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Abstract.

Background: Accurately identifying cognitive changes in Mexican American (MA) adults using the Mini-Mental State
Examination (MMSE) requires knowledge of population-based norms for the MMSE, a scale which has widespread use in
research settings.

Objective: To describe the distribution of MMSE scores in a large cohort of MA adults, assess the impact of MMSE
requirements on their clinical trial eligibility, and explore which factors are most strongly associated with their MMSE
scores.

Methods: Visits between 2004-2021 in the Cameron County Hispanic Cohort were analyzed. Eligible participants were
>18 years old and of Mexican descent. MMSE distributions before and after stratification by age and years of education
(YOE) were assessed, as was the proportion of trial-aged (50-85—year-old) participants with MMSE <24, a minimum MMSE
cutoff most frequently used in Alzheimer’s disease (AD) clinical trials. As a secondary analysis, random forest models were
constructed to estimate the relative association of the MMSE with potentially relevant variables.

Results: The mean age of the sample set (n=3,404) was 44.4 (SD, 16.0) years old and 64.5% female. Median MMSE was
28 (IQR, 28-29). The percentage of trial-aged participants (n=1,267) with MMSE <24 was 18.6% overall and 54.3% among
the subset with 0—4 YOE (n=230). The five variables most associated with the MMSE in the study sample were education,
age, exercise, C-reactive protein, and anxiety.
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Conclusion: The minimum MMSE cutoffs in most phase III prodromal-to-mild AD trials would exclude a significant

proportion of trial-aged participants in this MA cohort, including over half of those with 0—4 YOE.

Keywords: Cameron County Hispanic Cohort, clinical trial eligibility, Mexican Americans, Mini-Mental State Examination

INTRODUCTION

The Mini-Mental State Examination (MMSE) is a
brief test of global cognitive function that has been
in use since its creation in 1975. The major strength
of the MMSE is its extensive, decades-long use in
clinical trials for Alzheimer’s disease (AD), partic-
ularly as a part of these trials’ eligibility criteria.
If the MMSE can be used to accurately measure
global cognition in a patient population with known
MMSE norms, then it represents a time-efficient tool
in the screening repertoire of clinicians and study
SpOnsors.

Hispanics of Mexican descent are one of the largest
and fastest growing ethnic groups in the United States
(US), with an estimated population in 2017 of 36.6
million, 26% of which reside in Texas [1]. Despite
the Mexican American (MA) population’s size and
growth, studies of the distribution of MMSE scores
in MAs across adulthood (i.e., >18 years of age) are
scarce. Moreover, it is unclear whether the variables
associated with global cognition (or tests thereof) at
various stages of adulthood in the general US popula-
tion bear similar associations in the MA population.
Since the MMSE is used so frequently in the clinical
setting for screening patients and for determining eli-
gibility in treatment trials, it is important to know the
normative values in our MA patients and the factors
associated with their performance on these tests.

Current evidence suggests that the epidemiology
of cognitive changes in the MA population may be
different from that of other ethnoracial groups or of
the general US population. For example, among MA
adults who develop dementia, the onset of cognitive
decline tends to occur at a younger age compared
to other ethnic groups; however, the typical stage of
dementia at which Hispanics (an ethnoracial cate-
gory that includes MAs) in the US are diagnosed is
later than that of non-Hispanic Whites, suggesting
that systemic factors such as poor access to medical
care or cultural health beliefs may underlie the earlier
onset of decline and the later presentation to medi-
cal attention [2-5]. Additionally, several risk factors
for cognitive decline, such as obesity and diabetes,

are more prevalent in the MA population than among
non-Hispanic Whites in the US [6, 7].

There were two primary objectives of our cross-
sectional study of MA adults living in Texas near the
US-Mexico border. First, we sought to characterize
the distribution of MMSE scores in this population,
particularly after stratification by age and education.
Second, using the minimum MMSE scores that have
often been required for eligibility in clinical trials
for prodromal and/or mild AD, we sought to esti-
mate the proportion of MA individuals who failed
to meet typical MMSE eligibility criteria. Finally, as
a secondary analysis, we assessed which variables
are most associated with MMSE scores in the MA
population.

METHODS

Study population

The Cameron County Hispanic Cohort (CCHC)
is a longitudinal representative cohort of Cameron
County residents that has been active since 2004 [8].
The population of Cameron County, which is located
in the Lower Rio Grande Valley region of Texas, is
approximately 86% MA [9]. Details regarding the
CCHC’s randomization, recruitment, and data col-
lection procedures have been described previously
[7]. Selection for CCHC recruitment began by strat-
ifying the census tracts within Cameron County into
quartiles according to median income from the 2000
US Census [10, 11]. Of the tracts in the first and
third income quartiles, 101 census tracts were ran-
domly selected. Census blocks were then randomly
selected from each of the chosen tracts. For all house-
holds in a selected census block, a team of bilingual
staff that was recruited from the local population and
trained in the CCHC’s Clinical Research Unit (CRU)
went door-to-door to enumerate and invite household
members to enroll in the CCHC. Prior to 2013, house-
hold members 18 years or older were invited to enroll
in the CCHC; since 2013, children 8 years or older
have also been invited to participate.
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After providing informed consent, adults who
chose to join the cohort underwent a detailed base-
line visit at the CCHC CRU or at the participant’s
home, whichever the participant preferred. Medical,
demographic, lifestyle, and family history data were
collected via questionnaires, structured interviews,
and neuropsychological scales including the MMSE,
the Center for Epidemiologic Studies Depression
Scale (CES-D), and the Zung Self-rating Anxiety
Scale (SAS). All assessments were performed in
the participants’ preferred language of Spanish or
English. Laboratory data (e.g., clinical chemistries,
electrocardiography) and anthropometric measure-
ments (e.g., waist circumference, height, and weight)
were also collected.

The Institutional Review Board of the University of
Texas Health Science Center at Houston and the Uni-
versity of Texas at Brownsville approved this study.

Sample selection

Data for CCHC baseline visits between April 2004
and December 2021 were used. Cohort members
were excluded from the study sample if they did not
have an MMSE score, were <17 years old, or were not
MA. Participants were considered MA if they self-
identified as MA, were born in Mexico, or reported
having at least one parent or grandparent who was
born in Mexico. The sampling selection methodology
is shown in Fig. 1.

Outcome measurement

The MMSE was administered to all CCHC par-
ticipants 18 years or older in their choice of either
English or Spanish. For the attention component of
the MMSE, participants performed both the “serial
7s” subtraction task and the backwards spelling task;
the higher of these two scores was used to calculate
the total MMSE score. A blank copy of the MMSE
and the scoring instructions that were used are pro-
vided in Supplementary Form 1.

Independent variables

Variables associated with the MMSE and/or global
cognition in prior studies of the general US and/or US
Hispanic populations were extracted from the CCHC
dataset for analysis. These variables included demo-
graphic data, such as age [12—15], years of education
(YOE) [12-23], gender [12, 16, 23], primary lifetime
occupation [17, 21-24], household income [18, 25],

CCHC participants
N = 4,959

Excluded

=< 17 years old at baseline visit (n = 424)

A 4
CCHC participants age =18 years at baseline visit

n=4.535

Excluded

« No MMSE score for baseline visit (n = 942)

A 4
Adult CCHC participants with an MMSE score at baseline

n=3593

4
Excluded if any of the following are true:

* No ethnicity data (n = 128)@
« Not Mexican American (n = 61)

Y

Study Sample:
Adult Mexican American CCHC members with an MMSE
score at baseline visit

n=3,404

Fig. 1. Sample Selection Methodology. Visits were conducted
between April 2004 and December 2021. Individuals were
excluded if they were <17 years old, did not have an MMSE
score, did not have ethnicity data, or were not Mexican Ameri-
can. *Defined by lack of data for all of the following: self-reported
ethnicity, birth country, parents’ birth countries, and grandparents’
birth countries.

primary language(s) spoken at home [17, 18, 25, 26],
and marital status [17, 20, 23, 27-30]; medical history
data, such as diabetes [17, 20-23, 30, 31], hyperten-
sion [17, 20-22, 30, 32], dyslipidemia [17, 21-23,
30, 33], kidney disease [34, 35], coronary artery dis-
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ease [22, 25], cerebrovascular disease [21, 22, 25,
36], and obesity [20, 22, 25, 30]; measurements of
anxious and depressive symptoms [17, 20, 21, 23,
25, 29, 37]; lifestyle data, such as cigarette use [17,
20-23, 30], alcohol consumption [17, 20, 22, 30],
exercise habits [17, 20, 21, 23, 25, 30], and influenza
vaccination history [38]; family history in biological
siblings or parents of diabetes [39, 40], hypertension
[41-43], cardiovascular disease [44], or cerebrovas-
cular disease [45, 46]; laboratory data, including lipid
levels and biomarkers related to inflammation, stress,
and/or metabolic health (e.g., IL-1B, IL-6, TNF-q,
leptin, resistin) [22, 23, 37, 47, 48]; and anthropo-
metric measurements such as waist circumference,
height, and weight [20, 30, 49]. With the exceptions
of laboratory and anthropometric data, all variables
were collected via patient self-report. The full defini-
tion of each variable used in this study is provided in
Supplementary Table 1.

Statistical analyses

The distribution of MMSE scores and the factors
that influence cognition and/or performance on the
MMSE in early and middle adulthood likely differ
from those later in adulthood. Therefore, the analyses
conducted here were 1) for the entire study sam-
ple and 2) for two subgroups: early and middle-aged
adults (between the ages of 18—64 years, inclusive)
and older adults (>65 years of age). The age of 65
was chosen as the boundary of these two subgroups
because the incidence of the most common cause of
dementia (i.e., AD) becomes appreciable in the gen-
eral population around 65 years of age [49]. Random
forest analyses were performed using MATLAB ver-
sion R2021a; all other analysis was completed using
R version 4.1.2.

Distribution of MMSE scores and selected
covariates

Summary statistics for the MMSE and the indepen-
dent variables were computed for the entire sample
and for the two aforementioned subgroups. The distri-
bution of MMSE scores was further examined after
stratification by age and YOE, the latter of which
was divided into four levels (0—4 years, 5-8 years,
9-12 years, and >13 years) to reflect the classifica-
tion scheme used in the seminal paper by Crum et
al. that described the distribution of MMSE scores
among the general US population [50].

Application of MMSE eligibility cutoffs used in
many clinical trials for prodromal or mild AD

To assess the percentage of participants in this
sample that would be excluded by the MMSE-
related eligibility criteria used in clinical trials for
prodromal-to-mild AD, we extracted a subset of the
trials identified in a recent systematic review of phase
IT and III drug trials for prodromal, mild, or moder-
ate AD [51]. Of the 101 clinical trials included in
that systematic review, we excluded phase II trials,
trials enrolling patients with moderate AD, and trials
only enrolling patients with autosomal dominantly-
inherited AD. This yielded a list of 19 phase III
clinical trials for patients with prodromal-to-mild
AD. The age- and MMSE-related eligibility crite-
ria for each of these 19 trials were collected from
clinicaltrials.gov and are provided in Supplementary
Table 2. The median and mode of the minimum eli-
gible age in these trials was 50 years, and the median
and mode for the maximum eligible age was 85 years.
Therefore, in addition to the age subgroups of early-
to-middle and older adulthood, we also examined the
distribution of MMSE scores in adults ages 50 to 85
years (inclusive). Using the MMSE eligibility cut-
offs from the clinical trials shown in Supplementary
Table 2, we then assessed the proportion of partici-
pants 50-85 years old that would be excluded from
trial participation due to minimum MMSE require-
ments.

Secondary analysis: Estimation of relative
feature importance via random forests

As a secondary analysis, random forest (RF)
classifier models were used to investigate which
independent variables are most strongly associated
with MMSE score. Random forest classifiers were
chosen for this exploratory analysis as they do not
require prespecified models, can detect nonlinearity
and higher order interactions, have low risk of over-
fitting, and can output variable importance measures
[52-54]. Three models were constructed: one for the
study sample (i.e., all adults 18 and older), one for
early and middle-aged adults (18—64 years old), and
one for older adults (>65 years old).

Prior to construction of each model, two prepro-
cessing steps were performed. First, because the
MMSE distribution in the study sample and in the
two subgroups demonstrated significant class imbal-
ance skewed towards higher scores (e.g., in the >65
subgroup there were 60 participants with an MMSE
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of 29 but only 2 participants with an MMSE of 8),
the lowest decile of MMSE scores was combined
into one class, but higher scores were left ungrouped.
For example, in the >65 subgroup, an MMSE of
<17 represented the 7th percentile and a score of
<18 represented the 11th percentile; therefore, in
the RF model for the >65 subgroup, MMSE scores
<18 were combined into one class but scores above
18 were not combined (e.g., an MMSE score of 19
was one level, an MMSE of 20 was another, etc.),
resulting in a total of 13 MMSE levels for the 65-and-
older subgroup. The frequency distribution of MMSE
scores in each subgroup after aggregation of the low-
est decile of scores are shown in Supplementary
Figure 1.

Second, the RF model for the study sample only
included the independent variables with data avail-
able for at least 50% of participants; similarly, the
independent variables included in the RF model for
each of the subgroups were limited to variables with
data available for >50% of the participants in that
subgroup. With the exception of the laboratory vari-
ables, the number of participants missing data for
each of the independent variables is shown in Table 1.
Laboratory measurements with data for >50% of par-
ticipants in the study sample and in the two subgroups
were hemoglobin A1C (HbA ), fasting lipids, fast-
ing blood glucose, estimated glomerular filtration
rate, and albumin-to-creatinine ratio. Because these
measurements were used in the case-identification
algorithms specified in Supplementary Table 1 (e.g.,
HbA . and fasting blood glucose were used in
the case-identification algorithm for diabetes), these
measurements were not included as separate covari-
ates in the RF models. Measurements of C-reactive
protein (CRP), which was not used in any of the case-
identification algorithms, were available for >50% of
the study sample and of the 18-64 subgroup, but not
the >65 subgroup. Therefore, CRP was included as a
covariate in the RF models for the study sample and
the 18—-64 subgroup, but not for the >65 subgroup.

The RF models were constructed in MATLAB
using the “TreeBagger” function with the “fitc-
tree” argument. Each random forest consisted of
500 classification trees; by convention and per the
“TreeBagger” default, the number of predictors (i.e.,
independent variables) randomly sampled at each
node was set as the square root of the number of
available predictors [55]. The Gini index was used as
the split criterion. All other parameters followed the
default settings of the “TreeBagger” function and the
“fitctree” argument [56].

Feature importance scores were then extracted
from each of the three RF models. Every variable
within the model is given a score between —1 and
1. If a variable has a score that is positive (between
0.01 and 1), the variable contributes to the model’s
ability to discriminate between levels of the outcome
(i.e., MMSE score). Conversely, a variable with a fea-
ture importance score of zero does not contribute to
the model’s ability to discriminate between outcome
levels, and a variable with a negative score (between
—0.01 and -1) reduces the discriminatory ability of
the model. The variables were then ranked with the
highest score first.

RESULTS

Descriptive statistics

Application of the eligibility criteria in Fig. 1
yielded a study sample of 3,404 participants. Sum-
mary statistics for the distributions of MMSE
scores and independent variables are provided in
Table 1. The sample’s median MMSE score was
28 (IQR 26-29) and its mean score was 27.3
(SD 3.2).

Of the total sample, 88.8% (n=3,024) were in the
1864 age subgroup and 11.2% (n=380) were in the
>65 age subgroup. For the entire sample, the average
unadjusted annual income was $26,320. After adjust-
ing for household size, the household income was at
or below the US federal poverty level for 73.0% of
participants. A majority of participants (53.6%) iden-
tified as single or never married. Most participants
(74.1%) reported speaking exclusively or predomi-
nantly Spanish at home.

The distribution of MMSE scores for our sample,
stratified by age and YOE, is shown in Table 2. Mean
and median MMSEs were lower in the older sub-
group, as were years of education (YOE) and income.
A comparison of the MMSE distribution of our sam-
ple and the general US population norms is provided
in Fig. 2.

Application of MMSE eligibility cutoffs used in
phase III clinical trials for prodromal or mild AD

All but two of the 19 clinical trials listed in Supple-
mentary Table 2 used MMSE requirements in their
eligibility criteria, and none of the studies adjusted
MMSE cutoffs for level of education. The minimum
eligible MMSE scores among those 17 trials had a
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Table 1
Sample characteristics
Age (years)
18-64 >65 All Adults
(n=3,024; (n=380; (n=3,404)
88.8% of sample) 11.2% of sample)
Age (years)
Mean (SD) 40.9 (13.3) 72.0 (6.3) 44.4 (16.0)
Median (IQR) 41 (30-52) 70.5 (67-76) 44 (31-57)
Gender
Female 1,956 64.7% 241 63.4% 2,197 64.5%
Male 1,068 35.3% 139 36.6% 1,207 35.5%
MMSE score
Mean (SD) 27.6 (2.8) 25.0 (4.9) 27.3(3.2)
Median (IQR) 29 (27-30) 27 (22-29) 28 (26-29)
Years of education
Oto4 168 5.6% 123 32.8% 291 8.6%
5to8 653 21.7% 1139 30.1% 766 22.6%
9to 12 1,277 42.4% 66 17.6% 1,343 39.7%
>13 913 30.3% 73 19.5% 986 29.1%
Unknown 13 5 18
Annual household income ($)
Unadjusted Mean (SD) 27,569 17,075 26,320
(39,235) (17,196) (37,453)
Median (IQR) 16,900 12,000 15,600
(10,000-32,000) (8,400-17,900) (9,600-30,000)
Per capita Mean (SD) 7,416 7,213 7,392
(9,527) (7,232) (9,285)
Median (IQR) 4,286 5,121 4,400
(2,400-8,350) (3,120-8,739) (2,400-8,400)
<Federal poverty level? 63.8% 72.8% 64.8%
Unknown 1,224 140 1,364
Occupational skill level (ISCO classification)
Level 3 or 4 753 25.3% 101 27.1% 854 25.5%
Level 2 829 27.8% 113 30.3% 942 28.1%
Level 1 421 14.1% 68 18.2% 489 14.6%
Student or no occupation 978 32.8% 91 24.4% 1,069 31.9%
Unknown 43 7 50
Language used at home
Only Spanish or mostly Spanish 1,589 73.2% 236 81.1% 1,825 74.1%
English and Spanish equally 310 14.3% 26 8.9% 336 13.6%
Only English or mostly English 272 12.5% 29 10.0% 301 12.2%
Unknown 853 89 942
Marital status
Single or never married 682 55.5% 33 31.4% 715 53.6%
Married 227 18.5% 27 25.7% 254 19.0%
Divorced, separated, or widowed 320 26.0% 45 42.9% 365 27.4%
Unknown 1,795 275 2,070
COMORBIDITIES
Diabetes
Non-diabetic & no history of 2,268 77.0% 188 51.2% 2,456 74.1%
diabetes
Diagnosed & controlled 80 2.7% 30 8.2% 110 3.3%
Diagnosed & uncontrolled 329 11.2% 118 32.2% 447 13.5%
Diabetic but undiagnosed 270 9.2% 31 8.4% 301 9.1%
Unknown 77 13 90
Hypertension
Normotensive & no history of 1,845 61.4% 71 18.8% 1,916 56.6%
hypertension
Diagnosed & controlled 277 9.2% 101 26.8% 378 11.2%
Diagnosed & uncontrolled 363 12.1% 149 39.5% 512 15.1%

(Continued)
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Table 1
(Continued)
Age (years)
18-64 >65 All Adults
(n=3,024; (n=380; (n=3,404)
88.8% of sample) 11.2% of sample)
Hypertensive but undiagnosed 522 17.4% 56 14.9% 578 17.1%
Unknown 17 3 20
Dyslipidemia
1,722 57.0% 280 73.7% 2,002 58.8%
Unknown 1 0 1
Stroke, TIA, or carotid endarterectomy
54 1.8% 26 6.9% 80 2.4%
Unknown 9 3 12
Coronary artery disease
76 2.5% 52 13.8% 128 3.8%
Unknown 7 3 10
Waist-to-height ratio
WHIR >0.5 2,799 92.8% 371 98.9% 3,170 93.5%
Unknown 8 5 13
Body mass index
BMI >30 1,548 51.2% 190 50.0% 1,738 51.1%
Unknown 4 5 9
Kidney disease
68 3.8% 46 16.5% 114 5.6%
Unknown 1,257 101 1,358
Positive depression screen (CES-D >20)
592 19.7% 77 20.5% 669 19.8%
Unknown 13 4 17
Positive GAD screen (SAS >36)
1,762 58.6% 235 62.7% 1,997 59.0%
Unknown 17 5 22
HEALTH BEHAVIORS AND BELIEFS
Cigarette pack years
Mean (SD) 4.0 (8.1) 11.6 (21.9) 4.9 (11.0)
Unknown 1,622 192 1,814
Standard alcoholic drinks per day
Mean (SD) 2.0 (3.6) 334.3) 2.2(3.8)
Unknown 1,168 96 1,264
Self-perceived general health
Excellent 128 5.0% 24 7.8% 152 5.9%
Very good 892 11.2% 149 48.7% 1,041 40.5%
Good 880 38.8% 91 29.7% 971 37.7%
Fair 253 39.3% 28 9.2% 281 10.9%
Poor 114 5.6% 14 4.6% 128 5.0%
Unknown 757 74 831
History of influenza vaccination
271 48.0% 65 70.7% 336 51.1%
Unknown 2,459 288 2,747

MET-minutes of moderate or strenuous activity in a typical week

Mean (SD) 940.5 (2,306.3) 394.5 (1,136.0) 875.8 (2,207.2)
Median (IQR) 0 (0-1,080) 0 (0-0) 0 (0-945)
Satisfies AHA 2007 exercise 36.5% 17.9% 34.3%
recommendation of >450
MET-minutes per week
Unknown 1,447 168 1,615
FAMILY MEDICAL HISTORY
Stroke, TIA, or carotid endarterectomy
594 19.9% 103 28.1% 697 20.8%
Unknown 32 14 46

(Continued)
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Table 1
(Continued)
Age (years)
18-64 >65 All Adults
(n=3,024; (n=380; (n=3,404)
88.8% of sample) 11.2% of sample)
Cardiovascular disease or surgery
921 30.5% 172 45.9% 1,093 32.2%
Unknown 8 5 13
Diabetes
1,596 52.8% 218 58.1% 1,814 53.4%
Unknown 3 5 8
Hypertension
1,929 64.9% 223 62.3% 2,152 64.6%
Unknown 50 22 72

AHA, American Heart Association; CES-D, Center for Epidemiologic Studies Depression; GAD, generalized anxiety disorder; IQR,
interquartile range; ISCO, International Standard Classification of Occupations; MET, metabolic equivalents of task; SAS, Zung Self-
rating Anxiety Scale; SD, standard deviation; TIA, transient ischemic attack. *For each participant, the federal poverty level was based on
the participant’s household size and the year in which the visit occurred.

Table 2
Distribution of MMSE scores in the CCHC, stratified by age and education

Years of Education

04 58 9-12 >13 Total
ENTIRE SAMPLE n (% of total) 291 (8.6%) 766 (22.6%) 15343 (39.7%) 986 (29.1%) 3,386
(AGE > 18) MMSE Mean (SD) 22.8 (4.7) 26.7 (3.0) 27.8 (2.5) 28.5 (2.0) 273 (3.2)
MMSE Median IQR) 23 (20-27) 28 (25-29) 29 (27-29) 29 (28-30) 28 (26-29)
YOUNGER ADULTS 1 (% of total) 168 (5.6%) 653 (21.7%) 1,277 (42.4%) 913 (30.3%) 3,011
(18 < AGE < 64) MMSE Mean (SD) 233 4.1) 26.9 (2.8) 27.8 (2.4) 28.6 (1.9) 27.6 (2.8)
MMSE Median IQR) 23 (21-27) 28 (25-29) 29 (27-30) 29 (28-30) 29 (27-30)
OLDER ADULTS 1 (% of total) 123 (32.8%) 113 (30.1%) 66 (17.6%) 73 (19.5%) 375
(AGE > 65) MMSE Mean (SD) 22.1(5.4) 25.6 3.7) 27.1 (3.6) 27.1(3.2) 25.0 (4.9)
MMSE Median IQR) 23 (19-26) 27 (23-29) 28 (27-29) 28 (26-29) 27 (22-29)
TRIAL-AGED ADULTS 1 (% of total) 230 (182%) 404 31.9%) 354 (27.9%) 279 (22.0%) 1,267
(50 < AGE < 85) MMSE Mean (SD) 22.8 (4.8) 26.4 (3.2) 27.5 (2.6) 28.0 (2.6) 26.4 (3.8)
MMSE Median IQR) 23 (20-26.8) 27 (25-29) 28 (26.2-29) 29 (27-30) 28 (25-29)

Individuals for whom education data is missing are not included in percentage calculations. The number of individuals in the overall study
sample and in the 18—-64 and >65 subgroups is provided in Table 1; for the trial-aged subgroup, education data was missing for 10 individuals.
IQR, interquartile range; SD, standard deviation.

median of 22, modes of 20 and 24, and range of
20-24. For the maximum eligible MMSE scores, the
median was 30, mode 30, and range 26-30.

Table 3 shows the percentage of individuals 50-85
years old (n=1,267), stratified by YOE, with MMSE
scores below various cutoffs, including those used in
the trials listed in Supplementary Table 2. Thus, the
percentages in Table 3 provide an estimate of the pro-
portion of trial-aged adults in this MA population that
would be excluded from participation in prodromal-
to-mild AD trials due to minimum MMSE eligibility
requirements. Implications of these results are dis-
cussed in the “Impact of Minimum MMSE Cutoffs
on Access to Phase 3 Prodromal-to-Mild AD Trials”
subsection below.

Secondary analysis: Results of random forest
models

The independent variables with relative impor-
tance values >0 are shown in Fig. 3. The feature
importance results for all independent variables,
including those with relative importance value <0,
are provided in Supplementary Table 3. For the study
sample and the two subgroups, education had the
highest relative feature importance, indicating it was
most strongly associated with MMSE scores. Other
variables with high feature importance in the study
sample and the two subgroups were age, depres-
sion and anxiety screening scores, annual household
income per capita, occupational skill level, and
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Fig. 2. Comparison of the CCHC and crum MMSE score distributions, stratified by age and education. *There were no participants age >85
years with 9—12 years of education in the CCHC sample; therefore, only the Crum paper’s MMSE distribution is plotted at this age-education

intersection. YOE, years of education.

Table 3

Percentage of individuals 50-85 years old with MMSE scores below various MMSE cutoffs

Years of Education

04 5-8 9-12 >13 Total

(n=230) (n=404) (n=354) (n=279) (n=1,267)
MMSE <24 54.3% 18.3% 6.8% 4.7% 18.6%
MMSE <22 37.4% 10.1% 2.8% 2.9% 11.4%
MMSE <20 22.6% 3.7% 1.4% 2.2% 6.2%
MMSE <18 13.0% 1.5% 0.8% 1.1% 3.3%
MMSE <16 6.5% 0.7% 0.6% 0.7% 1.7%

MET-minutes of moderate-to-strenuous exercise per
week.

DISCUSSION

This study investigated the distribution of MMSE
scores among MA adults in the CCHC, particularly
in comparison to the MMSE eligibility criteria that
have been used in clinical trials for prodromal-to-mild
AD. The CCHC’s two-stage, census tract- and block-
based cluster sampling methodology, in conjunction
with its door-to-door survey of all households in

selected blocks and invitation of all adult household
members to participate, provides a representative
sample from which to estimate MMSE norms and
distribution parameters for this MA population.

MMSE distributions in the CCHC compared to
the general US population and other US
Hispanic cohorts

To the best of our knowledge, this is the first study
assessing the distribution of MMSE scores among
adults of all ages in an MA population. Prior studies
have estimated normative scores for various neu-
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Fig. 3A-C. Variables with positive feature importance scores in the random forest analyses. The random forest models for the three subgroups
used the same covariates except for C-reactive protein, which was not included in the 65+ model. Variables with negative feature importance
scores for a given subgroup were excluded from the above figures. A table of variables with feature importance scores that includes
those with negative importance scores is provided as Supplementary Table 3. CES-D, Center for Epidemiologic Studies Depression; CVD,
cerebrovascular disease; HOMA, homeostatic model assessment; MET, metabolic equivalents of task; SAS, Zung Self-rating Anxiety

Scale.

rocognitive tests among MA adults using data from
other US Hispanic cohorts, but the reported norms
have pertained primarily to older MA adults (e.g., 65
years and older) [3, 14, 57, 58]. Relatedly, MMSE
norms for younger and middle-aged MA adults, par-
ticularly those <40 years old, are scarce. Our findings
show that, among MA adults in Cameron County, the
mean MMSE score is 27.6 (SD 2.8) for adults 18-64
years old and 25 (SD 4.9) for adults >65 years old,
with an aggregate mean of 27.3 (SD 3.2) for all adults.

In their seminal 1993 study of MMSE scores
among 18,571 community-dwelling US adults >18
years old, Crum and colleagues reported a median
MMSE score of 29 (IQR, 27-30), one point higher
than that of our study sample [50]. Similar to the
Crum study, the variability of MMSE scores in our
cohort increased with age but decreased with years
of education (see Fig. 2).

Factors affecting MMSE performance

Similar to prior studies, education was strongly
associated with MMSE scores in our sample [3, 14,
50]. MA adults in our sample completed less educa-
tion than the general US population, with 68.8% of
our study sample completing 9 or more YOE, com-
pared to 78% of the general US population [50]. The
percentage of participants who completed >9 YOE
was 72.7% in the 18-to-64-year-old subgroup but
only 37.1% in the 65-or-older subgroup, indicating
a generational difference in educational attainment.
Furthermore, a plurality (32.8%) of subjects in the
>65 subgroup had only 0—4 YOE. For the overall
study sample, the increases in average MMSE score
associated with successive YOE levels (04, 5-8,
9-12,>13) were 3.9, 1.1, and 1.8 points, respectively
(Table 2). Findings in the general US population
are similar, with average increases of 4, 2, and 1
MMSE points across successive YOE levels [50].
The importance of education in MMSE performance
is underscored by the results of the RF models, in
which education had the greatest feature importance
in the models for the study sample and the two sub-
groups. Given the significant impact of education on

MMSE performance, several studies have suggested
education-based adjustments of MMSE scores.

Income was also an important factor associated
with MMSE scores, particularly among older adults.
Our study sample’s median annual household income
per capita was 4,400 (IQR 2,400-8,400) US dollars;
the median annual household income without per-
capita adjustment was 15,600 (IQR 9,600-30,000)
US dollars. The annual household income of nearly
75% of our sample fell below the US federal poverty
level [59]. Income had high feature importance across
all three RF models; however, the extent to which
income affects MMSE performance through collinear
variables such as occupational skill level or years of
education requires further investigation, as both of
these variables had high relative feature importance
in the three RF models and are likely associated with
access to healthcare.

Many chronic modifiable illnesses (e.g., diabetes,
hypertension) are associated with long-term cog-
nitive health and are therefore likely related to
performance on the MMSE, as seen in our random
forest results [60]. These associations are partic-
ularly concerning for our study population given
the high rates of undiagnosed or uncontrolled car-
diometabolic diseases. For example, the rates of
undiagnosed or uncontrolled diabetes in our study
sample were 9.1% and 13.5%, respectively, signifi-
cantly higher than the rate of undiagnosed diabetes
of 3.4% among all US adults [61]. Furthermore,
51.1% of the sample had a BMI >30 and 93.5%
had a waist-to-height ratio above 0.5, indicating obe-
sity; in contrast, an estimated 42.4% of the general
US population have a BMI >30 [62]. Studies have
shown that patients with higher levels of cardiorespi-
ratory fitness have lower incidence of dementia and
dementia-related mortality [63, 64]. Therefore, this
sample’s high rate of undiagnosed or inadequately
treated chronic illnesses highlights areas of unmet
need—and thus opportunity—for improving long-
term cognitive health in this population.

Similarly, symptoms of anxiety and depression
were also associated with MMSE scores in this sam-
ple. The SAS and CES-D, screening tests for anxiety
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and depressive symptoms respectively, both had high
feature importance across all three RF models, with
CES-D scores showing particular importance for the
65-and-older subgroup. The proportion of partici-
pants with positive screens for generalized anxiety
(SAS >36) and/or depression (CES-D >20) was sim-
ilar for the young-to-middle-aged subgroup and the
older subgroup, with approximately 60% screening
positive for generalized anxiety and 20% for depres-
sion. Anxiety and depression disorders are associated
with impairment in numerous cognitive domains,
including several of those tested by the MMSE
(e.g., attention and short-term memory) [65, 66]. The
relevance of psychiatric symptoms on MMSE per-
formance among older adults was highlighted by a
European study of adults >65 years old in which par-
ticipants who were mildly depressed (CES-D<9) had
a mean MMSE score of 24.8; in contrast, those with
moderate depression (CES-D between 19-25, inclu-
sive) had a mean MMSE score of 22.3, and those with
severe depression (CES-D>26) had a mean MMSE
score of 19.6 [67].

Impact of minimum MMSE requirements on
access to phase Il prodromal-to-mild AD trials

Clinical trials for AD are critical for reliably assess-
ing the safety and efficacy of new investigational
products; these trials also provide participants with
the possibility of accessing investigational products
that may provide greater benefit than the current
FDA-approved therapies. Moreover, when an inter-
vention receives FDA approval, the study populations
of the clinical trials justifying the approval are cru-
cial in determining the specific indication(s) of the
therapy and the subsequent prescribing patterns of
physicians. For example, if the clinical trials for a
recently approved therapy for prodromal-to-mild AD
only enrolled participants with MMSE scores above
a certain threshold, physicians may be less likely
to recommend this new therapy to a patient who is
diagnosed with prodromal or mild AD but whose
MMSE falls below that threshold. This would be pru-
dent behavior, as considering the study population(s)
used in the clinical trials underlying an FDA approval
helps to ensure that the use of a new therapy is con-
sistent with the evidence for its safety and efficacy.
Therefore, ensuring equitable production of evidence
and access to new therapies requires that clinical trial
eligibility criteria do not unjustifiably preclude any
populations from participation [68].

Most AD clinical trials exclude individuals with a
baseline MMSE score outside of a particular range
[51, 69]. Of the 19 phase III trials for prodromal-
to-mild AD evaluated here, 17 used MMSE score as
an eligibility criterion and none made score adjust-
ments for patient attributes (e.g., years of education).
Among 50-to-85-year-old (i.e., trial-aged) individu-
als in our sample (n = 1,267) with 0-4 YOE (n=230),
54.3% had an MMSE below 24 and 22.6% had an
MMSE below 20 (Table 3). Importantly, the CCHC’s
scoring methodology for the attention component of
the MMSE involved administering both the “serial
7’s” task and the “backwards spelling” (“WORLD”
or “MUNDO?”) task and using the higher of the two
scores when calculating each testee’s total MMSE
score (Supplementary Form 1). A study of older His-
panic adults in the US with and without cognitive
impairment found that “MMSE scores were higher by
an average of 1.5 points when using the ‘backwards
spelling’ task,” regardless of cognitive impairment
[16]. Therefore, the MMSE scoring methodology
used in the CCHC likely resulted in a score distribu-
tion that is higher (i.e., closer to 30) than if only the
serial 7’s task were used, which is the scoring method-
ology used in some AD clinical trials. Despite this
bias towards higher scores in the CCHC, over 20%
of individuals in the CCHC with the fewest years of
education would be excluded from trial participation
upon application of the lowest MMSE cutoff score
used by the prodromal-to-mild AD trials (MMSE
>20).

The rationale for incorporating a minimum MMSE
score in the eligibility criteria of trials for prodromal-
to-mild AD is, ostensibly, as a tool for exclusion of
individuals with moderate-to-severe dementia. The
estimated prevalence of all-cause dementia in the
population of US Hispanic adults >65 years old in
2012 was 16.7% [70]. Since this estimate includes all
dementia types and severities, and because demen-
tia prevalence is negligible prior to the age of 65
but continually increases thereafter [49, 71, 72], the
prevalence of moderate-to-severe AD in the trial-
aged US Hispanic population is likely lower than
16.7%. Therefore, although not impossible, it is
unlikely that the percentage of our sample’s trial-aged
participants with 0—4 YOE with moderate-to-severe
dementia is 22.6% or 54.3%, which are the propor-
tion with MMSE scores below 20 or 24, respectively
(Table 3). Applying the minimum MMSE cut-
offs from past prodromal-to-mild AD trials to our
cohort would likely have the undesirable effect of
excluding individuals with even mild or prodromal
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dementia, particularly among those with fewer YOE
[51, 73].

Two avenues for improving the MMSE’s ability
to accurately assess cognitive health among patients
with fewer YOE may be to adjust MMSE scores
by level of education or to replace the MMSE
with other psychometric tests that are less influ-
enced by education and culture [12-15, 18, 51,
73-75]. Regardless of the chosen approach, contin-
ued efforts must be taken to ensure that the chosen
method and the other eligibility criteria used in
future AD trials do not result in biased exclusion
of individuals from historically underrepresented
and under-prioritized backgrounds [51, 68, 76, 77].
Attempts to address issues with the MMSE may
be moot if other common but problematic criteria
remain, including the use of education requirements
[51]. The inclusion of historically underrepresented
patient populations in dementia research is rightfully
becoming a greater federal priority, as evidenced
by the CMS requirement that post-marketing stud-
ies of anti-amyloid monoclonal antibodies have “a
study population whose diversity of patients are rep-
resentative of the national population with MCI due
to AD or mild AD dementia” as part of the “evi-
dence development” criteria for Medicare coverage
[78]. As part of this initiative to achieve truly rep-
resentative study populations, trial sponsors should
consider implementing education-based MMSE cut-
off adjustments or replacing the MMSE with other
psychometric tests that are less influenced by
education.

Strengths and limitations

A primary strength of the CCHC, especially in
the context of a cross-sectional study seeking to
describe MMSE population norms, is its sampling
and recruitment methodology. Census-based, two-
stage cluster sampling with door-to-door canvassing
of every household, invitation of all adult house-
hold members, and the option to conduct visits at
a research center or at participants’ own homes
increases the likelihood that the CCHC accurately
represents the non-institutionalized adult population
in Cameron County. This type of population-based
cohort data is critical for an unbiased estimation of
population parameters [79]. However, a related lim-
itation is the decision to sample only from the first-
and third-highest median income quartiles. Although
this approach improved the feasibility of subsequent
random sampling among the clusters (i.e., census

blocks), the generalizability of our results to the
unsampled income strata remains unknown.

One challenge of using the CCHC to study
the neurocognitive health of this population is the
cohort’s primary, albeit not exclusive, focus on car-
diometabolic health factors. Data for the MMSE and
several factors related to neurocognitive health have
been collected in the CCHC, but the cohort was not
specifically designed to address issues of neurocog-
nitive health and thus lacks some important measures
such as history of traumatic brain injury, APOE geno-
type, ability to perform activities of daily living,
medical history of dementia or MCI, or clinical evalu-
ation by a physician with expertise in neurocognition
(e.g., a behavioral neurologist). Collection of these
additional measures would enable future studies to
better elucidate the complex effects of dementia and
other important factors (e.g., years of education) on
MMSE performance in this MA population [12].

Furthermore, as with all datasets that include sur-
vey responses, many of the variables used in this study
(e.g., exercise habits, annual income, medical history)
rely on patients’ self-report and are thus susceptible
to response bias.

Finally, RF methods have many desirable char-
acteristics, including the ability to handle data with
many non-influential predictors and complex high-
order interactions. Feature importance estimates,
however, can be biased in the setting of highly cor-
related predictors. An additional consideration is the
possibility of bias in RF estimates due to unmeasured
cluster-level confounding. In light of these concerns,
caution is warranted when interpreting the feature
importance estimates found in this study, which were
computed as part of an initial information-gathering
scheme to identify potentially relevant variables that
can be further explored in future studies. Prudence is
particularly important when interpreting the results
of the 65-and-older subgroup given this subgroup’s
relatively small sample size.

Conclusions and future directions

This cohort of MA adults living in Texas near the
US-Mexico border provides an invaluable resource
for estimating this population’s distribution of
MMSE scores across all stages of adulthood. Edu-
cation and age were the most important predictors
of an individual’s MMSE score. Concerningly, appli-
cation of the two most common minimum MMSE
scores required by prodromal-to-mild AD trials
would exclude 22.6% to 54.3% of this cohort’s trial-
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aged adults with 0—4 years of education. Investigators
and pharmaceutical companies that conduct AD clin-
ical trials should therefore consider the substantial
influence of education and other demographic factors
on MMSE performance when deciding whether to
include this instrument in eligibility determinations.
Future studies of the CCHC should include trajectory
analyses of this cohort’s longitudinal neurocognitive
measurements, which would advance our understand-
ing of the timing and risk factors associated with
neurocognitive decline in this important population.
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