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Abstract
Objectives—We investigated the impact of polymorphisms in key renin angiotensin system
genes on the association between angiotensin converting enzyme inhibitors (ACEINH) exposure
and global and executive cognitive function in the Health, Aging and Body Composition study.

Design—Cohort study.

Setting—Community-based
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Participants—3,075 participants: mean age: 73.6 years, 58% Caucasian, 52% women, 15% on
ACEINH, 8 years of follow-up.

Measurements—The phenotypes were longitudinal change in Executive Clock Draw test-1
(CLOX1), the Digit Symbol Substitution test, and the Modified Mini Mental Status Examination.
The genetic polymorphisms included the angiotensin converting enzyme insertion deletion
(ACEID) in the angiotensin converting enzyme gene and the M235T and 6AG polymorphisms in
the angiotensinogen gene (AGT).

Results—The 6AG and M235T polymorphisms in AGT had significant interaction with
ACEINH exposure on the longitudinal change in CLOX1 scores in Caucasian participants (p=0.01
for both polymorphisms) independent of blood pressure levels. Specifically, ACEINH exposure
was protective against CLOX1 score decline in carriers of the AA genotype of the 6AG and the
CC genotype of the M235T (p-value for the ACEINH vs non-ACEINH groups =0.01 for 6AG and
0.005 for M235T) but not the other genotypes. These associations were not significant with other
cognitive tests, with ACEID, or in African Americans.

Conclusion—ACEINH may provide a protective effect on executive function in Caucasians
with AGT polymorphisms known to be associated with increased renin angiotensin system
activity. If confirmed in a pharmacogenetic trial, ACEINH may have additional cognitive
protection in a select group of elderly individuals.
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Introduction
Animal studies suggest that angiotensin converting enzyme inhibitors (ACEINH) may have
a protective effect on cognition.[1,2] In humans, this effect of ACEINH is controversial. In
the Perindopril Protection Against Recurrent Stroke Study (PROGRESS), ACEINH reduced
the risk of incident cognitive impairment in those with a previous history of stroke.[3] In
contrast in the Hypertension in the Very Elderly Trial, treatment with an ACEINH based
regimen in the very old had no effect on dementia risk or cognitive decline.[4] We have
previously reported an association between ACEINH exposure and improved working
memory and diminished functional decline in Alzheimer's Disease patients.[5] These
inconsistent findings may be attributable to genetic variations that impact the cognitive
outcomes of ACEINH.

Of the various genes in the renin angiotensin system, two key genes have been associated
with renin angiotensin system activity. These include the angiotensinogen gene (AGT),
which codes the angiotensinogen protein, and the angiotensin converting enzyme gene
(ACE), which codes the angiotensin converting enzyme protein. Both proteins are involved
in angiotensin II production; the major factor in this system with wide vascular and
neurological effects in the brain.[6] In the ACE gene, the ACEID is an insertion or deletion
of 287 base pairs of DNA fragments in intron 16. The DD genotype is associated with
higher levels of plasma ACE.[7] The M235T polymorphism is a nucleotide change of
thymine (T) to cytosine (C) in the second exon of the AGT gene. The C allele leads to an
amino acid change from methionine to threonine at position 235.[8] The 6AG polymorphism
is a nucleotide change of guanine (G) to adenine (A) in the promoter region of the AGT
gene.[9] The A allele of the 6AG and the C allele (or the threonine amino acid) of the
M235T polymorphisms are associated with higher angiotensinogen levels and possibly
higher renin angiotensin system activity.[10] All three polymorphisms may be associated
with cardiovascular outcomes and may modify the vascular response to ACEINH.[11] It is
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not known if this is also true for cognitive function outcomes of ACEINH. To our
knowledge, no prior study has examined the role of these polymorphisms in modifying the
cognitive outcomes of ACEINH treatment.

Seniors suffering from executive function impairments have significant difficulties in
following medical advice and are more likely to develop disability.[12] Executive function
exhibits close to 40% heritability according to the Aging Male Twin Study[13] and is the
domain of cognitive function most vulnerable to the effects of hypertension.[14] Since renin
angiotensin system is involved in cognitive function and hypertension, we hypothesized that
polymorphisms in key genes that affect the renin angiotensin system activity may modify
the executive function outcome related to ACEINH exposure.

Therefore, our objective was to investigate if the polymorphisms in the ACE (ACEID) and
AGT (6AG and M235T) genes modify the effect of ACEINH on global and executive
cognitive function decline in elderly participants in the Health, Aging and Body
Composition (Health ABC) study.

Methods
Sample

Health ABC is a prospective community-based study of 3,075 well-functioning cognitively
intact elderly participants (70-79 years) recruited between 1997 and 1998. We used follow-
up data through year 8 (2005-2006) for this analysis. Health ABC participants were
recruited from a random sample of Caucasian and African American Medicare-eligible
adults living in selected ZIP code areas in Pittsburgh, PA and Memphis, TN. “Well-
functioning” was defined as: self-report of no difficulty in walking a quarter of a mile,
walking up 10 steps, getting in and out of bed or chairs, bathing, dressing, or eating, no need
to use a cane or other assistive device, and being free of any life threatening illness. Of the
sample, 42% were African American and 52% were women. For this analysis, we only
included those with genotype data (141 to 144 had no usable genotype data depending on
the polymorphism). By year eight, 97% of the sample was still enrolled or had known vital
status.

Measures
The examiner-administered interview ascertained demographic characteristics (age, sex,
education and race), health habits (smoking and alcohol use) and self-reported physical
activity (weekly estimated energy expenditure from exercise and physical activity). Blood
pressure recordings (sitting after 5 minute rest) were performed twice using a mercury
sphygmomanometer. We used the average systolic and diastolic blood pressures measured
during each examination for this analysis. Weight (balance beam scale), height
(stadiometer), and radial pulse were also obtained. Information on prevalent and incident
health conditions was collected by self-report. The diagnoses of heart failure, hypertension,
diabetes, and coronary artery disease were based on history, exam findings and medication
use. Current medication data were collected using an inventory and included all prescription
and non-prescription drugs taken in the last two weeks. The data were then coded according
to the Iowa Drug Information System (IDIS) (ACEINH IDIS code 24080200). Drug data
were available for years 1, 2, 3, 5, 6, and 8.

For this study we used three cognitive tests administered during at least three waves of data
collection. Executive function was assessed during years 3, 5 and 8 using the executive
clock drawing test part 1 (CLOX1); where the subject draws a clock in response to the
examiner's request. [15] The Digit Symbol Substitution test (DSST) is a sub-test from the
Wechsler Adult Intelligence Scale (Wechsler, 1955) that requires timed recording of digits
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and symbol. It measures attention, perceptual speed, motor speed, visual scanning and
memory.[16] DSST was performed in years 1, 5 and 8. The Modified Mini Mental Status
Examination (3MSE) was performed in years 1, 3, 5 and 8 to assess global cognitive
function. This test was developed by Teng et al. and is based on the original Mini-Mental-
Status-Examination with an expanded 100-point score to provide a lower floor and a higher
test ceiling. [17]

Genotyping
Blood samples for genetic analysis were collected at baseline. Genotyping was conducted
using high-throughput matrix-assisted laser desorption time-of-flight mass spectrometry
utilizing the MassEXTEND reaction (Sequenom). Polymerase chain reaction primers and
extension primers were synthesized at BioServe.

The ACEID polymorphism was detected using polymerase chain reaction (PCR)
amplification with visualization on 2% agarose gel electrophoresis. The sense-antisense
primers were 5′-CTGGAGACCACTCCCATCCTTTCT-3′ AND 5′-GATGTGGCCTCA
CATTCGTCAGA-3′, respectively. The PCR results were independently evaluated by two
technicians. The heterozygous samples were re-amplified with a more specific primer that
detects the insertion polymorphism. The AGT polymorphisms were genotyped using
MassArray system (sequonom). Polymerase chain reactions were synthesized at Qiagen.
Apolipoprotein (APOE) genotyping was also performed using PCR. Admixture data and
European ancestry estimates for 1237 of the African American participants in Health ABC
were analyzed using highly informative 1536 single nucleotide polymorphism on an
Illumina platform. [18]

Statistical analysis
We conducted Hardy-Weinberg Equilibrium testing in both Caucasians and African
Americans using SAS/Genetics (®Cary, NC). We identified a significant difference in allele
frequencies and cognitive scores between the two racial groups and hence all analyses were
conducted stratified by race. We used Mixed Models (proc mixed) for correlated repeated
measures of both the outcomes and the covariates to test our hypotheses. Our phenotypes
were longitudinal change in cognitive test scores (CLOX1, 3MSE, DSST) measured serially.
CLOX1 and 3MSE were not normally distributed so we used a log transformation to render
their distribution closer to normality. We used analysis of variance (ANOVA) to compare
baseline cognitive scores between the three genotypes of the polymorphisms using data from
year one for the 3MSE and DSST phenotypes and year three for the CLOX1. We used
Mixed Models for repeated measures to identify the presence of significant gene by
ACEINH interaction by including a gene × ACEINH term in the multivariate model. We
then used the least square means obtained form these models to compare the change during
the follow-up period in the cognitive scores between those on vs not on ACEINH in the
three genotypes at each polymorphism. We report the % change in cognitive score over the
study period as the least square mean of the cognitive score at last measurement-baseline
measurement/baseline measurement. In addition, in our online supplement we report the
least square mean score during the multiple measurement waves. All models were adjusted
for baseline cognitive score, age, sex, educational level, systolic blood pressure (mean of
two readings), BMI, diabetes mellitus, stroke (prevalent and incident), antihypertensives
(other than ACEINH), and APOE haplotypes. In the analysis of the African American
participants European ancestry percentage was included to minimize the effect of admixture.
We modeled the covariates (age, BMI, blood pressure, diabetes, stroke and use of
antihypertensives) as time-dependent measures.
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Because the participant cognitive function may affect both prescribing ACEINH and the rate
of cognitive decline, we performed additional analyses excluding those with low CLOX1
scores defined as less than 10 at baseline; which has been shown to be a sensitive threshold
for executive dysfunction.[15]

Since participants may have started and stopped ACEINH during the study period, we
included the ACEINH exposure as a time-dependent variable in the Mixed Models. In
addition, we calculated the number of visits a participant was using ACEINH and compared
this indicator between genotypes using ANOVA. There was no difference in this ACEINH
indicator by genotypes of the three polymorphisms. We addressed multiple testing by using
a Bonferroni correction for the three loci. A p-value less than 0.05/3=0.016, indicated
statistical significance.

Results
Sample

Of the 3,075 participants (mean age: 73.6 ± 0.1 years) in the Health ABC study, 58% were
Caucasian, 52% were women, and 15% were receiving ACEINH. Of those, 2931 to 2974
had genotyping data, depending on the polymorphism. All polymorphisms were in HWE.
Online Table-A provides the allele distribution of the three polymorphisms. Allele
frequencies for the AGT polymorphisms were different between the two racial groups.
African Americans had greater frequency of the CC genotype of the M235T polymorphism
and AA of the 6AG polymorphism. Use of ACEINH increased from 15% at baseline to 19%
at year five and 27% at year eight although the absolute number of participants on ACEINH
did not significantly change. In those who were using ACEINH at baseline, the median
duration of use was four years and in those who started after the initial visit it was two years.
There was no significant difference in ACEINH exposure by any of the polymorphisms
(p=0.519 for ACEID, 0.160 for M235T and 0.119 for 6AG polymorphisms).

Table 1 provides the main characteristics of the overall sample, Caucasians and African
Americans. Online Table B provides the main characteristics of those who were exposed
and not exposed to ACEINH. Those exposed to ACEINH were more likely to be African
American and have higher BMI, lower education, hypertension, diabetes and congestive
heart failure.

At baseline, there was no interaction between the genetic polymorphisms and ACEINH
exposure in either racial group. (Table 2) However, longitudinally, both 6AG and M235T
polymorphisms had significant interactions with ACEINH exposure on the change in
CLOX1 scores in Caucasian participants (p=0.01 for 6AG and 0.01 for M235T after
adjusting for age, sex, BMI, educational level, systolic blood pressure, stroke, APOE
haplotypes, diabetes, baseline CLOX1 scores, and exposure to other high blood pressure
medications). (Table 3) We describe the details of these interactions below.

As shown in Figure 1-A, CLOX1 score showed no decline over the follow-up period in
those with the AA allele who were exposed to ACEINH compared to those not exposed
(p=0.01 for the ACEINH vs non-ACEINH groups after adjusting for covariates within the
AA genotype). This remained true after excluding those with low CLOX1 score at baseline
(p=0.01). In the heterozygous AG carriers, this was only true after excluding those with
baseline low CLOX1 scores (p=0.15 vs p=0.01 after excluding those with baseline low
CLOX1 scores within the AG genotype). There was no difference in CLOX1 score change
by ACEINH exposure in the GG homozygous carriers. In addition to the within genotype
effect, there was an impact of ACEINH on CLOX1 change across genotypes in Caucasians.
In those who were never exposed to ACEINH, homozygous and heterozygous carriers of the
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A allele of the 6AG polymorphisms demonstrated declines in CLOX1 score over the follow-
up period whereas GG carriers showed no decline (p=0.001 for the difference in CLOX1
score change by 6AG genotypes). In contrast, those who were exposed to ACEINH
demonstrated no difference between the 3 genotypes (p=0.91).

There was no significant interaction between ACEINH exposure and 6AG in African
Americans (p=0.64). As shown in Figure1-B, although the AA and AG alleles were
associated with greater declines in CLOX1 score compared to the GG allele, the difference
between genotypes was not statistically significant in those exposed to ACEINH (p=0.73) or
not exposed to ACEINH (p=0.93).

In the M235T polymorphism, shown in Figure 2-A, exposure to ACEINH was associated
with a difference in the change in CLOX1 scores compared to non-exposure to ACEINH
only in the CC genotype (p=0.03 for the ACEINH vs non-ACEINH groups in the CC
genotype) but not the other two genotypes (TT or CT). This remained true after excluding
those with low baseline CLOX1 scores (p=0.005). Across the three genotypes of the M235T
polymorphism, there was a significant difference in the change in CLOX1 scores by
ACEINH exposure: Caucasians who were never exposed to ACEINH with the CT genotype
demonstrated greater decline in CLOX1 scores compared to those with the CC or TT
genotypes. In contrast, the difference between genotypes was not present in Caucasians who
were exposed to ACEINH (p=0.23). As shown in Figure2-B in African American
participants, there was no significant interaction between the M235T and ACEINH exposure
on CLOX1 Score change (p=0.85). There were also no differences between genotypes in
CLOX1 score changes in African Americans exposed to ACEINH (p=0.44) or not exposed
(p=0.99).

When we investigated the association between genetic polymorphisms and cognitive
function in the whole sample (i.e. those exposed and not exposed to ACEINH) stratified by
race, we observed that the M235T and 6AG polymorphisms (p=0.004 for M235T and
p=0.012 for 6AG) were associated with CLOX1 score in Caucasians at baseline, but not
African Americans (p=0.22 for M235T and p=0.096 for 6AG). A similar association was
noted longitudinally. (Table C online)

There was no interaction between ACEINH and any of the polymorphisms on DSST or
3MSE scores. The ACEID polymorphism was not associated with any cognitive function
decline or interaction with ACEINH (Table 3).

Discussion
This analysis of the Health ABC data suggests that ACEINH exposure is protective against
executive function decline only in individuals who have the AA genotype of the 6AG
polymorphism or the CC genotype of the M235T polymorphism in the AGT gene. The AG
or GG genotypes of the 6AG polymorphism and CT genotype of the M235T polymorphism
in the AGT gene were associated with greater declines in CLOX1 scores only if they were
not exposed to ACEINH. These associations were significant only in Caucasians.

Prior studies are not consistent regarding the effect of ACEINH on cognitive function. A
recent analysis of the Woman's Health and Aging Study II suggested that treatment with
ACEINH for three years was associated with a decreased risk of developing impairment in
executive function.[19] Our data suggest that the observed differences in this cognitive
effect may be related to an underlying genetic variability in the drug cognitive response. We
have identified an AGT-by-ACEINH interaction that may provide further explanation for
the discrepancy in prior studies.
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As in this analysis, ACEID polymorphism did not modify the effect of ACEINH on
dementia or cognitive function in the PROGRESS trial.[20] This suggests that within the
renin angiotensin system, angiotensinogen may play a more important role in cognitive
function than ACE.

We have observed a racial difference in the association between the polymorphisms and
cognitive function as well as the interaction with ACEINH, where our results were only
significant in Caucasians. Prior observations have suggested racial differences in the renin
angiotensin system. For example, the association between angiotensinogen blood levels and
AGT polymorphism is only present in Caucasians. [21] In a previous report, renin
angiotensin system genes were associated with peripheral arterial disease only in
Caucasians.[22] In the Antihypertensive and Lipid Lowering Treatment to Prevent Heart
Attacks trial, ACEINH was as effective as diuretics in stroke protection in Caucasians but
not in African Americans.[23] African Americans have higher angiotensinogen levels which
may explain their lower sensitivity to ACEINH. [24] Race may be a proxy for factors that
mediate the gene-cognitive function or the gene by ACEINH interactions observed in our
study. We have found significant differences in vascular and non-vascular factors between
the Caucasian and African American participants in the Health ABC study. Taken together,
interpretations of the racial differences in this analysis should be considered within that
context.

The mechanisms by which ACEINH may provide cognitive protection are not well
established. In this analysis, ACEINH effect was independent of baseline or subsequent
blood pressure and other cognitive risk factors. Therefore, ACEINH may have non-vascular
effects that would lead to further brain and cognitive protection. For example, ACEINH are
associated with upregulation of neprilysin, an amyloid beta degrading enzyme[25],
inhibition of the Angiotensin II-related anticholinergic effect[26] and decreased
inflammatory status. [27]

Our observation that ACEINH affects cognitive decline specifically in the AA genotype of
6AG or CC genotype of the M235T may be explained by the relation of these genotypes
with higher angiotensinogen levels. Increased renin angiotensin system activity leads to
neurovascular uncoupling which may be restored by ACEINH. Our study supports this
hypothesis by showing that ACEINH exposure was associated with less executive function
decline only in those with higher background renin angiotensin system activity.

Our analysis provides further evidence for an association between renin angiotensin system
and cognitive function. Animal models suggest that increasing renin angiotensin system
activity, by infusing angiotensin II into rats' brains, is associated with amnesia and learning
disabilities.[28] In humans, renin angiotensin system gene polymorphisms linked with
higher renin angiotensin system activity are associated with depression and suicide.[29]
Genes in this system have also been linked with Alzheimer's disease, although not
consistently.[30] A high concentration of angiotensin receptors has been noted in the frontal
cortex, which is involved in executive function.[31] Our study adds evidence that the A
allele of the 6AG polymorphism which is associated with higher angiotensinogen level, is
also associated with greater cognitive decline. The observation in the M235T polymorphism
is less consistent since only the CT genotype had greater cognitive decline compared to the
TT or the CC genotypes.

Our study suggests that the AGT polymorphisms are linked with executive function, but not
global cognitive function decline in an elderly population. Maintaining executive function is
an important aspect of successful aging. To our knowledge, this is the first report linking a
genetic polymorphism in the AGT gene with executive function. These results suggest that

Hajjar et al. Page 7

J Am Geriatr Soc. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



polymorphisms in renin angiotensin system genes and executive function need to be taken
into account in future cognitive and hypertension trials.

The clinical implication of our study is that executive function may be an important factor to
be assessed in individuals who are candidates for or are currently receiving ACEINH
treatment. Further if these findings are replicated in other populations or in a
pharmacogenetic trial, then selective use of ACEINH in individuals who carry the AA
genotype of the 6AG polymorphism or the CC genotype of the M235T polymorphisms may
offer additional cognitive benefit beyond lowering vascular risk.

The main limitation of this analysis is confounding- by-indication, where people with higher
risk for cognitive decline may not be prescribed ACEINH. Providers do not know their
patients' genotypes; hence this may have minor effect on our interaction results.
Nevertheless, we addressed the possibility of this confounding-by-indication by performing
additional analyses where we excluded those with low cognitive scores at baseline. Our
results did not change.

The genetic effect on cognitive function is relatively small. This is not uncommon for single
genetic polymorphism effect. However, considering the high prevalence of hypertension and
its executive function effect, the clinical and public health impact of these results are
significant.

Conclusion
This analysis of the Health ABC data suggests that use of ACEINH is protective against
executive function decline in individuals who have polymorphisms in the AGT gene known
to be associated with greater renin angiotensin system activity. These data may explain the
conflicting findings in prior studies regarding ACEINH and cognitive function. Further, if a
pharmacogenetic trial confirms this genetic-drug interaction, use of ACEINH may provide
additional cognitive protection in a select group of elderly individuals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Longitudinal change in CLOX1 score by AGT6 genotypes (AA, AG, GG) in the 2 ACEINH
groups in Caucasians (A) and African Americans (B).
Footnote: Values are the percent change in the least square means of CLOX1 scores
adjusted for baseline CLOX1, age, gender, BMI, education, systolic blood pressure, stroke,
APOE, diabetes, and other antihypertensives.
*: signify that the p-value for the change within the genotype is significant (<0.01). P1
reflect the significance for the difference in change of CLOX1 scores between the ACEINH
vs non-ACEINH groups (P2: excluding those with baseline low CLOX1 scores).
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Figure 2.
Longitudinal change in CLOX1 score by AGTM235T genotypes (CC, CT, TT) in the 2
ACEINH groups in Caucasians (A) and African Americans (B).
Footnote: Values are the percent change in the least square means of CLOX1 scores
adjusted for baseline CLOX1, age, gender, BMI, education, systolic blood pressure, stroke,
APOE, diabetes, and other antihypertensives.
*: signify that the p-value for the change within the genotype is significant (<0.01). P1
reflect the significance for the difference in change of CLOX1 scores between the ACEINH
vs non-ACEINH groups (P2: excluding those with baseline low CLOX1 scores).
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Table 1

Baseline characteristics of the overall sample and of the Caucasian and African American participants in the
Health ABC study.

Overall Caucasians African Americans p-value

N 3075 1794 1281

Age, mean±standard error (SE), years 73.6±0.1 73.7±0.1 73.3±0.1 0.0014

Gender, % women 1584 (52%) 855 (48%) 729 (57%) <0.0001

Body Mass Index, mean±SE, kg/m2 27.34±0.1 26.5±0.1 28.6±0.1 <0.0001

Education level, mean±SE, years 13±0.1 14 ±0.1 12±0.1 <0.0001

Systolic Blood Pressure, mean±SE, mm Hg 136±0.3 133±0.4 139±0.6 <0.0001

Diastolic Blood Pressure, mean±SE, mm Hg 71±0.2 70±0.2 74±0.3 <0.0001

Current smoker, n (%) 318 (10%) 111 (6%) 207 (16%) <0.0001

Alcohol, mean±SE drinks per day 2.1±0.03 2.3±0.04 1.8±0.04 <0.0001

Energy expenditure, KCAL/KG/WEEK 7.7±0.3 9.1±0.4 5.7±0.3 <0.0001

Laboratory

LDL, mean±SE, mg/dl 121.5±0.6 119.7±0.8 124.1±1.0 0.33

HDL, mean±SE, mg/dl 54.0±0.3 51.9±0.4 57.2±0.5 0.0006

Cholesterol, mean±SE, mg/dl 202.8±0.7 201.3±0.9 204.8±1.1 0.0123

Morbidities, n (%):

Hypertension 1563 (51%) 776 (44%) 787 (62%) <0.0001

Diabetes Mellitus 460 (15%) 191 (11%) 269 (21%) <0.0001

Coronary Artery Disease 105 (3%) 49 (3%) 56 (4%) 0.0136

Congestive Heart Failure 95 (3%) 50 (3%) 45 (4%) 0.2451

Stroke 223 (7%) 116 (7%) 107 (8%) 0.0419

Arthritis 1719 (57%) 975 (55%) 744 (59%) 0.0299

Neuropsychological test scores, mean±SE

CLOX1 (year 3) 10.6±0.05 10.9±0.06 10.1±0.09 <0.0001

3MSE 90.0±0.1 92.9±0.1 86±0.2 <0.0001

DSST 35.2±0.3 40.8±0.3 27.2±0.4 <0.0001

CES-D 4.7±0.1 4.7±0.1 4.8±0.2 0.66

Medications, n (%)

Receiving antihypertensives 1673 (55%) 880 (49%) 793 (62%) <0.0001

Angiotensin converting enzyme inhibitors 465 (15%) 245 (14%) 220 (17%) 0.006

Diuretics 312 (10%) 145 (8%) 167 (13%) <0.0001

Beta Blockers 410 (13%) 272 (15%) 138 (11%) 0.0005

Calcium channel blocker 705 (23%) 338 (19%) 367 (29%) <0.0001

Angiotensin receptor blockers 70 (2%) 45 (3%) 25 (2%) 0.3176

Hormonal Supplement 349 (11%) 264 (15%) 85 (7%) <0.0001

CLOX1: Executive clock draw test; DSST: Digit Symbol Substitution Test; 3MSE: Modified Mini Mental Status Examination; CESD: Center for
Epidemiologic Studies Depression Scale
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Table 3

Interaction between ACEINH and longitudinal cognitive function change in the Health ABC participants

p-value for ACEINH × Gene interaction on cognitive decline

Caucasians African Americans

ACE-ID

CLOX1 0.39 0.97

DSST 0.46 0.14

3MSE 0.46 0.14

AGT6

CLOX1 0.01 0.45

DSST 0.22 0.06

3MSE 0.22 0.06

AGTM235T

CLOX1 0.01 0.64

DSST 0.15 0.12

3MSE 0.15 0.12

CLOX1: Executive clock draw test; DSST: Digit Symbol Substitution Test; 3MSE: Modified Mini Mental Status Examination; p-values are
obtained from the Multivariate Mixed Models testing the hypothesis that the gene × ACEINH is significant on the longitudinal change in the
cognitive test over the follow-up period. All models adjusted for age, sex, BMI, educational level, systolic blood pressure, stroke, APOE
haplotypes, diabetes, baseline CLOX1 scores, and exposure to other high blood pressure medications.
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