the sample was cognitively normal and 12%
had mild cognitive impairment or dementia.

Demographic predictors of global cognition
First, we examined baseline demographic variables in association with baseline and change
in global cognitive functioning, as measured by the 3MS. In a model that included all the
demographic variables (age, education, gender, language of test administration,
acculturation), older age (in years; coefficient (standard error) = -0.40 (0.06), z=-6.90,
n=639, p <.001), being tested in English (-2.82 (1.21), z=-2.32, n=639, p=.02), and Anglo
acculturation (-0.10 (0.05), z=-2.00, n=639, p = .05) were associated with poorerbaseline
global cognitive function, while higher education (in years; 1.27 (.09), z=13.87, n=639, p<.
001) was associated with better performance. When these same demographic variables were
examined in relation to longitudinal change in global cognitive status, older age at baseline
(-0.09 (.01), z=-7.67, n=639, p = <.001) was associated with a faster rate of decline on the
3MS over time and male gender (0.30 (.16), z=1.96, n=639, p = .05) was associated with
slower decline.

Baseline neuropsychological predictors of global cognition
Next, baseline measures of specific neuropsychological tests were examined in association
with baseline and change in global cognitive function. Baseline 3MS was positively related
to baseline Verbal Memory (standard score units; 5.84 (0.44), z=13.27, n=639, p<.001) and
Object Naming (standard score units; 6.88 (0.37), z=18.88, n=639, p<.001). Furthermore,
baseline performance in Verbal Memory (0.36 (0.11), z=3.41, n=639, p=.001) and Object
Naming (0.39 (0.09), z=4.55, n=639, p<.001) were independently associated with 3MS
change, with lower cognitive scores predicting greater decline. When the demographic
variables and the neuropsychological variables were included in a joint model, both
neuropsychological variables remained associated with baseline global cognition (Verbal
Memory (5.48 (0.46), z=11.92, n=639, p<.001), Object Naming (5.31 (0.46), z=11.48,
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n=639, p<.001)), along with years of education (0.72 (0.08), z=9.03, n=639, p<.001), and
being tested in English (-3.15 (0.97), z=-3.24, n=639, p=.001). However, when predicting
longitudinal change in global cognition, baseline Verbal Memory was no longer a significant
predictor (0.20 (0.12), z=1.72, n=639, p = .09). Worse Object Naming remained
significantly associated with faster decline in global cognition (0.24 (0.11), z=2.14, n=639, p
= .03) along with older age (-0.08 (0.01), z=-6.11, n=639, p < .001); male gender (0.32
(0.16), z=2.01, n=639, p = .04) continued to be associated with improving performance.

Baseline functional status (IQCODE) as a predictor of global cognition
Degree of everyday functional impairment at baseline, measured by the IQCODE, was also
examined in association with baseline and change in global cognitive status. Poorer baseline
functional status was associated with poorer baseline 3MS (-10.98 (1.51), z=-7.30, n=639, p
< .001). Greater baseline functional impairment was also strongly associated with a more
rapid decline in global cognitive function over time (-1.36 (0.29), z=-4.65, n=639, p < .001).
When demographic variables were added to the model, more impaired daily function on the
IQCODE remained a strong predictor of longitudinal decline in global cognition (-0.98
(0.27), z=-3.58, n=639, p < .001), along with older age (-0.09 (0.01), z=-7.33, n=639, p < .
001); being male was associated with less cognitive decline (0.33(0.15), z=2.18, n=639, p
= .03).

Multivariate model: demographic, baseline cognitive and functional measures as
predictors of global cognition

Finally, a joint model, including all of the demographic variables, the neuropsychological
variables, and the IQCODE, was used to examine the independent predictors of baseline and
change in global cognitive status. Continuous independent variables were standardized so
that effect sizes of the various variables could be directly compared; the coefficients in this
case show the change in 3MS baseline or change associated with a 1.0 s.d. difference in the
independent variable. Lower education, being tested in English, and poorer performance on
both Verbal Memory and Object Naming were all independently associated with poorer
baseline global cognitive function (Table 2). Older age, being female, having more
functional impairment (IQCODE) at baseline, and having poorer Object Naming were
independently associated with greater longitudinal decline in global cognitive function over
time (Table 3). The significant relationship between older age and progressive cognitive
decline on the 3MS is illustrated in Figure 2, which shows expected trajectories in rate of
decline for three specific ages. Figure 3 models the predicted longitudinal trajectories in
cognitive decline for three different IQCODE scores.

Conclusions
The aim of the present study was to identify factors that help to determine which individuals
are likely to be in the midst of a declining cognitive trajectory. A major finding was that the
degree of everyday functional impairment at baseline (as measured by the IQCODE) is a
strong predictor of future decline in global cognition and this was independent of
demographic factors. Currently, it is not well understood whether impairments in cognition
and daily function develop simultaneously, or whether some degree of cognitive loss
precedes declines in everyday function. However, reductions in everyday abilities are
intuitively expected to be the real-world expression of even early, mild cognitive decline
[42]. In fact, a few studies have shown that mild changes in everyday function can be
detected in preclinical stages of neurodegenerative disease [10-12] and therefore can predate
a diagnosis of dementia. In large part, the detection of functional problems depends on the
sensitivity of the functional scale used. The IQCODE, used as an index of informant-
reported daily function in this study, not only includes items related to traditional functional
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domains (i.e. instrumental activities of daily living such as handling money for shopping)
but also includes items that assess ‘everyday cognition’ (cognitively based functional
abilities such as remembering where things are kept around the house), which have been
shown to be particularly sensitive to very early functional problems [15]. Results from the
present study help to confirm a few other previous studies showing greater impairment in
functional abilities at baseline is associated with greater risk of future cognitive decline and
disease progression [43] [42]). The present study expands previous findings by showing that
such findings hold true in a sample of Hispanic older adults, many of whom are Spanish
speakers for whom comprehensive neuropsychological testing may not be readily available.
Furthermore, results suggest that, at least in this population, baseline functional impairment
may be a more sensitive indicator of future risk of cognitive decline than neuropsychological
tests. This may be partially accounted for by the fact that while neuropsychological test
performance can be strongly influenced by background demographic factors such as
education and cultural background, measures of everyday function tend to be much less
affected by these non-disease factors [14, 15, 28]. In support of this idea, the ability of
baseline verbal memory to predict longitudinal cognitive decline was eliminated once
demographic variables were included in the model, but the association between baseline
IQCODE and longitudinal cognitive decline was independent of demographic factors.

In several of the models, various demographic variables, including education and language
of test administration, were associated with baseline global cognition. This finding is
consistent with a large body of literature demonstrating that education can have strong
influences on cross-sectional cognitive test results. Such relationships can lead to erroneous
conclusions about the presence of disease in minority individuals and potential over-
diagnosis of cognitive impairment/dementia [6-8]. In the context of low education, low
cognitive scores are not synonymous with ‘impairment.’ In a similar vein, but not as
intuitively obvious, we found that being testing in English was also associated with poorer
baseline cognitive function. We believe the explanation for this finding is that at least one-
third of those who chose to be tested in English reported Spanish as their first language. For
these participants, being tested in their second language likely put them at a disadvantage in
terms of their performance on the cognitive measures. An important point though is that
neither education nor language of test administration were associated with a faster rate of
change in cognition in any of the models (including the final joint model). Such findings
underscore the importance of longitudinal (as compared to cross-sectional) evaluation in
educationally and ethnically diverse samples both in clinical and research contexts to better
understand disease related effects.

There are a number of limitations to this study that deserve mention. The current study
focused on one particular minority group, namely Hispanics primarily of Mexican decent.
Hispanics make up a growing minority group and better methods to identify and monitor
early signs of a neurodegenerative disease in this group are badly needed. However, the
current results may not generalize to other Hispanic/Latino groups and/or to other ethnic
minorities, particularly those that are English speaking and/or have higher rates of literacy
and/or education.

Additionally, there may be other baseline variables that were not included in the current
study that could be important predictors of longitudinal change in cognition. Baseline
measures of executive functioning were not include in this study and may be important
predictors of decline based on other studies [47]. Additionally, neuropsychiatric symptoms
have been associated with longitudinal decline in cognition in some studies. However, when
we added a measure of depression (CES-D) to the final joint model, depression was related
to baseline global cognition, but not change (results not shown).
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The results of this study have important clinical implications. Informant-based ratings of
functional impairment have significant utility in identifying those individuals who are more
likely to be suffering from a neurodegenerative disease process. While neuropsychological
testing can also be helpful in predicting longitudinal decline, it is not always accessible,
particularly for non-English speakers. Additionally, representative normative values for
neuropsychological tests are often not available for minority individuals. Informant ratings
of daily function are relatively easy to acquire in clinical settings and show significant value
in identifying individuals at increased risk of future cognitive decline.
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Appendix. Sample Items of the IQCODE
Recalling a conversation a few days later.

Remembering where things are usually kept.

Remembering the names of family and friends.

Learning to use new machines around the house.

Understanding articles in newspapers or magazines.

Following a story in a book or on TV.

Composing letters to relative or friends or for business purposes.

Handling money for shopping.
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Figure 1.
Conceptual and analytic model. Observed variables are indicated by rectangles and latent
variables are represented by ovals, one headed arrows correspond to regressions of the
variable at the (arrow) end of the line on the variable at the other (non-arrow) end, and two
headed arrows represent correlations. Variances are indicated by two headed arrows
beginning and ending on the same variables. Fixed model parameters are presented as
numbers and freely estimated parameters are depicted by lower case letters. t1-t6 refer to the
time in years from the baseline assessment to follow-up assessments 1-6.
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Figure 2.
Independent effects of age on 3MS baseline and linear rate of change. Results show model
derived trajectories for three specific baseline ages (70, 75, and 80 years). The lines
correspond to the expected average 3MS score at each time point. Bars show standard errors
of the expected means at six time points (0, 1, 2, 3, 4, and 5 years).
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Figure 3.
Independent effects of IQCODE on 3MS baseline and linear rate of change. Results show
model derived trajectories for three specific baseline IQCODE scores (3.0, 3.5, and 4.0). The
lines correspond to the expected average 3MS score at each time point. Bars show standard
errors of the expected means at six time points (0, 1, 2, 3, 4, and 5 years).
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Table 1

Baseline cognitive and functional scores.

Mean score (standard deviation) Range of scores

Episodic Memory -0.13 (0.80) -2.83 to 1.81

Confrontation Naming -0.42 (0.95) -3.64 to 3.16

IQCODE 3.21 (0.32) 2.16 to 5.00

Episodic Memory and Confrontation naming are reported as standard z-scores with a mean of 0 and standard deviation of 1. IQCODE scores are
reported as raw scores.
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Table 2
Independent effects of baseline demographic, neuropsychological, and functional
predictors on estimated baseline global cognitive function

Coefficient S.E. P values

Education (standardized) 4.00 0.44 0.001

Male 0.90 0.66 0.18

English Language -3.04 0.97 0.002

Acculturation (standardized) 0.48 0.52 0.35

Age (standardized) -0.24 0.34 0.47

Object Naming (standardized) 4.99 0.45 0.001

Verbal Memory (standardized) 4.24 0.38 0.001

IQCODE (standardized) -0.61 0.33 0.07

Note. Global cognitive function was measured by the transformed 3MS which has a mean of 100 and a standard deviation of 15 in the study
sample. Coefficients represent the difference in estimated baseline 3MS associated with a one unit difference in the independent variable.
Coefficients divided by their standard errors have a standard normal (z) distribution and were compared to the standard normal table to determine
statistical significance (N = 639). Continuous independent variables were standardized based on the study sample, Male (male=1, female=0) and
English Language (English=1, Spanish=0) were dichotomous indicator variables.
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Table 3
Baseline demographic, neuropsychological, and functional predictors of change in global
cognitive function

Coefficient S.E. P Values.

Education (standardized) 0.04 0.10 0.70

Male 0.33 0.16 0.04

English Language 0.07 0.23 0.77

Acculturation (standardized) -0.03 0.13 0.83

Age (standardized) -0.52 0.09 0.001

Object Naming (standardized) 0.22 0.11 0.04

Verbal Memory (standardized) 0.10 0.09 0.30

IQCODE (standardized) -0.28 0.09 0.001

Note. Global cognitive function was measured by the transformed 3MS which has a mean of 100 and a standard deviation of 15 in the study
sample. Coefficients represent the difference in estimated baseline 3MS associated with a one unit difference in the independent variable.
Coefficients divided by their standard errors have a standard normal (z) distribution and were compared to the standard normal table to determine
statistical significance (N = 639). Continuous independent variables were standardized based on the study sample, Male (male=1, female=0) and
English Language (English=1, Spanish=0) were dichotomous indicator variables.
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