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Glycemic control, cognitive aging and impairment in diverse Hispanics/Latinos 

Background: Hispanic 
and Latino individuals 
have the highest 
prevalence of diabetes in 
the U.S. and many have 
inadequate health care for 
managing their glycemia, 
which can may affect their 
cognitive aging.

Aim: To examine 
glycemic control in 
relation to cognitive 
aging and impairment in 
a large prospective 
cohort of middle-aged 
and older Hispanic and
Latino individuals of
diverse heritages. 

Data: Study of Latinos-
Investigation of 
Neurocognitive Aging 
(SOL-INCA) enrolled 
6,377 participants ages 
50-years and older (2016-
2018). 
Findings: Poor glycemic 
control in midlife was 
linked to higher cognitive 
decline and risk for Mild 
Cognitive Impairment 
later in life. Improving 
glycemic management in 
midlife may reduce the 
risk for cognitive decline 
and impairment among 
diverse Hispanic and
Latino individuals. 

M1: adjusts for age, sex; M2: adds education, M3: additional adjustment for Hispanic/Latino heritage and study site (center). M4: adds depressive 
symptoms; M5: adds diet, physical activity, BMI, alcohol consumption, and smoking. HbA1c is hemoglobin A1C. Global cognition includes average 
z scores from Brief-Spanish English Verbal Learning Test sum and recall, word fluency, and Digit Symbol Substitution. 
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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Hispanic/Latino populations have the highest prevalence of treated and untreated diabetes in the U.S., and there are scientific gaps in knowledge
on the effects of poor glycemic control on the cognitive aging of this important and diverse population.

� What is the specific question(s) we wanted to answer?
Does midlife glycemic control and impact 7-year cognitive decline and impairment?

� What did we find?
Poor midlife glycemic control was linked to higher cognitive decline and doubled the risk of mild cognitive impairment among Hispanics/Latinos.

� What are the implications of our findings?
Improving glycemic control for Hispanic/Latino populations in midlife may reduce risk for and disease burden of cognitive impairment in later life.
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OBJECTIVE

Hispanic/Latino individuals in the U.S. have the highest prevalence of undiagnosed
and untreated diabetes and are at increased risk for cognitive impairment. In this
study, we examine glycemic control in relation to cognitive aging and impairment
in a large prospective cohort of middle-aged and older Hispanic/Latino individuals
of diverse heritages.

RESEARCH DESIGN AND METHODS

Study of Latinos–Investigation of Neurocognitive Aging (SOL-INCA) is a Hispanic
Community Health Study/Study of Latinos (HCHS/SOL) ancillary study. HCHS/SOL is
a multisite (Bronx, NY; Chicago, IL; Miami, FL; and San Diego, CA), probability sam-
pled prospective cohort study. SOL-INCA enrolled 6,377 diverse Hispanic/Latino
individuals aged 50 years and older (2016–2018). The primary outcomes were cogni-
tive function, 7-year cognitive decline, and mild cognitive impairment (MCI). The pri-
mary glycemia exposure variables were measured from fasting blood samples
collected at HCHS/SOL visit 1 (2008–2011).

RESULTS

Visit 1 mean age was 56.5 years ± 8.2 SD, and the average glycosylated hemoglobin
A1C (HbA1c) was 6.12% (43.5 ± 14.6 mmol/mol). After covariate adjustment, higher
HbA1c was associated with accelerated 7-year global (b = 20.045; 95% CI 20.070;
20.021; in z score units) and executive cognitive decline and a higher prevalence of
MCI (odds ratio 1.20; 95% CI 1.11; 1.29).

CONCLUSIONS

Elevated HbA1c levels were associated with 7-year executive cognitive decline and in-
creased MCI risk among diverse middle-aged and older Hispanic/Latino individuals. Our
findings indicate that poor glycemic control inmidlifemay pose significant risks for cogni-
tive decline andMCI later in life among Hispanic/Latino individuals of diverse heritages.

Hispanic/Latino individuals in the U.S. face disparately high diabetes disease burden. A
contributing factor to the excess diabetes disease burden is that Hispanic/Latino
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individuals have the earliest age of diabetes
disease onset of any major U.S. ethnic or
racial group (1–3). Limited health care
access and low diabetes awareness also
contributes to Hispanic/Latino individuals
having the highest age-adjusted prevalence
of undiagnosed and untreated diabetes in
the nation (4,5). Poor or unregulated glyce-
mia are well-known risk factors for diabe-
tes complications, including neuropathies
and increased systemic vascular disease
(6). Poor glycemic control is associated
with increased likelihoods of significant
cognitive decline and dementia (7). How-
ever, no studies have examined glycemia
in relation to cognitive aging and impair-
ment over time among middle-aged and
older Hispanic/Latino individuals of di-
verse heritages.
Longer history of diabetes was re-

lated to significant cognitive decline and
nearly doubled the risk of mild cognitive
impairment (MCI) among diverse middle-
aged and older Hispanic/Latino individ-
uals, which is relatively high compared
with other populations (7,8). Additionally,
the age of dementia onset is thought to
be earlier among Hispanic/Latino individ-
uals of Mexican heritage (9,10). However,
to our knowledge, similar findings of early
dementia onset have not been replicated
in other Hispanic/Latino cohorts. Among
insured Californian healthcare recipients
(1996–2015), higher dementia risk was
linked to higher cumulative exposure to
poor glycemic control, such that demen-
tia risk was highest among White, Asian
American, and Hispanic/Latino individu-
als, in that order (11). However, only 57%
of Hispanic/Latino individuals in Califor-
nia reported a usual source of health
care, and 40% were uninsured, which is
further complicated by language barriers
(12). As such, we believe untreated dia-
betes poses a notable risk for complica-
tions of diabetes, including cognitive
decline and impairment. By the fourth
decade, diabetes prevalence among His-
panic/Latino individuals rapidly increases
with each successive decade until about
age 70 years (13). Thus, we posit that
poor glycemic control contributes to early
cognitive decline and impairment among
Hispanic/Latino individuals (14). In this
study of diverse middle-aged and older
Hispanic/Latino individuals, we examine
associations between midlife measures of
glycemic control and 7-year cognitive de-
cline andMCI.

RESEARCH DESIGN AND METHODS

Study Design
The Study of Latinos–Investigation of Neu-
rocognitive Aging (SOL-INCA) is a Hispanic
Community Health Study/Study of Latinos
(HCHS/SOL) ancillary study, and the study
designs and rationales have been previ-
ously published (15–17). HCHS/SOL is a
multisite, population-based, probability
sampled, prospective cohort study of car-
diovascular disease and diabetes among
diverse Hispanic/Latino adults (visit 1:
2008–2011; ages 18–74 years). The com-
plex survey sampling procedures used
in HCHS/SOL were designed to yield rep-
resentative data for diverse Hispanic/
Latino individuals in four targeted U.S.
metropolitan areas: Bronx, NY; Chicago,
IL; Miami, FL; and San Diego, CA. Each
field center enrolled about 4,000 eligible,
self-identified Hispanic/Latino individuals
(ages 18–74 years; N = 16,415). Detailed
HCHS/SOL sampling procedures and SOL-
INCA have been previously published and
are available on the HCHS/SOL website:
https://sites.cscc.unc.edu/hchs/ (15,17).

Cognitive testing at HCHS/SOL visit 1
(2008–2011) involved middle-aged and
older (ages 45–74 years) participants
who were oversampled (n = 9,714) in
the cohort. The Neurocognitive Reading
Center trained and the field centers su-
pervised bicultural and bilingual techni-
cians who administered the cognitive
battery, which included four tests: the
1) Six-Item Screener (mental status) (18),
2) Brief-Spanish English Verbal Learning
Test (B-SEVLT; verbal episodic learning
and memory) (19,20), 3) Word Fluency
(WF) (21), and 4) Digit Symbol Substitution
(DSS; processing speed, executive function)
(22). Additional information needed to
establish National Institute on Aging-
Alzheimer’s Association (NIA-AA) MCI
diagnoses was not available at visit 1
(2011) (23). Of all eligible participants,
only 59 (<1%) did not participate, be-
cause of health limitations and/or refusals.
Additional information about the cognitive
tests used at visit 1 and the cohort has
been previously published (24).

SOL-INCA cognitive tests were admin-
istered to eligible HCHS/SOL participants
who returned for visit 2, which oc-
curred, on average, about 7 years after
visit 1. The HCHS/SOL test battery in-
cluded the 1) B-SEVLT (episodic verbal
learning and memory), which consists
of three learning trials and a delayed

recall trial, 2) phonemic verbal fluency
test (letters F and A), a measure of ver-
bal fluency, and 3) DSS, which is a test
of psychomotor speed and executive
function (20). In SOL-INCA at visit 2, we
included the Trail Making Test (parts A
and B [Trails A and B], executive func-
tion) and National Institutes of Health
(NIH) Toolbox Picture Vocabulary Test
(PVT; general premorbid cognitive func-
tion), self-reported cognitive decline
(Everyday Cognition-12), and instrumen-
tal activities of daily living (for functional
impairment) (25,26). These tests were
included in SOL-INCA to derive an MCI
research diagnosis based on NIA-AA
2011 criteria (23). More detailed infor-
mation about the battery of tests has
been previously published (14,17). The
PVT was used to assess premorbid cogni-
tive function, since these scores remain
stable with age and into later neurodegen-
erative stages, and to control for potential
educational quality test biases (27). At
HCHS/SOL visit 2, the Coordinating Center
identified 7,420 potentially eligible partici-
pants for SOL-INCA. Inclusion criteria were
1) visit 2 completion, 2) visit 1 neurocogni-
tive testing completion, and 3) age 50 years
and older at SOL-INCA. Of this group,
222 were determined to be ineligible
(e.g., missing visit 1 data), 569 were eligi-
ble but refused, 252 declined consent to
participate at the SOL-INCA visit, and
6,377 were eligible and agreed to partici-
pate. The overall response rate for SOL-
INCA of eligible participants was 88.7%.
Eligible participants returning for SOL-
INCA had largely similar visit 1 character-
istics compared with those in the overall
visit 1 eligible participants’ pool. Further-
more, to guard against possible biases
by sample attrition, the HCHS/SOL Coor-
dinating Center generated study-specific
calibrated probability weights that adjust
for nonresponse (e.g., deaths) and allow
generalization of estimates to the HCHS/
SOL metropolitan area target populations
aged 50 years and older. A detailed graph
showing the participants flow between
the two visits and the determination of
the study’s analytical sample are pro-
vided in Supplementary Figs. 1 and 2.

The HCHS/SOL and the SOL-INCA stud-
ies were reviewed and approved by the
Institutional Review Boards of the Univer-
sity of California San Diego, San Diego, CA,
and all participating sites.
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Cognitive Function
All cognitive tests from visit 1 and SOL-
INCA 2 were standardized (z scores) us-
ing ([X-Mean]/SD) with the mean and
the SD of each test estimated applying
visit-specific probability weights to en-
sure that the derived measure is reflec-
tive of the target population at the visit.
Aggregate measures of global cognition
at each visit were generated by averag-
ing the z scores of the repeated cognitive
tests in visit 1 and SOL-INCA, namely, the
B-SEVLT sum, the B-SEVLT recall, the verbal
word fluency, and the DSS.

Change scores for repeated neuro-
cognitive tests were calculated using
standardized regression-based methods.
Test specific standardized measures of
change are generated using (T2 – T2pred)/
RMSE, where T2 is the respondent
cognitive score at SOL-INCA, T2pred is
their predicted score at visit 2, and
RMSE reflects the regression-derived
root mean squared error. T2pred is de-
rived from a weighted regression model
where T2 scores are regressed on T1
scores, adjusting for time between the
two visits. This method allows us to
compare an individual’s cognitive per-
formance at SOL-INCA relative to their
expected performance at the visit given
their baseline performance, adjusting
for time between the two visits. The
z scores produced represent global and
test-specific change within the target
population. A z score lower than zero
indicates either a cognitive decline or
performance that falls short of expecta-
tions at the second visit, measured in
z score units; z scores of zero or above
suggest either stable or improved cog-
nitive performance. Duff (28) discusses
several techniques used in neuropsycho-
logical work to assess change in the con-
text of two time point assessments, as is
the case with data for this study. A global
cognitive change measure was generated
by applying the above regression-based
score method to the average z scores of
the common cognitive tests in visit 1 and
SOL-INCA (17).

MCI diagnostic criteria were deter-
mined as part of SOL-INCA in which we
operationalized to generate four core
NIA-AA criteria: 1) any cognitive score in
the mildly impaired range, that is, #�1
SD compared with the SOL-INCA inter-
nal robust norms (age, education, sex,
and PVT-adjusted scores); 2) significant
cognitive decline (equal to or exceeds

�0.055 SD/year) from visit 1 to visit 2 or
SOL-INCA; 3) self-reported cognitive de-
cline; and 4) no or minimal instrumental
activities of daily living impairment (23).
Cognitive impairment and significant cog-
nitive decline criteria were used to reduce
false positive bias in our application of
NIA-AA criteria for defining prevalent
MCI at visit 2 or SOL-INCA. Individuals
with cognitive impairment, but not meet-
ing MCI or dementia criteria (e.g., intact
independent function), were excluded
(14).

Exposures
Percentage glycosylated hemoglobin A1c
(HbA1c; millimoles per mole) were mea-
sured at HCHS/SOL visit 1 and used as con-
tinuous variables. Additionally, wemodeled
a categorical version of HbA1c grouping
people into four categories: 1) no diabetes
(<5.7%), 2) prediabetes ($5.7% to
<6.5%), 3) regulated ($6.5% to <7%),
and 4) poorly regulated ($7.0%). These
thresholds were selected based on ADA
Standards of Medical Care in Diabetes—
2022 (29). In secondary models, we
added a category to distinguish between
poorly controlled (HbA1c $7% to <7.5%)
and very poorly controlled (HbA1c $7.5%)
glycemia based on a recent article by Dove
et al. (30,31).

Covariables were included to account
for confounding and other factors that
could potentially explain associations be-
tween cognitive decline, MCI, and our gly-
cemic control exposures. All covariables,
except age, were measured at the visit 1.
Sociocultural covariables included Hispanic
or Latino heritage (Central American,
Cuban, Dominican, Mexican, Puerto Rican,
and South American groups), sex, age in
years, education (more than high school,
high school or equivalent, and less than
high school). Health behaviors included
smoking status (never, former, and cur-
rent), a trichotomous indicator for alcohol
consumption (no current use, low use,
and high use). BMI based on weight mea-
sured in kilograms and height measured in
centimeters was used as a continuous
measure. Diet was assessed using the Har-
vard diet score and a 60th percentile cut
point. Total weekly physical activity level
wasmeasured with the Global Physical Ac-
tivity Questionnaire (GPAQ) and grouped
into four activity categories (inactive, low,
medium, and high). Depressive symptoms
were measured using the Center for

Epidemiologic Studies depression 10-item
form (CESD-10). To account for potential
measurement variability between the four
field centers, field center was included as
a covariable.

The analytic sample included 6,377
enrolled participants aged 50–86 years
at HCHS/SOL visit 2. We excluded n = 58
individuals with missing values on the
exposure, and n = 279 individuals with
missing values on any of the covariates
of interest. We additionally excluded n =
21 individuals who were aged <45 years
at the baseline neurocognitive interview
and n = 115 participants who did not re-
port a specific Hispanic or Latino heri-
tage. The analytic sample size was an
unweighted n = 5,904, excluding individ-
uals missing information on model co-
variates (not considering the cognitive
performance and change outcome miss-
ingness). For the MCI analyses, we addi-
tionally excluded n = 84 participants
who were missing cognitive data needed
to classify MCI and an additional n = 73
participants with cognitive or functional
problems, but not meeting MCI cognitive
or dementia criteria. A map depicting the
inclusion and exclusion described above
is included in Supplementary Fig. 2. Ex-
cluded participants had largely similar
age (56.5 vs. 55.1 years), sex (54.7% female
versus 54.2% male), and specified Hispanic
or Latino heritage distribution relative to
those included in the analytic sample.

Statistical Analyses
First, we report descriptive statistics, by
Hispanic/Latino heritage, for SOL-INCA
based on participants 45 years and older at
baseline and within the SOL-INCA target age
at visit 2, with neurocognitive testing data,
and no missing values on the model covari-
ates (Supplementary Table 1). Descriptive
statistics by glycemic control categories
are presented in Supplementary Table 2
(four categories) and Supplementary
Table 3 five categories). Second, we used
survey generalized linear regressions to
model the associations between the pri-
mary exposure and 1) cognition (at SOL-
INCA), 2) change in cognition (between
baseline and SOL-INCA), and prevalent
MCI (at SOL-INCA); specifically, global cog-
nitive function and change, test-specific
function and change, and MCI. For each
outcome and each exposure (continuous
HbA1c and four-category glycemic control,
respectively), we fit five models: 1) age,
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sex, adjusted; 2) adds education; 3) ad-
justs for Hispanic/Latino heritage and
study site (center); 4) adds the CESD-10;
and 5) includes full adjustment with all
the health behavior measures identified
above. Estimates for the unstandardized
regression coefficients or odds ratios
(ORs) (for prevalent MCI), and their
95% CIs are reported in Tables 1–3.
Based on these estimated regression
models, we calculated and graphed (in-
cluding 95% CIs) the average marginal
means of the continuous cognitive out-
comes and predicted probabilities for
prevalent MCI over the HbA1c expo-
sures to highlight differences across the
exposure continuum and groupings. Plots

for the global cognitive outcomes and
MCI are shown in Fig. 1. Plots for the spe-
cific cognitive tests used in the analysis
are included in Supplementary Figs. 3–6.

In secondary models, to test for the
criteria for geriatric populations, we refit
all models specified above using a five-
category glycemic control measure (see
Exposures). Results from these models
are reported in Supplementary Tables 4–6
and Supplementary Figs. 7–9.

RESULTS

The target population characteristics and
covariables of interest are shown in
Supplementary Table 1 for both overall

sample and by Hispanic/Latino heritage.
The average age at visit 1 (baseline)
was 56.5 years ± 8.2 SD, 55% were fe-
males, and 39% had <12 years of edu-
cation. Slightly more than 45% of the
target population met below standard
criteria for diet, and 41% reported low
physical activity or inactive. The over-
whelming majority (96%) of the sample
reported no current or low levels of al-
cohol consumption. Nearly half of the
sample had a history of smoking, but
only 18.2% were current smokers. The
average CESD-10 was 7.4 ± 6.3 SD. The
cohort average HbA1c level was 43.5 ±
14.6 mmol/mol. A large proportion of the
sample (12.8%) (Supplementary Table 2)
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Figure 1—Association between HbA1c (percent) and glycemic regulation and 1) global cognitive performance, 2) global cognitive change, and
3) prevalent MCI at SOL-INCA (average 7 years from visit 1; laboratory measurement of HbA1c). M1 adjusts for age and sex; M2 adds education;
M3 adds additional adjustment for Hispanic/Latino heritage and study site (center); M4 adds depressive symptoms; M5 adds diet, physical activity,
BMI, alcohol consumption, and smoking. Global cognition includes the consistently measured cognitive tests only (B-SEVLT sum and recall, WF,
and DSS; excludes Trails A and B).
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had levels that fell into the very poorly
controlled glycemia group (HbA1c $7.5%).
There were differences in sex, education,
diet, physical activity, alcohol consump-
tion, and smoking by Hispanic/Latino
heritages. We also found differences in
average age, depression symptoms, and
glycemic control measures across groups.

HbA1c (Percent)
In age- and sex-adjusted models, each
1% unit increase in HbA1c levels were
associated with 0.06 z score units lower
global cognitive scores at SOL-INCA
(Table 1), a 0.06 z score unit accelera-
tion in global cognitive decline (Table 2),
and 23% higher OR of prevalent MCI
(Table 3). The associations with global
cognitive performance and change were
slightly reduced by adjustment for educa-
tion. Including sociocultural (i.e., Hispanic/
Latino heritage), depressive symptoms,
and health behaviors in the models did
not have a notable effect on the esti-
mated regression coefficients. The associa-
tion of HbA1c with prevalent MCI was also
largely unaffected by covariable adjust-
ment (OR 1.20; 95% CI 1.11;1.29) in fully
adjusted models. Visualizations of the as-
sociations of HbA1c with global cognitive
function and change (marginal means)
and MCI (probabilities) are presented in
Fig. 1.

When HbA1c was treated continuously,
the patterns of associations between
HbA1c levels and test specific cognitive
outcomes, after adjusting for age, sex,
and education, were limited to executive
function and processing speed measures
(Tables 1 and 2), namely, lower cognitive
performance on WF, DSS, and Trails A
and B for cognitive performance and
more accelerated decline in the WF and
DSS for change (change measures for
Trails A and B were not available, as these
tests were not measured at visit 1). All as-
sociations between higher levels of HbA1c
and executive function measures of per-
formance and 7-year average change
were robust to covariable adjustments.
Estimates for test-specific marginal means
are presented in Supplementary Figs. 3
and 4.

Glycemic Control
Our testing of clinically relevant catego-
ries of glycemic control indicated that
poorly regulated glycemia (i.e., HbA1c
$7%) was linked to lower global cognition

and accelerated global cognitive change in
age- and sex-adjusted models (nearly one
third and one fourth of an SD [z score
unit] lower, respectively) (Tables 1 and 2).
These associations were attenuated by ad-
justment to education, but only minimally
so after adjusting for sociocultural, depres-
sion, and health behaviors. Lower function
and more accelerated decline among the
poorly controlled were also shown for ex-
ecutive function and processing speed
measures, namely, WF, DSS, and Trails A
and B. The associations were attenuated
by controlling for education but remained
largely unchanged after further covariate
corrections. The underperformance on the
B-SEVLT measures among the poor gly-
cemic control groups lost statistical sig-
nificance after adjusting for depressive
symptoms, and the regression coefficients
for the change outcomes lost significance
after adjusting for Hispanic/Latino heri-
tage and study site.

Poor glycemic control ($7.0 HbA1c) was
linked to higher OR (OR 2.37; 95% CI
1.72;3.26) of MCI (Table 3). The associa-
tions were slightly attenuated by adjusting
for education, Hispanic/Latino heritage
and study site, and depression symptoms,
and it remained robust to additional ad-
justment for health behaviors (OR 1.99;
95% CI 1.44;2.75). Estimates for marginal
means of global cognitive function and
change (and probabilities for MCI) are
presented in Fig. 1. Estimates for test spe-
cific marginal means are presented in
Supplementary Figs. 5 and 6.

Similar associations were derived when
participants satisfying criteria for poor
control were regrouped to distinguish be-
tween poorly controlled (7% # HbA1c <
7.5%) and very poorly controlled (HbA1c
$7.5%). All the reported primary results
(for cognitive performance, change, and
MCI) were more notable in the very poorly
controlled group, suggesting that very
poor glycemic control was implicated in
poorer cognitive outcomes among aging
Hispanic/Latino individuals. These results
are presented in Supplementary Tables
4–6 and Supplementary Figs. 7–9.

CONCLUSIONS

Poor glycemic control was associated
with lower global and executive cognitive
function and significant 7-year global and
executive cognitive decline in this large
and representative community-based
sample of diverse middle-aged and older

Hispanic/Latino individuals. Poor glyce-
mic control was related to lower learning
and memory function and decline, but
those associations were largely explained
by psychosocial factors (e.g., education)
and, to a lesser extent, behavioral factors.
Additionally, elevated glycemia was associ-
ated with an increased likelihood of meet-
ing NIA-AA research diagnostic criteria for
MCI (23). Notably, poorly controlled glyce-
mia (HbA1c $7.0%) doubled the risk for
MCI among diverse middle-aged and
older Hispanic/Latino individuals.

Overall, our findings are consistent
with previous observational research stud-
ies, although the findings from other ob-
servational studies of cognitive aging,
diabetes, and glycemia have been mixed.
In one longitudinal cohort study of older
Caribbean Hispanic/Latino individuals, dia-
betes was associated with lower cognitive
performance compared with those with
no diabetes, but not cognitive decline
(29). In a cross-sectional cohort study of
middle-aged Caribbean Hispanic/Latino in-
dividuals, higher HbA1c values were associ-
ated with lower memory and executive
function performances (32). A recent lon-
gitudinal study of older Swedes reported
that very poor glycemic control (HbA1c
$7.5%) was associated with increased
risk of 12-year incident cognitive impair-
ment no dementia and of dementia (31).
Among middle-aged Whitehall II study
participants with known medical histories
of diabetes, higher HbA1c was associated
with significantly more 10-year cognitive
decline in memory (33). In a study of
adults 85 years and older, higher HbA1c
was related to slower cognitive decline
(34). However, the Action to Control
Cardiovascular Risk in Diabetes-Memory
in Diabetes (ACCORD-MIND) trial, which
targeted people with high HbA1c concen-
trations (>7.5%) with intensive glycemic
control targeted HbA1c (<6%) ended early
because of excess mortality in the inten-
sive treatment arm of the study. ACCORD-
MIND investigators reported significantly
better total brain volume in the intensive
treatment arm compared with the stan-
dard treatment group, but no notable
differences in cognitive outcomes (35).
However, the baseline Hispanic/Latino
group in the ACCORD-MIND sample
was small, and findings were not re-
ported for the African American and
Hispanic/Latino groups. Given the mag-
nitude of the public health problem of
diabetes and disparities in diabetes
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care for Hispanic/Latino individuals,
poor glycemic control may have more
significant impact on this population
that is vulnerable to excess and expand-
ing dementia disease burden. All told,
the magnitude of the effect of diabetes
and poor glycemic control among His-
panic/Latino individuals on brain function
and disease may be higher compared
with other populations.

Multiple biologically plausible mecha-
nistic pathways by which diabetes affects
neurodegeneration have been posited and
described in relation to Alzheimer disease
and related dementias (ADRD) (36). For
example, neuronal resistance or insensitiv-
ity to insulin (type 3 diabetes) is thought
to contribute to episodic memory decline,
as is the fact that insulin receptors are
predominantly located in temporal and
frontal lobes, which are brain regions as-
sociated with Alzheimer disease. Addi-
tionally, exquisitely sensitive brain tissue
and cognitive function are endangered by
direct diabetes effects on cerebrovascular
disease, particularly on increased burden
of small vessel disease and impaired
blood hemodynamics and cerebrovascu-
lar reserve. Declines in executive function
and processing speed are more common
features of cerebrovascular disease–
related cognitive decline and impairment
than episodic memory. Taken together,
our results suggest that cerebrovascular
pathways to cognitive impairment are
likely at play among middle-aged and
older Hispanic/Latino individuals, which
may feature more prominently as the
SOL-INCA cohort ages.

MCI is considered an early phase of
Alzheimer disease and related dementias,
suggesting that poor glycemic control is
an important risk factor for dementia
among diverse Hispanic/Latino individu-
als. The Hispanic/Latino older adult popu-
lation is projected to have the largest
increase in ADRD of any ethnic/racial
group, and reducing diabetes-related dis-
ease risk via increased glycemic control
and monitoring may prove beneficial for
reducing risk for cognitive decline and
ADRD (37). However, many Hispanic/
Latino individuals with poor glucose con-
trol go diagnosed and untreated. Nation-
ally, about 88% of people with diabetes
are taking glucose-lowering medications,
compared with 52.1% in SOL-INCA (38).
This disparity in diabetes care may be
contributing to the disparately high prev-
alence of ADRD among Hispanic/Latino
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individuals. Importantly, we observed
that people not regulating their glycemia
evinced similar more 7-year cognitive de-
cline and higher MCI risk compared with
people without diabetes. This suggests
that proper glycemic control may limit
risk of cognitive impairment. Yet, lack of
appropriate diabetes care available to
Hispanic/Latino individuals will compound
diabetes complications, including cogni-
tive impairment and ADRD.

SOL-INCA is the largest prospective
cohort study of cognitive aging among
diverse Hispanic/Latino individuals, and
HCHS/SOL has well documented the im-
pact of diabetes on the health and aging
of this population (13). A major and
unique strength of this study is that com-
plex sampling procedures ensured repre-
sentativeness of our sample for the
target populations, which reduces infer-
ential biases found in nonrepresentative
convenience sampling common in the
field (39). The SOL-INCA study has limita-
tions that readers may wish to consider
when evaluating our findings. Firstly, gly-
cemia was measured at only two inter-
vals several years apart. As such, we
were unable to determine how much gly-
cemic control varied in the intervening
years between this study’s observations.
Similarly, changes in behavior (e.g., exer-
cise) and medication use were not fully
documented between participant study
visits. Our study used a brief cognitive
assessment battery, and our reliance
on participant self-reported subjective
cognitive and functional decline may
have introduced error. We did not fully
account for mortality, which could in-
troduce confounding. However, there
were few deaths between visit 1 and
visit 2 (n = 405) in this relatively young

cohort, so we treated deaths as nonres-
ponses in our sampling weights. Doing so
may have resulted in an underestimation
of the effects of poor glycemic control on
cognitive decline and MCI (40). Neverthe-
less, as a larger study compared with
others referenced, this study had suffi-
cient statistical power to detect meaning-
ful associations. Additionally, glycemia is
frequently poorly regulated among di-
verse Hispanic/Latino individuals, which
enabled us to detect significant effects
on cognitive aging (4). The effects sizes
of statistical associations in this study
were modest. However, the population-
level public health impact of poor glyce-
mic control on cognitive aging among
Hispanic/Latino individuals would be ex-
pected to be sizable.

Conclusion
Poor glycemic control was associated with
7-year cognitive decline in executive func-
tion and increased risk of MCI among di-
verse and representative middle-aged and
older Hispanic/Latino individuals. Glycemia
regulation problems and cognitive decline
often emerge in middle age andmay begin
even earlier among Hispanic/Latino indi-
viduals. Our findings indicate that middle
age is a vulnerable period when poor gly-
cemic control may affect cognitive aging
and impairment. As such, these findings
have important implications for health
professionals advising their middle-aged
and older Hispanic/Latino patients on
the risks for diabetes-related complica-
tions, including cognitive decline and
impairment.
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Table 3—Association between HbA1c and glycemic control (independently) and prevalent MCI (average 7 years from visit 1;
laboratory measurement of HbA1c) in SOL-INCA

MCI, OR [95% CI]

M1 M2 M3 M4 M5

HbA1c (%) 1.23*** [1.15; 1.32] 1.22*** [1.14; 1.31] 1.21*** [1.13; 1.30] 1.20*** [1.12; 1.29] 1.20*** [1.11; 1.29]

Glycemic control (HbA1c)

No diabetes Ref. Ref. Ref. Ref. Ref.
Prediabetes 0.96 [0.69; 1.34] 0.93 [0.67; 1.29] 0.93 [0.67; 1.28] 0.93 [0.67; 1.28] 0.90 [0.64; 1.25]
Controlled 1.10 [0.69; 1.77] 1.05 [0.66; 1.69] 1.04 [0.65; 1.67] 1.02 [0.64; 1.65] 0.99 [0.61; 1.60]
Poorly controlled 2.37*** [1.72; 3.26] 2.22*** [1.62; 3.05] 2.14*** [1.56; 2.95] 2.06*** [1.50; 2.84] 1.99*** [1.44; 2.75]
Unweighted n 5,747 5,747 5,747 5,747 5,747

M1 adjusts for age, sex; M2 adds education; M3 adds additional adjustment for Hispanic/Latino heritage and study site (center); M4 adds de-
pressive symptoms; M5 adds diet, physical activity, BMI, alcohol consumption, and smoking. For the categorical measure, the no diabetes
group is the reference (Ref.) in the models used to calculate the marginal estimates. ***P < 0.001.
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