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Abstract

Objective

To examine the interaction between APOE genotypes and both treated and untreated
hypertension on cognitive function in an updated analysis of Nurses’ Health Study (NHS)
data.

Design

At baseline (1995-2001) and 3 biennial follow-up assessments over ~6 years, cognitive
function was assessed.

Setting and participants

8300 NHS participants aged 70+ years underwent a cognitive battery, which comprised 6
tests including the Telephone Interview for Cognitive Status (TICS) and tests of verbal mem-
ory, category fluency, and working memory.

Measures

We estimated the mean differences in average cognitive scores across up to 4 assessments
using multiple linear regression. We also tested for interaction between APOE e4 allele car-
rier status and hypertension overall, as well as for apparently untreated and treated
hypertension.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224975 November 7,2019

1/13


http://orcid.org/0000-0001-6210-2684
http://orcid.org/0000-0003-4812-0557
https://doi.org/10.1371/journal.pone.0224975
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0224975&domain=pdf&date_stamp=2019-11-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0224975&domain=pdf&date_stamp=2019-11-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0224975&domain=pdf&date_stamp=2019-11-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0224975&domain=pdf&date_stamp=2019-11-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0224975&domain=pdf&date_stamp=2019-11-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0224975&domain=pdf&date_stamp=2019-11-07
https://doi.org/10.1371/journal.pone.0224975
https://doi.org/10.1371/journal.pone.0224975
http://creativecommons.org/licenses/by/4.0/

@ PLOS|ONE

Interaction between APOE genotype and hypertension on cognitive function in the Nurses’ Health Study

https://www.nurseshealthstudy.org/researchers
(email: nhsaccess@channing.harvard.edu).

Funding: This study was supported by NIH grants
UM1 CA186107, and the Harvard-Oxford Program
in Epidemiology. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: Dr. Gary Curhan reports
grants and personal fees from Allena
Pharmaceuticals, personal fees from Shire,
royalties for his work as an author and section
editor from UpToDate, and personal fees from
RenalGuard, outside the submitted work. This does
not alter our adherence to PLOS ONE policies on
sharing data and materials. All other authors have
completed the ICMJE uniform disclosure form and
declare: no support from any organization for the
submitted work; no financial relationships with any
organizations that might have an interest in the
submitted work in the previous three years; no
other relationships or activities that could appear to
have influenced the submitted work.

Results

We confirmed that, compared with those with APOE e3/3 genotype, APOE e4 allele carriers
scored lower by 0.55 units on the average TICS score (95%CI:-0.67,-0.43). We also
observed a significantly worse average TICS score among women with untreated hyperten-
sion compared with women without hypertension (difference =-0.23, 95%CI:-0.37,-0.09),
while no significant difference was observed for women with treated hypertension. Signifi-
cant interaction was detected between the APOE e4 allele and untreated hypertension (p-
int = 0.02 for the TICS; p-int = 0.045 for global score), but not with treated hypertension.
Specifically, compared with normotensive women with the APOE e3/3 genotype, APOE e4
allele carriers with treated hypertension scored lower by 0.50 units (95%CI:-0.69,-0.31);
however, the APOE e4 allele carriers with untreated hypertension scored lower by 1.02
units on the TICS score (95%Cl:-1.29, -0.76). This interaction of APOE e4 and untreated
hypertension was also consistently observed for the global score.

Conclusions

Women with hypertension and at least one APOE e4 allele had worse average cognitive
function compared with women without hypertension with the e3/3 genotype; this difference
was amplified among APOE e4 allele carriers with untreated hypertension.

Introduction

The apolipoprotein E (APOE) e4 allele is a well-established genetic risk factor for cognitive
impairment and late-onset Alzheimer’s disease (AD) [1-5]. Genetic testing for APOE e4 is cur-
rently not recommended, largely because of the perception that there are no interventions that
reduce risk [6].

Vascular risk factors, such as hypertension, have also been associated with poor cognitive
function [7] and an increased risk of dementia [8]. Hypertension is a modifiable risk factor.
Studies of the interaction between genetic factors (APOE e4) and hypertension on cognitive
function have been conducted [9-19]. However, results have been inconsistent, possibly due
to insufficient power and the inability to distinguish controlled from uncontrolled hyperten-
sion. In addition, few studies have examined whether antihypertensive medication use influ-
ences the association between hypertension and APOE e4 genotype on late-life cognitive
function [9,12,14].

Results from the Nurses’ Health Study (NHS) have been published previously [11]; we pres-
ent here updated results with almost twice the number of participants with APOE e4 genotype
and longer follow-up. With 8,300 participants who have completed up to four cognitive assess-
ments, we evaluated the combined effects of the APOE e4 genotype and history of physician-
diagnosed hypertension on long-term cognitive function in a large longitudinal cohort of
female nurses.

Methods
Study population

In 1976, the Nurses’ Health Study began when 121,700 female registered nurses of ages 30-55
returned a mailed, self-administered questionnaire about their lifestyle and medical history.
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Similar questionnaires were collected biennially thereafter with >90% follow-up rate [20]. The
nurses were predominantly of European descent (97% White), which reflects the racial compo-
sition of nurses at the time of recruitment.

From 1995-2001, a subcohort of women aged 70 years and older without diagnosed stroke
was selected to participate in a telephone-based study of cognitive function. Among the 22,213
eligible women, 93% participated in the first interview (n = 19,415). Three additional follow-
up assessments were performed every two years until June 2008.

To obtain genetic data, blood samples were collected from participants in 1989-1990.
Among those who had not provided blood samples, participants were invited to provide buccal
cell samples from 2002-2004. The baseline cohort for this study is comprised of the 9,172
women who provided a sample and were genotyped. We excluded participants with the e4/e2
genotype since we examined the associations for the APOE e4 and e2 allele separately
(n = 165). In addition, we further excluded women without information on history of hyper-
tension (n = 33) and without at least one complete battery of cognitive assessments (n = 674).
Therefore, our analytical sample included 8,300 women.

Laboratory analyses

Genomic DNA was extracted using the ReturPureGene DNA Isolation Kit (Gentra Systems
Minneapolis, MN), which was then genotyped using a Tagman assay (Applied Biosystems,
Foster City, CA) [11, 16], or APOE allele status was imputed from a GWAS chip [21]. Labora-
tory personnel were blinded to participants’ medical history and cognitive function
assessments.

Hypertension and other covariate assessment

Information on physician-diagnosed hypertension was collected every two years by question-
naires. The validity of participants’ self-reported diseases and health outcomes compared with
their medical records has been previously reported with high accuracy [22-24]. In our analy-
ses, we considered history of hypertension as any self-report of physician-diagnosed hyperten-
sion from 1976 to the biennial questionnaire immediately before each participant’s first
cognitive assessment. Information on medications used for high blood pressure treatment
(e.g., beta blockers, calcium channel blockers, ACE inhibitors, thiazide diuretics) was collected
every two years, as well as information on lifestyle characteristics, such as smoking status and
physical activity.

Cognitive function assessment

Assessment of cognitive function via validated telephone interviews has been previously
described in detail [25]. Briefly, trained interviewers administered the initial cognitive inter-
view using only the Telephone Interview of Cognitive Status (TICS) [26], an adaptation of the
Mini-Mental State Exam (MMSE). We gradually added five other cognitive tests: 2) immediate
and 3) delayed recalls of the East Boston Memory test (EBMT), 4) delayed recall of the TICS
10-word list, 5) category fluency; and 6) digit span-backward. Because the range of scores var-
ied across tests and points are not equivalent for each test, we standardized the scores by calcu-
lating the z-scores of each test and then taking average of these z-scores to calculate the global
score. A composite verbal memory score was also derived by averaging test-specific z-scores of
the immediate and delayed recalls of the EBMT and TICS 10-word list. The primary outcomes
for our analyses were the TICS and the composite global score.

The validity and reliability of the telephone interviews have been previously established
[25]. In the NHS, the correlation comparing the TICS score from the telephone interview with
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an in-person interview was 0.81. In addition, there were high correlations for scoring of each
test in a study of inter-rater reliability (r = 0.95).

Statistical analyses

Analyses of average cognitive function by APOE genotypes. For our primary analyses,
we used multiple linear regression to estimate multivariable-adjusted mean differences and
corresponding 95% CI of average scores of up to four cognitive assessments by APOE geno-
types. Using the average of repeated assessments minimizes variability and measurement error
in determining cognitive performance. Because it is more difficult to detect stable measure-
ment of cognitive decline over a relatively short follow-up period, we estimated the rate of
annual change in sensitivity analyses. For all analyses, participants with the e3/e3 genotype
served as the reference group. We performed tests of linear trend across increasing number of
APOE e4 alleles (e3/3, e3/4, and e4/4) and APOE e2 alleles (e3/3, e3/2, and e2/2). To assist in
understanding the clinical significance of the results, we also estimated the mean differences in
scores of e4 carriers compared with e3/3 carriers associated with a one-year increase in age.

The multivariable-adjusted models adjusted for the following potential confounders, which
were time-updated until the study baseline: age at interview (years), highest attained education
(Registered Nurse diploma, Bachelor’s degree, or Master’s or Doctoral degree), history of high
cholesterol (yes/no), cigarette smoking (current, past, never), alcohol intake (0, 1-4, 5-14, >15
g/day), body mass index (<22, 22-24.9, 25-29.9, >30 kg/m?), physical activity (quintiles of
metabolic equivalents-hour/week), current aspirin use (0, 1-2 days/week, >3 days/week),
other NSAID use (yes/no), current vitamin E supplement use (yes/no), postmenopausal hor-
mone use (never, current, past), antidepressant use (yes/no), mental health index (0-51
[depressed], 52-100 [not depressed]), and energy-fatigue index (0-49 [low vitality], 50-100
[high vitality]) from the Medical Outcomes Short Form-36 (SF-36).

Analysis of interaction between APOE e4 genotype and physician-diagnosed hyperten-
sion. To evaluate the joint effects of APOE e4 genotypes and hypertension on average cogni-
tive function, we used four exposure categories: having e3/3 genotype and hypertension,
having at least one e4 allele but no hypertension, having at least one e4 allele and hypertension
(category with lowest expected cognitive performance), and the reference group of having e3/3
genotype and no hypertension (category with highest expected cognitive performance). We
performed tests of multiplicative interaction between APOE e4 genotype and history of hyper-
tension by testing the significance of the product term between the two variables. In addition,
we further stratified the group of women who had at least one e4 allele and history of hyperten-
sion by anti-hypertensive medication use to determine whether there was an interaction
between the APOE e4 genotype and treated/untreated hypertension on average cognitive
performance.

Sensitivity analyses. We examined the change in scores between participants with at least
one e4 allele (i.e., e3/e4 or e4/e4) compared with those with e3/e3 genotype over four interviews
(i.e., 6 years). Multivariable-adjusted linear mixed models were used to account for the correla-
tions in participant’s observations across the assessments with a “robust baseline,” in which we
averaged the scores of the first two cognitive assessments to adjust for possible learning effects
at the second cognitive assessment. We adjusted for the same covariates as in the analyses for
average cognitive function. Similar analyses were performed to assess the mean rate of cogni-
tive decline comparing women with a history of physician diagnosed hypertension compared
with women with no history of hypertension.

In other secondary analyses, we considered different definitions of hypertension used in
previous studies [27,28], including dichotomizing hypertension based on self-reports of
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systolic blood pressure (SBP) at >145+ mmHg compared with <145 mmHg and considering
SBP in three categories: <105-124 mmHg (reference), 125-154 mmHg, >155 mmHg. In addi-
tion, we also classified hypertension as having a SBP>145 mmHg or diastolic blood pressure
of >90 mmHg. Finally, to determine the robustness of our results, we also compared average
cognitive function at baseline and used multivariable logistic regression to calculate odds ratio
of a “low” cognitive function score (i.e., scoring at the bottom 10t percentile).

Results

Baseline characteristics of the NHS cohort according to categories of physician-diagnosed
hypertension and APOE e4 genotype are presented in Table 1. As expected, nurses with APOE
e4 genotype reported having history of high cholesterol more frequently compared to e3/e3
carriers. Women with a history of hypertension were more likely to be obese compared to
women with no history of hypertension. The distribution of other predictors of poor cognitive
function was similar across the exposure categories. We report participants’ characteristics
across exposure categories further stratified by treated and untreated hypertension in S1 Table
and the distribution of cognitive function scores in S2 Table.

Approximately 64.8% of the participants carried the e3/3 genotype (reference) while 22.2%
had at least one e4 allele and 13.0% had at least one e2 allele. The coefficient of variation was
greater than 10% of for some of the cognitive test scores that assess specific cognitive domains
(i.e., category fluency and working memory) compared to the tests that assess overall cognitive
performance (i.e., TICS), which was expected. Fig 1 shows the main effect of APOE e4 and e2
genotypes on average cognitive performance over up to 4 assessments.

As expected, across all cognitive tests, e3/e4 genotype carriers had lower average cognitive
scores compared to homozygous e3 carriers, and homozygous e4 carriers had even lower

Table 1. Age-adjusted characteristics of women at baseline” according to physician-diagnosed hypertension and APOE e4 genotype status (n = 8300).

Physician-diagnosed hypertension and APOE e4 status
HTNP-, e4- (n = 2931) | HTN+, e4- (n = 3525) | HTN-, e4+ (n = 833) | HTN+, e4+ (n = 1011)

Age, years” 74.1(2.2) 74.4(2.3) 74.0(2.2) 74.3(2.2)
Masters/doctorate degree (%) 7.0 6.0 5.0 5.9
History of high serum cholesterol (%) 56.4 70.5 66.0 79.0
Obesity (body mass index > 30 kg/m?) (%) 12.1 24.4 10.2 21.3
Self-perceived low energy (<50 in SF-36 energy/fatigue index) (%) 12.9 19.8 12.1 15.2
Self-perceived depression (<52 in SF-36 mental health index) (%) 33 43 4.0 4.1
Current regular aspirin use (%) 52.4 58.0 56.7 56.9
Current regular other NSAIDs use (%) 16.9 20.1 16.6 18.1
Current Vitamin E use (%) 50.6 51.4 51.5 51.8
Current postmenopausal hormone use (%) 36.4 34.7 36.0 37.8
Current smoker (%) 8.9 5.5 8.3 8.3
Past smoker (%) 43.7 47.2 44.5 47.2
Mean physical activity, MET-h/week 18.3(20.3) 14.8(17.6) 18.6(22.1) 15.0(17.9)
Mean alcohol intake, g/day 4.9(9.2) 4.5(8.8) 5.4(9.0) 5.2(9.9)

Values are means(SD) or percentages and are standardized to the age distribution of the study population

* All characteristics represent those reported from the biennial questionnaire immediately prior to participants’ baseline telephone interviews (1995-2001)

® Abbreviations: HTN = physician diagnosed hypertension; APOE e4 = apolipoprotein E e4 allele; e4+ = APOE e4 allele carrier; e4- = non-APOE e4 allele carrier;
NSAIDs = non-steroidal anti-inflammatory drugs; SF-36 = Short Form 36; MET-h/week = metabolic equivalents of task-hours per week

* Value is not age-adjusted

https://doi.org/10.1371/journal.pone.0224975.t001
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Fig 1. Multivariable-adjusted mean differences in average cognitive performance in up to 4 assessments according
to apolipoprotein E genotypes compared to the e3/e3 genotype. Multivariable models adjusted for age, education,
high blood pressure, high cholesterol, cigarette smoking, alcohol intake, body mass index, physical activity, aspirin use,
other NSAIDs use, Vitamin E supplement use, postmenopausal hormone use, antidepressant use, mental health index
and energy-fatigue index from SF-36. *P<0.0001. "Telephone Interview of Cognitive Status. $Global score is the
average of the z-scores of TICS, immediate and delayed recalls of East Boston Memory Test, delayed recall of TICS
10-word list, test of category fluency, digit backwards test.

https://doi.org/10.1371/journal.pone.0224975.9001

average cognitive scores compared to homozygous e3 carriers. Models adjusting for additional
covariates produced similar results compared to models only adjusting for age and education.
On the TICS score, nurses with a e3/4 or e4/e4 genotype scored lower by 0.55 units on average
compared to those with e3/3. On the same score, women 1 year older scored lower on average
by 0.20 points; therefore, we considered the effect of having an e4/e4 genotype equivalent to
being older by almost 3 years on average. There was a strong dose response relationship per
increasing e4 allele among those with e3/3, e3/4, and e4/4 (p 1ena<<0.0001 for all cognitive
assessments). We did not find significant mean differences in any of the cognitive scores by
APOE e2 genotypes. Women with treated hypertension did not perform significantly worse on
cognitive assessments compared with women with no history of physician-diagnosed hyper-
tension (Table 2). However, untreated hypertension was associated with lower average cogni-
tive performance across several cognitive domains. Women with untreated hypertension
scored 0.23 units lower on the TICS compared to women with no hypertension (95% CI: -0.37,
-0.09; p = 0.002); this is cognitively equivalent to the mean difference in cognitive performance
associated with 1.21 years of aging (0.19 decrease in unit per 1 year of aging, p<0.0001). When
examining the effect of antihypertensive medication use among women with hypertension,
untreated participants had an average score of 0.17 units lower on the TICS compared to
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Table 2. Multivariable-adjusted mean differences (95% CI) in average cognitive performance in up to 4 assessments (1995-2008), by history of physician-diagnosed
hypertension (n = 8300; 1995-2008), with and without treatment.

No hypertension (n = 3764)
Treated hypertension (n = 3194)
Age, education-adjusted difference in score (95% CI)

Multivariable-adjusted mean difference (95% CI)®

Untreated hypertension (n = 1342)
Age, education-adjusted difference in score (95% CI)

Multivariable-adjusted mean difference (95% CI)®
Mean difference in score associated with 1 year of aging

Clinical significance in years of aging®

Untreated hypertension vs. treated hypertension (REF)
(n = 4536)

* Telephone Interview of Cognitive Status.

TICS® Verbal memory | Category fluency | Working memory Global®
REF REF REF REF REF
-0.09 (-0.19, 0.02) | -0.01 (-0.03, 0.02) -0.30 (-0.48, -0.09 (-0.18, -0.02 (-0.04, 0.01)
-0.11) -0.001)
-0.05 (-0.16, 0.06) | -0.00 (-0.03, 0.03) -0.27 (-0.46, -0.06 (-0.15,0.03) | -0.01 (-0.04, 0.02)
-0.09)
-0.31 (-0.45, -0.05 (-0.09, -0.32 (-0.56, -0.15 (-0.26, -0.03) | -0.06 (-0.09, -0.02)
-0.17) -0.01) -0.08)
-0.23 (-0.37, -0.04 (-0.08, 0.00) | -0.24 (-0.48, 0.00) | -0.10 (-0.22, 0.02) -0.04 (-0.08,
-0.09) -0.004)
-0.19 (-0.22, -0.05 (-0.05, -0.24 (-0.28, -0.07 (-0.09, -0.06) | -0.05 (-0.05, -0.04)
-0.17) -0.04) -0.20)
1.21 0.80 1.00 1.43 0.80
TICS® Verbal memory | Category fluency | Working memory Global®
-0.17 (-0.31, -0.03 (-0.07,0.01) | 0.06(-0.19,0.31) | -0.05(-0.17,0.07) | -0.03 (-0.06, 0.01)
-0.03)

® Global score is the average of the z-scores of TICS, immediate and delayed recalls of East Boston Memory Test, delayed recall of TICS 10-word list, test of category

fluency, digit backwards test.

¢ Multivariable models adjusted for age, education, high blood pressure, high cholesterol, cigarette smoking, alcohol intake, body mass index, physical activity, aspirin

use, other NSAIDs use, Vitamin E supplement use, postmenopausal hormone use, antidepressant use, mental health index and energy-fatigue index from SF-36.

4 To help interpret the mean differences in scores, we provide the mean difference in performance associated with 1 year of aging. For example, women 1 year older

scored lower by 0.05 points for the mean global performance across 4 assessments, adjusting for the aforementioned covariates; thus the -0.04 points difference for self-

reported untreated hypertension compared to having no hypertension can be considered equivalent to being older by approximately 0.80 years.

https://doi.org/10.1371/journal.pone.0224975.t1002

treated participants (95%: -0.31, -0.03; p = 0.02). There was no significant difference on the
global score between treated and untreated hypertensive participants.

Results of the joint effects of APOE e4 genotype and history of physician-diagnosed hyper-
tension, with and without treatment, on average cognitive scores are presented in Table 3.
Opverall, the subgroup of e4 carriers with untreated hypertension performed the worst on the
cognitive assessments. Compared with the referent group without hypertension and e3/e3 car-
riers, women with untreated hypertension who had at least one APOE e4 allele scored 1.02
units lower on the TICS (95% CI: -1.29, -0.76; p<<0.0001), which is cognitively equivalent to
the effect of aging by 5.1 years (-0.20 units per 1 year of aging, 95% CI: -0.22, -0.18; p<<0.0001)
(Fig 2a). In general, among participants who were both hypertensive and carriers of the APOE
e4 allele, those who did not use antihypertensive drugs performed substantially worse than
those who used antihypertensive drugs. However, women with treated hypertension had aver-
age cognitive scores that were comparable to women without a history of hypertension among
carriers of the APOE e4 genotype.

There was evidence of supra-multiplicative interaction between the presence of an APOE e4
allele and untreated hypertension on several cognitive assessments (p = 0.02 for the TICS;

p = 0.045 for global composite score; p<0.01 for working memory).

Results were similar in additional analyses examining the annual rate of cognitive decline,
defining hypertension as having a SBP of at least 145 mmHg and in three categories, assessing
cognitive scores at baseline, and conducting logistic regression to estimate scoring at the bot-
tom 10" percentile in cognitive performance.
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Table 3. Multivariable-adjusted* mean differences (95% CI) in average cognitive performance in up to 4 assessments (1995-2008), by APOE e4 status an history of
physician-diagnosed hypertension (n = 8300; 1995-2008), with and without treatment.

N TICS® Verbal memory Category fluency Working memory Global®
Physician-diagnosed
hypertension
HTN-, e4-* (REF) 2931 REF REF REF REF REF
HTN+, e4-? 3525 -0.07 (-0.20, 0.05) -0.01 (-0.05, 0.02) -0.21 (-0.42, 0.01) -0.04 (-0.14, 0.07) -0.01 (-0.05, 0.02)
P=0.25 P=0.50 P =0.06 P =0.50 P=0.35
HTN-, ed+? 833 -0.51 (-0.69, -0.33) -0.19 (-0.24, -0.14) -0.44 (-0.74, -0.13) -0.17 (-0.32, -0.02) -0.16 (-0.21, -0.12)
P<0.0001 P<0.0001 P<0.01 P=0.03 P<0.0001
HTN+, e4+? 1011 -0.66 (-0.83, -0.49) -0.21 (-0.25, -0.16) -0.77 (-1.06, -0.48) -0.36 (-0.50, -0.22) -0.20 (-0.24, -0.16)
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Treatment+? 701 -0.50 (-0.69, -0.31) 20.17 (-0.22, -0.12) -0.80 (-1.13, -0.47) -0.27 (-0.43, -0.10) 20.17 (-0.22, -0.12)
P<0.0001 P<0.0001 P<0.0001 P<0.01 P<0.0001
Treatment-? 310 -1.02 (-1.29, -0.76) -0.29 (-0.36, -0.21) 0.70 (-1.16, -0.23) -0.57 (-0.79, -0.34) -0.27 (-0.33, -0.20)
P<0.0001 P<0.0001 P<0.01 P<0.0001 P<0.0001
p-interactions® P =0.61 for treatment + | P =0.44 for treatment + | P =0.53 for treatment + | P =0.71 for treatment + | P =0.71 for treatment +

P =0.02 for treatment - | P =0.08 for treatment - | P =0.85 for treatment - | P <0.01 for treatment - | P = 0.045 for treatment -

*Adjusted for age, education, high cholesterol, cigarette smoking, alcohol intake, body mass index, physical activity, aspirin use, other NSAIDs use, Vitamin E
supplement use, postmenopausal hormone use, antidepressant use, mental health index and energy-fatigue index from SF-36.

YHTN = physician diagnosed hypertension, Treatment+ = treated with anti-hypertensives, Treatment- = never reported treatment with anti-hypertensives, e4+ = APOE
e4 allele carrier; e4- = non-APOE e4 allele carrier

* Telephone Interview of Cognitive Status.

® Global score is the average of the z-scores of TICS, immediate and delayed recalls of East Boston Memory Test, delayed recall of TICS 10-word list, test of category
fluency, digit backwards test.

¢ Interaction between APOE e4 and treated/untreated HTN

https://doi.org/10.1371/journal.pone.0224975.t1003

Discussion
Statement of principal findings

In this longitudinal study of 8,300 women, as expected, the APOE e4 allele was highly associ-
ated with decreased cognitive function compared with e3/e3 genotype across all domains

(p =0.001). In addition, we found a strong dose-response with increasing number of e4 alleles
(Perena <0.0001).

We observed that untreated hypertension was associated with lower TICS score (p = 0.001)
and lower global composite score (p = 0.03) compared with having no history of hypertension.
These results are consistent with the suggested association between hypertension and
increased risk of cognitive impairment and Alzheimer’s disease [19,29-36], particularly with
the studies showing higher risks with untreated hypertension and lower risks with anti-hyper-
tensive treatment. These studies suggest since high blood pressure increases risk of cognitive
decline and dementia, possibly through development of ischemic white matter lesions in the
brain [19,37], controlling hypertension may reduce risk.

Results in relation to other studies

Although numerous studies suggest potential interactions between various vascular conditions
and APOE e4 on cognitive decline [13,38-40], few have examined interactions with high blood
pressure, particularly with consideration to antihypertensive medication use [12,14]. Peila
etal. (2001) reported that among participants with untreated high systolic blood pressure, e4
carriers had the highest risk of poor cognitive function compared with those with normal SBP
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Fig 2. Adjusted mean differences in (a) average TICS score and (b) average global score according to categories of
physician-diagnosed hypertension (“HTN”) and apolipoprotein e4 genotypes. P-for interactions between APOE e4
and treated HTN were 0.61 and 0.71, respectively; P-for interactions between APOE e4 and untreated HTN were 0.02
and 0.045, respectively.

https://doi.org/10.1371/journal.pone.0224975.9002

and e3/3 carriers [14]. This association was not found among treated participants and three-
way interaction with e4 allele, high SBP, and antihypertensive treatment was borderline signifi-
cant (p = 0.09). In our previous study in the NHS, we detected a significant interaction
between untreated hypertension and e4 genotype in tests of working memory (p<0.05); with
longer follow up and increased power, we detected the same interactions in tests of working
memory, as well as on the TICS and global composite score. However, the combined detri-
mental effects with APOE e4 genotype and high blood pressure was attenuated among e4 carri-
ers who had their hypertension treated, consistent with results from Qui et al. (2003), who
reported that the joint effect of APOE e4 genotype and high systolic pressure was diminished
among participants who used antihypertensive drugs [12]. Interestingly, chronic hypertension
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has been reported to be associated with tau pathology among APOE e4 carriers [41,42], sug-
gesting a plausibility in mechanism through which hypertension may interact with APOE e4 to
influence cognitive function.

Strengths and limitations of study

Our present study extends on our previous research by incorporating a longer follow up time
with a high active follow-up rate, greater power, detailed information on antihypertensive
medication use, and repeated administration of comprehensive assessments across multiple
cognitive domains. Our study has several limitations. First, there may have been measurement
error in cognitive function assessments, particularly among participants who may have
decided to complete certain tests while omitting others. However, in sensitivity analyses,
results remained unchanged when we restricted our analyses to participants who had at least
one missing cognitive assessment. In addition, we used the averages of up to four cognitive
scores, providing a more robust measure of cognitive function. Our measures of cognitive
function do not distinguish between age-related decline, vascular dementia, and the early
onset of AD. However, the end point of cognitive function summarizes the manifestation of all
three potential pathologies. Measurement error of physician-diagnosed hypertension is
expected to be non-differential with respect to cognitive assessment, thereby biasing our
results towards the null. We did not measure blood pressure in person, and relied on history of
hypertension medications to distinguish treated from untreated hypertension. As expected,
hypertensive women who were treated had lower SBP compared to hypertensive women who
were not treated. Finally, although we adjusted for many potential covariates, the presence of
unmeasured confounding is possible in observational studies and cannot be disregarded.
Because our study was restricted to female nurses, our results may have limited generalizabil-
ity; future studies in other populations are warranted.

Conclusion

In summary, these results suggest that treating hypertension may be protective against poor
cognitive function in late-life, particularly among e4 carriers. While treatment of hypertension
is a universal recommendation, treatment of hypertension may be particularly important
among carriers of the APOE e4 allele, and can provide a rationale for more widespread testing
for the APOE e4 allele.

Supporting information

S1 Table. Age-adjusted characteristics of women at baseline® according to physician-diag-
nosed hypertension, treatment status, and APOE e4 genotype (n = 8300).
(DOCX)

$2 Table. Distribution of cognitive function scores.
(DOCX)

Acknowledgments

We thank all the participants of the Nurses” Health Study for their continued contributions.
Transparency statement: DJH affirms that the manuscript is an honest, accurate, and
transparent account of the study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as planned (and, if relevant, regis-

tered) have been explained.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224975 November 7,2019 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224975.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224975.s002
https://doi.org/10.1371/journal.pone.0224975

@ PLOS|ONE

Interaction between APOE genotype and hypertension on cognitive function in the Nurses’ Health Study

Author Contributions

Conceptualization: Iris Y. Kim, Francine Grodstein, Peter Kraft, Gary C. Curhan, Katherine
C. Hughes, Hongyan Huang, Jae H. Kang, David J. Hunter.

Formal analysis: Iris Y. Kim.
Funding acquisition: David J. Hunter.
Investigation: Iris Y. Kim, Jae H. Kang, David J. Hunter.

Methodology: Iris Y. Kim, Francine Grodstein, Peter Kraft, Gary C. Curhan, Katherine C.
Hughes, Hongyan Huang, Jae H. Kang, David J. Hunter.

Supervision: Jae H. Kang, David J. Hunter.
Writing - original draft: Iris Y. Kim.

Writing - review & editing: Iris Y. Kim, Francine Grodstein, Peter Kraft, Gary C. Curhan,
Katherine C. Hughes, Hongyan Huang, Jae H. Kang, David J. Hunter.

References

1. Saunders AM, Strittmatter WJ, Schmechel D, George-Hyslop PS, Pericak-Vance MA, Joo SH, et al.
Association of apolipoprotein E allele ¢4 with late-onset familial and sporadic Alzheimer’s disease. Neu-
rology. 1993; 43: 1467—1467. https://doi.org/10.1212/wnl.43.8.1467 PMID: 8350998

2. Corder E, Saunders A, Strittmatter W, Schmechel D, Gaskell P, Small G, et al. Gene dose of apolipo-
protein E type 4 allele and the risk of Alzheimer’s disease in late onset families. Science. 1993; 261:
921. https://doi.org/10.1126/science.8346443 PMID: 8346443

3. Caselli RJ, Reiman EM, Locke DE, Hutton ML, Hentz JG, Hoffman-Snyder C, et al. Cognitive domain
decline in healthy apolipoprotein E €4 homozygotes before the diagnosis of mild cognitive impairment.
Archives of neurology. 2007; 64: 1306—1311. https://doi.org/10.1001/archneur.64.9.1306 PMID:
17846270

4. Farrer LA, Cupples L, Haines JL, Hyman B, Kukkull WA, Mayeux R. Effects of age, sex, and ethnicity
on the association between apolipoprotein e genotype and alzheimer disease: A meta-analysis. JAMA.
1997; 278: 1349-1356.

5. Lahoz C, Schaefer EJ, Cupples LA, Wilson PWF, Levy D, Osgood D, et al. Apolipoprotein E genotype
and cardiovascular disease in the Framingham Heart Study. Atherosclerosis. 2001; 154: 529-537.
https://doi.org/10.1016/s0021-9150(00)00570-0 PMID: 11257253

6. Goldman JS, Hahn SE, Catania JW, LaRusse-Eckert S, Butson MB, Rumbaugh M, et al. Genetic
counseling and testing for Alzheimer disease: Joint practice guidelines of the American College of Medi-
cal Genetics and the National Society of Genetic Counselors. Genetics in Medicine. 2011; 13: 597-605.
https://doi.org/10.1097/GIM.0b013e31821d69b8 PMID: 21577118

7. LaunerLJ, Masaki K, Petrovitch H, Foley D, Havlik RJ. The association between midlife blood pressure
levels and late-life cognitive function: The honolulu-asia aging study. JAMA. 1995; 274: 1846—-1851.
https://doi.org/10.1001/jama.1995.03530230032026 PMID: 7500533

8. Skoogl, Nilsson L, Persson G, Lernfelt B, Landahl S, Palmertz B, et al. 15-year longitudinal study of
blood pressure and dementia. The Lancet. 1996; 347: 1141-1145.

9. Yasuno F, Tanimukai S, Sasaki M, lkejima C, Yamashita F, Kodama C, et al. Effect of plasma lipids,
hypertension and APOE genotype on cognitive decline. Neurobiology of Aging. 2012; 33: 2633—2640.
https://doi.org/10.1016/j.neurobiolaging.2011.12.028 PMID: 22285757

10. Bangen KJ, Beiser A, Delano-Wood L, Nation DA, Lamar M, Libon DJ, et al. APOE Genotype Modifies
the Relationship between Midlife Vascular Risk Factors and Later Cognitive Decline. Journal of Stroke
and Cerebrovascular Diseases. 2013; 22: 1361-1369. https://doi.org/10.1016/].jstrokecerebrovasdis.
2013.03.013 PMID: 23601373

11. KangJH, Logroscino G, De Vivo |, Hunter D, Grodstein F. Apolipoprotein E, cardiovascular disease and
cognitive function in aging women. Neurobiology of Aging. 2005; 26: 475—484. https://doi.org/10.1016/j.
neurobiolaging.2004.05.003 PMID: 15653176

12. QiuC, Winblad B, Fastbom J, Fratiglioni L. Combined effects of APOE genotype, blood pressure, and
antihypertensive drug use on incident AD. Neurology. 2003; 61: 655. https://doi.org/10.1212/wnl.61.5.
655 PMID: 12963757

PLOS ONE | https://doi.org/10.1371/journal.pone.0224975 November 7,2019 11/13


https://doi.org/10.1212/wnl.43.8.1467
http://www.ncbi.nlm.nih.gov/pubmed/8350998
https://doi.org/10.1126/science.8346443
http://www.ncbi.nlm.nih.gov/pubmed/8346443
https://doi.org/10.1001/archneur.64.9.1306
http://www.ncbi.nlm.nih.gov/pubmed/17846270
https://doi.org/10.1016/s0021-9150(00)00570-0
http://www.ncbi.nlm.nih.gov/pubmed/11257253
https://doi.org/10.1097/GIM.0b013e31821d69b8
http://www.ncbi.nlm.nih.gov/pubmed/21577118
https://doi.org/10.1001/jama.1995.03530230032026
http://www.ncbi.nlm.nih.gov/pubmed/7500533
https://doi.org/10.1016/j.neurobiolaging.2011.12.028
http://www.ncbi.nlm.nih.gov/pubmed/22285757
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.03.013
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.03.013
http://www.ncbi.nlm.nih.gov/pubmed/23601373
https://doi.org/10.1016/j.neurobiolaging.2004.05.003
https://doi.org/10.1016/j.neurobiolaging.2004.05.003
http://www.ncbi.nlm.nih.gov/pubmed/15653176
https://doi.org/10.1212/wnl.61.5.655
https://doi.org/10.1212/wnl.61.5.655
http://www.ncbi.nlm.nih.gov/pubmed/12963757
https://doi.org/10.1371/journal.pone.0224975

@ PLOS|ONE

Interaction between APOE genotype and hypertension on cognitive function in the Nurses’ Health Study

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Carmelli D, Swan GE, Reed T, Miller B, Wolf PA, Jarvik GP, et al. Midlife cardiovascular risk factors,
ApoE, and cognitive decline in elderly male twins. Neurology. 1998; 50: 1580. https://doi.org/10.1212/
wnl.50.6.1580 PMID: 9633697

Peila R, White LR, Petrovich H, Masaki K, Ross GW, Havlik RJ, et al. Joint Effect of the APOE Gene
and Midlife Systolic Blood Pressure on Late-Life Cognitive Impairment. Stroke. 2001; 32: 2882. https://
doi.org/10.1161/hs1201.100392 PMID: 11739991

Wang R, Fratiglioni L, Laukka EJ, Lévdén M, Kalpouzos G, Keller L, et al. Effects of vascular risk factors
and APOE ¢4 on white matter integrity and cognitive decline. Neurology. 2015; 84: 1128—1135. https:/
doi.org/10.1212/WNL.0000000000001379 PMID: 25672924

Andrews S, Das D, Anstey KJ, Easteal S. Interactive effect of APOE genotype and blood pressure on
cognitive decline: the PATH through life study. Journal of Alzheimer’s Disease. 2015; 44: 1087-1098.
https://doi.org/10.3233/JAD-140630 PMID: 25672766

de Frias CM, Schaie KW, Willis SL. Hypertension moderates the effect of APOE on 21-year cognitive
trajectories. Psychology and Aging. 2014; 29: 431-439. https://doi.org/10.1037/a0036828 PMID:
24956008

Nation D, Preis S, Beiser A, Bangen K, Delano-Wood L, Lamar M, et al. Pulse pressure is associated
with early brain atrophy and cognitive decline: modifying effects of APOE4. Alzheimer disease and asso-
ciated disorders. 2016; 30: 210-215. https://doi.org/10.1097/WAD.0000000000000127 PMID: 27556935

ladecola C, Yaffe K, Biller J, Bratzke LC, Faraci FM, Gorelick PB, et al. Impact of Hypertension on Cog-
nitive Function: A Scientific Statement From the American Heart Association. Hypertension. 2016; 68:
e67. https://doi.org/10.1161/HYP.0000000000000053 PMID: 27977393

Gao X, Simon KC, Han J, Schwarzschild MA, Ascherio A. Genetic determinants of hair color and Par-
kinson’s disease risk. Annals of neurology. 2009; 65: 76—82. https://doi.org/10.1002/ana.21535 PMID:
19194882

Lindstrém S, Loomis S, Turman C, Huang H, Huang J, Aschard H, et al. A comprehensive survey of
genetic variation in 20,691 subjects from four large cohorts. PLOS ONE. 2017; 12: e0173997. https://
doi.org/10.1371/journal.pone.0173997 PMID: 28301549

Colditz GA, Martin P, Stampfer MJ, Willett WC, Sampson L, Rosner B, et al. Validation of questionnaire
information on risk factors and disease outcomes in a prospective cohort study of women. American
Journal of Epidemiology. 1986; 123: 894-900. https://doi.org/10.1093/oxfordjournals.aje.a114319
PMID: 3962971

Rimm EB, Stampfer MJ, Colditz GA, Chute CG, Litin LB, Willett WC. Validity of Self-Reported Waist
and Hip Circumferences in Men and Women. Epidemiology. 1990; 1: 466—473. https://doi.org/10.1097/
00001648-199011000-00009 PMID: 2090285

Manson JE, Stampfer MJ, Colditz GA, Willett WC, Rosner B, Hennekens CH, et al. Physical activity and
incidence of non-insulin-dependent diabetes mellitus in women. The Lancet. 1991; 338: 774-778.
https://doi.org/10.1016/0140-6736(91)90664-B

Kang JH, Grodstein F. Regular use of nonsteroidal anti-inflammatory drugs and cognitive function in
aging women. Neurology. 2003; 60: 1591. https://doi.org/10.1212/01.wnl.0000065980.33594.b7 PMID:
12771247

Brandt J, Spencer M, Folstein M. The telephone interview for cognitive status. JournalNeuropsychiatry,
Neuropsychology and Behavioral Neurology. 1988; 1: 111-117.

Korrick SA, Hunter DJ, Rotnitzky A, Hu H, Speizer FE. Lead and hypertension in a sample of middle-
aged women. American Journal of Public Health. 1999; 89: 330-335. https://doi.org/10.2105/ajph.89.3.
330 PMID: 10076481

Flebach NH, Hebert PR, Stampfer MJ, Colditz GA, Willett WC, Rosner B, et al. A prospective study of
high blood pressure and cardiovascular disease in women. American Journal of Epidemiology. 1989;
130: 646—654. https://doi.org/10.1093/oxfordjournals.aje.a115386 PMID: 2773913

Tzourio C, Dufouil C, Ducimetiere P, Alpérovitch A. Cognitive decline in individuals with high blood pres-
sure. Neurology. 1999; 53: 1948. https://doi.org/10.1212/wnl.53.9.1948 PMID: 10599763

Tadic M, Cuspidi C, Hering D. Hypertension and cognitive dysfunction in elderly: blood pressure man-
agement for this global burden. BMC Cardiovascular Disorders. 2016; 16: 208. https://doi.org/10.1186/
5$12872-016-0386-0 PMID: 27809779

Hughes TM, Sink KM. Hypertension and Its Role in Cognitive Function: Current Evidence and Chal-
lenges for the Future. American Journal of Hypertension. 2016; 29: 149-157. https://doi.org/10.1093/
ajh/hpv180 PMID: 26563965

McDonald C, Pearce MS, Kerr SRJ, Newton JL. Blood pressure variability and cognitive decline in older
people: a 5-year longitudinal study. Journal of Hypertension. 2017; 35. Available: https://journals.lww.
com/jhypertension/Fulltext/2017/01000/Blood_pressure_variability_and_cognitive_decline.22.aspx

PLOS ONE | https://doi.org/10.1371/journal.pone.0224975 November 7,2019 12/13


https://doi.org/10.1212/wnl.50.6.1580
https://doi.org/10.1212/wnl.50.6.1580
http://www.ncbi.nlm.nih.gov/pubmed/9633697
https://doi.org/10.1161/hs1201.100392
https://doi.org/10.1161/hs1201.100392
http://www.ncbi.nlm.nih.gov/pubmed/11739991
https://doi.org/10.1212/WNL.0000000000001379
https://doi.org/10.1212/WNL.0000000000001379
http://www.ncbi.nlm.nih.gov/pubmed/25672924
https://doi.org/10.3233/JAD-140630
http://www.ncbi.nlm.nih.gov/pubmed/25672766
https://doi.org/10.1037/a0036828
http://www.ncbi.nlm.nih.gov/pubmed/24956008
https://doi.org/10.1097/WAD.0000000000000127
http://www.ncbi.nlm.nih.gov/pubmed/27556935
https://doi.org/10.1161/HYP.0000000000000053
http://www.ncbi.nlm.nih.gov/pubmed/27977393
https://doi.org/10.1002/ana.21535
http://www.ncbi.nlm.nih.gov/pubmed/19194882
https://doi.org/10.1371/journal.pone.0173997
https://doi.org/10.1371/journal.pone.0173997
http://www.ncbi.nlm.nih.gov/pubmed/28301549
https://doi.org/10.1093/oxfordjournals.aje.a114319
http://www.ncbi.nlm.nih.gov/pubmed/3962971
https://doi.org/10.1097/00001648-199011000-00009
https://doi.org/10.1097/00001648-199011000-00009
http://www.ncbi.nlm.nih.gov/pubmed/2090285
https://doi.org/10.1016/0140-6736(91)90664-B
https://doi.org/10.1212/01.wnl.0000065980.33594.b7
http://www.ncbi.nlm.nih.gov/pubmed/12771247
https://doi.org/10.2105/ajph.89.3.330
https://doi.org/10.2105/ajph.89.3.330
http://www.ncbi.nlm.nih.gov/pubmed/10076481
https://doi.org/10.1093/oxfordjournals.aje.a115386
http://www.ncbi.nlm.nih.gov/pubmed/2773913
https://doi.org/10.1212/wnl.53.9.1948
http://www.ncbi.nlm.nih.gov/pubmed/10599763
https://doi.org/10.1186/s12872-016-0386-0
https://doi.org/10.1186/s12872-016-0386-0
http://www.ncbi.nlm.nih.gov/pubmed/27809779
https://doi.org/10.1093/ajh/hpv180
https://doi.org/10.1093/ajh/hpv180
http://www.ncbi.nlm.nih.gov/pubmed/26563965
https://journals.lww.com/jhypertension/Fulltext/2017/01000/Blood_pressure_variability_and_cognitive_decline.22.aspx
https://journals.lww.com/jhypertension/Fulltext/2017/01000/Blood_pressure_variability_and_cognitive_decline.22.aspx
https://doi.org/10.1371/journal.pone.0224975

@ PLOS|ONE

Interaction between APOE genotype and hypertension on cognitive function in the Nurses’ Health Study

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

Aronow WS. Hypertension and cognitive impairment. Annals of Translational Medicine. 2017; 5: 259.
https://doi.org/10.21037/atm.2017.03.99 PMID: 28706927

Kivipelto M, Helkala E-L, Hanninen T, Laakso MP, Hallikainen M, Alhainen K, et al. Midlife vascular risk
factors and late-life mild cognitive impairment. Neurology. 2001; 56: 1683. https://doi.org/10.1212/wnl.
56.12.1683 PMID: 11425934

Haring B, Wu C, Coker LH, Seth A, Snetselaar L, Manson JE, et al. Hypertension, Dietary Sodium, and
Cognitive Decline: Results From the Women'’s Health Initiative Memory Study. American Journal of
Hypertension. 2016; 29: 202-216. https://doi.org/10.1093/ajh/hpv081 PMID: 26137952

The SPRINT MIND Investigators for the SPRINT Research Group. Effect of Intensive vs Standard
Blood Pressure Control on Probable Dementia: A Randomized Clinical Trial. JAMA. 2019; 321: 553~
561. https://doi.org/10.1001/jama.2018.21442 PMID: 30688979

Skoog |. A Review on Blood Pressure and Ischaemic White Matter Lesions. Dementia and Geriatric
Cognitive Disorders. 1998; 9(suppl 1): 13—19.

Haan MN, Shemanski L, Jagust WJ, Manolio TA, Kuller L. The role of apoe €4 in modulating effects of
other risk factors for cognitive decline in elderly persons. JAMA. 1999; 282: 40—46. https://doi.org/10.
1001/jama.282.1.40 PMID: 10404910

Kalmijn S, Feskens EJM, Launer LJ, Kromhout D. Cerebrovascular Disease, the Apolipoprotein e4
Allele, and Cognitive Decline in a Community-Based Study of Elderly Men. Stroke. 1996; 27: 2230.
https://doi.org/10.1161/01.str.27.12.2230 PMID: 8969786

Hofman A, Ott A, Breteler MM, Bots ML, Slooter AJ, van Harskamp F, et al. Atherosclerosis, apolipopro-
tein E, and prevalence of dementia and Alzheimer’s disease in the Rotterdam Study. The Lancet. 1997;
349: 151—-154. https://doi.org/10.1016/S0140-6736(96)09328-2

Kester M, van der Flier W, Mandic G, Blankenstein M, Scheltens P, Muller M. Joint effect of hyperten-
sion and APOE genotype on CSF biomarkers for Alzheimer’s disease. J Alzheimers Dis. 2010; 20:
1083-90. https://doi.org/10.3233/JAD-2010-091198 PMID: 20413898

Rodrigue KM, Rieck JR, Kennedy KM, Devous MD, Diaz-Arrastia R, Park DC. Risk Factors for 3-Amy-
loid Deposition in Healthy Aging: Vascular and Genetic Effects. JAMA neurology. 2013; 70: 600—606.
https://doi.org/10.1001/jamaneurol.2013.1342 PMID: 23553344

PLOS ONE | https://doi.org/10.1371/journal.pone.0224975 November 7,2019 13/13


https://doi.org/10.21037/atm.2017.03.99
http://www.ncbi.nlm.nih.gov/pubmed/28706927
https://doi.org/10.1212/wnl.56.12.1683
https://doi.org/10.1212/wnl.56.12.1683
http://www.ncbi.nlm.nih.gov/pubmed/11425934
https://doi.org/10.1093/ajh/hpv081
http://www.ncbi.nlm.nih.gov/pubmed/26137952
https://doi.org/10.1001/jama.2018.21442
http://www.ncbi.nlm.nih.gov/pubmed/30688979
https://doi.org/10.1001/jama.282.1.40
https://doi.org/10.1001/jama.282.1.40
http://www.ncbi.nlm.nih.gov/pubmed/10404910
https://doi.org/10.1161/01.str.27.12.2230
http://www.ncbi.nlm.nih.gov/pubmed/8969786
https://doi.org/10.1016/S0140-6736(96)09328-2
https://doi.org/10.3233/JAD-2010-091198
http://www.ncbi.nlm.nih.gov/pubmed/20413898
https://doi.org/10.1001/jamaneurol.2013.1342
http://www.ncbi.nlm.nih.gov/pubmed/23553344
https://doi.org/10.1371/journal.pone.0224975

