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Abstract

IMPORTANCE—The effect of serious injuries, such as hip fracture and head injury, on mortality

and function is comparable to that of cardiovascular events. Concerns have been raised about the

risk of fall injuries in older adults taking antihypertensive medications. The low risk of fall injuries

reported in clinical trials of healthy older adults may not reflect the risk in older adults with

multiple chronic conditions.

OBJECTIVE—To determine whether antihypertensive medication use was associated with

experiencing a serious fall injury in a nationally representative sample of older adults.

DESIGN, PARTICIPANTS, AND SETTING—Competing risk analysis as performed with

propensity score adjustment and matching in the nationally representative Medicare Current

Beneficiary Survey cohort during a 3-year follow-up through 2009. Participants included 4961

community-living adults older than 70 years with hypertension.

EXPOSURES—Antihypertensive medication intensity based on the standardized daily dose for

each antihypertensive medication class that participants used.
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MAIN OUTCOMES AND MEASURES—Serious fall injuries, including hip and other major

fractures, traumatic brain injuries, and joint dislocations, ascertained through Centers for Medicare

& Medicaid Services claims.

RESULTS—Of the 4961 participants, 14.1% received no antihypertensive medications; 54.6%

were in the moderate-intensity and 31.3% in the high-intensity antihypertensive groups. During

follow-up, 446 participants (9.0%) experienced serious fall injuries, and 837 (16.9%) died. The

adjusted hazard ratios for serious fall injury were 1.40 (95% CI, 1.03–1.90) in the moderate-

intensity and 1.28 (95% CI, 0.91–1.80) in the high-intensity antihypertensive groups compared

with nonusers. Although the difference in adjusted hazard ratios across the groups did not reach

statistical significance, results were similar in the propensity score–matched subcohort. Among

503 participants with a previous fall injury, the adjusted hazard ratios were 2.17 (95% CI, 0.98–

4.80) for the moderate-intensity and 2.31 (95% CI, 1.01–5.29) for the high-intensity

antihypertensive groups.

CONCLUSIONS AND RELEVANCE—Antihypertensive medications were associated with an

increased risk of serious fall injuries, particularly among those with previous fall injuries. The

potential harms vs benefits of antihypertensive medications should be weighed in deciding to

continue treatment with antihypertensive medications in older adults with multiple chronic

conditions.

Most persons older than 70 years have hypertension.1 Blood pressure control is a central

component of myocardial infarction and stroke risk reduction guidelines.2–4 A recent

multispecialty task force, however, raised concerns about the risk of falls associated with

antihypertensive medications in older adults.5 Decisions concerning which medications to

initiate, continue, or increase in older patients with multiple coexisting conditions should

take into account the likelihood of benefit and harm.

Randomized clinical trials (RCTs) of older adults show a relative risk reduction of 28% in

cardiovascular events with antihypertensive treatment, reducing the absolute risk of

cardiovascular events from 15.3 to 11.0 per 100 RCT participants within 4½ years.6

Participants in these RCTs suffered from fewer comorbid conditions than an age-matched

clinical population.5,7,8 It remains to be determined whether the large proportion of older

adults with multiple chronic conditions accrue the cardiovascular benefit from

antihypertensive treatment experienced by relatively healthy participants in RCTs. Optimal

levels are unclear in older adults, with studies showing inverse relationships between extent

of blood pressure lowering and cardiovascular benefit.9–14

As for potential harms of antihypertensive medications, individuals with coexisting

conditions may be at greater risk of experiencing harmful effects than the healthy

participants in RCTs. Determining whether antihypertensive medications increase the risk of

serious fall injuries is particularly important because serious fall injuries, such as traumatic

brain injury and hip fracture, have an effect on function and mortality similar to that of

cardiovascular events, such as myocardial infarction and stroke. Furthermore, older adults

with hypertension vary in what is most important when presented the trade-off between

preventing strokes and myocardial infarctions or avoiding medication-related symptoms and

serious fall injuries.15
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Several lines of investigation suggest that antihypertensive medications may increase risk of

falls and fall injuries. Risk factors for falls and fractures, such as balance and gait

impairment, dizziness, and postural hypotension, are among the most common adverse

effects of medications, including antihypertensive medications.16–20 A meta-analysis of

observational studies showed a 24% increased odds of falling associated with use of

antihypertensive agents.21 The studies included in the meta-analysis varied in the extent of

adjustment for confounding factors and ascertainment of fall-related outcomes. Several

studies assessing the association between initiating different antihypertensive medications

and the occurrence of falls and fractures produced variable results.21–26 The effect of

ongoing antihypertensive use on risk of serious fall injuries is also unclear.

The aim of the current study was to determine, in a nationally representative sample of older

adults with hypertension, whether antihypertensive medication use was associated with an

increased risk of experiencing a serious fall injury.

Methods

Study Design and Sample

The study was deemed exempt from review by the Yale University Human Investigation

Committee because it involved existing, publically available, de-identified data. The study

sample included participants enrolled from 2004 to 2007 in the Medicare Current

Beneficiary Survey, a nationally representative sample of Medicare beneficiaries obtained

using stratified multistage sampling from the Centers for Medicare & Medicaid Services

enrollment file.27 Eligibility criteria for the current study included age older than 70 years,

community-living status at baseline, and status as a traditional Medicare beneficiary.

Medicare Advantage beneficiaries were excluded because they lack health claims. Of the

6989 Medicare Current Beneficiary Survey members who met these eligibility criteria, 5124

(73.3%) had at least 2 Medicare inpatient, physician, or outpatient claims for hypertension.

The 4961 participants (96.8%) with claims-based diagnosis of hypertension for whom

medication data were available constituted the study cohort. Follow-up was continued for up

to 3 years through 2009.

Descriptive Data

Chronic conditions were ascertained from Medicare hospital, outpatient, and physician

claims data. The Elixhauser comorbidity scale was computed based on the International

Classification of Diseases, Ninth Revision codes from claims data.28 Sociodemographic,

behavioral, and functional data (basic and instrumental activities of daily living) were

obtained by questionnaire during the Access to Care baseline interviews that took place 1 to

3 months before the beginning of follow-up.27 Depression was defined from self-report

questionnaire data or claims. Cognitive impairment or dementia was considered present if

there were claims for dementia or cognitive disorder or self-reported memory loss and either

trouble concentrating or difficulty making decisions that interfered with activities of daily

living.

Tinetti et al. Page 3

JAMA Intern Med. Author manuscript; available in PMC 2014 August 18.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Medication Data

Prescription medications were ascertained by direct observation during 4 in-person

interviews in the year after enrollment. The antihypertensive medication classes included

diuretics, renin-angiotensin system blockers (angiotensinconverting enzyme inhibitors and

angiotensin receptor blockers), β-blockers (selective, nonselective, and α-β-blocker agents),

calcium channel blockers (nondihydropyridines and dihydropyridines), centrally acting

antiadrenergic agents, and other (ie, peripheral acting antiadrenergic agents or

vasodilators).4 Combination medications were included in all relevant classes. Each daily

dose was converted to a standardized daily dose based on the corresponding defined daily

dose (DDD) proposed by the World Health Organization International Working Group for

Drug Statistics Methodology.29 The daily antihypertensive medication exposure intensity

(hereafter antihypertensive intensity) for each participant was derived by dividing the total

DDD across all antihypertensive agents by the number of days under observation. We also

calculated the number of antihypertensive medication classes (0, 1, 2, and ≥3) each

participant used.

Outcomes

Serious fall injuries were defined based on emergency department and inpatient claims as

events with a fall-related E code (8800–8889) and an injury code for nonpathological skull,

facial, cervical, clavicle, humeral, forearm, pelvic, hip, fibula, tibia, or ankle fractures

(80000–80619, 8070–8072, 8080–8089, 81000–81419, 8180–8251, or 8270–8291), brain

injury (85200–85239), or dislocation of the hip, knee, shoulder, or jaw (8300–83219,

83500–83513, or 83630–83660). In the absence of a fall-related E code, the event was

considered a fall-related injury if there was an emergency department or inpatient claim for

any of these serious injuries and there was no motor vehicle accident E code (8100–8199).

These categories of injuries correlate well with self-report of a fall as the cause of the

injury.30 Death was ascertained from the Medicare vital status file.

Statistical Analysis

Baseline characteristics were summarized using means and SDs or frequency and

percentages. Antihypertensive intensity was trichotomized based on the distribution and

clinical judgment as none (0 to <0.2 DDD), moderate (0.2–2.5 DDD), or high (>2.5 DDD).

To control for confounding by indication, we estimated a propensity score (PS) using a

cumulative logit regression model, with the 3-level antihypertensive intensity as an ordinal

outcome.31–33 The PS model included 36 covariates (Table 1) selected based on the

literature and clinical judgment. After deriving the PS, we examined its distribution in the

study population and checked the balance of each covariate across the 3 antihypertensive

intensity groups using a cumulative logit model, comparable to the PS estimation model,

before and after adjusting for the PS as a continuous covariate.32–34

We used proportional hazards models to examine the relationship between antihypertensive

intensity groups and the study outcomes.32,35 We used standard Cox proportional hazards

regression to analyze mortality and a competing risk model using subdistribution hazards

regression to analyze serious fall injury events, accounting for potential bias due to the high

attrition from mortality.33–38 In these analyses, deaths with no serious fall injury event
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anytime during follow-up were treated as the competing event. We first fitted regression

models with and without adjusting for a continuous PS and 21 a priori selected covariates

(listed in Table 2). Although some of these covariates were used to estimate the PS,

including them in the outcome models enabled us to control for residual confounding.31

Hazard ratios and 95% CIs were estimated for the moderate- and high-intensity

antihypertensive groups in reference to the no-antihypertensive group. Model fit and the

proportional hazards assumptions were checked by examining Martingale residuals and

cumulative incidence plots and by testing antihypertensive intensity through survival time

interactions.32,35,37

We repeated the subdistribution proportional hazards regression model for the serious injury

outcome in a more homogeneous subcohort assembled using a greedy matching algorithm

based on the estimated PS.32,39 With an 0.02 SD of the mean PS in the nonuser group as the

caliper width, we matched each nonuser with at least 1 participant from the moderate- and

high-intensity antihypertensive groups. The balance of covariates between groups was

evaluated using standardized differences,32,39 which contrast the group means of covariates

in units of the pooled SDs of the comparison groups and enable assessment of the balance of

covariates across groups with different sizes. A standardized difference less than 0.10 is

considered well balanced.32,39

In secondary analyses, we repeated the models, substituting the number of antihypertensive

medication classes (0, 1, 2, or ≥3) for antihypertensive intensity. Finally, we examined

whether the association between antihypertensive intensity and serious fall injury varied by

age, sex, and high baseline fall injury risk, defined as a claim for a fall injury in the year

before enrollment.

We performed the competing risk analyses using a sub-distribution proportional hazards

regression model.36 To account for potential nonproportional hazards, we estimated time-

averaged hazard ratios and their 95% CIs using the SAS macro %PSHREG with SAS v9.3

software (SAS Institute).37,38 We estimated the competing risk analyses in the PS-matched

subcohort using the R package crrSC (http://www.r-project.org), in which matching was

accounted for as a clustering factor.32 Differences were considered significant at P < .05 (2

tailed).

Results

The mean age of the 4961 participants in the full cohort was 80.2 (6.8) years; 3050 (61.5%)

were female. Characteristics of the 697 participants (14.1%) in the no-antihypertensive

group, the 2711 (54.6%) in the moderate-intensity group, and the 1553 (31.3%) in the high-

intensity group are presented in Table 1. Participants in the no-antihypertensive group

differed from the 2 antihypertensive group participants on several characteristics; none of

these differences were statistically significant after adjustment for PS (Table 1). The

frequency of antihypertensive medication classes was 2809 (56.6%) for renin-angiotensin

system blockers, 2691 (54.2%) for diuretics, 2277 (45.9%) for β-blockers, and 1695 (34.2%)

for calcium channel blockers; 349 (7.0%) used other antihypertensive medication classes.
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Among antihypertensive medication users, 1265 (28.3%) took 1 class, 1599 (35.8%) took 2

classes, and 1607 (35.9%) took at least 3 classes of antihypertensive medications.

Characteristics of the 2849 members of the PS-matched subcohort are also displayed in

Table 1. The PS-matched sample included 662 (95.0%) of the no-antihypertensive, 1455

(53.7%) of the moderate-intensity, and 732 (47.1%) of the high-intensity groups. The 3

groups were well matched on all characteristics based on standardized differences (Table 1)

except for a higher percentage of high-intensity users with a body mass index of at least 30

(calculated as weight in kilograms divided by height in meters squared) and a higher

percentage of non-users with cognitive impairment.

During follow-up, 446 participants (9.0%) experienced a serious fall injury. These serious

injuries included 107 hip fractures, 345 other major fractures in 312 persons, 72 major head

injuries, and 16 major joint dislocations. Fifty-eight participants experienced more than 1

type of serious injury (eg, a hip and other fracture) with a fall.

A total of 837 participants (16.9%) died during follow-up, including 111 (24.9%) of the 446

participants who experienced a serious fall injury and 726 (16.1%) of the 4515 participants

who did not.

In bivariate analysis, a serious fall injury was experienced by 52 participants (7.5%) in the

no-antihypertensive group, 267 (9.8%) in the moderate-intensity group, and 127 (8.2%) in

the high-intensity group (χ2 = 5.69; P = .058). In the PS-matched subcohort, 47 participants

(7.1%) in the no-antihypertensive medication group, 125 (8.6%) in the moderateintensity

group, and 62 (8.5%) in the high-intensity group (χ2 = 8.32; P = .08) had a serious fall

injury.

In multivariate analysis that accounted for the competing risk of mortality, antihypertensive

medication use was associated with an increased risk of experiencing a serious fall injury.

Results for the full cohort and the PS-matched subcohort are shown in Table 2. In the full

cohort, the adjusted hazard ratio was 1.40 (95% CI, 1.03–1.90) for moderate-intensity and

1.28 (95% CI, 0.91–1.80) for high-intensity users compared with no antihypertensive use.

The adjusted 3-year cumulative incidence of serious fall injury events was 9.0% in the no-

antihypertensive, 11.6% in the moderate-intensity, and 10.9% in the high-intensity groups.

No class of antihypertensive was associated with an increased risk of serious fall injuries, as

shown in Table 2. We also looked at the relationship between the number of

antihypertensive classes used and serious fall injuries. The adjusted hazard ratio was 1.30

(95% CI, 0.90–1.89) for 1 class, 1.37 (95% CI, 0.95–1.98) for 2 classes, and 1.17 (0.80–

1.71) for 3 or more classes of antihypertensive medications compared with no

antihypertensive use in the full cohort, with similar results in the PS-matched cohort.

In subgroup analyses, a fall injury in the prior year was associated with more than a

doubling of the risk for subsequent serious fall injury with moderate- and high-intensity

antihypertensive use compared with no antihypertensive use (Figure). The association

between antihypertensive intensity and serious fall injury was similar in participants younger

than 85 years and those 85 years or older and similar in men and women (Figure).
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Discussion

Antihypertensive medication use was associated with an increased risk of serious fall

injuries in this representative sample of older adults with hypertension and multiple other

conditions. Among the subgroup of persons with a fall injury in the prior year, those who

received antihypertensive medications were more than twice as likely as those who did not

to experience a subsequent serious fall injury, such as a hip fracture or serious head injury.

No particular antihypertensive class was associated with risk of fall injuries. Results from

previous studies, most of which involved participants initiating rather than continuing

antihypertensive treatment, are mixed.21–26 For example, studies show both increased and

decreased risk of falls or fractures after institution of thiazide diuretic treatment. The role of

individual classes remains to be determined.

We did not find a linear dose-response relationship with either intensity or numbers of

classes. Studies also show a Jshaped relationship between number of medications and degree

of blood pressure lowering and reduction in cardiovascular events in older adults.9–14 The

estimates for moderate and high intensity are similar, suggesting that the J-shaped

relationship may have occurred by chance. Because the low rate of falls reported in RCTs of

healthy older adults may not reflect clinical practice, observational studies may better

indicate expected rates of serious injury in representative samples of older adults. The

evidence from observational studies has been mixed, but our findings are consistent with

prior studies and meta-analyses.21,40,41 In interpreting previous studies, it is important to

consider the high frequency of deaths in this population.

The relationship among antihypertensive medications, serious fall injury, and death is

complex. Although the proportion of participants who died was higher in those who had a

serious fall injury than in those who did not, we do not have cause-of-death data to

determine which participants died as a result of their fall injury. Studies have shown high

mortality rates associated with fall-related hip fractures and traumatic brain injuries.42,43

Previous analyses of this representative cohort showed a modest (21%–28%) decrease in

total mortality associated with antihypertensive use44 (M.E.T., unpublished data, 2014).

Further study is needed to determine the net effect of antihypertensive medications on total

and cause-specific mortality in representative populations of older adults.

To our knowledge, ours is the first study to evaluate the risk of the most serious fall injuries,

such as traumatic brain injury or hip fracture, associated with prevalent antihypertensive

medications. Although noninjurious falls and minor fall injuries are associated with

morbidity, we limited our study to serious fall injuries, which are more clinically equivalent

to the cerebrovascular and cardiovascular events that antihypertensive medications are

prescribed to prevent.

Both hypertension and antihypertensive medications could affect fall injury risk through

multiple mechanisms. Antihypertensive medications and blood pressure control may

decrease the risk of falls through improved postural blood pressure or cognition, particularly

executive function.44–46 Conversely, risk factors for falls are among the most common

adverse medication effects, including antihypertensive medications.16–20,47,48 The increased
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injury risk observed in the current study may reflect a trade-off between the beneficial and

harmful effects of antihypertensive medications. Because blood pressure readings were not

available, we could not determine whether blood pressure level or postural changes in blood

pressure affected risk of fall injury independent of antihypertensive intensity or in

interaction with it.

This study has strengths as well as limitations. The large, nationally representative cohort

enhances the generalizability of results to the older adult population. The well-characterized

cohort allowed us to account for many factors that affected propensity both to receive

antihypertensive medications and to experience serious fall injuries. The combination of

Medicare claims data, including International Classification of Diseases, Ninth Revision,

Clinical Modification diagnosis codes for injuries and external cause of injury codes (E

codes), allowed us to reliably identify serious fall injuries in the cohort.48 The use of

competing risk analyses allowed us to account for the high rate of death in this

representative elderly population. Conventional Cox proportional hazards regression models

would have underestimated the risk of fall injuries in this population.37,49

We used both PS adjustment and PS matching to account for biases and confounding

inherent in observational studies. Although the smaller sample size precluded finding

statistical significance in the matched subcohort, results were similar with the two analytical

approaches, supporting the validity of the findings. Results were also similar when we

substituted number of medication classes for antihypertensive intensity. Despite adjustment

for a wide array of confounding factors, however, we cannot exclude the possibility of

unmeasured confounders and the possibility that persons who do not take antihypertensive

medications may be inherently different from those who do.

We did not have information on time of onset of hypertension or duration of

antihypertensive treatment. Inception cohorts have been recommended as one means of

limiting bias in observational studies and assuring that the confounders are measured before

initiation of treatment with medications,50 but this was not feasible or appropriate for the

current study. Because most older hypertensive adults have had hypertension and been

receiving treatment for many years,1 the clinical question is the likely benefit vs harm of

continuing medications. Prevalent users are the appropriate participants to address this issue.

Despite limitations and methodological challenges, the Medicare Current Beneficiary

Survey cohort represents the patient population for whom the decision of whether to

continue antihypertensive medications is relevant.

Although no single study is definitive and we cannot presume a cause-effect relationship

between medication use and serious fall injury, results have potential clinical implications.

The coexistence of multiple chronic conditions, as was seen in this nationally representative

sample, puts older adults at risk for adverse consequences of medications used to treat each

condition. It is important, therefore, to consider the effects of medications not only on the

conditions for which the medications are indicated but also on coexisting conditions,

including fall injury risk. The morbid effects associated with serious fall injuries, such as hip

fracture and head injury, which are comparable to those imposed by myocardial infarction
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and stroke, suggest that treatment decisions should be predicated on maximizing benefit and

minimizing harm, preferably based on risk stratification.

Risk factors for fall injuries and cardiovascular events are available to inform this

estimation, but further study is needed to determine which factors best distinguish persons

most likely to accrue benefit greater than harm, including the effects on both function and

mortality. The biases inherent in observational studies and the inappropriateness of

extrapolating RCT results from healthy older adults to those with multiple chronic

conditions strongly support performing an RCT involving a representative sample of older

adults to acquire this evidence. In the meantime, the potential trade-off between serious fall

injury and cardiovascular events and mortality suggests that each older adult’s prevention

priority should drive decision making.15,51,52

Conclusions

The morbidity and mortality associated with serious injuries such as hip fracture and head

injury are comparable to those associated with cardiovascular events. The low risk of fall

injuries reported in clinical trials of healthy older adults may not reflect the risk in older

adults with multiple chronic conditions. Although cause and effect cannot be established in

this observational study and we cannot exclude confounding, antihypertensive medications

seemed to be associated with an increased risk of serious fall injury compared with no

antihypertensive use in this nationally representative cohort of older adults, particularly

among participants with a previous fall injury. The potential harms vs benefits of

antihypertensive medications should be weighed in deciding whether to continue

antihypertensives in older adults with multiple chronic conditions.
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Figure. Serious Fall Injury Events Among Relevant Subgroups According to Antihypertensive
Intensity in Older Adults With Hypertension
Hazard ratios (HR) were estimated using a subdistribution proportional hazards regression

model for competing risk analyses. The reference group was the group using no

antihypertensive medications. Follow-up was continued for up to 3 years. Antihypertensive

intensity is defined in the Methods section. The propensity score–adjusted hazard ratios

were adjusted for year of study entry, propensity score as a continuous variable, age, sex,

fall injury in past year, use of an assistive device, difficulty walking, obesity, osteoporosis,

Parkinson disease, depression, cognitive impairment, severe vision impairment, physical

function score, prior myocardial infarction, prior stroke, heart failure, diabetes, psychosis,

statin use, number of nonantihypertensive medications, self-perceived health, and blood

pressure measured within the past 6 months. Dots represent point estimates for HRs, the

width of the horizontal lines represents the 95% CIs, and arrows indicate that the upper

limits of 95% CIs exceed 2.50.
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Table 2

Effect of Antihypertensive Medication Use on the Occurrence of Serious Fall Injuries in Older Adults With

Hypertension

Antihypertensive Use

Adjusted Hazard Ratio (95% CI)

Full Cohort
(n = 4961)a

PS-Matched Subcohort
(n = 2849)b

Antihypertensive intensityc

  None 1 [Reference] 1 [Reference]

  Moderate 1.40 (1.03–1.90) 1.22 (0.80–1.71)

  High 1.28 (0.91–1.80) 1.24 (0.83–1.84)

Antihypertensive classd

  RAS blocker 0.93 (0.76–1.14) 1.06 (0.81–1.39)

  β-Blocker 0.96 (0.79–1.17) 0.89 (0.66–1.20)

  Calcium channel blocker 1.06 (0.87–1.30) 1.10 (0.83–1.45)

  Diuretic 1.06 (0.86–1.32) 0.94 (0.70–1.26)

Abbreviations: PS, propensity score; RAS, renin-angiotensin system.

a
Based on competing risk model. In the full cohort, the adjusted hazard ratios accounted for PS as a continuous variable and for the following

covariates: year of study entry, age, sex, fall injury in past year, use of assistive device, difficulty walking, obesity, osteoporosis, Parkinson disease,
depression, cognitive impairment, severe vision impairment, physical function score, prior myocardial infarction, prior stroke, heart failure,
diabetes, psychosis, statin use, number of nonantihypertensive medications, self-perceived health, and blood pressure measured within the past 6
months. The variables included in the PS are listed in Table 1.

b
For the PS-matched subcohort analyses, the model included the same covariates except the PS, which was used to define the matched sets as a

clustering factor.

c
Moderate antihypertensive intensity was defined as 0.2 to 2.5 and high antihypertensive intensity as more than 2.5 of the defined daily dose of

antihypertensive medications; those receiving less than 0.2 of the defined daily dose were included in the no-antihypertensive group. See the
Methods section for details.

d
Participants may use >1 class. The model hazard ratio contrasts users and nonusers (reference) for each antihypertensive medication class,

adjusting for use of other antihypertensive classes.
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