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Aims: Insulin resistance (IR) adversely impacts memory and executive functioning in non-

Hispanic whites without diabetes. Less is known in Hispanics/Latinos, despite the fact that

Hispanics/Latinos have higher rates of insulin resistance than non-Hispanic whites. We

investigated the association between IR and cognition and its variation by age.

Methods: Data from 5987 participants 45–74 years old without diabetes from the Hispanic

Community Health Study/Study of Latinos. IR was considered continuously using home-

ostasis model assessment for insulin resistance (HOMA-IR) and also dichotomized based

on clinically relevant thresholds for hyperinsulinemia (fasting insulin > 84.73 pmol/L or

HOMA-IR > 2.6) and sample-based norms (75th percentile of fasting insulin or HOMA-IR).

Cognitive testing included the Brief Spanish English Verbal Learning Test (B-SEVLT), Verbal

Fluency, and Digit Symbol Substitution.
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Hispanics

Insulin resistance

Latinos
Results: There was 90% overlap in participant categorization comparing clinically relevant

and sample-based thresholds. In separate fully-adjusted linear regression models, age

modified the association between HOMA-IR and Digit Symbol Substitution (p = 0.02);

advancing age combined with higher HOMA-IR levels resulted in higher scores. Age also

modified the association between clinically relevant hyperinsulinemia and B-SEVLT recall

(p = 0.03); with increasing age came worse performance for individuals with hyperinsuline-

mia.

Conclusion: The relationship of IR with cognition in Hispanics/Latinos without diabetes may

reflect an age- and test-dependent state.
� 2019 Elsevier B.V. All rights reserved.
1. Introduction

Diabetes is one of the most significant public health concerns

with 30.3 million Americans affected by the disease [1]. Previ-

ous work conducted in the Hispanic Community Health

Study/Study of Latinos (HCHS/SOL), the largest epidemiologi-

cal study of cardiovascular disease risk factors in Hispanics

and Latinos in the US to date, reported that 17% of commu-

nity dwelling Hispanics/Latinos age 18 or older meet criteria

for type 2 diabetes [2,3]. The high prevalence of diabetes

within the Hispanic/Latino community is a critical public

health concern as this condition not only heightens the risk

of cardiovascular disease, but also increases vulnerability

for age-related cognitive decline and dementia [4,5]. Preclini-

cal changes in the ability to regulate glucose uptake and uti-

lization, defined as insulin resistance (IR), are thought to be

an early marker along the course of developing type 2 dia-

betes [6]. IR has been found to adversely impact memory

and executive function in mid- to late-life (majority) non-

Hispanic whites without diabetes [7–10]. Nearly half of indi-

viduals 65 years and older not diagnosed with diabetes

(48.3%) have preclinical alterations in glucose uptake and uti-

lization [1]. Furthermore, Hispanics/Latinos tend to have

higher rates than non-Hispanic Whites [11]. Thus, more work

is needed to investigate the relationship of IR with cognition

in Hispanics/Latinos independent of diabetes.

Few studies have investigated the relationship of IR with

cognition in Hispanics/Latinos independent of diabetes.

Instead, most studies have reported on glucose dysregulation

as an important etiological factor contributing to various cog-

nitive functions in Hispanics/Latinos with diabetes. For exam-

ple, poor glycemic control in Hispanic/Latino with diabetes

has been associated with lower cognition, specifically lower

executive functioning in adults 45 and older of the

HCHS/SOL [12]. Additionally, in a US-based sample of adults

65 and older with and without diabetes (44% representation

of Caribbean Hispanics/Latinos), declines in memory perfor-

mance were found to be steeper in individuals with hyperin-

sulinemia compared to those without hyperinsulinemia at

baseline [5]. However, no previous studies have expressly

examined IR as it relates to cognition independent of diabetes

in a diverse Hispanic/Latino population. Further, no prior

research has investigated the role of age in the varying asso-

ciations between IR and different cognitive domains. This is
despite the fact that Hispanics/Latinos without diabetes

(especially those from a Mexican background) have greater

IR compared to non-Hispanic/Latino whites without diabetes,

even after adjusting for other comorbid conditions including

high body mass index (BMI) [11].

The HCHS/SOL provides a unique opportunity to systemat-

ically examine this important public health topic as it

includes individuals of varying Hispanic/Latino heritages liv-

ing in the US. Thus, this study evaluated the association

between IR and cognition in adults without diabetes from

the HCHS/SOL. We hypothesized that IR would be associated

with poorer executive function andmemory performance. We

further hypothesized that age would serve as a modifier of

these results (i.e., associations would be stronger with

advanced age) given that older Hispanics/Latinos are at

increased risk of both IR as well as cognitive decline and

dementia. In addition to examining IR as a continuous vari-

able, we compared individuals with and without hyperinsu-

linemia. We hypothesized that individuals with

hyperinsulinemia would show poorer executive function

and memory performance when compared to individuals

without hyperinsulinemia. Given that hyperinsulinemia cut

points have not been validated in HCHS/SOL, and measures

of IR are thought to vary based on population-specific charac-

teristics [13], we examined IR as a dichotomized variable

using clinically relevant criteria [9,14] as well as HCHS/SOL

study sample-based normative data.
2. Subjects, materials and methods

The HCHS/SOL is a population-based prospective cohort

study of 16,415 Hispanics/Latinos aged 18–74 years from four

U.S. cities (Chicago, IL; Miami, FL; Bronx, NY; San Diego, CA)

that oversampled persons ages 45–74 to facilitate examina-

tion of target outcomes [15]. The baseline examination (2008

to 2011) [16] consisted of comprehensive biological, behav-

ioral, and sociodemographic assessments. Cognitive testing

was also conducted during this baseline examination, but

only for individuals 45 years and older. The cohort includes

participants who self-identified as being of Central American,

Cuban, Dominican, Mexican, Puerto Rican, or South American

backgrounds. The sample design and cohort selection have

been described in detail elsewhere [15]. The HCHS/SOL was
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approved by the Institutional Review Boards at all sites and all

participants provided written informed consent.

2.1. Participants

Men and women ages �45 years with data related to insulin

resistance and cognition contributed to this analysis. From

this sample of 9060 participants, we excluded those who

self-reported acute stroke (n = 183) and/or substance abuse

(n = 358), were found to have psychotropic medication use

based on medication review (n = 217), or who were missing

data on covariates (n = 67). We further excluded 2248 partici-

pants with the glycemic criteria set forth by the American

Diabetes Association [17]. Diabetes was defined by at least

one of the following glycemic values: random glucose of

�11.1 mmol/L, fasting glucose � 6.99 mmol/L, hemoglobin

A1C � 48 mmol/mol (6.5%), or (if available) 2-hour post load

glucose � 11.1 mmol/L during an oral glucose tolerance test

(OGTT). Diabetes was also defined based on participant’s

self-report of taking medication for diabetes that was verified

by medication review at the study visit. These exclusions

resulted in 5987 participants for the current analyses.

2.2. Determination of insulin resistance

Blood was drawn following a minimum 8-hour fast. Plasma

glucose was assessed using a hexokinase enzymatic method

(Roche Diagnostics Corporation, Indianapolis, IN, USA) and

hemoglobin A1C was measured in EDTA whole blood using

a Tosoh G7 automated high-performance liquid chromatogra-

phy analyzer (Tosoh Bioscience Inc., San Francisco, CA, USA).

Insulin levels collected prior to October 29, 2009 were cali-

brated using the following regression equation:

y = 1.00494x � 1.4504, where y = adjusted insulin value,

x = original insulin value using Merdcodia assay. This was

done to account for a change in assay from Merdcodia to

Roche Elecsys analyzers which occurred at that time. All

fasting insulin values, regardless of date of collection were

converted to pmol/L. Additionally, participants received a

2-hour OGTT unless they had fasting plasma glucose levels

>8.32 mmol/L. Post-OGTT blood levels were taken 2 h after a

75 g glucose load.

IR was considered both as a continuous variable as well as

a categorical one. First, we quantified IR as a continuous vari-

able using homeostasis model assessment of insulin resis-

tance (HOMA-IR) to represent the interaction of glucose and

insulin concentrations which may arise from both the pres-

ence and extent of IR being expressed [18]. This numeric vari-

able was defined using the following calculation: (fasting

glucose*fasting insulin)/405. We also created a categorical

variable based on the presence or absence of hyperinsuline-

mia (a distinct condition from diabetes that may occur as a

result of early stage diabetes or pre-diabetes. Thus, using clin-

ically relevant cut-points outlined in several large-scale

cohort studies [9,14], hyperinsulinemia was defined by fasting

insulin > 84.73 pmol/L or HOMA-IR > 2.6. Given that these

thresholds have not been validated in the HCHS/SOL popula-

tion, we also separately defined hyperinsulinemia based on

the 75th percentile of fasting insulin or HOMA-IR within our

HCHS/SOL study sample. This percentile cut-point was
utilized and demonstrated to have relevance for cognition in

the Atherosclerosis Risk in Communities (ARIC) cohort [9].

Thus, we determined clinically relevant hyperinsulinemia as

well as HCHS/SOL-determined hyperinsulinemia (accounting

for the sample design, including sampling weights, to allow

appropriate generalization to other Hispanic/Latino cohort

studies) as two separate methods to distinguish hyperinsu-

linemia status (yes/no) in our sample.

2.3. Cognitive testing

A set of four test measures, outlined below, were adminis-

tered in the participants’ preferred language during face-to-

face interviews by study staff trained and supervised by

doctorate-level, licensed, clinical psychologists. While only

four tests of cognition were administered, they assessed

important outcomes associated with aging including learn-

ing, memory, and attention/executive functioning. The Brief

Spanish English Verbal Learning Test (B-SEVLT) [19] asked par-

ticipants to recall items from a 15-item list presented for

three consecutive ‘learning’ trials. This is followed by a 15-

item distractor list and a delayed free recall trial immediately

following the distractor trial [20,21]. Variables of interest

included total learning across all 3 trials (range = 0–45) and

recall post-interference (memory; range = 0–15). Verbal Flu-

ency required participants to generate as many words as pos-

sible within 60 s that began with a specific letter [22,23]. In

HCHS/SOL, two trials/letters were used: ‘F’ and ‘A’. The total

number of correctly generated words was summed across

both trials and represents the executive ability of establishing

and maintaining mental set as well as word retrieval flexibil-

ity. The Digit Symbol Subtest (DSST) of the Wechsler Adult

Intelligence Scale-Revised measures executive functioning

and information processing speed [24] by requiring the rapid

copying and encoding of symbols to numbers within a 90 s

period. The variable of interest is the total number of correctly

transcribed symbols during the time allotted.
2.4. Covariables

In addition to age, sex, and education (i.e., less than high

school, high school, greater than high school), we adjusted

for potential confounding variables including BMI, total

cholesterol, systolic blood pressure, and high sensitivity C-

reactive protein (hsCRP) as continuous variables, and smoking

status and language of test administration as binary variables

as outlined below.

Measures of weight (kg) and height (m) were used to esti-

mate BMI. Fasting total cholesterol and CRP levels were also

collected. Blood pressure was measured on the right arm

using an OMRON HEM-907 XL (Omron Healthcare, Inc., Lake

Forest, IL, USA) automatic sphygmomanometer with the par-

ticipant in a seated position and the arm resting. Three read-

ings were obtained at 1-minute intervals following a 5-minute

rest period with the average of the three systolic blood pres-

sure readings used as a covariate. Self-reported current pre-

sent or absent tobacco smoking was noted and information

was obtained on language preference for testing (Spanish or

English).



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 5 0 ( 2 0 1 9 ) 3 8 –4 7 41
2.5. Statistical analyses

All statistical analyses were conducted in STATA 15.1 and

accounted for the HCHS/SOL sample design (including sam-

pling weights) to allow appropriate generalization to the tar-

get population, cluster sampling, and stratification [25].

Descriptive statistics were compared for each hyperinsuline-

mia group (separately for clinically relevant and study-

specific) with formal comparisons carried out via overall

survey-adjusted Wald tests [26]. For continuous responses,

all means and prevalence estimates were calculated using

survey linear regression. Separate multivariable linear regres-

sions were used to adjust for potential confounders. Statisti-

cal significance was defined as p < 0.05 unless otherwise

noted as 95% confidence intervals (CIs).

Cognitive outcomes were deemed normal based on Q-Q

plots and Kolmogorov-Smirnov testing [27]. For each cognitive

outcome (B-SEVLT learning and memory, Verbal Fluency, and

DSST performance), we fit a survey linear regression model

using HOMA-IR as a continuous variable adjusting for age,

sex, education, BMI, total cholesterol, systolic blood pressure,

CRP, smoking status, and language of test administration. In

order to determine whether age (as a continuous variable)

was an effect modifier, we ran a second model adding the

interaction term age*HOMA-IR. HOMA-IR was log 2 trans-

formed, i.e., log2(HOMA-IR), to approximate symmetry of the

distribution and improve model fit [28,29], thus beta weights

reflect the effect of doubling HOMA-IR on cognition. For each

outcome in survey linear regressions using hyperinsulinemia

group, we fit similar models as outlined above with hyperin-

sulinemia group (separately for clinically relevant and

study-specific) as the independent variable and with the

age*hyperinsulinemia group interaction term then added to

determine whether age was an effect modifier. Significance

for all analyses was set to p < 0.05. To aid the interpretation

of the interaction (where significant), we plotted cognitive test

scores for participants with and without hyperinsulinemia.

3. Results

Within our sample of 5987 individuals, the majority of indi-

viduals were from either a Mexican (31.7%) or Cuban (27.3%)

background. The mean and standard error for fasting insulin

was 86.12 ± 0.7 pmol/L while the mean and standard error for

HOMA-IR was 3.0 ± 0.0. Using this information for study-

specific cut-points, the 75th percentile for fasting insulin

was 102.8 pmol/L while the 75th percentile for HOMA-IR

was 3.6. As previously stated, the clinically derived cut points

for fasting insulin and HOMA-IR were 84.73 pmol/L and 2.6,

respectively.

3.1. Participant characteristics

Using clinically derived hyperinsulinemia criteria, there were

2,567 adults in the hyperinsulinemia group and 3,420 adults

with normal insulin levels. These groups were equivalent in

regards to age and education (Table 1) and did not differ in

terms of language preference for testing (�85% of both groups

preferred Spanish, p = 0.35). The hyperinsulinemia group
tended to have less women (Table 1) and had a significantly

lower proportion of current smokers (17.3% versus 22.8%,

p = 0.002).

When the hyperinsulinemia groups were defined using the

HCHS/SOL sample (i.e. 75th percentile of fasting insulin or

HOMA-IR), there were 1,570 adults with hyperinsulinemia

and 4,417 adults without hyperinsulinemia. These groups

did not differ in regards to age or education (Supplemental

Table 1). Like the clinically derived groups, �85% of both

groups preferred Spanish. Additionally, the hyperinsulinemia

group defined using the HCHS/SOL sample tended to have

less women (p = 0.07) when compared to the non-

hyperinsulinemia comparison group but groups did not differ

in terms of current smokers (18.4% and 21.2%, respectively).

Of the 5987 participants in this study, 90% were catego-

rized similarly, i.e., as either having (n = 1560) or not having

(3853) hyperinsulinemia regardless of the method used. Thus,

only 10% of our sample were classified differently based on

the different methods. All but 1 participant was categorized

as having hyperinsulinemia based on the clinically relevant

cut-points but categorized as not having hyperinsulinemia

using HCHS/SOL-derived cut-points. Given the degree of cate-

gorization overlap between methods, and the utility of abid-

ing by clinically relevant standards for hyperinsulinemia, we

report results for the clinically relevant approach only.

3.2. Cognitive test performance

3.2.1. Insulin resistance
Table 2 displays results for the association of log2(HOMA-IR)

as a continuous variable and all cognitive test variables. Age

significantly modified the association between log2(HOMA-

IR) and DSST performance [age*log2(HOMA-IR): b = 0.05

± 0.02, p = 0.02] after adjusting for covariates such that with

increasing age and higher insulin resistance came higher per-

formance. For ease of interpretation only, we plotted this cog-

nitive test score for participants with and without

hyperinsulinemia based on the magnitude of the difference

for individuals at the 25th percentile of age (i.e., Fig. 1A repre-

senting 350 participants at 49 years of age at testing) and the

75th percentile of age (i.e., Fig. 1B representing 197 partici-

pants at 61 years of age at testing). Fig. 1B shows that those

at the 75th percentile of age showed an association of higher

log2(HOMA-IR) levels with higher DSST scores while those at

the 25th percentile of age (Fig. 1A) did not. log2(HOMA-IR)

was not significantly associated with any other cognitive test

score.

3.2.2. Clinically relevant hyperinsulinemia
For hyperinsulinemia groups defined using standardized cri-

teria (fasting insulin > 84.73 pmol/L or HOMA-IR > 2.6), there

was a significant age*group interaction associated with B-

SEVLT recall post-interference, i.e., memory (b = �0.02 ± 0.01,

p = 0.03) after controlling for covariates. Thus, age signifi-

cantly modified the association between clinically relevant

hyperinsulinemia status and memory such that with increas-

ing age came worse performance for individuals with hyper-

insulinemia compared to individuals without

hyperinsulinemia. For ease of interpretation only, differences

in average test scores for those with and without hyperinsu-



Table 1 – Entire sample characteristics and by clinically relevant hyperinsulinemia groups (hyperinsulinemia defined by fasting insulin > 84.73 pmol/L or HOMA-IR > 2.6).

All
N = 5987

Hyperinsulinemia group
n = 2567

Non-Hyperinsulinemia comparison group
n = 3420

p-value

Age (mean, confidence interval) 55.22
(54.89–55.55)

55.38
(54.90–55.88)

55.06
(54.59–55.53)

0.36

Sex (N, %)
Male 2205, 44.30% 973, 46.33% 1232, 42.74% 0.05
Female 3782, 55.70% 1594, 53.67% 2188, 57.26%

Education (N, %)
Less than high school 2369, 35.83% 1033, 37.01% 1336, 34.92% 0.36
High school degree or equivalent 1304, 21.59% 576, 21.96% 728, 21.31%
Some college, college graduate or above 2314, 42.58% 958, 41.03% 1356, 43.78%

Glycemic indicators (mean, confidence interval)
HOMA-IR 3.01

(2.95–3.07)
4.46
(4.35–4.58)

1.59
(1.56–1.61)

<0.0001

Glucose, mmol/L 96.41
(96.08–96.73)

99.42
(98.88–99.95)

93.44
(93.10–93.79)

<0.0001

HbA1C, mmol/mol [%] 37.87 (5.6)
[37.71–38.03, (5.6–5.6)]

38.53 (5.7)
[38.30–38.75, 5.6–5.7)]

37.23 (5.6)
[37.01–37.44, (5.5–5.6)]

<0.0001

Insulin, pmol/L 12.46
(12.24–12.69)

18.14
(17.70–18.60)

6.86
(6.75–6.98)

<0.0001

Post-OGTT glucose, mmol/L 125.24
(123.95–126.54)

133.17
(131.33–135.01)

117.42
(115.75–119.09)

<0.0001

Post-OGTT insulin, pmol/L 97.88
(95.20–100.55)

135.74
(130.62–140.86)

60.50
(58.53–62.47)

<0.0001

Cognition (mean, CI)
B-SEVLT total learning 22.96

(22.73–23.20)
22.80
(22.45–23.14)

23.13
(22.82–23.44)

0.15

B-SEVLT recall post-interference (Memory) 8.30
(8.19–8.40)

8.23
(8.08–8.38)

8.36
(8.22–8.50)

0.22

Verbal Fluency 18.90
(18.55–19.22)

18.73
(18.21–19.25)

19.04
(18.65–19.44)

0.32

Digit symbol Substitution Test 35.37
(34.76–36.00)

35.47
(34.65–36.30)

35.27
(34.47–36.08)

0.71

Note: Data presented in this table are weighted to account for the HCHS/SOL sample design including sampling weights allowing for appropriate generalization of our findings to the target

population, cluster sampling, and stratification.
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linemia are plotted at 5-year intervals of age. Only when par-

ticipants’ age moved into the sixth decade did those with

hyperinsulinemia begin to show divergence on B-SEVLT recall

post-interference (Fig. 2). Clinically relevant hyperinsulinemia

group status was not associated with any other cognitive test

score (Table 3).
4. Discussion

In this study, we investigated the relationship between insu-

lin resistance and hyperinsulinemia with cognition and its

variations by age in one of the largest studies of mid- to

late-life Hispanics/Latinos independent of diabetes. Among

diverse Hispanics/Latinos without diabetes, we found that

age modified the association between IR and executive func-

tioning/information processing speed. Thus, higher IR was

associated with better performance with advanced age in

our sample. Age also modified the association between hyper-

insulinemia status and B-SEVLTmemory performance. Unlike

the positive association seen between IR as a continuous vari-

able and cognition, however, advanced age coupled with

hyperinsulinemia status resulted in worse memory perfor-

mance compared to advanced age without hyperinsulinemia.

Although our sample is relatively young, our results suggest

that age modified the relationship between insulin resistance

and hyperinsulinemia with cognition and suggested differen-

tial associations to specific tests of cognition when consider-

ing insulin resistance as a continuous versus a categorical

variable.

Reasons for the differential associations of HOMA-IR and

hyperinsulinemia to specific tests of cognition with advanced

age may have several origins. First, associations of HOMA-IR

and hyperinsulinemia with higher executive functioning/

information processing speed versus lower memory perfor-

mance, respectively, may reflect the fact that our different

definitions of IR identified different populations of partici-

pants with distinct pathophysiology. Additionally, results

may also reflect the continuous versus dichotomous nature

of predictor variables used in this research. More specifically,

as individuals progress from IR to diabetes they lose beta cell

secretory capacity relative to glucose levels [30], which may

limit HOMA-IR scores. When taken as a continuous variable,

HOMA-IR in our sample without diabetes may reflect a

restricted range of scores and/or a score captured before suf-

ficient beta cell decline, i.e., when insulin secretion is still

maintained and insulin levels remain relatively high. Thus,

only when we dichotomized our sample (hyperinsulinemia

versus not) were we able to capture the detrimental relation-

ship between IR and cognition. Additionally, in a study that

included Hispanics/Latinos with and without diabetes [5],

only individuals within the highest insulin quartiles of cate-

gorization at baseline had a greater risk of developing Alzhei-

mer’s disease (AD) over time, namely learning and memory

deficits. Thus, the fact that higher HOMA-IR among older Lati-

nos was associated with better executive function/informa-

tion processing performance while hyperinsulinemia was

associated with worse memory may reflect distinctions in

acute versus chronic states of IR. Whereas chronic IR may

be harmful to brain and cognition, acute IR may enhance



Fig. 1 – Pictorial representation of the significant interaction of age*log2(HOMA-IR) for performance on the Digit Symbol

Substitution Test based on Model 2 which adjusted for age, sex, education, body mass index, total cholesterol, systolic blood

pressure, C-reactive protein, smoking status, and language of test administration. For ease of interpretation only, differences

in test score for those with and without hyperinsulinemia are based on the magnitude of the difference for individuals at (A)

the 25th percentile of age representing 350 participants at 49 years of age at testing, and (B) the 75th percentile of age

representing 197 participants at 61 years of age at testing . Blue banding represents 95% Confidence Intervals. (For

interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2 – Pictorial representation of the significant interaction

of age*group for clinically-relevant hyperinsulinemia and B-

SEVLT recall post-interference (memory) based on Model 2

which adjusted for age, sex, education, body mass index,

total cholesterol, systolic blood pressure, C-reactive protein,

smoking status, and language of test administration. For

ease of interpretation only, differences in average test scores

for those with and without hyperinsulinemia are plotted at

5-year intervals of age. Red bars represent 95% Confidence

Intervals. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version

of this article.)
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brain glucose supply [31] and benefit brain and cognition; a

finding that is supported across human and non-human pri-

mate studies [32]. Given the cross-sectional nature of our

work, we cannot determine whether the levels of IR and

hyperinsulinemia documented in our study reflect acute or

more chronic dysregulation; however, we are actively collect-

ing longitudinal data to investigate this issue further.

This study contributes to the literature on IR and hyperin-

sulinemia in Hispanics/Latinos in several ways. First, we

focused exclusively on a diverse group of Hispanics/Latinos

without diabetes. Thus, our study extends the small body of

literature investigating IR and cognition in Hispanics/Latinos

with and without diabetes by providing results independent

of diabetes. Additionally, while our results highlight the rela-

tionship between IR and attention/information processing

and memory, unlike other studies to date, our results suggest

that these relationships may differ based on the nature of the

IR metric used as well as age. Thus, a clinical implication of

our study may be that when clinicians consider the impact

of insulin resistance in adults approximately 60 years of age,

they should take into consideration level as well as threshold

criterion and query multiple domains of cognitive functioning

with a particular focus on learning and memory.

Additional clinical implications for our study surround the

investigation of hyperinsulinemia cut points for Hispanics/

Latinos of HCHS/SOL. Although measures of IR are thought

to vary based on population-specific characteristics [13], we

did not find evidence of large differences in participant cate-
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gorization between clinically relevant and study-specific cri-

terion. Clinically relevant criteria have a natural advantage

in terms of offering guidance for clinical translation and

applicability in other studies and populations. Thus, our work

in HCHS/SOL suggests that clinically relevant cut-points for

hyperinsulinemia already used in several other large-scale

cohort studies [9,14] also offer a valid approach to defining

hyperinsulinemia in Hispanics/Latinos.

Beyond the fact that this is a cross-sectional study, addi-

tional limitations should be noted when considering our

results. For example, there is variability in the literature

regarding thresholds for hyperinsulinemia that may stem

from several factors including sex, race/ethnicity, and cardio-

vascular disease risk factors [13]. While we attempted to

address these issues by investigating clinically relevant ver-

sus study-specific thresholds to define our hyperinsulinemia

groups and adjusting all analyses for sex, Hispanic/Latino

background, and comorbid cardiovascular disease risk fac-

tors, we may have unwittingly omitted other key, unmea-

sured confounders including other medical comorbidities

and sleep-related disorders. While our sample reflected a

wide age range (45–74 years), the sample as a whole may still

be considered quite young given the mean age for all partici-

pants fell within the 5th decade. Thus, the positive associa-

tions we observed between HOMA-IR and information

processing speed in our older adults may become a negative

association in adults of older ages. Lastly, given that the focus

of the HCHS/SOL study was cardiovascular in nature [16], our

cognitive testing was limited; however, it incorporated impor-

tant cognitive outcomes associated with aging including

learning, memory, and attention/executive functioning.

Despite these limitations, this study also had its strengths.

It represents one of the largest cohort studies of Hispanics/

Latinos from six distinct backgrounds and provides informa-

tion across a comprehensive panel of markers reflecting

glycemic dysfunction. Although additional longitudinal study

is needed to validate these findings and follow-up in partici-

pants with diabetes that includes an investigation of thera-

peutic regimes and stages of disease progression would

extend this work, investigating the relationship between IR

and cognition in Hispanics/Latinos without diagnosed dia-

betes may identify important health targets to consider when

discussing brain-behavior wellbeing in vulnerable

individuals.
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