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Abstract.

Background: The prevalence of type 2 diabetes in Mexico has nearly doubled for adults aged >60. Increases in education and
healthcare resources to manage chronic conditions have contributed to population-level increases in the cognitive functioning
of older adults. However, research has not focused on older adults with chronic conditions such as diabetes.

Objective: Our objective was to compare the cognitive functioning of Mexican adults aged >60 with diabetes in 2001 and
2018.

Methods: Data came from Mexican Health and Aging Study. Our study used a cross-sectional design and included participants
aged >60 with self-reported diabetes during the 2001 (n=1,052, mean age =68.4, female =59.6%) and 2018 (n=2,469,
mean age =70.6, female =62.0%) observation waves. Five cognitive tests were used to create a score of global cognition.
Generalized estimating equations were used to compare global cognition in 2001 to 2018.

Results: Older adults in 2018 had more education and were more likely than older adults in 2001 to take oral medication
for diabetes, insulin, and to check blood sugar weekly. Older adults in 2018 had higher global cognition than in 2001
when adjusting for age, gender, education, and health insurance coverage (b=0.38, SE =0.02). This statistically significant
difference remained after adjusting for health conditions, health behaviors, and diabetes management behaviors.
Conclusions: Older adults in Mexico with self-reported diabetes in 2018 had higher cognitive function than in 2001. Future
research is needed to investigate causes of the cohort differences in cognitive functioning among Mexican older adults with
self-reported diabetes.
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INTRODUCTION

Older adults with hyperglycemia and type 2 dia-
betes mellitus (T2DM) can experience accelerated
cognitive decline and are at an increased risk for cog-
nitive impairment and dementia [1]. Type 2 diabetes
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mellitus may be causally related to poor cogni-
tive functioning among older adults through the
adverse effects of hyperglycemia on the brain [2,
3]. Pre-diabetes and T2DM are associated with neu-
rodegeneration, reduced white matter volume, and
increased white matter hyperintensities [4, 5].

The rising prevalence of T2DM among older adults
is a global public health concern. Latin American
countries such as Mexico are projected to experi-
ence a disproportionately higher burden of T2DM
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[6]. Between 2000 and 2012, the prevalence of T2DM
in Mexico doubled for adults aged 70 and older and
increased by 1.5 times for adults aged 60 to 69 [7].
The prevalence of T2DM among adults aged 50 and
older in Mexico is expected to increase from 19.8%
in 2012 to 28.6% in 2050 [8]. The increasing trend
in T2DM prevalence is a concern, given that T2DM
is associated with lower cognitive functioning and
an increased risk of severe cognitive impairment for
older adults in Mexico [9-11].

The increasing prevalence and incidence of T2DM
in Mexico are occurring in the context of rapid pop-
ulation aging. Current projections estimate that the
percentage of Mexico’s population aged 60 and older
will increase from 10% in 2017 to 25% in 2050 [12].
The growing number of older adults in Mexico will
increase the number of older adults living with cog-
nitive impairment and dementia [13].

While the prevalence of T2DM for older adults in
Mexico is increasing and the older adult population
is expanding, life course characteristics beneficial to
late-life cognitive functioning, such as educational
attainment and health insurance coverage, have also
increased, and public health initiatives have improved
health behaviors. The percentage of Mexican adults
aged 50 and older with seven or more years of formal
education has increased from 20.5% and 16.6% for
men and women, respectively, in 2001 to 43.4% and
41.4% in 2012 [14]. Greater educational attainment
has consistently been associated with higher late-life
cognition and lower dementia risk [15], including for
older adults in Mexico [16].

In 2004, Mexico launched Seguro Popular, a pub-
lic health insurance program that has provided health
insurance coverage to over 50 million previously
uninsured individuals [17]. Expanding health insur-
ance coverage in Mexico has been associated with
increased T2DM screening and diagnosis [18, 19].
The expanded access to health insurance coverage has
potentially important implications for cognitive aging
in Mexico. Prior research has shown that older adults
in Mexico with health insurance coverage have higher
cognitive functioning than uninsured older adults [ 16,
20].

Seguro Popular has also contributed to the
increased use of insulin and oral medications among
older adults with T2DM [21], especially those living
in urban areas where medical services are read-
ily available [18]. Uncontrolled T2DM is associated
with lower cognitive functioning among older adults.
A longitudinal study of adults aged 50 and older
with T2DM from the United Kingdom showed that

elevated hemoglobin Alc and microvascular compli-
cations, including neuropathy and nephropathy, were
associated with increased dementia risk [22]. Con-
versely, using insulin and other treatments can reflect
greater T2DM severity. Older adults with T2DM who
use insulin have been found to have greater demen-
tia risk than older adults with T2DM who do not use
insulin.

Mexico has also shown diverging trends in health
behaviors associated with T2DM and late-life cog-
nitive functioning, such as smoking and physical
activity [23-26]. In 2004, Mexico implemented sev-
eral anti-smoking policies, including increases in
cigarette taxes, regulations on advertising smoking
products, and restrictions on smoking indoors [27].
These policies reduced smoking prevalence among
adults aged 65 and older from nearly 30% in 2003 to
approximately 20% in 2012 for men and 12% to 8%
for women [28]. Conversely, the percentage of adults
in Mexico who are physically inactive increased from
14% in 2006 to 20.8% in 2018 [29].

Evidence from high-income countries suggests
decreasing dementia prevalence and incidence [30,
31]. Other US-based studies have reported trends of
increased cognitively healthy life expectancy over
time [32]. These trends have been attributed to
population-level increases in educational attainment
and better management of chronic conditions, such
as T2DM [33]. Few studies have investigated simi-
lar population-level trends in the cognitive health of
older adults in Mexico. Using data from the Mex-
ican Health and Aging Study, Diaz-Venegas and
colleagues reported that men and women aged 60 and
older in 2012 had higher cognitive functioning than
men and women in 2001 [34].

It is unknown if similar population-level trends
in cognitive functioning are occurring in older adult
populations with chronic conditions such as T2DM,
especially in a country such as Mexico, which is
expected to experience an increasingly high burden
of dementia and T2DM [8, 13]. Population aging
in Mexico makes it important to understand how
population-level changes in demographic character-
istics, co-morbid health conditions, health behaviors,
and diabetes management have contributed to the
cognitive functioning of the growing older adult pop-
ulation with T2DM in Mexico.

Our primary objective was to compare the cog-
nitive functioning of Mexican adults aged 60 and
older with self-reported diabetes in 2001 to adults
aged 60 and older with self-reported diabetes in 2018.
Our primary hypothesis was that older adults with



J. Camarillo et al. / Cohort Differences in Diabetes and Cognition 1031

Age >60 years in 2018
(N=10,113)
Proxy interview
t (N=1,006)
Direct interview
=9,107)

Missing information

Age >60 years in 2001
N=7,171)
Proxy interview
(N=593) i
Direct interview
(N=6,578)
Never saw doctor
(N=155) |
Saw a doctor
(N=6,422)
Missing information
N=221) i
Complete information
Not diagnosed with (N=6,201)
diabetes * i
(N=5,149)
Self-reported diabetes
(N=1,052)

(N=240)
Complete information
(N=8,967) Not diagnosed with
l—» diabetes
(N=6,498)
Self-reported diabetes
(N=2,469)

Fig. 1. Sample selection criteria for Mexican Health and Aging participants aged 60 and older with self-reported diabetes during the 2001

and 2018 observation waves.

self-reported diabetes in 2018 would have higher
cognitive functioning than those with self-reported
diabetes in 2001. We also sought to describe trends
in the health behaviors, and the management and
treatment of T2DM among Mexican older adults and
investigate if these trends contributed to differences in
cognitive functioning between older adults with self-
reported diabetes in 2001 and 2018. We focused these
analyses on T2DM treatment behaviors to determine
if increased use of T2DM treatments represented
better disease management and treatment or greater
disease severity and how these scenarios may influ-
ence the cognitive functioning of older adults with
T2DM. We hypothesized that T2DM management
behaviors (e.g., insulin use, oral medications, check-
ing blood sugar) would be higher in 2018 than in
2001. We also hypothesized that these trends would
at least partially explain any population-level differ-
ences in the cognitive functioning of older adults with
self-reported diabetes.

METHODS
Data source and sample selection

Our analysis used data from participants of the
Mexican Health and Aging Study (MHAS). The
MHAS is a longitudinal study of population aging
in Mexico that began in 2001 with a nationally
representative sample of 15,186 participants aged
50 and older [14]. Participants were re-interviewed

in 2003, 2012, 2015, and 2018. New participants
aged 50-59 (n=5,896) and 50-55 (n=4,809) were
recruited in 2012 and 2018, respectively, to maintain
the national representation of the MHAS cohort. The
MHAS is a longitudinal study, but our analysis used
a cross-sectional type design by comparing partic-
ipants interviewed in 2001 to those interviewed in
2018.

This research is a secondary analysis of data pre-
viously collected by the MHAS and offers no risk to
human subjects. The MHAS survey data is collected
in Mexico by the Mexican Statistical Bureau (Insti-
tuto Nacional de Estadistica y Geografia, INEGI)
and the Mexican National Institute of Public Health
(INSP). These institutions de-identify data files
before delivering the MHAS survey data files to the
MHAS research team; the INEGI deletes any poten-
tially identifying information about the respondent
(including geographical location: state, county, or
local community) before release of a data file to the
MHAS team for dissemination.

Figure 1 shows the sample selection criteria for
participants aged 60 and older with self-reported dia-
betes during the 2001 and 2018 observation waves.
A total of 7,171 participants aged 60 and older were
interviewed in 2001, and 10,113 were interviewed
in 2018. We first selected 6,578 participants who
completed a directinterview in 2001 and 9,107 partic-
ipants who completed a direct interview in 2018. We
excluded participants who received a proxy interview
because they did not complete a direct assessment
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of cognitive functioning. Participants interviewed in
2001 were asked if they had ever seen a doctor. Next,
we excluded 155 participants in 2001 who reported
never seeing a doctor. We removed these partici-
pants were not asked about self-reported medical
conditions. Compared to the 6,422 participants who
reported having seen a doctor, these 155 participants
had fewer years of education (2.3 years, 3.7 years,
p <0.05), less likely to have health insurance (30.5%,
63.2%, p<0.05), and less likely to live in a com-
munity of 100,000 or more people (41.6%, 57.6%,
p <0.05). We then selected 6,201 participants in 2001
and 8,967 participants in 2018 who had complete
information for demographic and health character-
istics. Lastly, we selected participants who reported
having diabetes or hyperglycemia. The final sam-
ple included 1,052 participants in 2001 and 2,469
participants in 2018. Our analysis included 131 par-
ticipants who were interviewed during the 2001 and
2018 observation waves.

Measures

Cognitive functioning

All MHAS waves have included five cognitive
assessments [35]. Participants were asked to repeat a
list of eight words (08 points), recall the eight words
after a delay (0-8 points), copy a figure (0-2 points),
draw the figure from memory (0-2 points), and cir-
cle a target stimulus in a visual array (0-60 points).
We used the MHAS datasets with imputed scores for
cognitive functioning to account for missing values
[36]. We used the raw scores from the five cognitive
assessments to create a summary score that represents
global cognitive functioning. We first grouped partic-
ipants in both observation waves to standardize each
cognitive test score into a z-score using the sample
mean and standard deviation. We then averaged the
z-scores to create the global cognition score.

Diabetes management behaviors

Participants with self-reported diabetes were asked
if they take oral medications to control their diabetes,
use insulin shots, follow a special diet, and the num-
ber of times they check their blood sugar and over
what period (i.e., week, month, year). We catego-
rized the frequency of checking blood sugar as never
/ yearly, monthly, and weekly. We also summed the
number of diabetes treatments and behaviors partici-
pants reported. We categorized this variable as zero,
one, two, and three-four treatments and behaviors.

Covariates

We selected variables for demographic character-
istics, health characteristics, and health behaviors
based on evidence from prior research using the
MHAS to investigate late-life cognitive functioning
and the association between T2DM and cognition
among older adults [8, 10, 11].

Demographic characteristics included age, sex,
education, marital status, health insurance coverage
(yes, no), and community size. Education was cat-
egorized as O years, 1-6 years, and >7 years. We
categorized marital status as married, not married,
and widowed. The MHAS survey categorized com-
munity size as >100,000 people, 99,000 — 15,000
people, 14,999 — 2,500 people, and <2,500 people.

Self-reported health conditions and body mass
index (BMI) were used as measures of health. Self-
reported health conditions included hypertension,
stroke, heart attack, stroke, and arthritis. We used
the MHAS datasets with imputed height and weight
to calculate BMI. BMI was categorized as under-
weight (<18.5kg/m?), normal weight (>18.5kg/m?
-<25kg/m?), overweight (>25kg/m? -<30kg/m?),
and obese (>30 kg/mz).

We included measures for alcohol consumption,
smoking status, and physical activity. Participants
were asked if they ever drink alcoholic beverages
such as beer, wine, liquor, or pulque (alcohol made
from fermented cactus sap). Participants could reply
with yes, no, or never drank alcohol. Participants were
asked if they had smoked more than 100 cigarettes or
five packs in their lifetime, not including pipes or
cigars (yes, no). Participants were asked if they have
regularly exercised or done hard work three or more
times a week during the last two years (yes, no).

Statistical analysis

The descriptive characteristics of the 2001 and
2018 cohorts were compared using chi-square tests
and non-independent sample #-tests. Generalized
estimating equation (GEE) models with clustering
by participant, exchangeable correlation structure,
and identity link function were used to estimate
cohort differences in global cognition. All analyses
were adjusted for age, sex, education, marital sta-
tus, and health insurance coverage (model 1). We
also adjusted for self-reported health conditions and
health behaviors (model 2) and the number of dia-
betes treatments and behaviors (model 3).

Generalized estimating equation models with
clustering by participant, exchangeable correlation
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structure, and a log link function were used to esti-
mate cohort differences in taking oral medications,
using insulin shots, following a special diet, and
checking blood glucose levels weekly. These mod-
els adjusted for demographic characteristics, health
behaviors, and self-reported health conditions.

All statistical analyses were performed using R
version 4.1.2 [1]

RESULTS

Table 1 shows the demographic and health charac-
teristics of the MHAS participants with self-reported
diabetes in 2001 and 2018. The mean age of partici-
pantsin 2001 was 68.4 years, and 59.6% were female.
Participants interviewed in 2018 were 70.6 years of
age, and 62.0% were female. Participants in 2018
were more likely to have seven or more years of edu-
cation and health insurance compared to participants
in 2001. The percentage of participants with hyper-
tension and obesity was higher in 2018, whereas the
percentage of participants with arthritis and who ever
smoked cigarettes was lower than in 2001. The aver-
age z-score for global cognitive function was higher
in 2018 (mean =0.14, interquartile range = 0.86) than
in 2001 (mean=-0.32, interquartile range=1.02).
Finally, participants in 2018 were more likely to take
oral medications for diabetes, use insulin, and report
checking their blood sugar weekly than in 2001. How-
ever, they were less likely to report following a special
diet to manage their diabetes. Nearly 29% of partici-
pants in 2018 followed 3 to 4 diabetes treatments and
behaviors compared to 11.7% of participants in 2001.

When adjusting for demographic characteristics,
health conditions, and health behaviors (Fig. 2),
participants in 2018 had a 5% higher risk of tak-
ing oral medications than in 2001 (RR=1.05, 95%
CI=1.02-1.09). The 2018 cohort had 1.98 and 3.63
times higher risk for using insulin and to check their
blood sugar weekly, respectively. Participants in 2018
had an 11% lower risk to report following a special
diet for diabetes. As shown in Table 2, having health
insurance was associated with significantly higher
RR forusing insulin (RR=1.97,95% CI=1.40-2.78)
and following a special diet for diabetes (RR=1.13,
95% CI=1.03—-1.24). Participants who completed
seven or more years of education had significantly
higher RR to follow a special diet (RR=1.19, 95%
CI=1.09-1.29) and had 2.42 times higher risk to
check their blood glucose at least weekly. Participants
with hypertension were more likely to report follow-

ing a special diet (RR=1.09, 95% CI=1.03-1.16).
Participants who were overweight or obese, currently
consumed alcohol, or were ever smokers were less
likely to report following a special diet. Other char-
acteristics associated with higher RR to check blood
sugar weekly were having 1-6 years of education,
hypertension, heart attack, and stroke.

Table 3 shows the results of the three models com-
paring global cognitive function in the 2018 cohort to
the 2001 cohort. The global cognition of participants
was 0.38 standard deviations higher for participants
in 2018 than in 2001 when adjusting for age, sex, edu-
cation, marital status, and health insurance coverage.
This cohort difference in global cognition was simi-
lar after adjusting for health conditions and behaviors
(model 2) and the T2DM treatments and behav-
iors (model 3). Other characteristics associated with
global cognition included educational attainment,
stroke, overweight and obesity, alcohol consumption,
smoking, and physical activity (Table 3). Finally,
oral medication use, insulin use, following a spe-
cial diet, and checking blood sugar weekly were not
significantly associated with cognitive functioning
(Table 3).

DISCUSSION

We used data from the Mexican Health and Aging
Study to compare the cognitive functioning of Mex-
ican adults aged 60 and older with self-reported
diabetes in 2001 and 2018. Consistent with our
hypothesis, we found that older adults in 2018
had significantly higher cognitive functioning than
older adults in 2001, even after adjusting for demo-
graphic characteristics, co-morbid health conditions,
and health behaviors. Similar to our findings, Diaz-
Venegas et al. reported that male and female MHAS
participants aged 60 and older in 2012 had signifi-
cantly higher cognitive functioning than those in 2001
[34]. An analysis of MHAS participants aged 60 and
older reported a decreasing trend in the prevalence
of cognitive impairment no dementia from 2001 to
2015 but an increasing trend in the percentage of
participants classified with dementia [16].

We also found notable cohort differences in
sociodemographic and health characteristics associ-
ated with cognitive functioning. A large difference
was in the percentage of participants with seven or
more years of education. Higher educational attain-
ment has consistently been associated with higher
cognitive functioning and lower dementia risk [37,
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Table 1

Demographic, health, and behavioral characteristics of Mexican Health and Aging Study
participants with self-reported diabetes aged 60 and older in 2001 and 2018

2001 Cohort 2018 Cohort P
(n=1,052) (n=2,469)
Demographics
Age, mean (SD) 68.4 (6.6) 70.6 (7.0) <0.01
Sex 0.18
Male 425 (40.4) 938 (38.0)
Female 627 (59.6) 1,531 (62.0)
Education (y) <0.01
0 318 (29.8) 410 (16.6)
1-6 577 (54.8) 1,388 (56.2)
T+ 162 (15.4) 671 (27.2)
Marital status 0.86
Married 662 (62.9) 1,554 (62.9)
Not married 109 (10.4) 242 (9.8)
Widowed 281 (26.7) 673 (27.3)
Health insurance <0.01
No 263 (25.0) 116 (4.7)
Yes 789 (75.0) 2,353 (95.3)
Health characteristics
Hypertension 616 (58.6) 1,672 (67.7) <0.01
Heart attack 73 (6.9) 170 (6.9) 0.95
Stroke 50 (4.8) 87 (3.5) 0.08
Arthritis 289 (27.5) 376 (15.2) <0.01
BMI categories <0.01
Underweight 15(1.4) 19 (0.8)
Normal weight 345 (32.8) 699 (28.3)
Overweight 478 (45.4) 1,046 (42.4)
Obese 214 (20.3) 705 (28.6)
Cognition, mean (SD) -0.32 (0.68) 0.14 (0.62) <0.01
Health behaviors
Current alcohol consumption, n (%) 0.50
Never drank alcohol 132 (12.5) 339 (13.7)
No 705 (67.0) 1,657 (67.1)
Yes 215 (20.4) 473 (19.2)
Ever smoke cigarettes, n (%) <0.01
No 584 (55.5) 1,594 (64.6)
Yes 468 (44.5) 875 (35.4)
Physically active, n (%) 0.45
No 814 (77.4) 1,881 (76.2)
Yes 238 (22.6) 588 (23.8)
Diabetes management behaviors
Oral medicine, n (%) 904 (85.9) 2,258 (91.5) <0.01
Using insulin, n (%) 124 (11.8) 657 (26.6) <0.01
Special diet, n (%) 668 (63.5) 1,454 (58.9) <0.01
Checks blood sugar, n (%) <0.01
Weekly 73 (6.9) 645 (26.1)
Monthly 938 (89.2) 1,746 (70.7)
Yearly / never 41 (3.9) 78 (3.2)
Number of T2DM management behaviors, n (%) <0.01
Zero 67 (6.4) 84 (3.4)
One 328 (31.2) 638 (25.8)
Two 534 (50.8) 1,033 (41.8)
Three — four 123 (11.7) 714 (28.9)

38]. The benefits of education for cognitive function-
ing are attributed mostly to older adults with high
educational attainment having higher levels of cog-
nitive and brain reserves [39]. Educational attainment
also correlates with other measures of reserve, such

as occupational complexity and participation in men-
tally stimulating activities, which are associated with
higher cognitive functioning among Mexican older
adults with diabetes [40]. Educational attainment also
appears to mediate the association between early-life
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Fig. 2. Adjusted risk ratios for the use of oral medications, insulin, diet, and weekly blood glucose checks for adults with self-reported
diabetes aged >60 years in 2018 compared to adults aged >60 years in 2001. RR estimated from generalized estimating equation models
with clustering by participant, exchangeable correlation structure, and a log link function. Oral medication, insulin, diet, and check blood
glucose were modeled separately. All analyses adjusted for demographic characteristics, health behaviors, and self-reported health conditions.

Table 2
Adjusted risk ratios for the use of oral medications, insulin, diet, and weekly blood sugar checks for adults with self-reported diabetes aged
>60 years in 2018 compared to adults aged >60 years in 2001

Medications Insulin Diet Check Blood

Characteristic RR (95% CI) RR (95% CI) RR (95% CI) Glucose Weekly
RR (95% CI)

2018 year (ref: 2001) 1.05 (1.02-1.09) 1.98 (1.63-2.40) 0.89 (0.84-0.95) 3.63 (2.85-4.62)

Age
Female (ref: male)

Education (ref: 0 y)

0.99 (0.99-1.00)
1.02 (0.99-1.05)

0.99 (0.98-0.99)
1.16 (0.99-1.35)

0.99 (0.99-1.00)
0.97 (0.90-1.04)

1.00 (0.99-1.01
1.09 (0.93-1.28)

1-6 1.02 (0.99-1.06) 1.12 (0.94-1.34) 1.06 (0.99-1.15) 1.41 (1.13-1.75)

T+ 1.01 (0.97-1.04) 1.10 (0.90-1.34) 1.19 (1.09-1.29) 2.42 (1.93-3.04)
Marital status

Not married 1.00 (0.97-1.04) 0.99 (0.81-1.22) 0.98 (0.89-1.08) 0.98 (0.80-1.20)

Widowed 0.99 (0.96-1.01) 0.99 (0.86-1.15) 1.03 (0.96-1.10) 0.92 (0.78-1.08)

Health insurance
Health conditions

1.04 (0.99-1.08)

1.97 (1.40-2.78)

1.13 (1.03-1.24)

0.81 (0.63-1.05)

Hypertension 1.02 (0.99-1.05) 1.24 (1.08-1.43) 1.09 (1.03-1.16) 1.17 (1.01-1.35)
Heart attack 1.00 (0.96-1.05) 1.25 (1.02-1.54) 1.02 (0.92-1.14) 1.39 (1.13-1.70)
Stroke 1.00 (0.95-1.06) 1.02 (0.75-1.37) 1.07 (0.95-1.22) 1.41 (1.08-1.84)
Arthritis 0.98 (0.95-1.01) 0.86 (0.72-1.02) 1.00 (0.94-1.08) 0.99 (0.83-1.18)

BMI categories (ref: normal)

Underweight 0.94 (0.80-1.09) 0.99 (0.51-1.96) 0.74 (0.52-1.06) 1.11 (0.56-2.23)
Overweight 1.01 (0.98-1.04) 0.92 (0.79-1.07) 0.91 (0.86-0.97) 0.91 (0.78-1.06)
Obese 1.00 (0.97-1.04) 1.01 (0.86-1.19) 0.82 (0.76-0.88) 0.91 (0.76-1.07)

Current alcohol consumption (ref: never)

No
Yes

Ever smoker (ref: no)
Physically active (ref: no)

1.01 (0.97-1.04)
0.99 (0.95-1.00)
0.98 (0.95-1.00)
0.98 (0.95-1.00)

1.17 (0.97-1.41)
0.92 (0.72-1.18)
0.88 (0.76-1.01)
0.67 (0.57-0.80)

0.97 (0.90-1.05)
0.86 (0.78-0.96)
0.86 (0.80-0.91)
1.03 (0.97-1.10)

1.12 (0.92-1.36)
0.96 (0.75-1.22)
1.03 (0.90-1.19)
1.06 (0.92-1.23)

RR, relative risk. RR estimated from generalized estimating equation models with clustering by participant, exchangeable correlation
structure, and a log link function. Oral medication, insulin, diet, and check blood glucose were modeled separately. Regression models
adjusted for all the variables shown in the table.

socioeconomic status and cognitive functioning later
in life [41, 42].

We also found that participants with higher educa-
tional attainment were more likely to report checking
their blood glucose levels weekly. This finding is
consistent with previous studies that observed an
association between health literacy and self-care

measures, including blood monitoring [43]. Prior
research also indicates older adults with health insur-
ance and higher educational attainment have better
controlled diabetes [44].

We detected statistically significant differences in
all four measures of T2DM management behaviors
between the 2001 and 2018 periods. We found a large
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Cohort differences in global cognitive functioning for adults with self-reported diabetes aged

>60 years in 2018 compared to adults aged >60 years in 2001

Model 1

Model 2

Model 3

Characteristic

2018 year (ref: 2001)

Age
Female

Education (ref: 0 y)

1-6y
T+y

Marital status
Not married
Widowed

Health insurance

Health conditions
Hypertension
Heart attack
Stroke
Arthritis

BMI categories
Underweight
Overweight
Obese

Alcohol consumption (ref: never drank)

No
Yes

B (SE)
0.38 (0.02) **

—0.03 (0.001) **

0.03 (0.02)

0.46 (0.03) **
0.85(0.03) **

—-0.02 (0.03)
—0.006 (0.02)
0.15 (0.03) **

Ever smoker (ref: no)
Physically active (ref: no)
Oral medication

Insulin

Diabetes diet

Check blood sugar weekly

B (SE)
0.38 (0.02) **

—0.03 (0.001) **

0.08 (0.02) **

0.45 (0.03) **
0.82 (0.03) **

-0.03 (0.03)
-0.01 (0.02)
0.13 (0.03) **

~0.01 (0.02)
0.01 (0.04)
~0.18 (0.05) **
0.02 (0.02)

-0.05 (0.10)
0.09 (0.02) **
0.16 (0.02) **

0.03 (0.03)
0.09 (0.03) **
0.10 (0.02) **
0.09 (0.02) **

B (SE)
0.38 (0.02) **

—0.03 (0.002) **

0.08 (0.03) **

0.45 (0.03) **
0.82(0.03) **

—-0.03 (0.03)
-0.01 (0.02)
0.13 (0.03) **

~0.01 (0.02)
0.02 (0.04)
~0.19 (0.05) **
0.02 (0.02)

—-0.05 (0.10)
0.09 (0.02) **
0.15 (0.02) **

0.03 (0.03)
0.09 (0.03) **
0.09 (0.02) **
0.09 (0.02) **

-0.01 (0.03)
—-0.04 (0.02)
0.003 (0.02)
0.009 (0.02)

*p <0.05; **p<0.001. Beta coefficients were estimated from generalized estimating equation models with
clustering by participant, exchangeable correlation structure, and identity link function.

increase in the use of insulin among MHAS par-
ticipants with diabetes in 2018 compared to 2001.
Consistent with our findings, research using the
National Health and Nutrition Survey in Mexico
reported that the percentage of adults aged 60 and
older who exclusively used insulin increased from
6.8% in 2012 to 13.4% in 2016 [45]. Conversely,
the percentage of older adults only using oral hypo-
glycemic agents decreased from 84.8% in 2006 to
72.4% in 2012 and 67.9% in 2016 [45]. These trends
reflect the changes in pharmacological treatments for
diabetes that have occurred in Mexico over the last
several decades. The introduction of insulin formu-
lations such as Lispro in 1996, Glargine in 2000,
and Determir in 2005 made insulin more accessible
and treatment regimens more flexible [46]. The Mex-
ican government has also introduced public health
initiatives to address the rising prevalence of type 2
diabetes. The 2013 National Strategy for the Pre-
vention and Control of Overweight, Obesity, and
Diabetes promoted diabetes prevention and increased

access to treatment for people with diabetes or who
were at an increased risk for diabetes [47].

We did not find a statistically significant asso-
ciation between T2DM management behaviors and
cognitive functioning. This evidence suggests that
the greater use of diabetes management behaviors
for participants in 2018 does not reflect more severe
diabetes than in 2001. Continued research is needed
before definitive statements on how temporal trends
in disease management among older adults in Mexico
with T2DM may influence cognitive aging.

Strengths and limitations

Our analysis used data from a large, nationally
representative study of population aging in Mex-
ico. Recruiting new MHAS participants allowed
us to compare two cohorts of participants who
have aged in dramatically different social con-
texts. Finally, MHAS participants provide a wealth
of information on sociodemographic characteris-
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tics, health history, health behaviors, and cognitive
functioning.

A limitation of our study is that the MHAS does
not include information for the type of oral med-
ications. Metformin is the predominant medication
for T2DM used in Mexico, with an 82% usage rate
among people with diabetes [48]. Long-term Met-
formin has been found to have a protective association
with Alzheimer’s disease among older adults with
T2DM [49]. A second limitation is that the 2001 and
2018 MHAS waves do not include information on
how well participants manage their diabetes, such as
blood glucose levels and adherence to diabetes treat-
ments. We also did not know when participants were
diagnosed with T2DM and how long they had been
taking oral medications, using insulin, or following a
special diet to manage their diabetes. Dementia risk
has been found to vary between older adults with
treated versus untreated T2DM [50].

Conclusions

Our findings show that older Mexican adults with
self-reported diabetes in 2018 had higher cognitive
function than in 2001. The cohort difference in cogni-
tive functioning was independent of population-level
increases in education, health insurance coverage,
and T2DM management behaviors. Future research
is still needed to investigate the causes of the cohort
differences in cognitive functioning among Mexican
older adults with self-reported diabetes.
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