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Objective: To examine the association between prevalent use of antihypertensive medications
that stimulate (thiazides, dihydropyridine calcium channel blockers, angiotensin type |
receptor blockers) vs. inhibit (angiotensin-converting enzyme inhibitors, beta-blockers, non-
dihydropyridine calcium channel blockers) type 2 and 4 angiotensin Il receptors on cognitive
impairment among older adults residing in Veterans Affairs (VA) nursing homes for long-term
care.

Methods: Retrospective cohort study. Long-term care residents aged 65+ years admitted to a

VA nursing home from 2012 to 2019 using blood pressure medication and without cognitive
impairment at admission. Main exposure was prevalent use of angiotensin Il receptor type 2 and
4-"stimulating” (N=589), ‘inhibiting’ (N=3219), or ‘mixed’ (N=1715) antihypertensive medication
regimens at admission. Primary outcome was any cognitive impairment (Cognitive Function
Scale).

Results: Over an average of 5.4 months of follow-up, prevalent use of regimens containing
exclusively ‘stimulating’ antihypertensives was associated with a lower risk of any incident
cognitive impairment as compared to prevalent use of regimens containing exclusively ‘inhibiting’
antihypertensives (HR 0.83, 95% CI 0.74-0.93). Results for the comparison between ‘mixed’ vs.
‘inhibiting’ regimens were in the same direction but not statistically significant (HR 0.96, 95% ClI
0.88-1.06).

Conclusion: For residents without cognitive impairment at baseline, prevalent users of regimens
containing exclusively antihypertensives that stimulate type 2 and 4 angiotensin 1l receptors

had lower rates of cognitive impairment as compared to prevalent users of regimens containing
exclusively antihypertensives that inhibit these receptors. Residual confounding cannot be ruled
out.

Keywords
antihypertensives; antihypertensive drugs; aged; cognitive dysfunction

INTRODUCTION

Lower blood pressure (BP), especially in mid-life, is associated with lower risk of dementia
[1,2], and recent trial data have shown that more intensive systolic BP control reduces

mild cognitive impairment (MCI) and dementia risk even at older ages [3]. Certain classes
of antihypertensive medication may have different associations with cognitive impairment.
Animal and mechanistic data show that antihypertensive medications that stimulate type

2 and 4 angiotensin |1 receptors promote beneficial effects on the brain, possibly through
reduced ischemia, enhanced cerebral blood flow, and improved spatial memory processing,
among other pathways [4-11]. Data from one observational study suggest that angiotensin
Il receptor type 2 and 4-stimulating antihypertensives (angiotensin 1l receptor type 1
antagonists (ARBSs), dihydropyridine calcium channel blockers [CCBs], and thiazides)

are associated with lower risk of dementia compared to angiotensin Il receptor type 2

and 4-inhibiting antihypertensives (angiotensin-converting enzyme (ACE) inhibitors, beta-
blockers, and non-dihydropyridine calcium channel blockers), independent of blood pressure
[12]. However, these findings need to be replicated in independent samples. Moreover,
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little is known about the association between antihypertensive use and cognitive outcomes
in nursing home residents [13] — a population with a high prevalence of multimorbidity,
polypharmacy, frailty, and increased risk of poor cognitive outcomes.

In this study, we examined the association between prevalent use of antihypertensive
medications that stimulate versus inhibit type 2 and 4 angiotensin Il receptors on cognitive
impairment among older adults residing in VA nursing homes for long-term care. This study
was conducted in a cohort of Veterans on BP-lowering treatment and residing in long-term
care in the period 2012 to 2019 [14].

MATERIALS AND METHODS

Study Population

Measures

We constructed a retrospective cohort of residents in VA nursing homes, which are known as
Community Living Centers (CLCs). Residents were initially excluded if they (1) had a CLC
stay <90 days to exclude those undergoing post-acute rehabilitation; (2) were <65 years at
admission; (3) had a >30-day acute hospital stay during their CLC stay; and (4) had no

BP measures. For this analysis, residents > 65 years of age with long-term stays and BP
measured during their NH stay were included if they were admitted to a CLC ward between
July 1, 2012 (date of first Cognitive Function Score [CFS] measure via Minimum Data Set
[MDS] 3.0 [15]) and September 30, 2019 (N = 23,031). Residents were further excluded
from the analytic cohort if they: (1) were not administered at least one antihypertensive of
interest (i.e., ARBs, dihydropyridine calcium channel blockers, thiazides, ACE-inhibitors,
beta-blockers, and non-dihydropyridine calcium channel blockers) in the first week after
admission; (2) had a dementia diagnosis at NH admission; (3) did not have a CFS measure
via MDS 3.0 [15] during the NH stay; (4) had any cognitive impairment (CFS =2 or 3 or

4) at NH admission. This resulted in a final analytic sample of 5,047 residents (Figure 1).
Follow-up was censored at discharge, death, entry into hospice, or on June 1, 2020. This
study received institutional review board approval with a waiver of informed consent from
Stanford University and the VA Palo Alto Health Care System.

The VA supports a network-wide national electronic health record with a master patient
index that links all patients receiving care at all VA facilities. The primary data source for
this study was the VA Corporate Data Warehouse (CDW), and CLC stays were identified
using validated methods. We linked data from resident assessments in the MDS, which is
a federally mandated clinical assessment of all residents in Medicare or Medicaid certified
nursing homes. This assessment includes a standardized evaluation of residents’ cognitive
status, the CFS [15].

Data on antihypertensive medication use were captured from the Bar-Coded Medication
Administration (BCMA\) data, which provide a granular assessment of each medication
administered at a VA facility. Antihypertensive medications were identified by VA Drug
Classification Code and reviewed to ensure that the primary indication was BP-lowering
(e.g., did not include sildenafil). Furthermore, residents were classified into 1 of 3 mutually
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exclusive antihypertensive regimen exposure categories at NH admission (prevalent use,

in the first week): (1) use of only angiotensin Il receptor type 2 and 4-‘stimulating’
antihypertensives (ARBs, dihydropyridine calcium channel blockers, and thiazides); (2) use
of only angiotensin Il receptor type 2 and 4-‘inhibiting’ antihypertensives (ACE-inhibitors,
beta-blockers, and non-dihydropyridine calcium channel blockers); or (3) use of at least one
antihypertensive medication from both (1) and (2) (i.e., ‘mixed’ regimens). Use of other
antihypertensives (loop diuretics, central alpha-blockers, vasodilators, and potassium-sparing
diuretics) were classified as “other” antihypertensive use and used for adjustment.

The primary outcome was first occurrence of any cognitive impairment. Data on cognitive
function were obtained from the MDS 3.0. We used the CFS as a single, integrated,
4-level assessment of cognitive function: cognitively intact (CFS=1), mildly impaired
(CFS=2), moderately impaired (CFS=3), and severely impaired (CFS=4). The outcome of
any cognitive impairment was defined as time to first occurrence of any mild, moderate, or
severe cognitive impairment.

The CDW Patient domain was used to determine patient age, sex, race, and ethnicity. Data
on BP levels and weight were pulled from the CDW Vital Signs domain. Chronic conditions
were identified using ICD-9-CM and ICD-10-CM diagnosis codes one year prior to and
during the nursing home stay. Diagnosis codes were obtained from the CDW Inpatient and
Outpatient domains. Death was measured from the CDW vital status domain and restricted
for analysis to death occurring during the NH stay.

Statistical Analysis

We first described the characteristics of the analytic sample upon admission, by
antihypertensive use category. We conducted Cox regression analyses using age (at NH
admission) as the time scale. We used age as the time scale since age is a strong predictor
of cognitive function and, in doing so, effectively match for age. Any cognitive impairment
was the primary outcome and antihypertensive category (all 3 categories together in one
model with the “inhibiting’ group as the reference) was the independent variable. In
longitudinal analyses of NH residents, competing risk of death is a major potential source
of bias. To assess this, we used cause-specific hazard models for the outcome of any
cognitive impairment and removed individuals who died from the risk set at the date

of their death. Variables included in the adjusted model were selected a prioribased on
previous literature [1]. The adjusted model included sex, race, fiscal year of NH admission,
NH district, use of other antihypertensives, total number of antihypertensives, systolic

BP (first week average), diastolic BP (first week average), diabetes, atrial fibrillation,

heart failure, coronary heart disease, cerebral vascular disease, BMI, and renal failure
(diagnosis codes listed in Supplementary Table 1). The proportional hazards assumption
for the Cox regression was tested using a statistical test based on Schoenfeld residuals.
Robustness of the longitudinal primary analysis was assessed in two ways: (1) using
multinomial logistic regression to generate predicted probabilities of receiving each of the
three exposure categories, generating inverse probability treatment weight (IPTW) variables,
and then estimating hazard ratios (HRs) using IPTW-weighted Cox regression, and (2)
with a cross-sectional analysis. Given the high prevalence of cognitive impairment at NH
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admission that resulted in a sizable proportion of residents being excluded in the primary
analysis, a sensitivity analysis retained residents with cognitive impairment (per the CFS)
at baseline and examined the cross-sectional association between antihypertensive category
(inhibiting, stimulating, and mixed) and any cognitive impairment using a multivariable
logistic regression, adjusting for the same covariates as the primary model.

We also conducted a secondary analysis to explore associations between individual
antihypertensive sub-classes and the outcome of any cognitive impairment. To do so,

we examined all possible antihypertensive sub-class combinations within the ‘stimulating’
categorization, which included thiazide only, dihydropyridine CCB only, ARB only, thiazide
and dihydropyridine CCB, thiazide and ARB, dihydropyridine CCB and ARB, and thiazide,
dihydropyridine CCB, and ARB. Each of these antihypertensive sub-class groups was
compared to ACE-inhibitor only users, which was the most common ‘inhibiting” sub-class
used. The adjusted model included the same variables as the primary analysis.

We conducted an exploratory analysis using multistate modeling, given the high rate of
death in NH residents. We examined transitions using a multistate model, which accounts
for the competing risk of death. The model included the following 3 states: cognitively
normal, any cognitive impairment, and death. We then conducted transition-specific Cox
regression models, with follow-up time from nursing home admission as time scale, for each
of the 3 states. We used the “msaj” command, a part of the Stata package “multistate”, to
calculate the non-parametric Aalen-Johansen estimates of state occupation probabilities. To
assess the robustness of our results, we also conducted a sensitivity analysis redefining

our outcome as moderately impaired (CFS=3) or severely impaired (CFS=4). Finally,

to better understand changes in antihypertensive use after NH admission, we compared
antihypertensive categories (i.e., stimulating, inhibiting, or mixed) at week 1 vs. week 2,
week 3, week 4, 60 days, and 90 days. The main risk for exposure misclassification in this
prevalent user design is when a resident switched from angiotensin Il type 2 and 4 receptor
stimulating antihypertensives only to inhibiting only (and vice versa).

RESULTS

Of the 5,047 residents administered an antihypertensive of interest within the first week

of NH admission, 2,927 (58.0%) used exclusively ‘inhibiting” antihypertensives, 548
(10.9%) used exclusively ‘stimulating” antihypertensives, and 1,572 (31.1%) used both.
Characteristics of residents by the 3 antihypertensive categories are listed in Table 1 (mean
age, 74.3 years; standard deviation, 7.9 years; 2.6% female; 75.4% white). Compared to

the group using ‘inhibiting” antihypertensives, the group using ‘stimulating’ and ‘mixed’
antihypertensive regimens had higher proportions of Black residents and higher first week
average SBP values. Conversely, the group using ‘stimulating’ antihypertensives had a lower
proportion of residents with coronary heart disease, heart failure, and atrial fibrillation, as
compared to the groups using ‘inhibiting” and ‘mixed’ antihypertensive regimens.

Over an average of 5.4 months of follow-up, any cognitive impairment occurred among
69.7% (N=382) of prevalent users of regimens containing exclusively ‘stimulating’
antihypertensives, 74.5% (N=2181) of prevalent users of regimens containing exclusively
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‘inhibiting” antihypertensives, and 74.5% (N=1171) of prevalent users of ‘mixed’ regimens.
Multivariable Cox regression analyses are presented in Table 2. Prevalent use of regimens
containing exclusively angiotensin 11 receptor type 2 and 4-‘stimulating’ antihypertensives
was associated with a lower risk of any incident cognitive impairment as compared to
prevalent use of regimens containing exclusively ‘inhibiting” antihypertensives (HR 0.83,
95% CI 0.74-0.93). Results for the comparison between ‘mixed’ vs. ‘inhibiting’ regimens
were in the same direction but not statistically significant (HR 0.96, 95% CI 0.88-1.06).
Results were consistent using an IPTW-weighted Cox regression model (‘stimulating’ only:
HR 0.78, 95% CI 0.65-0.94, ‘mixed’: 0.90, 95% CI 0.80-1.02; ‘inhibiting” only: reference)
(Supplementary Table X). The cross-sectional sensitivity analysis (including those with
baseline cognitive impairment per the CFS) resulted in point estimates in the direction of a
protective association for both “stimulating” and ‘mixed’ antihypertensive regimens with any
cognitive impairment (Supplementary Table 1).

Secondary analysis of individual antihypertensive sub-classes showed a lower risk of any
incident cognitive impairment among those residents using a thiazide and ARB combination
as compared to only an ACE-inhibitor (HR 0.64, 95% CI 0.42-0.98), as well as among those
using only a thiazide diuretic as compared to only an ACE-inhibitor (HR 0.82, 95% CI
0.66-1.01) (Table S2).

Transition probabilities among the 3 states (no cognitive impairment or death, any cognitive
impairment, and death) are presented in Supplementary Figures 1 and 2. Of the 5,047
cognitively intact residents, 74.0% (N=3,734) developed any cognitive impairment, and
24.6% (N=1,244) died within the NH stay. Most deaths were among residents who
experienced any cognitive impairment (N=959, 77.1% of 1244 deaths). Use of only
angiotensin Il receptor type 2 and 4-‘stimulating’ antihypertensives was in the direction

of a protective association for the transition from a healthy state to death (HR 0.65,

95% CI 0.42-1.01) (Table 3). However, residents using angiotensin 11 receptor type 2 and
4-*stimulating’ antihypertensives did not differ from the other 2 antihypertensive categories
for the transition from any cognitive impairment to death.

Results were robust to sensitivity analysis. Prevalent use of regimens containing exclusively
angiotensin Il receptor type 2 and 4-‘stimulating’ antihypertensives was associated with a
lower risk of any incident moderate/severe cognitive impairment as compared to prevalent
use of regimens containing exclusively ‘inhibiting” antihypertensives (HR 0.84, 95% CI
0.75-0.95) (Supplementary Table X). Examining the prevalence of residents switching
from angiotensin Il type 2 and 4 receptor stimulating antihypertensives only to inhibiting
only at the most distant time points (representing the highest prevalence) — 90 days vs. week
1 - resulted in the following: inhibiting-to-stimulating = 13/2927 (0.44%); stimulating-to-
inhibiting = 16/548 (2.92%) (Supplementary Table 3).

DISCUSSION

In this observational cohort study of VA long-term care residents, prevalent use
of medication regimens containing exclusively angiotensin Il receptor type 2 and 4-
‘stimulating’ vs. ‘inhibiting” antihypertensives was associated with a 17% lower risk of

J Alzheimers Dis. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marcum et al.

Page 7

incident cognitive impairment, over an average of 5.4 months of follow-up. Results were
independent of SBP, cardiovascular risk factors, and sociodemographics, and robust to

a cross-sectional sensitivity analysis. Secondary analyses suggest that users of combined
treatment with a thiazide diuretic and an ARB, as compared to monotherapy with an ACE-
inhibitor, had lower rates of incident cognitive impairment. However, these results from
secondary analyses should be viewed as hypothesis-generating due to small sample sizes.
Furthermore, the observed lower risk of incident cognitive impairment among prevalent
users of angiotensin 11 receptor type 2 and 4-’stimulating’ antihypertensives was not due
to an increased risk of death. In fact, use of only angiotensin Il receptor type 2 and
4-’stimulating’ antihypertensives appeared marginally protective for the transition from a
healthy state to death.

Given the high prevalence of hypertension, affecting more than 50% of US nursing

home residents [16], even a small reduction in risk of cognitive impairment attained

by prescribing certain antihypertensives could have a meaningful impact on the overall
burden of cognitive impairment. Unfortunately, there is currently insufficient evidence to
recommend prescribing certain classes of antihypertensives to reduce the risk of cognitive
impairment [1]. Moreover, there is little evidence to guide antihypertensive prescribing

for nursing home residents in general due to exclusion of frail and disabled older adults
from landmark clinical trials of hypertension [3,13]. Additional observational research in
larger, representative samples — using a new-user design — with validated cognitive outcomes
could provide a useful replication. At the same time, our results align with findings from a
small (n=176), randomized trial that compared the ARB, candesartan (‘stimulating’), to the
ACEL, lisinopril (“inhibiting’), in older adults with mild cognitive impairment (MCI). After
12-months, candesartan led to improvements in executive function and episodic memory as
compared with lisinopril [17].

The results of the current analysis are also consistent with a secondary analysis of data from
the Prevention of Dementia by Intensive Vascular Care (PreDIVA) trial, which found that
prevalent users of only ‘stimulating’ antihypertensives had a 45% lower risk of incident
dementia as compared to users of only ‘inhibiting’ antihypertensives over 6.7 years of
follow-up [12]. It is important to note that we used a broad outcome measure (incident mild,
moderate, or severe cognitive impairment per the CFS) in the current study, and had a short
follow-up period given the high prevalence of cognitive impairment and death in long-term
care settings. In fact, nearly 75% of residents developed cognitive impairment, and almost
25% died during their nursing home stay. This rate of cognitive impairment (as measured by
the CFS) is consistent with previous findings from Thomas et al, who reported a prevalence
of 72% of long-stay residents experiencing any cognitive impairment using the CFS [15].
However, the CFS has not been validated against widely used measures of cognitive
impairment (e.g., MoCA); future work is needed to better elucidate the psychometric
properties of the CFS. Moreover, the quality of data collected via MDS likely varies and
could lead to CFS measurement error. Any measurement error is unlikely to differentially
vary by antihypertensive medication use, though.

Taken together, these findings from observational data provide support for antihypertensive
‘repurposing’ — i.e., using antihypertensive medications to reduce risk of cognitive
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impairment beyond their BP-lowering effects. On a population level, shifting
antihypertensive prescribing from inhibiting to stimulating regimens, while adhering to
current hypertension guideline recommendations, could be a promising strategy to reduce
the burden of cognitive impairment. This would mean shifting the treatment paradigm from
ACE-Is to ARBs, reducing the amount of inappropriate beta-blocker usage in the absence
coronary heart disease or heart failure with reduced ejection fraction, and increasing the
amount of thiazide diuretic usage as first-line treatment for hypertension. Opportunities
for such a shift in antihypertensive prescribing exist in long-term care. For example,
Boockvar et al reported that long-term nursing homes residents treated for hypertension
in the US in 2013 were less likely to start a new thiazide diuretic than any other first-line
antihypertensive medication [13]. Importantly, this study reported no association between
thiazide diuretic use and urinary incontinence or hospitalization. This national study also
found that 22% of long-term nursing home residents were treated with a beta-blocker as a
single antihypertensive, indicating potentially inappropriate use.

Multiple animal and human studies help explain possible underlying mechanisms for
our results. A sizable volume of animal model [18-25] and human studies [26-29]
support the overarching hypothesis that beyond effects on BP, antihypertensive drugs
that increase activity at the angiotensin type 2 and 4 receptors provide greater brain
protection compared with those that decrease activity. Numerous studies suggest a role
for angiotensin-11 and angiotensin-1V activity in protecting from ischemia or enhancing
cerebral blood flow, especially via activity at angiotensin type 2 and, possibly, type 4
receptors [9,30-32]. Agonism at the angiotensin type 4 receptor may improve spatial
memory processing [22,23,33,34]. Translating this mechanistic work to clinical practice,
using existing antihypertensives, is an area of active research.

This study has several limitations. First, the VA is not representative of the US population of
nursing home residents, with a disproportionately higher ratio of men to women. Our results
should be interpreted in this context. Second, we understand that a new-user design is ideal
for estimating medication effects outside of trials. However, the study question necessitated
a prevalent-user design given the age of the sample and high baseline prevalence of
antihypertensive use, which could introduce bias. More specifically, we were unable to
determine duration of hypertension and prior antihypertensive use for our sample. We
assessed the potential for exposure misclassification by examining antihypertensive use
across our study timeframe, and we found that there was minimal switching between the two
main exposure categories (i.e., only ‘stimulating’ and only “inhibiting’ antihypertensive use)
from baseline to 90 days. Our active-comparator design and methods of covariate adjustment
were used to mitigate these sources of bias, but we cannot rule out the possibility for
unmeasured confounding. Compared to users of ‘stimulating” antihypertensives, a greater
proportion of users of ‘inhibiting’ antihypertensives had a history of atrial fibrillation,
coronary heart disease, and heart failure. While we adjusted for these differences in
multivariable modeling, residual confounding could remain. As such, our results should

be interpreted as associative.

In conclusion, prevalent users of regimens containing exclusively antihypertensives that
stimulate versus inhibit type 2 and 4 angiotensin Il receptors had lower rates of incident
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cognitive impairment. We cannot rule out the possibility of residual confounding. If
replicated in randomized clinical trials, certain antihypertensives could be repurposed to
reduce the risk of cognitive impairment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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23,031 unique patients 65+ with long-term stays (before any hospice)
and blood pressure measured during their nursing home stay,
admitted on or after July 1, 2012 (date of first CFS measurement)

Vv

14,057 unique patients 65+ with long-term stays (before any hospice)
and blood pressure measured during their nursing home stay,
admitted on or after July 1, 2012 (date of first CFS measurement)
prescribed an antihypertensive of interest during first week of NH
admission

Vi

8,202 unique patients 65+ with long-term stays (before any hospice)
and blood pressure measured during their nursing home stay,
admitted on or after July 1, 2012 (date of first CFS measurement)
prescribed an antihypertensive of interest during first week of NH
admission, and without dementia

\2

8,194 unique patients 65+ with long-term stays (before any hospice)
and blood pressure measured during their nursing home stay,
admitted on or after July 1, 2012 (date of first CFS measurement)
prescribed an antihypertensive of interest during first week of NH
admission, and without dementia but with CFS measure (MDS 3.0)

\2

5,047 unique patients 65+ with long-term stays (before any hospice)
and blood pressure measured during their nursing home stay,
admitted on or after July 1, 2012 (date of first CFS measurement)
prescribed an antihypertensive of interest during first week of NH
admission, and without dementia and with normal cognitive function
(CFS=1) at baseline

Figure 1. Flow diagram of study population
Abbreviations. CFS: cognitive function scale; MDS: Minimum Data Set; NH: nursing home
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Characteristics of VA nursing home residents with no cognitive impairment, by blood pressure lowering
medication regimen at admission (2012-2019)

Table 1.

Inhibiting* Stimulating-r Mixedi
N=2927 N=548 N=1572
Age at NH admission (years) 74.6 (8.0) 74.8 (8.4) 73.6 (7.6)
Age groups - - -
65-69 years 1,020 (34.9%) | 205 (37.4%) | 605 (38.5%)
70-74 years 741 (25.3%) | 126 (23.0%) | 411 (26.2%)
75-79 years 394 (13.5%) 61 (11.1%) 221 (14.1%)
80-84 years 335 (11.5%) 58 (10.6%) 150 (9.5%)
85-89 years 257 (8.8%) 57 (10.4%) 106 (6.7%)
90+ years 180 (6.2%) 41 (7.5%) 79 (5.0%)
Female 70 (2.4%) 24 (4.4%) 38 (2.4%)
Race - - -
White 2,356 (80.5%) | 361 (65.9%) | 1,089 (69.3%)
Black 352 (12.0%) | 124 (22.6%) | 365 (23.2%)
Asian/Pacific Islander 33 (1.1%) 13 (2.4%) 18 (1.2%)
American Indian 16 (0.6%) 1(0.2%) 10 (0.6%)
Multiple races 20 (0.7%) 7 (1.3%) 14 (0.9%)
Missing 150 (5.1%) 42 (1.7%) 76 (4.8%)
Ethnicity - - -
Not Hispanic or unknown 2,806 (95.9%) | 515(94.0%) | 1,491 (94.9%)
Hispanic 121 (4.1%) 33 (6.0%) 81 (5.2%)
Fiscal year cycle of NH Admission - - -
FY2011 (July-September)-FY2012 106 (3.6%) 12 (2.2%) 53 (3.4%)
FY2013-FY2014 867 (29.6%) | 139 (25.4%) | 459 (29.2%)
FY2015-FY2016 939 (32.1%) | 174 (31.8%) | 426 (27.1%)
FY2017-FY2018 716 (245%) | 149 (27.2%) | 423 (26.9%)
FY2019 299 (10.2%) 74 (13.5%) 211 (13.4%)
Region - - -
Continental 431 (14.7%) 82 (15.0%) 222 (14.1%)
Midwest 784 (26.8%) | 111(20.3%) | 410 (26.1%)
North Atlantic 757 (25.9%) | 152 (27.7%) | 423 (26.9%)
Pacific 538 (18.4%) | 113 (20.6%) | 268 (17.1%)
Southeast 403 (13.8%) 90 (16.4%) 249 (15.8%)
Missing 14 (0.5%) 0 (0%) 0 (0%)
NH length of stay (days)§ 272.6 (322.7) | 298.1(378.3) | 280.1(335.8)
Systolic BP (1%t week, average) 124.6 (145) | 1325(14.3) | 133.1(15.4)

J Alzheimers Dis. Author manuscript; available in PMC 2022 July 01.

Page 13



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Marcum et al.

Inhibiting* Stimulating-r Mixedi
N=2927 N=548 N=1572
Diastolic BP (1% week, average) 69.0 (7.6) 71.7 (7.5) 70.6 (7.6)
Baseline comorbidities - - -
Hypertension 2,622 (89.6%) | 523 (95.4%) | 1,523 (96.9%)
Diabetes 1,698 (58.0%) | 278 (50.7%) | 1,053 (67.0%)
Coronary heart disease 1,656 (56.6%) | 156 (28.5%) 790 (50.3%)
Cerebrovascular disease 761 (26.0%) 115 (21.0%) 488 (31.0%)
Heart failure 1,504 (51.4%) | 147 (26.8%) | 703 (44.7%)
Atrial fibrillation 1,203 (41.1%) | 98 (17.9%) 430 (27.4%)
Renal failure 1,071 (36.6%) | 212 (38.7%) | 750 (47.7%)
BMI at NH admission 30.9 (9.5) 30.4 (10.6) 31.7 (9.0)
BMI categories - - -
18.5-24.9 638 (21.8%) | 110(20.1%) | 280 (17.8%)
<185 50 (1.7%) 16 (2.9%) 19 (1.2%)
25.0-29.9 828 (28.3%) | 172 (31.4%) | 421 (26.8%)
30+ 1,276 (43.6%) | 213(38.9%) | 781 (49.7%)
Missing 135 (4.6%) 37 (6.8%) 71 (4.5%)
“Other” antihypertensives” 1,258 (43.0%) | 162 (29.6%) | 705 (44.9%)
Number of antihypertensives (1% week) | 1.86 (0.87) 159(0.75) 2.98(0.95)

*
Inhibiting defined as use of angiotensin-converting enzyme inhibitors, R-blockers, and/or non-dihydropyridine calcium channel blockers.

fStimuIating defined as use of angiotensin Il receptor blockers, dihydropyridine calcium channel blockers, and/or thiazides.

iMixed defined as use of at least one inhibiting and at least one stimulating antihypertensive.

§NH length of stay defined as number of days between NH admission and discharge.

Other antihypertensives included loop diuretics, central alpha-blockers, vasodilators, and potassium-sparing diuretics.

Note: For race and BMI, separate categories of “missing” were used in regression analysis.

Abbreviations. Ang: angiotensin; BMI: body mass index; BP: blood pressure; CFS: Cognitive Function Scale; FY: fiscal year; NH: nursing home;

VA: Veterans Affairs;
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Table 2.

Page 15

Adjusted Cox regression models for VA nursing home residents using angiotensin-11 receptor type 2 and 4
stimulating only or both stimulating and inhibiting (“mixed”) antihypertensive regimens as compared to those

using inhibiting regimens only

Mixed® (N=1572)

Outcome:
Time to first cognitive
impairment

Antihypertensive categories HR (95%Cl) P

* - -
Primary analysis

o 7 _ 1.0
Inhibiting only * (Reference) (N=2927)
Stimulating onlyi(N:548) 0.83(0.74-0.93) <0.01
0.96 (0.88-1.06) 0.44

Time to any cognitive impairment (per CFS) in days (SD): inhibiting, 91.4 (131.9); stimulating, 118.4 (198.7); mixed, 93.6. (149.1)

*
Model adjusted for sex, race, fiscal year, district, other antihypertensives, number of antihypertensives, systolic blood pressure, diastolic blood
pressure, diabetes, atrial fibrillation, heart failure, coronary heart disease, cerebral vascular disease, BMI, renal failure

flnhibiting defined as use of angiotensin-converting enzyme inhibitors, B-blockers, and/or non-dihydropyridine calcium channel blockers.

iStimuIating defined as use of angiotensin II receptor blockers, dihydropyridine calcium channel blockers, and/or thiazides.

§Mixed defined as use of at least one inhibiting and at least one stimulating antihypertensive.

Abbreviations. ACE: angiotensin converting enzyme; Ang: angiotensin; ARB: angiotensin receptor type 1 blocker; Cl: confidence interval; HR:

hazard ratio
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Table 3.

Transition-specific adjusted “Cox regression models

Time to any cognitive

impairment

Time to death (without
interim cognitive

Time from any cognitive
impairment to death

impairment)
Antihypertensive | HR (95% ClI) P HR (95%Cl) P HR (95%Cl) P
categories
Inhibiting only 1.0 - 1.0 - 1.0 -
Stimulating only | 0.83(0.74-0.93) | <0.01 | 0.65(0.42-1.01) | 0.06 | 1.14(0.92-1.41) | 0.24
Mixed 0.96 (0.88-1.06) | 0.44 | 0.93(0.64-1.35) | 0.71 | 0.98(0.81-1.19) | 0.86

Page 16

*

Each model adjusted for sex, race, fiscal year of nursing home admission, district, other antihypertensives, number of antihypertensives received
in the first week, systolic and diastolic blood pressure (averaged in the first week), baseline comorbidities (diabetes, atrial fibrillation, heart failure,
coronary heart disease, cerebral vascular disease and renal failure), and baseline BMI.

Tlnhibiting defined as use of angiotensin-converting enzyme inhibitors, B-blockers, and/or non-dihydropyridine calcium channel blockers.

Stimulating defined as use of angiotensin Il receptor blockers, dihydropyridine calcium channel blockers, and/or thiazides. Mixed defined as
use of at least one inhibiting and at least one stimulating antihypertensive.
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