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Abstract

Background: Cognitive impairments have been reported among disadvantaged populations.

Objective: We aimed to ascertain how demographic factors are associated with cognitive performance in individuals
enrolled in a local substance abuse recovery program.

Methods: In total, 106 participants were included in the study. Besides demographic information, vital signs and cognitive
function, measured by Mini-Mental State Examination (MMSE) or Montreal Cognitive Assessment (MoCA), were col-
lected from each participant. Welch’s t-test and regression analysis were used to analyze how different demographic fac-
tors are associated with cognitive assessment scores.

Results: The mean age of African American (AA) participants (n =43) were 48.35 + |.65 years, which are older than that
for the White participants of 38.95 + 1.36 (n = 63) years. Compared to the AA participants, the White participants had a
larger variance in attained education levels. The average MMSE scores were 27.09 +0.40 for AA participants, which is
lower than that for the White participants of 28.52 +0.33 (p <0.05). The average MoCA scores were 23.71 +0.54
for AAs, which is lower that for the White participants of 26.65 +0.44 (p <0.001). The AA and White participant groups
had cognitive impairment rate of 18.6% and 6.35%, respectively. The regression analysis indicates age and education are
two significant predictors for the cognitive performance difference between the two racial groups.

Conclusions: Significant disparities in cognitive performance exist between two racial groups of enrolled in a local sub-
stance abuse recovery program. The older age and lower levels of attained education in AA participants can explain the
poorer cognitive function than the White participants.
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Introduction
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According to the 2023 Annual Homelessness Assessment
Report (AHAR),! there are 653,100 individuals (~0.2%)
in the United States experiencing homelessness. Based on
the Point-In-Time (PIT) count, which have been conducted
in each January since 2007, the Department of Housing and
Urban Development (HUD) released the 2023 count for
being the highest.' In the State of Alabama alone, about 7
in every 10,000 (0.07%) people experience homelessness.
Of those who experiencing homelessness in Alabama,
more than 50% are unsheltered.' Participants of this study
were recruited from a Fellowship House located in
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Birmingham, Alabama. The Fellowship House is a recovery
program that provides housing for individuals who have a
history of substance abuse.” As a residential program, the
Fellowship House provides multi-modes of services such
as food, laundry, medical services, and more.

Cognitive function is a critical aspect of human health,
encompassing episodic memory, processing speed, global
cognition, verbal fluency, crystallized intelligence, and
fluid intelligence.® Cognitive impairment is widely recog-
nized and varied, which can lead to occupational, social,
and/or functional disabilities.*> Previous studies reported
a high prevalence of cognitive difficulties, substance use,
and chronic conditions among people experiencing home-
lessness.”™

It has been reported that cognitive performance can vary
significantly across individuals due to various factors
including age, education, and ethnicity. For instance, previ-
ous research has identified a significant prevalence of cog-
nitive impairment among adults who have experienced
homelessness. In addition, there is evidence indicating
that such impairments can manifest at a younger age com-
pared to the general public.®*!' Furthermore, education
has been linked to a slower age-associated decline in
some cognitive skills in some studies“*M; nonetheless,
other studies report this association as either negligible®
or nonlinear and sex-biased.'? Conversely, recent data
suggest that the male sex is associated with a higher risk
for developing age-associated cognitive impairments than
the female sex.'® Furthermore, there is some evidence of
racial and ethnic disparities in cognitive impairment, with
the prevalence reported as being higher among African
Americans compared to the White participants.'®!”

Despite some work having been done,lg’19 there is
limited research on the cognitive performance of disadvan-
taged individuals and how it may vary based on demo-
graphic factors such as ethnicity, education, and age.
There is therefore a dire need to fully identify the factors
associated with cognitive impairment among the disadvan-
taged population. Thus, this study aimed to investigate
cognitive impairment among individuals who enrolled in
a substance abuse recovery program located in
Birmingham, Alabama, with a specific focus on potential
differences based on age, education, and ethnicity. By
examining the relationships between cognitive performance
and various demographic factors, we aim to identify key
predictors of cognitive impairment which will be crucial
for developing targeted interventions to improve cognitive
health and overall well-being of disadvantaged populations.

Methods

This study was approved by the University of Alabama
at Birmingham Institutional Review Board (IRB#:
300007866). This research study is sampling from a local
residential substance abuse recovery program. Specifically,

our participants are from the Fellowship House that is for
people who have a substance abuse history and look for a
sober and healthier lifestyle. The Fellowship House has
the following admission criteria: (1) have no income or
insurance; (2) must provide a current assessment or history
and physical with an axis I substance dependence diagnosis;
(3) must not currently be in physical withdrawal from any
substance. Thus, the participants of our study are at the
same level of socioeconomic status and qualified for being
in the recovery program.

An “open-door clinic” style was adopted as our recruit-
ment strategy, where anybody who can communicate in
English and being an adult were invited to participate in
our study. They can walk in anytime when our team was
on site to collect data. The exclusion criteria are: (1)
Individuals who have hypertension with systolic blood
pressure higher than 180 mmHg; (2) Individual who
could not read or understand English; (3) Individuals who
have severe mental illness(es) or known medical conditions
related to cognitive impairments (for example, those with a
history of alcohol related cognitive impairment including
Wernicke’s encephalopathy and traumatic brain injury).
At the very beginning of our study procedure, one of the
team members would explain the details of the consent
form and help them to understand the study purpose and
what is expected.

Each participant’s vital signs were measured (blood
pressure, heart rate, respiration rate, body temperature)
after their consent was obtained. This study measured the
participants’ cognition using two assessment tools:
Montreal Cognitive Assessment (MoCA) and the
Mini-Mental State Examination (MMSE). They are the
two most used tools to evaluate cognitive function.?”
Although the two assessment tools share some features,
the MoCA was found to be more sensitive than MMSE
for detecting mild cognitive impairment.”® Both assess-
ments are scored on a scale of 0-30. The cutting-off
scores for mild cognitive impairment are 27 and 23 for
MMSE and MoCA, respectively.?® If the participant’s edu-
cation level were less than a high school degree, then one
point would be rewarded for the MoCA score. In addition,
a 10-panel drug screen (amphetamines, THC, cocaine,
opiates, phencyclidine, barbiturates, benzodiazepines,
methaqualone, methadone, and propoxyphene) was per-
formed with collected blood samples.

Multiple comparisons of the characteristics or outcomes
between the African American participants and the White
participants were conducted by using descriptive statistics
and Welch’s t-test. The results are displayed in Table 1
and Supplemental Figures 1 and 2. Means with standard
deviation (S.D.) were also used to describe the data. The
boxplots demonstrate graphically the distribution of the
data in the study, where the median for each dataset is indi-
cated by the black center line, and the first and third quar-
tiles are the edges of the box, which is known as the
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interquartile range (IQR). The Welch’s t-test at a = 5% sig-
nificance level was used to compare the mean difference of
each investigated characteristic or outcome. Logistic regres-
sion was used to model a binary outcome variable as a linear
function of the predictor variables. In this case, the category
of cognitive impairment is coded as 1 and the normal cat-
egory is coded as 0 in the model.

Results

Overall, 106 subjects were recruited from September 1,
2023 to April 3, 2024. Regarding to Sex, there are 64
males (35 AA participants and 29 White participants)
and 42 females (14 AA participants and 28 White partici-
pants). For all participants, the drug/substance use positive
rate is around 7% based on our 10-panel drug screening
test.

Regarding race, 63 participants identified as White, 43
participants identified as African Americans. For attained
education level, 73 participants achieved a high school
diploma or above.

The median age of the 106 participants is 42 years (IQR:
33.0-53.0), ranging from 21 to 67 years. A median educa-
tion level of 12 years (IQR: 11-13), ranging from 6 to 16
years. The MMSE scores for the entire study participants
range from 14 to 30 with a median score of 29 (IQR: 27—
30). The median MoCA score was 26 (IQR: 23.0-29.0),
ranging from 15 to 30.

Correlation analysis revealed a moderate positive correl-
ation between MMSE and MoCA scores (r=0.524), a weak
negative correlation between age and both MMSE scores (r
=—0.296) and MoCA scores (r=-—0.345) but a positive
correlation between educational level and MMSE scores
(r=0.237) and MoCA scores (r=0.242).

Detailed comparisons of demographic characteristics
along with MMSE and MoCA scores between the White
and AA participants are presented in Table 1 and
Supplemental Figures 1-4.

From Table 1, the participants consisted of 43 AA indi-
viduals (67.44% male, 32.56% female) with an average age
of 48.35 years (SD=1.65), and 63 White individuals
(55.56% male, 44.44% female) with an average age of
38.95 years (SD=1.36). For both groups, there were
more men than women. The AA participants were, on
average, 10 years older than the White participants. The
Chi-square test with p-value 0.415 indicated that there
was no statistically significant association between sex
and ethnicity (Table 1). Supplemental Figure 1 shows the
boxplot (a graph of the five-number summary: minimum,
first quartile, median, third quartile and maximum) compar-
ing the ages of the two groups. The ages were in general
older for the AA participants than the White participants
(Supplemental Figure 1). The medians and both quartiles
were all larger for the AA participants than the White
participants.

Table |. Comparison of demographic, MMSE and MoCA scores
between the White and African American (AA) participant
groups.

AA White p

Sex (MIF)  29/14 3528 0415
(67.44% 1 32.56%)  (55.56% / 44.44%)

Age (y) 4835+ 1.65 38.95+ 136 <0.001

Education (y) 11.77+0.3 11.79£0.26 0.8984

MMSE 27.09 +0.40 28.52+0.33 0.0192

MoCA 2371 +£0.54 26.65+0.44 <0.001

Table 2. Multiple linear regression modelling MMSE on age and
education.

Estimate Std. Error  tvalue  Pr(>|t])
(Intercept)  26.66357  1.69999 15.685 <2e—|6 *¥*
Age —0.07332  0.02151 —3.408  0.000943 ***
Education 0.37042  0.12478 2.969  0.003744 **

#p < 0.05; #p < 0.01; **p < 0.001.

Education levels were similar across both groups, with
an average of approximately 11.77 years for the AA parti-
cipants and 11.79 years for the White participants.
However, the education levels of the White participants
were more variable as shown by a large IQR ranging
from 10.5 to 14 years. On the other hand, the AA partici-
pants had a narrower education range (11 to 12 years)
(Supplemental Figure 2). For the AA participants, 75%
had an education level at or below 12, and almost all had
an education level below 13. For the White participants,
50% had an education level 12 or above, with 25%
having an education level above 14.

The comparisons of the cognitive assessments MMSE
and MoCA (Table 1 and Supplemental Figures 3 and 4)
indicated the significant differences between the two
groups. The average MMSE scores were 27.09 (SD=
0.40) for AA individuals and 28.52 (SD =0.33) for White
individuals. The average MoCA scores were 23.71 (SD=
0.54) for AA individuals and 26.65 (SD = 0.44) for White
individuals. In addition, the Welch’s t-tests with a p-value
0.0192 for MMSE and a p-value less than 0.001 demon-
strated the significant differences in cognitive performances
between AA and White participants. Lastly, the White par-
ticipants had higher MMSE and MoCA scores for than
those for the AA participants evidenced by higher
medians and both quartiles (Supplemental Figures 3 and 4).

To generate the magnitude of demographic effects to the
cognitive assessments, we conducted a multiple regression
analysis to predict the MMSE and MoCA scores from two
predictors: age and education. The results were shown in
Tables 2 and 3. It was noted that both predictors were stat-
istically significant with p-values less than 0.00lin both
multiple regression models. The coefficients indicate that
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Table 3. Multiple linear regression modelling MoCA on age and

Table 5. Multiple linear regression modelling MoCA on age and

education. ethnicity.
Estimate Std. Error  tvalue  Pr(>|t]) Estimate  Std. Error tvalue Pr(>|t])
(Intercept)  24.50026  2.36580 10.356  <2e—|6 *¥* (Intercept) 28.94994 2.1976l 13.173  <2e—16 ***
Age —0.12369  0.02994 —4.132  7.49e-05 ¥ Age —0.10839 0.04406 —2.460 0.0156 *
Education 0.52557  0.17365 3.027 0.00315 ** EthnicityW —0.53902 2.95330 —0.183 0.8556
Age:EthnicityW  0.06223 0.06617 0.940 0.3493

*p < 0.05; ¥*p < 0.01; ***p < 0.001.

Table 4. Multiple linear regression modelling MMSE on age and
ethnicity.

*p < 0.05; ¥*p < 0.01; ***p < 0.001.

Table 6. Logistic regression modelling cognitive impairment

Estimate  Std. Error tvalue Pr(>|t]) based on MMSE score.

(Intercept) 31.53694 1.59976 19.713  <2e—16 *** Estimate Std. Error  zvalue  Pr(>|z])

Age —0.09191 0.03207 —2.866 0.00508 **

AgeEthnicityW 008507 004817 1766 0.08046 SexM —0263543 0533694 0494  0.6214
EthnicityW —0.786290  0.546610 —1.438 0.1503

*p < 0.05; ¥p < 0.01; #*p < 0.001. Age 0.044752  0.023339 1.917  0.0552
Education —0.348977  0.137082 —-2.546 0.0109 *
SBP 0.019385  0.025225 0.768  0.4422

— — *
older pe.ople tend to have lower MMSE apd MoCA scores 5? gg;gzzg gg?;g?g ? : ég gg;;g
accounting for the other controlled variable: education. Temperature 0.009373  0.024503 0383 07021

Reversely, more educated people have higher MMSE and
MoCA scores.

Acknowledging the mean age differences between the
AA and White groups in the sample, we examined the inter-
active effects of age and ethnicity on MMSE and MoCA
scores. The results are presented in Tables 4 and 5.
Regression models indicate that age is a significant pre-
dictor of both MMSE and MoCA scores, with p-values of
0.00508 and 0.0156, respectively. However, the sample
data does not provide sufficient evidence to suggest an
interaction between age and ethnicity as covariates influen-
cing cognitive performance.

Furthermore, we extended the study to identify cognitive
impairment by utilizing a logistic regression model.*' In the
study, we defined the classification of cognitive impairment
based on the criteria of MoCA scores of 23 or lower and
MMSE scores of 27 or lower, respectively. Based these
criteria, the prevalence of cognitive impairment was
18.6% and 6.35% in the AA participant and the White
Participant groups respectively. The model included vari-
ables of Sex, Ethnicity, Age, Education, Systolic blood
pressure, Diastolic blood pressure, Heart Rate, and
Temperature. The statistical reports are shown in Tables 6
and 7.

The logistic regression analysis showed that Age and
Education were two significant predictors among all
included predictors to predict individuals falling in the cat-
egory of cognitive impairment. In the model of MoCA, age
had a positive coefficient of 0.06065 (p =0.01709), indicat-
ing that older age is associated with higher odds of having a
MOoCA score 23 or below. Education had a negative coeffi-
cient of —0.39385 (p=0.00518), suggesting that higher
education levels are associated with lower odds of having

*b < 0.05; ¥p < 0.01; ***p < 0.001.

Table 7. Logistic regression modelling cognitive impairment
based on MoCA score.

Estimate Std. Error  zvalue  Pr(>|z|)
(Intercept) —0.409150 3.814240 —-0.107 0.91458
SexM 0.185432  0.560345 0.331  0.74070
EthnicityW —0.837947 0.579287 —1.447 0.14803
Age 0.060650  0.025432 2.385 0.01709 *
Education —0.393850 0.140892  —2.795 0.00518 **
SBP 0.028613  0.024636 I.161  0.24547
DBP —0.049407 0.032936 —1.500 0.13359
HR 0.015216 0.020348 0.748  0.45457
Temperature 0.008643  0.026695 0324 0.74612

DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure.
*p < 0.05; ¥p < 0.01; **p < 0.001.

a MoCA< or =23. Other variables such as sex, ethnicity,
systolic/diastolic blood pressure, heart rate, and temperature
were not statistically significant.

Similarly, the analysis showed that age and education
were significant predictors to identify cognitive impairment
in the model of MMSE. Age had a positive coefficient of
0.04475 (p=0.0552), indicating that older age has a trend
to be associated with higher odds of having an MMSE
score 27 or below. Education had a negative coefficient of
—0.3490 (p=0.0109), suggesting that higher education
levels are associated with lower odds of having an
MMSE score 27 or below. In addition, diastolic blood pres-
sure was found to be associated with MMSE with a coeffi-
cient of —0.07295 (p =0.0348).
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Discussion

Our study aimed to investigate cognitive impairment in
individuals from a substance use recovery program in
Birmingham, Alabama, with a focus on potential differ-
ences based on ethnicity, age, education, and other
factors. Based on our recruitment strategy and sampling
process, the analyzed sample can well represent the popula-
tion. Our findings underscore the significance of demo-
graphic factors, particularly age and education, in
cognitive performance. This study provides critical insights
into the cognitive health disparities among disadvantaged
individuals, thereby highlighting the need for targeted
interventions.

Our results revealed that age is a significant predictor of
cognitive performance. Older age was associated with
higher odds of lower cognitive scores. This finding is con-
sistent with previous studies. According to a study by
Hurstak, et al.,?? among a cohort of homeless adults, the
proportion of cognitive impairment in the older participants
was higher than in the younger participants. Brown et al.®
found that cognitive impairment was more prevalent
among the older homeless adult population than the
general population. In another cross-sectional study of
older adults who first experienced homelessness after age
50, neurocognitive assessment revealed significant deficits
commonly among older homeless adults.>® This association
could be due to several reasons including malnutrition,
social isolation, and violence towards older homeless
adults. Older homeless adults had been shown to be at
higher risk of malnutrition due to food insecurity, low
income, and limited access to resources.?* Older homeless
adults also often experience significant social isolation
and lack of community connections.>> Additionally, older
homeless adults are vulnerable to violence and abuse,
which can cause chronic stress and trauma,”®?” negatively
impacting cognitive function. All these factors might be
involved with the poor cognitive performance in the disad-
vantaged individuals.

With our study cohort, the correlation coefficient
between MMSE and MoCA is 0.524, which indicates a
moderate positive correlation. The correlation coefficient
is lower than what has been reported before.”®*° Our
results also indicate significant differences in cognitive per-
formance between AA and White participants. AAs scored
lower on both the MMSE and the MoCA compared to their
White counterparts. Specifically, the average MMSE and
MoCA scores for AA participants were 5% and 11%
lower than those for White participants, respectively.
These findings align with previous reports that identified
racial or ethnic disparities in cognitive impairment.'®'”?*
Indeed, Lin et al.*® found that AA participants’ scores on
cognitive tests were 2.3 points lower than White partici-
pants’ scores, and AA participants were also more than
twice likely as White participants for having cognitive

impairment. It is thus not surprising that, according to the
Alzheimer’s Association, AA older adults are about two
times more likely to develop mental/brain-related diseases
like Alzheimer’s disease or other forms of dementia as
White older adults.®’ The racial disparities in cognitive
function may be attributed to several factors, including
socioeconomic status, access to education, and healthcare
inequalities. Evidence suggests that AAs are more likely
to experience socioeconomic disadvantages,’*>* which
can adversely affect cognitive development and function-
ing. Furthermore, systemic barriers in healthcare access
and inequality in health care quality may contribute to
these disparities.>*> Additionally, aging is associated
with decreased cognitive performance. In our study, we
found that the AAs in our study were significantly older
than their White counterpart group. Our findings highlight
the need for further research to understand how aging inter-
acts with racial disparities in cognitive function.

Our study also identified education as a significant factor
in cognitive performance. Higher education levels were
associated with better cognitive scores. This is expected
since higher educational attainment is associated with
greater cognitive reserve.'**® On the other hand, partici-
pants who score lower on cognitive assessment are likely
to have lower educational attainment.”” Langella et al.*’
also found that educational attainment is protective and
moderates the pathogenic effect of the €4 allele of the apo-
lipoprotein E (APOE) gene, an allele which has been asso-
ciated with an increased risk for developing Alzheimer’s
disease and an earlier age of clinical onset than for indivi-
duals without an €4 allele. It is, however, noteworthy that
the timing of education is also critical. Evidence suggests
that high early-life educational attainment is significantly
associated with higher cognitive function compared to
those with later-life high educational attainment.'
Ensuring access to educational opportunities can be a
crucial strategy in mitigating cognitive impairment, main-
taining cognitive reserve, and promoting overall well-being.
These findings underscore the need for educational inter-
ventions and programs that support lifelong learning,
which can be protective for cognition. Moreover, the
effects of educational attainment might be different
between AAs and White individuals. To prevent cognitive
disparities, there is a need to go beyond racial inequality
in access to education and minimize diminished returns of
educational attainment for minorities.*®

Overall, our findings have important implications for
intervention and policy. The significant disparities in cogni-
tive performance based on ethnicity and attained education
highlight the need for targeted interventions that address the
specific needs of these subgroups. Interventions should
focus on providing comprehensive cognitive assessments
and tailored support services that consider the unique chal-
lenges faced by disadvantaged groups. The protective role
of education against cognitive decline suggests that



Journal of Alzheimer’s Disease Reports

educational programs and policies that enhance access to
education and promote lifelong learning can be effective
strategies in mitigating cognitive impairment. This includes
initiatives that provide educational opportunities for indivi-
duals experiencing homelessness, such as adult education
programs and vocational training. Finally, addressing the
social determinants of health, including socioeconomic
status and healthcare access, is crucial in reducing cognitive
health disparities. Policies that aim to reduce societal
inequities and takes measures to prevent homelessness
can have a significant impact on their cognitive health and
overall quality of life.

While this study provides valuable insights into factors
associated with cognitive impairment among disadvantaged
adults, it is worth indicating that the sample size is relatively
small, and the study is cross-sectional, limiting the ability
for generalization and causality inferences, respectively.
Future research should consider longitudinal studies with
larger sample sizes to validate these findings and investigate
age and/or education as predicting factors for cognitive per-
formance on the domain level: memory, language or execu-
tive functions. Additionally, while this study employed
MMSE and MoCA as cognitive assessment tools, future
research could incorporate other cognitive measures as
well as explore the impact of additional factors such as
mental health status, substance use, and trauma history on
cognitive performance. Since our study sample came from
a substance abuse recovery program, detailed information
about the substance use history and how is associated
with the current cognitive performance are also worthy to
be investigated in the future.

Conclusion

This study highlights significant disparities in cognitive
performance among disadvantaged individuals in
Birmingham, Alabama, particularly between two races:
White and AA. Our findings indicate that AA participants
have lower cognitive performance compared to their
White counterparts, revealing both age and educational
attainment are important factors for explaining the cognitive
disparities observed between these two racial groups. These
disparities underscore the importance of developing pol-
icies and programs that promote access to education and
healthcare specifically for the disadvantaged individuals.
By addressing these specific needs, cognitive health and
overall well-being of the disadvantaged individuals and,
ultimately their quality of life, can be improved.
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