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Abstract
Objectives:  To study the impact of diabetes on the long-term cognitive trajectories of older adults in 2 countries with dif-
ferent socioeconomic and health settings, and to determine whether this relationship differs by cognitive domains. This 
study uses Mexico and the United States to confirm if patterns hold in both populations, as these countries have similar 
diabetes prevalence but different socioeconomic conditions and diabetes-related mortality.
Methods:  Two nationally representative cohorts of adults aged 50 years or older are used: the Mexican Health and Aging 
Study for Mexico and the Health and Retirement Study for the United States, with sample sizes of 18,810 and 26,244 in-
dividuals, respectively, followed up for a period of 14 years. The outcome is cognition measured as a total composite score 
and by domain (memory and nonmemory). Mixed-effect linear models are used to test the effect of diabetes on cognition 
at 65 years old and over time in each country.
Results:  Diabetes is associated with lower cognition and nonmemory scores at baseline and over time in both countries. In 
Mexico, diabetes only predicts lower memory scores over time, whereas in the United States it only predicts lower memory 
scores at baseline. Women have higher total cognition and memory scores than men in both studies. The magnitude of the 
effect of diabetes on cognition is similar in both countries.
Discussion:  Despite the overall lower cognition in Mexico and different socioeconomic characteristics, the impact of dia-
betes on cognitive decline and the main risk and protective factors for poor cognition are similar in both countries.

Keywords:   Cognitive aging, Cross-cultural study, Longitudinal methods
  

The risk of cognitive decline increases with age. As the 
world population older than 60 years is expected to almost 
double from 12.3% in 2015 to 21.5% by 2050, cogni-
tive health has become a public health challenge (United 
Nations, 2015). By 2050, the number of people living with 
dementia is also expected to more than double, from 46.8 
million to 131.5 million people (Prince et al., 2015).

There is abundant population-level evidence that dia-
betes is associated with greater cognitive decline (Biessels 
et al., 2006; Cheng et al., 2012). Furthermore, there is evi-
dence that the micro- and macrovascular damage caused by 
hyperglycemia is associated with the brain infarctions and 
decreased blood flow to the brain that are present in vas-
cular dementia (McCrimmon et al., 2012); and that insulin 
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resistance is associated with the metabolism of β-amyloid 
plaques present in Alzheimer’s disease (Biessels et al., 2006).

Although there is established evidence that diabetes is 
associated with poorer cognition, it is important to inquire 
if this relationship differs depending on the socioeconomic 
and cultural context in which individuals age. This is be-
cause older adults with poor socioeconomic status (SES) 
across the life course are at a greater risk for poor cogni-
tion in later life (Everson-Rose et al., 2003; Singh-Manoux 
et al., 2005) and the burden of diabetes, especially diabetes-
related mortality and disease management are strongly re-
lated to the socioeconomic resources, education and access 
to care, which differ by setting.

Thus, we address the question: How universal is the im-
pact of diabetes on cognition in old age? One way to answer 
this question is to test this relationship in two countries. 
Two representative samples in different countries provide a 
natural experiment to assess if differences in the socioeco-
nomic and health context in which older adults lived over 
their life course affect this relationship.

Mexico and the United States are good examples of two 
countries to study this relationship. First, these countries 
have very different contexts. While they are geographically 
close, they differ in the current stages of the demographic 
and epidemiologic transition and in socioeconomic condi-
tions (He et  al., 2015). In Mexico, population aging oc-
curs at a faster pace than in the United States. In 2015, 
almost 7% of the Mexican population and 14.9% of the 
U.S. population were older than 65 years (He et al., 2015). 
However, while it took 69 years for the older adult pop-
ulation in the United States to double from 7% to 14%, 
projections show that it will take less than 35 years for the 
population in Mexico to do the same, reaching 18% by 
2050 (He et al., 2015).

In the United States, the slower and constant pace of 
aging was accompanied by social development. The slow 
demographic transition guaranteed time to structure pen-
sions and the health care system to better address the needs 
of older adults. In contrast, the health care system and pen-
sion system in Mexico are not as ready to accommodate 
a large and fast-growing older population. Furthermore, 
those in Mexico aged in a context of poor infrastructure 
for education (Organisation for Economic Cooperation 
and Development [OECD], 2013), and an increased burden 
of both chronic and infectious diseases that current older 
adults in the United States did not experience as they aged 
(Samper-Ternent et al., 2012).

Second, while diabetes prevalence in Mexico is sim-
ilar to that in the United States—nearly 25% in 2014 
(Centers for Disease Control and Prevention [CDC], 2014; 
Subsecretaría de Integración y Desarrollo del Sector Salud, 
2015), diabetes-related mortality is higher in Mexico. 
In Mexico, diabetes is the second leading cause of death 
with 86 deaths per 100,000 in 2017 (Instituto Nacional 
de Estadistica y Geografia [INEGI], 2018), whereas in the 
United States it is the seventh leading cause of death with 

21.5 per 100,000 in 2017 (Murphy et al., 2018). This dif-
ference in the diabetes burden may be associated with late 
diagnosis and poor disease management in Mexico, as only 
9.6% of adults aged 20 years and older with diabetes in 
Mexico reported having their HbA1C checked in the past 
year (Gutiérrez et  al., 2012), compared to 72.8% in the 
United States (CDC, 2015).

Given these contexts, we examine if the association be-
tween diabetes and cognition holds in both countries, al-
though the possible life course or current contextual factors 
that may contribute or explain the differences are beyond 
the scope of the article. The objective of this study was to 
examine the impact of diabetes on the cognitive trajectories 
of older adults in Mexico and the United States, and we ex-
plore if this relationship differs across cognitive domains. 
The first hypothesis is that diabetes will be associated with 
lower baseline cognition and a greater decline over time in 
both countries. The second hypothesis is that diabetes will 
be significantly associated with a steeper decline in both 
verbal memory and nonmemory in both countries.

The third hypothesis refers to the difference between 
Mexico and the United States in the strength of the associa-
tion between diabetes and cognitive decline. We expect that 
older Mexican adults will have steeper cognitive decline 
associated with diabetes compared to those in the United 
States. The diabetes burden in Mexico may negatively af-
fect the cognitive trajectory of older adults to a greater 
extent when compared with the United States. This is be-
cause relatively poor diabetes management in the Mexican 
population also increases vascular risk and the risk for 
diabetes-related comorbidities, adding to the risk of cogni-
tive decline in the presence of diabetes.

Method

Data Sets

The Health and Retirement Study (HRS) was used to study 
the United States. This is a nationally representative longi-
tudinal cohort of older Americans 50 years and older. The 
HRS has a comprehensive questionnaire that covers topics 
such as demographics, health conditions, cognition, disa-
bility, family structure and relationships, widowhood, and 
socioeconomic factors, among others. HRS participants 
have been followed up biannually since 1992. For this anal-
ysis, the 2000, 2002, 2012, and 2014 HRS waves were used 
in order to maximize comparability with the Mexican data. 
The response rates for these waves were 85.4%, 86.6%, 
89.6%, and 87.9%, respectively. The HRS adds a new co-
hort every 6 years. Thus, two cohorts were added between 
the waves selected: the early baby boomers in 2004, born 
1942–1947 and the mid baby boomers in 2010, born 1954–
1959 (Sonnega et al., 2014). The 2014 RAND HRS longi-
tudinal file was used in this study. This is a longitudinal file 
of the HRS merged and managed by RAND Corporation 
to facilitate data analysis and data set comparability with 
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other HRS sister studies. The RAND HRS fat files for each 
wave were used to add some variables that were not avail-
able in the longitudinal file (Bugliari et al., 2018).

The Mexican Health and Aging Study (MHAS) was 
used to study Mexico. This study is highly comparable to 
the HRS in its study design, sampling procedures, and ques-
tionnaire, making cross-national comparisons easier. The 
MHAS is a nationally representative longitudinal cohort 
of community-dwelling older Mexican adults 50 years and 
older. The cohort has been followed in 2001, 2003, 2012, 
and 2015. The response rate for each wave was 91.8%, 
93.3%, 88.1%, and 88.3%, respectively (INEGI, 2016; 
Wong et al., 2017). In 2012, a sample of 5,896 individuals 
born between 1952 and 1962 was added. All waves were 
used for this analysis.

Sample Selection Criteria

The sample was restricted to older adults 50 and older in the 
MHAS and in the HRS, with at least one direct interview, 
and at least one assessment of cognition and self-reported 
diabetes. Individuals who required a proxy interview at 
every wave were excluded because the cognitive measures 
in the proxy interview are not comparable with those in 
the direct interview. Furthermore, individuals living in a 
nursing home at the time of the interview were excluded 
from the sample. In the MHAS, individuals with all proxy 
interviews were on average 10 years older and were more 
likely to have lower levels of education, to self-report di-
abetes, and to be male. The proxy interviews in the HRS 
were similar to those in the MHAS. Participants living in 
nursing homes were older, less educated, and more likely to 
have diabetes than those living in the community.

The final sample size of individuals followed at least 
one time was 18,810 in the MHAS and 26,244 in the HRS. 
See Supplementary Appendix Figures 1 and 2 for sample 
selection criteria. Given that a complete case analysis was 
conducted for the longitudinal analysis, some observa-
tions that met the sample selection criteria were excluded 
from the longitudinal analysis as they were missing values 
for at least one covariate. The sample that was excluded 
comprised 179 individuals (who contributed 630 obser-
vations over time) in the HRS and 281 individuals (who 
contributed 1,057 observations over time) in the MHAS. 
In the HRS, those missing did not differ in diabetes status 
but had lower cognition than those who remained in the 
sample. In the MHAS, those missing were less likely to 
have diabetes but had lower cognition than those who re-
mained in the sample.

Dependent Variable

The outcome was cognition, measured in each wave by a 
total standardized cognition score and by two separate cog-
nitive domains (verbal memory and nonmemory) in each 

study. Cognitive domains are defined by a grouping of sev-
eral neuropsychologic tasks to assess cognitive function 
depending on the well-established brain function and skills 
they measure, such as orientation, registration, attention 
and calculation, recall, language, and visuospatial ability 
There is no specific number of tasks that comprise one do-
main, but one domain is composed of several tasks.

The cognitive assessments in both studies show good 
validity and reliability to measure cognitive impairment 
(Michaels-Obregon et  al., 2014; Ofstedal et  al., 2005). 
However, in the HRS, there is evidence that non-Hispanic 
whites (NHWs) perform the tests better than non-Hispanic 
blacks (NHBs) and Hispanics, and this difference needs to 
be considered when interpreting the results (Ofstedal et al., 
2005). Missing values and nonresponse for cognition have 
been imputed by the MHAS and HRS study groups. See 
Supplementary Appendix Table 1 for the description of the 
cognitive measures in the HRS and MHAS.

In the HRS, the total cognition score was calculated as 
the average of four standardized tasks measured with a 
modified version of the Telephone Interview for Cognitive 
Status: verbal learning, verbal recall, backward count, and 
serial 7s. The verbal memory domain score was calculated 
as the average of two standardized tasks: verbal learning 
and verbal recall. The nonmemory domain score was cal-
culated as the average of two standardized tasks: backward 
count and serial 7s scores.

In the MHAS, the total cognition score was calcu-
lated as the average of four standardized tasks measured 
with a modified version of the Cross-Cultural Cognitive 
Examination: verbal learning, verbal recall, visuospatial 
ability, and visual scanning. The verbal memory domain 
score was calculated as the average of two standardized 
tasks: verbal learning and verbal recall. The nonmemory 
domain score was calculated as the average of two stand-
ardized tasks: visuospatial ability and visual scanning.

In both countries, each task score was standardized due 
to different ranges of scores across tasks because some tasks 
would contribute more to the overall score than others, and 
a lower score in a larger-score task would mean an overall 
lower cognitive score. Furthermore, the ranges of scores 
would be different between data sets. Tasks were standard-
ized using the sample mean and standard deviation, so that 
each task had the same weight to the total cognition score, 
following other studies with a compositive cognitive score 
(Kaffashian et al., 2013; Wilson et al., 2015).

Independent Variables

Time-varying self-reported diabetes status was the main in-
dependent variable in both studies. Respondents in both 
studies were asked: “Has a doctor or other medical pro-
fessional ever/in the past two years told you that you have 
diabetes?” with answers being yes or no. However, in the 
MHAS, there were inconsistencies where individuals said 
they had diabetes in one wave and reported not having 
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diabetes in a subsequent wave. For this reason, individuals 
who said they had diabetes at least 2 times in the MHAS 
were considered as having diabetes. As underdiagnosis of 
diabetes is relatively high (nearly 18% in a subsample of 
the MHAS 2012; Kumar et al., 2016), we believe that those 
who said they had diabetes at least 2 times are likely to in-
deed have diabetes. This recording was only done for a con-
ceptual reason, as a sensitivity analysis revealed that there 
were no differences in the longitudinal results whether the 
original diabetes variable or the recorded one was used.

Covariates

Demographic covariates common to both data sets included 
age and marital status (married, widowed, and other) as 
time-varying variables and baseline sex. Socioeconomic 
covariates included insurance status (uninsured and in-
sured) as a time-varying variable and baseline years of ed-
ucation. Health covariates included time-varying chronic 
diseases such as self-reported stroke, hypertension, and 
high depressive symptoms. High depressive symptoms 
were defined as five or more depressive symptoms in the 
MHAS or four or more depressive symptoms in the HRS; 
self-reported height and weight for body mass index (BMI: 
obese if BMI ≥30, not obese if BMI <30); and visits to 
the doctor in the previous 2  years (yes, no). Death (yes, 
no) and loss to follow-up not due to death (yes, no) were 
also included as time-varying covariates. We used the BMI 
values imputed by the MHAS study group to minimize 
missing values.

Data set-specific covariates were included to capture 
additional sources of heterogeneity and socioeconomic 
or health disparities that are specific to each country. In 
Mexico, one of the main factors associated with inequal-
ities is differences between rural and urban areas, thus in 
the country-specific analysis for Mexico, a time-varying 
variable measuring locality size was included to account 
for these differences (less urban [population <100,000] or 
more urban [population ≥100,000]). In the HRS, rural/
urban differences are not as pronounced and one of the 
main sources of disparities occur by race/ethnicity. On the 
other hand, race/ethnicity is not a factor for heterogeneity 
in Mexico, and the MHAS does not measure ethnic differ-
ences. Thus, baseline race/ethnicity was included as an ad-
ditional covariate for the United States to account for these 
differences (NHB, NHW, and Hispanic).

Statistical Analysis

Baseline analysis
Baseline data from MHAS 2001 and HRS 2000 were 
pooled, and weighted baseline characteristics were com-
pared between data sets using a chi-square test. This was 
the only pooled analysis conducted in this study. Cognition 
was not compared directly between data sets in any of the 

data analyses because the cognition score can not be fully 
harmonized due to differences in the mode of interview 
and cognitive measures included in each study. We instead 
test the same association within each country. Results were 
weighted using survey weights provided by the MHAS and 
HRS to account for each country’s sampling design (in-
cluding stratum and cluster differences in the HRS).

Longitudinal analysis
Unweighted mixed-effects linear regression was used to 
model the association between self-reported diabetes and 
cognitive trajectory in each country. This analysis accounts 
for within-person variation over time and between-person 
variations. Age, centered at 65 years old, was defined as the 
time variable because most cognitive decline occurs after 
this age (Rabe-Hesketh & Skrondal, 2012). All models in-
cluded a random intercept and random slope for age, and 
the covariance matrix was unstructured.

First, similar models were fit for the MHAS and the HRS, 
including common demographic and health covariates 
available in both studies. These models were conducted 
for the total standardized cognition score and by domain. 
The models included all main effects and the interaction 
between diabetes and age, in order to determine the annual 
change in the cognitive score by diabetes status.

Because the cognition score is a standardized variable 
(z-score), the range of scores is very low and the coeffi-
cients appear to be very small. Thus, in order to better in-
terpret the relative magnitude of the effect of diabetes on 
cognition in each country, predictive margins of cognition 
were estimated, holding the other covariates at their means. 
These estimates were re-scaled to express the effect of dia-
betes on cognition in terms of the equivalent years of edu-
cation. This did not change the results of the analysis but 
allowed us to reinterpret the effect of diabetes on cognition 
at 65 years old and over time.

Second, study-specific analyses were conducted using 
the total standardized cognition score, to examine the effect 
of locality size in the MHAS and race/ethnicity in the HRS. 
The MHAS model included all main effects and the three-
way interaction between locality size, diabetes, and age. 
The HRS models included all main effects and the three-
way interaction between race/ethnicity, diabetes, and age.

All analyses were conducted with STATA 14 (College 
Station, TX).

Results

Baseline Characteristics

Older adults in the HRS were more likely to be female 
and, on average, were 3.1  years older than those in the 
MHAS (Table 1). Those in the MHAS had, on average, a 
third the years of education of those in the HRS (4.00 years 
vs. 12.45 years, p < .001) and were almost 10 times more 
likely to be uninsured than those in the HRS (45.3% vs. 
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4.9%, p < .001). There was no difference in diabetes preva-
lence between the two samples, but those in the HRS were 
more likely to have two or more comorbidities (21.7% vs. 
18.3%, p < .001) and to have obesity (25.6% vs. 19.1%, 
respectively, p < .001). Older adults in the HRS were also 
more likely to say they had visited a doctor in the past 
2 years (93.9% vs. 63.2%, p < .001; Table 1). The other 
demographic and health characteristics were largely sim-
ilar in the two countries. In the MHAS, 53.6% of the older 
adults lived in less urban areas. In the HRS, 9.3% of older 
adults were NHB and only 6.5% were Hispanic.

Longitudinal Analysis

In the MHAS, those with diabetes had a significantly lower 
total standardized cognition score at 65 years old compared 

to those without diabetes (β: −0.03, 95% confidence in-
terval [CI]: −0.05 to −0.02). Diabetes was also associated 
with a significantly greater decline over time in the total 
standardized cognition score (β: −0.004, 95% CI: −0.01 
to −0.002; Table 2). The analysis by domain showed that, 
at 65 years old, diabetes was only associated with lower 
scores in the nonmemory domain (β: −0.05, 95% CI: −0.06 
to −0.03). However, over time, diabetes predicted lower 
scores in both the verbal memory and nonmemory domains 
(β: −0.004, 95% CI: −0.01 to −0.002 and β: −0.004, 95% 
CI: −0.01 to −0.002, respectively; Table 2).

Old age and having comorbidities such as stroke and 
high depressive symptoms were associated with lower cog-
nition scores across the three outcomes (total cognition and 
both domains). On the other hand, having more years of 
education and health insurance, as well as having obesity 
were associated with higher cognition scores across the 

Table 1.  Comparison of Baseline Demographic and Health Characteristics Between the 2001 Mexican Health and Aging Study 
and the 2000 Health and Retirement Study

MHAS 2001 (N = 13,186) HRS 2000 (N = 16,661) p Valuea

Sex (%)
  Male 44.4 47.0 .001
  Female 55.6 53.0  
Age, mean (SD) 62.4 (14.6) 65.5 (8.2) <.001
Marital status (%)
  Married/partner 67.0 65.5 .02
  Widowed 19.0 18.4  
  Other 14.0 16.1  
Years of education, mean (SD) 4.00 (6.5) 12.45 (2.6) <.001
Insurance status (%)
  Uninsured 45.4 4.9 <.001
  Insured 54.6 95.1  
Diabetes (%)
  No 87.0 87.1 .9
  Yes 13.0 12.9  
Comorbidities (%)
  0 44.1 40.7 <.001
  1 37.5 37.6  
  2+ 18.3 21.7  
Body mass index (%)
  Not obese 80.9 74.4 <.001
  Obese 19.1 25.6  
Visited the doctor in the past 2 years (%)
  No 36.8 6.1 <.001
  Yes 63.2 93.9  
Place of residence, MHAS (%)
  Less urban 53.6 NA —
  More urban 46.4   
Race and ethnicity, HRS (%)
  Non-Hispanic white NA 84.2 —
  Non-Hispanic black  9.3  
  Hispanic  6.5  

Notes: HRS = Health and Retirement Study; MHAS = Mexican Health and Aging Study; SD = standard deviation. Results were weighted according to each 
country’s sampling design.
aDifference in the chi-square test between baseline waves of MHAS and HRS at α ≤ 0.05.
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three outcomes. Women were more likely to have higher 
cognition scores for total cognition and verbal memory, but 
lower nonmemory scores compared to men (Supplementary 
Appendix Table 2).

In the HRS, those with diabetes had a significantly lower 
total standardized cognition score at 65  years old com-
pared to those without diabetes (β: −0.05, 95% CI: −0.06 
to −0.04). Diabetes was also associated with a greater de-
cline over time (β: −0.002, 95% CI: −0.003 to −0.001; 
Table 2). The analysis by domain showed that diabetes was 
associated with lower scores in both the verbal memory 
and the nonmemory domains at 65  years old (β: −0.06, 
95% CI: −0.08 to −0.04 and β: −0.04, 95% CI: −0.06 to 
−0.03, respectively). However, the effect of diabetes over 
time was only significant for the nonmemory domain (β: 
−0.002, 95% CI: −0.004 to −0.0004; Table 2).

Old age and having comorbidities such as stroke, high 
depressive symptoms, and hypertension were also associ-
ated with lower cognition scores across the three outcomes 
in the HRS. The same was observed for being widowed or 
divorced/single compared to those married/in a civil union. 
Having more years of education, having obesity, and vis-
iting the doctor in the last 2  years were associated with 
higher cognition scores across the three outcomes in this 
data set. Women had higher scores than men in the total 
standardized cognition score and memory domain, but sig-
nificantly lower scores in the nonmemory domain. Health 
insurance was not significantly associated with any of the 
outcomes (Supplementary Appendix Table 3).

The impact of diabetes on the total standardized cog-
nition score at 65  years old, compared to those without 
diabetes, was equivalent to having 0.50 fewer years of 
education in Mexico and 0.60 fewer years in the United 

States (Figure 1). By age 80, the estimated effect of diabetes 
was equivalent to having 1.34 fewer years of education in 
Mexico and 0.99 fewer years of education in the United 
States (Figure 1).

Similar results were observed by domain. For the 
memory domain, at 65 years old, the effect of diabetes on 
cognition was equivalent to 0.35 fewer years of education 
in Mexico (although this effect was not statistically sig-
nificant) and 0.72 fewer years in the United States. By age 
80, the effect of diabetes on cognition was equivalent to 
having 1.25 fewer years of education in Mexico and 1.03 
fewer years of education in the United States (Figure 2). 
For the nonmemory domain, at 65 years old, the effect 
of diabetes on cognition was equivalent to having 0.65 
fewer years of education in Mexico and 0.58 fewer years 
in the United States. By age 80, the effect was equiva-
lent to having 1.38 fewer years of education in Mexico 
and 0.95 fewer years of education in the United States 
(Figure 3).

Country-specific analysis
The MHAS-specific analysis that included locality size 
showed that, at 65 years, those living in less urban areas 
had lower total cognition scores compared to those in 
more urban areas (β: −0.10, 95% CI: −0.11 to −0.08). 
This difference was also observed over time, where those 
living in less urban areas had steeper cognitive decline 
(β: −0.003, 95% CI: −0.004 to −0.001). The interaction 
with diabetes at 65 years old was not significant, but the 
three-way interaction between locality size, diabetes, and 
age was significant for those who lived in more urban 
areas. Those who lived in more urban areas and had di-
abetes had significantly less cognitive decline over time 

Table 2.  Linear Mixed-Effect Models for the Effect of Diabetes Status on Standardized Cognitive Scores, Total and by Domain, 
at Baseline and Over Time, Mexican Health and Aging Study and the Health and Retirement Study

Total cognition,  
β (95% CI) p Value

Verbal memory  
domain, β (95% CI) p Value

Nonmemory  
domain, β (95% CI) p Value

MHAS
Diabetes at 65 years old
  No Ref.  Ref.  Ref.  
  Yes −0.03 (−0.05 to −0.02) <.001 −0.02 (−0.04 to 0.002) .08 −0.05 (−0.06 to −0.03) <.001
Annual decline (Diabetes × Age)
  No diabetes Ref.  Ref.  Ref.  
  Yes diabetes −0.004 (−0.01 to −0.002) <.001 −0.004 (−0.01 to −0.002) <.001 −0.004 (−0.01 to −0.002) <.001
HRS
Diabetes at 65 years old
  No Ref.  Ref.  Ref.  
  Yes −0.05 (−0.06 to −0.04) <.001 −0.06 (−0.08 to −0.04) <.001 −0.04 (−0.06 to −0.03) <.001
Annual decline (Diabetes × Age)
  No diabetes Ref.  Ref.  Ref.  
  Yes diabetes −0.002 (−0.003 to −0.001) .002 −0.002 (−0.044 to 0.00) .06 −0.002 (−0.004 to −0.0004) .02

Notes: CI = confidence interval; HRS = Health and Retirement Study; MHAS = Mexican Health and Aging Study. Also adjusted for sex, age centered at 65 years 
old, marital status, education, insurance status, comorbidities, body mass index, physician visit, death, loss to follow-up, and study cohort. All models included a 
random intercept and random slope for age.
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compared to those who lived in the same locality size 
without diabetes (β: −0.005, 95% CI: −0.01 to −0.003; 
not reported in tables).

The HRS-specific analysis that included race and eth-
nicity showed that, at 65 years old, NHBs and Hispanics 
had significantly lower total standardized cognition 
scores compared to NHWs (β: −0.37, 95% CI: −0.39 
to −0.36 and β: −0.13, 95% CI: −0.16 to −0.11, re-
spectively). However, this difference was not significant 
over time. The interaction with diabetes at 65 years old 
showed that only Hispanics with diabetes had signifi-
cantly lower cognition scores compared to their coun-
terparts without diabetes. The three-way interaction 
between race and ethnicity, diabetes, and age was not 
significant (not reported in tables).

Discussion
In this cross-national longitudinal study, we assessed the 
impact of diabetes on the cognitive trajectories of older 
adults in Mexico and the United States. The first hypoth-
esis of our study was that diabetes was associated with 
lower total cognition scores at 65 years old and was also 

associated with a significant decline in total cognition over 
time in both countries. This first hypothesis was observed 
in our study. However, evidence for the second hypothesis 
that diabetes would be associated with both memory and 
nonmemory domains was mixed. Self-reported diabetes 
was associated with lower nonmemory scores at baseline 
and over time in both countries. However, results for the 
trajectory in the verbal memory domain were mixed. In 
Mexico, the effect of diabetes on the memory domain was 
not observed at 65 years old, whereas in the United States 
it was not observed over time. Despite the significant dif-
ference by diabetes status in the nonmemory domain, the 
overall magnitude of the decline independent of diabetes 
status is smaller compared to the memory domain, espe-
cially in the HRS.

The mixed evidence regarding the domain-specific ef-
fect of diabetes on cognitive function is consistent with 
previous evidence that diabetes is associated with both 
vascular dementia and Alzheimer’s disease mechanisms, 
and that most individuals have multiple symptoms, in-
cluding memory decline and decline in attention, execu-
tive function, and other nonmemory domains. Evidence 
from a longitudinal study with the HRS showed that self-
reported diabetes was associated with greater memory 
decline compared to those without diabetes, but this ef-
fect was not significant after including Hemoglobin A1c 
levels in the model (Marden et al., 2017). At the same 
time, another longitudinal study in Sweden showed that 
diabetes was not associated with memory decline over 
time, but was associated with significant decline in verbal 
abilities and perceptual speed domains (Marseglia et al., 
2018). 

Most of the previous population-based evidence shows 
that diabetes is more strongly associated with symptoms 
of vascular dementia than Alzheimer’s disease (Cheng 
et al., 2012). The stronger relationship of diabetes with 
vascular dementia can be explained by the important 
micro- and macrovascular damage caused by diabetes 
that directly affects the brain, increasing the likelihood 
of other cerebrovascular diseases such as stroke (Biessels 
et al., 2006; Cheng et al., 2012). It is important to note 
that, although we denoted this domain as nonmemory 
in both countries, the specific tasks included in the two 
studies are different. In the HRS, the nonmemory tasks 
measure complex attention, working memory, and proc-
essing speed, whereas, in the MHAS, these tasks are more 
related to attention and visuospatial ability. Yet, all are 
nonmemory in nature.

The third hypothesis of our study referred to the dif-
ference in the strength of the association between diabetes 
and cognitive decline in Mexico and the United States. 
We hypothesized that older Mexican adults would have 
a steeper cognitive decline associated with diabetes com-
pared to those in the United States. Our results showed that 
despite the socioeconomic and health differences between 
the United States and Mexico, the magnitude of the effect 

Figure 1.  The effect of diabetes status on total cognition score in terms 
of years of education, Mexican Health and Aging Study (MHAS), and 
the Health and Retirement Study (HRS).
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of diabetes on the cognition score appears to be similar in 
both studies, although the data sets were not statistically 
compared at this level. However, the apparently similar re-
sults have different implications when considered in terms 
of mean years of education. At first, the magnitude of the 
diabetes effect in the equivalent number of education years 
described above seems similar between countries (1.34 
fewer years of education in Mexico and 0.99 fewer years 
of education in the United States at age 80 for total cogni-
tion). However, in Mexico, the education mean at baseline 
is 4.00 years of education (SD: 6.5), whereas in the United 
States it is 12.45 years (SD: 2.6), demonstrating that losing 
an equivalent 1.34 years of education in Mexico may mean 
relatively more than the 0.99 years in the United States.

Furthermore, the relative magnitude of the effect of di-
abetes on cognition in both studies is considerable. At age 
65, the effect of having diabetes on total cognition (vs. not 
having diabetes) was equivalent to losing near half a year 
of education in both studies (fewer 0.5 years in the MHAS 
and 0.6 in the HRS). The relative magnitude of this effect 
was a quarter of the effect of stroke (equivalent to fewer 
2.1 years of education in the MHAS and the HRS) and half 
the effect of high depressive symptoms (equivalent to fewer 

1.1 years of education in the MHAS and 1.5 years in the 
HRS). Given the high prevalence of diabetes in both sam-
ples compared to the other chronic diseases and the consist-
ency of the results, we consider that the magnitude of the 
effect of diabetes on cognition is substantial.

Although the magnitude of the association between di-
abetes and cognition appears to be similar in both studies, 
there are important differences in age trajectories in this 
association between data sets. In the MHAS, the magnitude 
of the association appeared to be weaker at 65 years old 
compared to the HRS, but stronger over time. This differ-
ence is likely driven by the domain differences, because the 
effect of diabetes on the memory domain in the MHAS is 
not significant at 65 years old whereas in the United States 
it is not significant over time.

Furthermore, the overall cognitive decline seems to be 
steeper in the MHAS, independent of diabetes, although 
the data sets were not statistically compared at this level 
as seen in Figures 1–3. The steeper decline in cognition 
across domains in the MHAS may be associated with 

Figure 3.  The effect of diabetes status on the nonmemory domain in 
terms of years of education, Mexican Health and Aging Study (MHAS), 
and the Health and Retirement Study (HRS).

Figures footnote: All figures are predictive margins in terms of years of educa-
tion, based on results from Table 2 for MHAS and HRS. All results are adjusted for 
covariates included in those models.

Figure 2.  The effect of diabetes status on the verbal memory domain in 
terms of years of education, Mexican Health and Aging Study (MHAS), 
and the Health and Retirement Study (HRS).
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poor socioeconomic conditions accumulated through the 
life course, especially in education and access to health 
care services. As indicated by the cross-national com-
parison at baseline, older adults in Mexico had a sim-
ilar prevalence of diabetes as those in the United States 
but presented different socioeconomic contexts, with 3 
times lower education and almost 10 times more unin-
sured than in the United States. Even though there were 
important changes in the Mexican health care system in 
the early 2000s, older adults in Mexico still had a lower 
proportion of health insurance in the later waves of the 
data. Several studies have found that early-life conditions 
affect late-life cognition, and this relationship is medi-
ated by socioeconomic characteristics (e.g., education) in 
adult life (Singh-Manoux et al., 2005). Furthermore, a cu-
mulative high SES was associated with higher cognitive 
function over time (Lyu & Burr, 2016), which can explain 
the overall better cognition among older U.S. adults. It is 
important to note that these results were likely observed 
because we accounted for the differential survival in both 
studies. Although older adults in Mexico are more likely 
to experience healthy survivor bias than those in the 
United States because many have survived poor socioeco-
nomic and health conditions in childhood and middle age 
than older adults in the United States, we accounted for 
this bias adjusting for all death or loss to follow-up in the 
study period.

The results also showed that the main risk factors and 
protective factors for cognitive health are consistent for 
both data sets. The main risk factors for poor cognition 
were reporting a stroke or having depressive symptoms, 
while the main protective factors for poor cognition were 
having more years of education, having health insurance in 
the MHAS, having obesity, and visiting the doctor.

A sensitivity analysis to test the effect of obesity over 
time was also significant in both countries. This result is 
similar to others observed in the U.S.  population (Langa 
et al., 2017). While some evidence shows that obesity in late 
life may be protective for poor cognition, and that obesity 
in middle age is associated with greater risk of poor cogni-
tion (Fitzpatrick et al., 2009; Tolppanen et al., 2014), this 
apparent protective effect may be due to a healthy survival 
bias because those with obesity in middle life are less likely 
to survive to old age. Thus, obese individuals who survive 
to old age could be selected for better cognitive function.

There were important sex differences associated with 
cognition across domains that were similar in both studies. 
In the unadjusted results, women in both countries were 
more likely to have higher mean total cognition scores than 
men. The same was observed in the longitudinal analysis 
for total cognition and the memory domain. However, in 
both studies, women had lower scores than men in the 
nonmemory domain. The sex differences observed in this 
study have also been observed in other studies with the 
MHAS, where women show higher adjusted cognition 
scores in the tasks of verbal learning and recall (which we 

used to calculate the memory domain), but lower scores in 
the other tasks, including visual scanning and visuospatial 
ability (Díaz-Venegas et al., 2019). However, another study 
using several tasks showed that women are more likely to 
have dementia (Mejia-Arango & Gutierrez, 2011). In the 
HRS, the evidence for sex differences on cognition is not 
as clear. Several studies measuring dementia and cogni-
tive impairment no dementia did not find a sex difference 
(Langa et al., 2017), but one study showed women were 
less likely to have cognitive impairment than men (Langa 
et al., 2008).

The country-specific analysis for Mexico showed that 
participants who lived in less urban areas had the lowest 
cognition scores at 65 years old. Their decline was also sig-
nificantly steeper over time. However, the difference by di-
abetes over time was observed only for those who lived 
in more urban areas. Although these results are adjusted 
by socioeconomic and health characteristics that could ex-
plain the differences by locality size, this coefficient is still 
significant at 65 years old. Other studies using the MHAS 
have shown that locality size is strongly associated with 
disparities in cognition, even after adjusting for factors 
such as insurance status and education (Saenz et al., 2018).

The country-specific analysis for the United States 
showed that NHBs and Hispanics have lower cognitive 
scores than NHWs at 65  years old. However, there was 
no difference in the trajectory of cognitive decline by race 
and ethnicity. The poorer cognitive status of NHBs and 
Hispanics compared to NHWs is commonly observed in 
the literature, and the difference is mainly associated with 
differences in education (Díaz-Venegas et al., 2016; Mehta 
et al., 2004). Previous studies also show that the baseline 
differences by race and ethnicity tend to be greater than 
the cognitive decline over time (Gross et al., 2015). Despite 
the consistencies of these results, it is important to note 
that the greater cognitive function of NHWs may also be 
related to their ability to perform better in the cognitive as-
sessments than NHBs and Hispanics due to higher educa-
tion levels, as described in the Method section.

One of the limitations of our analyses is our inability to 
directly compare the measures of cognitive functioning be-
tween the two countries. This was not possible due to con-
ceptual differences in the mode of interview, differences in 
survey protocols used, and an overall different number and 
type of questions between data sets. Nevertheless, this study 
is the first to identify whether the relationship between di-
abetes and cognition was present at 65 years old and over 
time in two countries with different aging contexts and to 
determine the magnitude of the association in both coun-
tries. Another limitation, especially in the MHAS, is the 
study gap between 2003 and 2012, and the self-reported di-
agnosis of diabetes, which can introduce bias due to incon-
sistencies across waves. However, we minimized this bias by 
adopting the correction that those who reported diabetes 
at least 2 times were likely to be diagnosed with diabetes. 
Furthermore, the exclusion of respondents with all proxy 
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interviews is a limitation because these individuals may be 
more likely to be cognitively impaired. This group could 
not be included in the study because they do not receive 
the same cognitive assessment. Future studies can address 
this limitation by developing harmonized algorithms to cat-
egorize cognitive status in studies such as the HRS and the 
MHAS to include proxy and direct measures of cognition.

In conclusion, this study demonstrated that diabetes 
negatively affects the long-term cognitive trajectory of 
older adults in both Mexico and the United States, using 
large, nationally representative samples of community-
dwelling older adults. The impact of diabetes was clearer 
for the trajectory of the nonmemory domain in both 
countries. Although the overall decline in cognition was 
steeper in Mexico, the difference in cognitive decline be-
tween those with and without diabetes was similar in both 
countries.

One of the policy implications of this study is that 
context-specific cognitive trajectories shown by this ap-
proach help identify factors that are common to both 
populations, and factors that vary across these two soci-
eties, pointing to specific and relevant ways to intervene in 
diabetes care and specific subpopulations to target to delay 
cognitive decline. Furthermore, an important contribution 
of this study is the methodological frame that others can 
adapt for cross-national comparisons of cognitive aging or 
other health outcomes.

The regularity of our findings helps us come closer to 
speculate that these patterns may be universal, regardless of 
the socioeconomic and life course differences experienced 
by populations of older adults in different countries. We 
caution, however, that more research with cross-national 
comparisons is needed to continue to advance our knowl-
edge of global aging patterns.
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