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BACKGROUND: Antihypertensive drugs are prescribed
commonly in older adults for their beneficial cardiovas-
cular and cerebrovascular effects, but few studies have
assessed antihypertensive drugs’ adverse effects on non-
cardiovascular outcomes in routine clinical practice.

OBJECTIVE: To evaluate, among older adults, the
association between antihypertensive medication use
and physical performance, cognition, and mood.

DESIGN AND SETTING: Prospective cohort study in a
Veterans Affairs primary care clinic, with patients
enrolled in 2000-2001 and assessed for medication
use, comorbidities, health behaviors, and other char-
acteristics; and followed-up 1 year later.

PARTICIPANTS: 544 community-dwelling hypertensive
men over age 65 years.

MEASUREMENTS: Timed chair stands; Trail Making
Test part B; and Centers for Epidemiologic Studies
Depression (CES-D) scores.

RESULTS: Participants had a mean age of 74.4=+
5.2 years and took a mean of 2.3+1.2 antihypertensive
medications at baseline. After adjustment for age,
comorbidities, level of blood pressure, and other con-
founders, each 1l-unit increase in antihypertensive
medication “intensity” was associated with a 0.11-
second (95% confidence interval, 0.05-0.16) increase
in the time required to complete the timed chair stands.
No significant relationship was found between antihy-
pertensive medication intensity and outcomes for Trail
Making B or CES-D scores.

CONCLUSIONS: A higher cumulative exposure to anti-
hypertensive medications in community-living older
men was associated with adverse effects on physical
performance, but not on the cognitive or depression
measures available in this study. Clinicians should
consider non-cardiovascular related adverse effects
when treating older males taking multiple antihyper-
tensive medications.
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BACKGROUND

More than half of adults over 65 years have hypertension,' and
antihypertensive medications are widely prescribed. Compel-
ling evidence of the benefit of these medications in decreasing
cardiovascular events has been demonstrated in randomized
controlled trials. Accordingly, current clinical guidelines sug-
gest the use of 1, or often several, medications to control
hypertension.>® As the number of medications older adults
take increases, however, medication non-adherence,* adverse
drug effects,” and drug interactions® also increase. Treatment
of hypertension with multiple medications to achieve cardio-
vascular benefits must therefore be balanced against potential
harms.

Previous studies have shown that antihypertensive medica-
tions are associated with potential drug effects apart from their
intended cardiovascular outcomes, including changes in the
domains of muscle function,”® energy level and fatigue,lo‘”
and cognition.'? Although data from the Systolic Hypertension
in the Elderly Program Trial*® did not provide evidence of an
impact of antihypertensive drug use on several measures of
cognition, physical function, and mood,'* few data are avail-
able regarding whether older adults who routinely take these
drugs in usual practice are at increased risk for adverse
noncardiovascular outcomes. In addition, extrapolating med-
ication safety from clinical trials data alone is problematic,
because patients enrolled in large-scale efficacy trials often
differ from community-living adults in terms of their age,
comorbidity profile, and other health factors; and follow-up
data on non-cardiovascular outcomes are often not systemat-
ically collected.

The aim of the current study was to determine whether
medications used to treat hypertension in routine clinical
practice are associated with changes in 3 outcome domains
important in terms of older adults’ ability to remain inde-
pendent—physical performance, cognition, and depressive
symptoms.
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METHODS

Population. The Connecticut Veterans Longitudinal Cohort was
a prospective cohort of patients at the Veterans Administration
(VA) Healthcare System in West Haven, Connecticut.'® The
cohort enrolled a consecutive series of veterans attending VA
primary care clinics from July 2000-August 2001. Inclusion
criteria were age 65 years or older, English speaking, ability to
ambulate independently within the clinic either with or
without an assistive device, and ability to give informed
consent. Among a total of 935 veterans screened, 767 (82%)
agreed to participate. The final study sample included 544
male participants with hypertension who had completed the
required medical interviews at baseline. Participants were
interviewed and examined in person at baseline and at 1-year
follow-up. The study protocol was approved by VA Connecticut.

Health Status and Comorbidities. Sociodemographic data (age,
sex, race/ethnicity, and years of education) were recorded from
patient interviews. The Cumulative Illness Rating Scale for
geriatrics (CIRS-G), a validated scale that rates all health
conditions by category and severity, was used to measure
comorbidity.’® We recorded the number of disease categories
for each participant from the medical record. Health behaviors,
including alcohol use (in the previous month) and history of
tobacco use (current, former, never smoker), were recorded
from patient self-report. Instrumental activities of daily living
(IADLs),'” representing higher-level tasks necessary for
independent living (e.g., meal preparation), were obtained
from patient self-report during the baseline interview and
coded as the number of tasks for which participants were
dependent or required assistance. Blood pressure was
measured in millimeters of mercury with a standard
sphygmomanometer while the participant was seated at rest.
Four hypertension severity levels were defined using Joint
National Committee guidelines, ranging from <130/85 mmHg
to the highest level of >160 for systolic or >100 for diastolic
blood pressure.®

Medication Use. Prescription and over-the-counter medi-
cations used regularly by participants were recorded at baseline
and at 1 year. Data were gathered from participants’ self-report
and inspection of medication bottles (during the baseline
interview) and verified by reviewing the electronic pharmacy
record. Prescribed antihypertensive drugs were subsequently
abstracted from electronic records at 3-month intervals over
the course of the follow-up period. Information on medication
use in pharmacy records and medical records were merged;
discrepancies were resolved by clinical consensus. Medications
were coded'® and classified using the American Hospital
Formulary System.'? Antihypertensives were classified accord-
ing to the 5 commonly prescribed classes, as defined by Joint
National Committee guidelines®: angiotensin-converting en-
zyme (ACE) inhibitors and angiotensin receptor blockers; beta-
blockers; calcium-channel blockers; diuretics; and centrally
acting agents. Duration of medication use before enrollment
and dosage were not available for the current analyses; non-VA
medications were not recorded at follow-up.

Antihypertensive medication intensity was defined in 2
ways. First, to provide a quantitative measure of the “intensity”

of exposure, the sum of the number of antihypertensive classes
prescribed across all four 3-month intervals was determined,
yielding an integer score from O (no antihypertensive drug use)
to 20 (use of 5 antihypertensive classes over all 4 quarters).
(For example, a participant taking a beta-blocker and an ACE-
inhibitor for 1 full year would have a score 2x4=8.) Multiple
antihypertensive agents within the same class, taken during
the same 3-month interval, were counted only once toward the
exposure intensity score. This method accounted for several
clinical scenarios, including participants who: a) stopped
taking an antihypertensive during the follow-up period; b)
switched to another antihypertensive class; or c¢) added an
antihypertensive to an existing regimen. Adherence at each in-
terval was determined by VA records, not participant interviews.

A second approach to measure antihypertensive medication
use was used to enhance clinical interpretation of the study
results. Antihypertensive medication exposure was defined
using a categorical approach based on the number of medica-
tion classes a patient was exposed to, involving a time frame of
at least 2 of the 3-month intervals. The categories for this
approach were none, minimal (i.e., used an antihypertensive
drug in only one 3-month interval), 1, 2, and 3 or more
antihypertensive medication classes. (Because 12.9% [70 of
544 participants] took an antihypertensive drug for only one 3-
month interval, they were classified in the shortest-term user
group [“minimal”], providing an assessment whether their
outcomes were different from patients who were exposed to
an antihypertensive drug class for at least 2 or more intervals.)

Outicome Measures. Three primary outcomes—physical
performance, cognition, and depressive symptoms—were
measured by a trained research nurse at baseline during a
face-to-face interview and again at follow-up after 1 year. These
outcomes were chosen because they represent domains that
have been reported to be affected by antihypertensive
medication use, although uncertainty still remains.”-!*2°2!
Timed chair stands, a measure of physical performance
associated with functional decline and disability,?? is defined
as the amount of time needed to complete 3 sit-to-stand
maneuvers from a chair. The Trail Making Test Part B (Trail
Making B) is a timed measure of cognitive flexibility that
requires attention, visuo-spatial ability, and immediate
memory skills.?® Participants were given up to 300 seconds
to connect a series of numbers and letters in an alternating
pattern. The 11-item Center for Epidemiologic Studies-
Depression (CES-D) scale is a self-reported measure of
depressive symptoms, which was transformed to the 20-item
score.?*

For the first analysis focusing on a quantitative assessment
of drug-outcome associations, each measure of performance at
1 year was analyzed as a (continuous) dependent variable. A
second analysis, given the absence of well-established cut-
points to define clinically significant impairment in perfor-
mance, was conducted by redefining the outcomes as
dichotomous based on the predicted values of each outcome
from the primary regression models, as described below.

Statistical analysis. Baseline characteristics of the population
were reported using descriptive statistics.

In the first analytic approach, a separate multiple linear
regression model was used to analyze the association between
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Table 1. Baseline Characteristics of Participants

Characteristic N=544
Demographics
Age, years 74.4+5.2
Non-white 61 (11.2)
Education, years 12.0+2.8
Comorbidity
Cumulative Illness rating scale (CIRS-G), no. categories 5.0+1.9
CIRS-G, mean score 10.4+4.3
Selected comorbidities
Diabetes mellitus without end-organ damage 145 (26.7)
Chronic pulmonary disease 87 (16.0)
Myocardial infarction 72 (13.2)
Cerebrovascular disease 56 (10.3)
Congestive heart failure 46 (8.5)
Other health factors
Number of IADL impairments 0.6+1.0
Alcohol use, past 30 d 277 (50.5)
Current smoker 63 (11.6)
Clinical characteristics
Timed chair stands, seconds 7.6+2.8
Trail Making B, seconds 156.0+
76.0
CES-D depressive symptoms 3.9£3.7
Systolic blood pressure, mmHg 138.8+
18.7
Diastolic blood pressure, mmHg 76.8+10.3

IADL=Instrumental activities of daily living; CES-D=Center for Epidemi-
ologic Studies-Depression

Table 2. Medication Use Among the 544 Participants

Medications N (%)*
No. total medications taken at baseline
Mean+SD 7.3+£3.3
Median (interquartile range) 7 (5-10)
No. antihypertensive medications taken at baseline
Mean+SD 2.3+x1.2
Median (interquartile range) 2 (1.5-3)
Taking 1 antihypertensive drugt 119 (21.9)
ACE inhibitor use alone 45 (8.3)
Beta-blocker use alone 29 (5.3)
Calcium-channel blocker use alone 26 (4.8)
Central-acting agents alone 11 (2.0)
Diuretic use alone 8 (1.5)
Taking 2 antihypertensive drugst 181
(33.3)
ACEI + Diuretics 29 (5.3)
ACEI + Beta blockers 27 (5.0)
Beta blockers + Calcium channel blockers 23 (4.2)
Calcium channel blockers + Central acting agents 20 (3.7)
ACEI + Central acting agents 18 (3.3)
Taking >3 antihypertensive drugst 227
41.7)
ACEI + Beta blockers + Diuretics 37 (6.8)
ACEI + Diuretics + Calcium channel blockers 26 (4.8)
ACEI + Beta blockers + Diuretics + Calcium channel 20 (3.7)
blockers
ACEI + Beta blockers + Central acting agents 14 (2.6)
ACEI + Beta blockers + Calcium channel blockers 13 (2.4)
Antihypertensive intensity score during the study year#
Mean+SD 6.2+4.1
Median (interquartile range) 6, 3-9

*Unless otherwise indicated.

tThe 5 most common drug(s) are listed.

$See Methods section for calculation of antihypertensive intensity score
(range 0-20), which is calculated for the entire 1-year follow-up period.

the antihypertensive medication intensity score as a continu-
ous predictor and each of the outcome measures (Timed chair
stands; Trail Making B; CES-D score). Each model was
adjusted first for the baseline value of the corresponding
outcome and then for potential confounders, including socio-
demographic factors (age, race, education level), other health
behaviors (alcohol and tobacco use), hypertension (blood
pressure) severity level, and comorbidity (CIRS-G score). To
test for potential departure from the assumed linear effects of
the antihypertensive medication intensity, a quadratic term for
this score was included in the model. The model fit was assessed
by examining residuals and other diagnostic statistics.>®

In the second analytic approach, the adjusted multiple
regression models described above were refitted by removing
the antihypertensive medication intensity score. The predicted
value of each outcome from these models was used to classify
individuals as either having or not having an impaired
performance based on the upper (“worst”) quartile value of
the population. That is, patients whose scores were among the
worst 25% of the population values were classified as having
an impaired performance. The relationship between levels of
antihypertensive exposure (i.e., none, minimal, 1, 2, or >3)
and the proportion of participants falling within the worst
quartile for each outcome was assessed using the Cochrane-
Armitage trend test.?®

Because of missing data for the outcomes or covariates in 3—-
11% of patients, multiple imputation techniques were used to
replace the missing values and refit the fully adjusted models
using SAS MI and MIANALYZE procedures to assess the
potential impact of the missing data on the results.?®27

All models were analyzed using SAS Version 9.1 (Cary, NC);
a Pvalue of <0.05 was considered to be statistically significant.

RESULTS

The mean age of participants was 74.4+5.2 years (Table 1). The
majority of patients were white, high school educated, and had
substantial comorbidity. At baseline, participants had mean
systolic blood pressure of 138.8+18.7 mmHg, and took a mean
of 7.3+3.3 medications, including 2.3+1.2 antihypertensive
medications, with ACE inhibitors and beta-blockers being the
most commonly prescribed medications (Table 2).

Table 3 displays the results of the linear regression models
evaluating the association between antihypertensive medica-
tion intensity and each outcome, with and without adjusting
for potential confounders. For each 1-unit increase in antihy-
pertensive medication intensity score, the adjusted time
required to complete the chair stands test was 0.11 seconds
(95% CI 0.05-0.16) longer. Assessment of a quadratic relation-
ship between antihypertensive medication intensity and the
chair stands test approached statistical significance (beta for
quadratic term=0.01; p=0.066). A statistically significant
association was not found between antihypertensive medica-
tion use and performance in the Trail Making B or the CES-D
score.

Table 4 displays the association between level of exposure to
antihypertensive medications classes and the worst quartile of
performance for each outcome, based on its predicted values
using multiple linear regression models. A significant linear
relationship was found between the number of antihyperten-
sive classes and chair stand performance (p<0.001). For Trail
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Table 3. Multiple Linear Regression Models of the Effects of Antihypertensive Drug Exposure* on Primary Outcomes in 544 Older Hypertensive

Patients
Chair Stands Trail Making B CES-D
Modelt B (95% Ch¥ P value B (95% CI) P value B (95% CI) P value
Baseline§ 0.13 (0.07-0.18) <0.001 0.34 (-0.68-1.37) 0.51 0.004 (—0.06-0.05) 0.90
Adjusted// 0.11 (0.05-0.16) <0.001 0.18 (-0.92-1.28) 0.75 -0.03 (-0.09-0.04) 0.41

*Defined by a composite measure of number of antihypertensive drug classes exposed across 4 follow-up intervals over the study year (range 0-20; see
“Methods” section for details).

t Chair stands, Trail Making B, and CES-D score were measured at 1-year follow-up; each is a dependent variable.

i B is the regression coefficient for the effect of a 1 unit increase in the antihypertensive intensity score on the primary outcome at 1 year.

§Baseline models included the antihypertensive intensity score and the baseline value of the corresponding outcome. N used in each model was 488, 495,
507, respectively.

/ /Adjusted models included the antihypertensive intensity score and the baseline value of the corresponding outcome, plus the following covariates: age,
race, education, alcohol use, smoking status, Cumulative Illness Rating Scale-Geriatrics score and hypertension (blood pressure) severity level. N used in

each model was 482, 492, and 506, respectively.

Making B (p=0.325) and CES-D depression score (p=0.127),
no significant relationships were found.

Patients who were missing an outcome measure at follow-
up tended to have worse baseline IADL function (p=0.008),
lower education (p=0.03), and slower Trail Making B perfor-
mance (p=0.001) compared to those without missing data, but
were comparable in terms of baseline antihypertensive drug
use (p=0.11), number of comorbidities (p=0.22) and total
number of medications used (p=0.12). Multiple imputation
analyses of the data shown in Table 3, however, yielded
consistent results (data not shown).

DISCUSSION

This study provides evidence of an association between
antihypertensive medication intensity and the risk of non-
cardiovascular outcomes in older males with hypertension.
Our data suggest that an increase in the overall exposure to
antihypertensive medications was associated with decreased
physical performance as measured by chair stands. In con-
trast, no evidence was found of a potential adverse effect on

cognitive or mood outcomes. The results were similar using a
worst-quartile cutpoint approach, suggesting the relationship
is robust and is not an artifact of a particular measurement or
analytic method.

In comparison to participants in other clinical trials,?®
participants in this sample included a greater proportion of
older adults with multiple comorbidities. In addition, previous
large efficacy trials have focused largely on selected cardiovas-
cular endpoints as the primary or secondary outcomes.
Consequently, our study has several important implications
for interpreting the data on prescription of blood pressure
lowering drugs in older males. For example, although clinical
trials can provide estimates of the cardiovascular benefits of
antihypertensive drugs, they overlook a range of other relevant
outcomes that may be highly valued by older adults,?® such as
mood, cognition, sleep, and physical performance. Use of
observational data and surveillance of commonly prescribed
drugs, as described in the Institute of Medicine’s report on
drug safety,° are increasingly promoted as means to enhance
the detection of adverse drug-related effects in real-world
patients. Prescription of antihypertensive medications in older
adults requires ongoing attention to balance the long-term

Table 4. Number and Percent of Participants in the Worst Quartile of the Predicted Outcome* by Number of Antihypertensive Drug Classes

Exposed
No. Antihypertensive Classes Exposedt N¥ Chair Stands§ Trail Making B§ CES-D Score§
n % n % n %

3+ 190 58 31.4 50 26.7 52 27.4
2 142 40 28.6 37 26.1 37 26.1
1 111 22 20.0 27 24.3 31 27.9
Minimal 70 11 15.7 14 20.3 8 11.4
None 31 3 10.3 7 23.3 8 26.7
Overall 544 134 [24.6] 135 [24.8] 136 [25.0]
P for linear trend/ / <0.001 0.325 0.127

*Estimated using the adjusted multiple linear regression models shown in Table 3, except that the antihypertensive intensity score was removed. (If no
association existed, a proportion of 25% would be expected regardless of drug class.)

+Exposure to an antihypertensive drug class was defined by prescription of a drug for 2 or more 3-month intervals during the study year, except the short-
term users (“minimal”), who used antihypertensive drug(s) in only 1 interval.

tRepresents number of participants among each antihypertensive exposure group at baseline. Actual N used as the denominator of the row percentages
was smaller across outcomes because of missing observations.

§Thresholds for worst quartile were 8.8 sec for chair stands, 188.6 sec for trail making B; and 5.3 for CES-D score.

//Cochran-Armitage test of linear trend on the association between proportions of participants within the worst performance and the number of
antihypertensive classes exposed.
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disease-specific cardiac and stroke-risk benefits, against the
potential for deleterious, non-cardiac clinical outcomes that
can occur in the short-term, such as potential for impaired
physical performance.

The observed association between increasing intensity of
antihypertensive medication use and poor physical perfor-
mance deserves careful evaluation. An exploratory analysis
found evidence consistent with, but not conclusive of, a
non-linear (quadratic) relationship between antihypertensive
medication use and performance on the chair stands test;
additional research in other (e.g., larger) populations may
help to clarify the pattern of a possible association. Based on
our model, each 1-unit increase in antihypertensive medica-
tion “intensity” was associated with a modest overall change
(0.11 second) in timed chair stands across the entire study
population, but: a) participants at the highest intensity score
(20) would incur a 2.2-second slower performance, compared
to those in the lowest exposure category; b) changes in
certain participants are much greater than the “average”
value of the coefficient (as represented by the quartile
analysis); and c) a similar situation exists in other contexts,
such as a modest lowering of cholesterol on a population
basis resulting in significant lowering in certain patients and
an overall impact on group outcomes.

No accepted definitions exist for clinically significant
changes in completing 3 timed chair stands, and investigators
have used different numbers of repetitions of chair stands in
their work. A summary performance measure incorporating 5
repetitions of chair stands, in conjunction with other tests of
lower extremity function, demonstrated that a gradient of
performance is related to self-reported disability, mortality,
and nursing home admission.®' Timed chair stands alone as a
distinct physical performance measure has been linked to an
important clinical outcome, falls, in older adults.*>*® Analyz-
ing chair stands using the worst quartile approach (similar to
our second approach) has been shown a potent independent
predictor of falls and fall injuries.>?

The observed association lacks a confirmed mechanism at
this time, but a physiological explanation is supported by
previous research suggesting that users of beta-blockers,
thiazide diuretics, and calcium channel blockers have lower
cross-sectional measures of muscle mass compared to users of
ACE-inhibitors.>* ACE-inhibitor use, in contrast, has been
reported to be associated with prevention of physical disability
and maintenance of muscle strength in older patients.”>
Because we do not have sufficient power to distinguish the
effects of 1 antihypertensive medication from another in the
same or different class, a larger study comparing different
antihypertensive drugs in relation to changes in muscle
strength is needed. In addition, because muscle weakness
predicts disability and mortality in older adults,®*>® antihy-
pertensive regimens that potentially impact physical perfor-
mance are important to study, along with effects on related
outcomes such as balance and endurance. Finally, studies
suggest that older persons experiencing an adverse drug effect
may value their overall quality of life more than the primary
prevention of cardiac or cerebrovascular disease.>°

The relationship between antihypertensive medication use
and cognitive and depression outcomes has been explored in
previous studies using clinical trials data. Muldoon et al.*’
have shown no prominent neuropsychological changes in older
patients taking antihypertensives when analyzing data from

multiple clinical trials. Prince et al.,’® using Medical Research
Council data, found no prominent cognitive changes when
older patients began initial treatment for hypertension. Taken
together with the results of this cohort study, no clear evidence
exists that treatment for hypertension is associated with short-
term cognitive changes, although trials have reported a reduced
incidence of dementia.*?* Similarly, evidence for neuropsychi-
atric changes, such as depression or depressive symptoms, was
not found, supporting recent work'*** that refutes earlier
reports of associations between beta-blocker®'*> and calcium
channel blocker*®#” use and depression. The instruments used
in the current study, however, could not capture all facets of
cognitive or mood states in older persons, so future research is
warranted.

Unmeasured confounding may provide an alternative expla-
nation for our findings, although we minimized potential
confounding by adjusting for variables—sociodemographic,
comorbidity, hypertension severity, and baseline values of the
main outcome measures—that were measurable and relevant
to the outcome measures studied. Increased medication use
could reflect increased comorbidity, and some antihyperten-
sive medications may be used for indications other than
hypertension. In a secondary analysis, however, we removed
participants with heart failure or renal disease (other promi-
nent indications for antihypertensive medications) from the
analyses and found no substantive difference in results.

All participants were diagnosed with hypertension before
enrollment, and thus the study design is not an inception
cohort. Participants’ tolerance to the effects of different
antihypertensive drugs may differ from patients who are new
users. For any individual participant, drugs having an unac-
ceptable adverse effect profile may have been discontinued
before the study entry, resulting in a bias toward observing the
potential effects of drugs deemed most “optimal” or tolerable
for an individual. The observational cohort design may there-
fore underestimate the true potential for adverse drug effects.

Enrolling participants in the VA limits the generalizability of
the study to women, and these findings should be confirmed in
diverse populations. The VA clinics have the advantage,
however, of electronic records for data abstraction. In addition,
VA patients have low-cost prescription drug coverage that may
minimize non-adherence because of cost.

In summary, greater intensity of antihypertensive medica-
tion was associated with worse performance on a measure of
physical performance, but not with measures of cognition and
mood, in older men. Given the number and diversity of drugs
prescribed for aging adults, continued attention to the poten-
tial harms and benefits of commonly used drugs should be
part of regular, comprehensive drug regimen reviews to inform
ongoing prescribing decisions.
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