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Abstract

Conflicting data on the relationship between antihypertensive medications and falls in elderly 

people may lead to inappropriate under-treatment of hypertension in an effort to prevent falls. We 

aimed to clarify the relationships between the chronic use of different classes of antihypertensive 

medications and different types of falls, determine the effect of medication dose, and assess 

whether falls risk is associated with differences in cerebral blood flow.

We assessed demographics, clinical characteristics, and chronic antihypertensive medication use 

in 598 community-dwelling people with hypertension, aged 70 to 97, then followed them 

prospectively for self-reported falls using monthly calendar postcards and telephone interviews.

Antihypertensive medication use was not associated with an increased risk of falls. Participants 

reporting use of Angiotensin Converting Enzyme Inhibitors (ACEI) had a significanty decreased 

one-year risk of injurious falls (Odds Ratio = 0.62, 95% confidence interval = 0.39-0.96), while 

those using Calcium Channel Blockers had a decreased risk of all falls (OR = 0.62, 95% CI = 0.42 

- 0.91) and indoor falls (OR = 0.57, 95% CI = 0.36-0.91), compared to participants not taking 

these drugs. Larger doses of these classes were associated with a lower falls risk. Participants 

taking calcium channel blockers had higher cerebral blood flow than those not taking these 

medications.

In relatively healthy community-dwelling elderly people, high doses of antihypertensive agents 

are not associated with an increased risk of falls.
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INTRODUCTION

Several studies have suggested that there is an increased risk of falls in elderly people taking 

antihypertensive medications1, 2. A recent observational study of 4961 hypertensive 

community-dwelling participants in the Medicare Current Beneficiary Survey showed an 

increased risk of injurious falls in those who received moderately intense antihypertensive 

therapy compared to those on no treatment, but no particular drug class was implicated3. 

The acute administration of antihypertensive medications such as diuretics can produce 

significant hypotension in elderly people4, which may threaten cerebral perfusion and 

produce falls and syncope. However, this may be a short-term effect that wanes after 

prolonged drug administration5.

In contrast, other studies have suggested that chronic blood pressure lowering with regimens 

that include angiotensin system-blocking medications may preserve cerebral 

hemodynamics6, increase cerebral perfusion7-10, and reduce the progression of cerebral 

white matter hyperintensities11, which are associated with abnormal gait and falls.12, 13 

Consistent with these reports, a recent prospective cohort study by Wong et al14 showed a 

lower risk of falls among elderly community-dwelling participants taking angiotensin 

converting enzyme inhibitors (ACEIs) and/or angiotensin receptor blockers (ARBs).

The conflicting data on the relationship between antihypertensive medications and falls may 

be due not only to the duration of use or effect on cerebral perfusion, but also a dose effect. 

Lower doses of certain antihypertensive medications may be protective, while higher doses 

may be associated with falls.3, 15 We examined one-year fall risk in a population-based 

cohort of hypertensive elderly people to help clarify the relationships between the chronic 

use of different classes of antihypertensive medications and falls. We also examined the 

effect of medication dose and whether antihypertensive agents are associated with an 

increase in cerebral blood flow.

METHODS

Study Design and Sample

We conducted a one-year prospective observational study of falls after the collection of 

baseline data in 598 people aged 70 to 97 with hypertension who were enrolled in the 

Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly Study in 

Boston, Massachusetts (MOBILIZE Boston Study). The study design and methods have 

been described previously16. At enrollment, participants met the following inclusion criteria: 

age ≥70 years, ability to speak and understand English, ability to walk across a room, visual 

ability to read written material, Mini-Mental State Examination (MMSE) score ≥18, and 

expected residence in the area for at least 2 years. All participants in the current study also 

met criteria for hypertension, which included an average baseline blood pressure over 140 
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systolic and/or 90 diastolic on 2 seated measures, and/or the use of antihypertensive 

medications. All participants underwent a complete baseline home interview and clinical 

laboratory assessment as previously described16, which included data on comorbidities, 

medications, functional and cognitive status, physical performance, blood pressure, height, 

and weight. All data were collected by trained research assistants.

A subset of 313 participants with accessible temporal acoustic windows underwent 

transcranial Doppler ultrasound measures of cerebral blood flow velocity (see below). All 

participants submitted completed falls study calendars monthly during the follow-up period, 

however 14 participants (2.3%) did not know, refused to answer, or could not be reached for 

additional follow-up questions on the time, location (indoor vs. outdoor), and injury status of 

falls events. The study was approved by the Institutional Review Board of Hebrew 

SeniorLife, and all participants provided written informed consent.

Medication Use

Use of antihypertensive medications was assessed at baseline during an in-person interview 

by asking the participant to report all medications that were taken for at least a 2-week 

period. Dose information was recorded from medication bottles. All drug data were coded 

according to the Iowa Drug Information System (IDIS) and antihypertensives were 

classified into the following 6 categories: alpha blockers, ACEIs, ARBs, beta blockers, 

diuretics, and calcium channel blockers. In addition, we grouped participants into those 

taking any antihypertensive medications and those on angiotensin system-blocking 

medications (ACE or ARBs). We also assessed the use of statins and psychotropic 

medications.

Daily medication dose was calculated by multiplying the prescribed strength by the number 

of times taken per day and the number of days taken per week, divided by seven. We then 

computed the median dose among all users and dichotomized the dose into standard or low 

(≤ median) and high (> median) levels. For example, high dose amlodipine was ≥ 7.5 mg 

daily, while standard or low dose was ≤ 5.0 mg. Details are provided in Supplemental Table 

S1. A geriatrician (LAL) and pharmacist (II) reviewed these dose categories for each 

antihypertensive medication to ensure face validity.

Cerebral Blood Flow

During the baseline clinic visit, heart rate (HR) was measured by a continuous 

electrocardiogram (ECG) and beat-to-beat arterial pressure (ABP) was measured by 

photoplethysmography (Finapres, Ohmeda Monitoring Systems, Englewood, CO)17. End-

tidal CO2 was measured using a Vacumed CO2 Analyzer (Ventura, CA) attached to a nasal 

cannula. Transcranial Doppler ultrasonography (TCD) (MultiDop X4, DWLTranscranial 

Doppler Systems Inc., Sterling, VA) was used to measure middle cerebral artery (MCA) 

mean blood flow velocity (BFV) while sitting and during changes in end-tidal carbon 

dioxide (CO2 vasoreactivity, see below).18 The MCA signal was identified according to 

standard criteria19 and recorded at a depth of 50 to 60 mm. The envelope of the velocity 

waveform, derived from a fast-Fourier analysis of the Doppler frequency signal, was 

digitized at 500 Hz, displayed simultaneously with the ABP, ECG, and end-tidal CO2 
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signals, and stored for later off-line analysis. Previous studies, using a variety of techniques 

(133Xe, SPECT, MRI) and stimuli, have validated transcranial Doppler measures of relative 

changes in cerebral flow velocity as representative of changes in cerebral blood flow.20, 21

To assess CO2 vasoreactivity, BFV was measured continuously in the MCA while 

participants inspired a gas mixture of 8% CO2, 21% O2, and balance nitrogen for 2 minutes 

and then mildly hyperventilated to an end-tidal CO2 of approximately 25 mm Hg for 2 

minutes. MCA BFV was plotted against end tidal CO2 while breathing room air, 8% CO2, or 

hyperventilating. Cerebral vasoreactivity was measured as the slope of this relationship and 

expressed as change in BFV per mm Hg change in end-tidal CO2.

Falls Assessment

A fall was defined as unintentionally coming to rest on the floor, ground, or other lower 

surface. Falls were ascertained by self-report using monthly falls calendar postcards and 

telephone interviews for participants who did not return the calendar. Any participant 

reporting a fall received a follow-up telephone call to collect more information about the 

location and circumstances of the fall. An indoor fall was defined as one that occurred inside 

the participant's home, inside someone else's home, inside another building, or inside 

another location. Outdoor falls were those reported to have occurred anywhere outside of 

these locations. Injurious falls were those reported to have resulted in any physical injury or 

required treatment in an emergency department or hospital. The primary outcome variable 

was one or more falls within a one year follow-up period.

Statistical Analysis

Participant characteristics and fall risk factors were summarized by means and standard 

deviations or percentages, and compared between fallers and nonfallers, and treated and 

untreated participants, using t-tests for continuous variables and chi-square tests for 

categorical variables. We determined the proportion of individuals reporting any fall, and 

one or more indoor, outdoor, and injurious falls over a one-year followup period. We also 

determined the prevalence of the use of six classes of antihypertensive medications, 

including alpha blockers, ACEIs, ARBs, beta blockers, diuretics, and calcium channel 

blockers. Since only 4 participants were taking vasodilating beta-blockers we were not able 

to examine this subclass.

Multivariate logistic regression was used to assess the association between antihypertensive 

medication use and each category of falls, adjusting for relevant covariates and factors found 

in bivariate analyses to be significantly associated with falls. Covariates included baseline 

blood pressure, a sum of comorbidities22, education, race, body mass index (BMI), 

psychotropic medication use (sedatives, hypnotics, antidepressants, and antipsychotics), and 

time spent engaging in outdoor activities according to the Physical Activity Scale for the 

Elderly (PASE)23. In post-hoc analyses we also stratified our sample by participants with 

and without falls in the year prior to the baseline assessment and examined the relationship 

between antihypertensive medications and subsequent falls in each group.

In subgroup analyses, we studied the effects of each of the six classes of antihypertensive 

medication on four different outcome variables: total falls, outdoor falls, indoor falls, and 
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injurious falls. For outdoor and indoor falls, we also adjusted the analyses for estimates of 

time spent engaging in outdoor and indoor activities using self-reported data from the PASE 

instrument.

Finally, we examined the relationship between the dose of each antihypertensive medication 

(high dose, low or standard dose, and none), grouped by medication class, and each of the 

falls outcomes using similar multivariate logistic regression models, adjusted for the same 

covariates as in the two-group models. We used ANOVA-based F statistics for omnibus 

tests of differences in risk between dose groups, followed by Tukey post-hoc tests for 

comparisons among groups.

Finally, in order to explore the degree to which cerebral blood flow could account for 

associations between antihypertensive medications and falls, we compared odds ratios 

generated in the presence and absence of measures of cerebral blood flow. These analyses 

were restricted to the subsample of participants with transcranial Doppler ultrasound 

measures and complete data (N=301). The percent change in the odds ratio relating a given 

medication to falls when cerebral blood flow was added to the model was used to quantify a 

possible mediating effect.

Data were analyzed using SAS software version 9.3 (SAS Institute, Cary, NC, USA). Means 

are presented with their standard deviation in parentheses. Differences were considered 

statistically significant at P < .05 (2 tailed).

RESULTS

Participant Characteristics

The mean age of the 598 hypertensive participants was 78.4 (5.4) years; 372 (62.2%) were 

female, 449 (75.1%) were white, and 259 (43.4%) had a bachelor's degree or higher. Two 

hundred sixty-two participants (89.5%) were regularly taking antihypertensive medications 

at the start of the study. The proportion of participants reporting use of antihypertensive 

medication subclasses were ARBs (12.8%), ACEIs (34.7%), alpha-blockers (7.1%), beta-

blockers (51.9%), calcium channel blockers (29.3%), and diuretics (47.0%).

Among the 598 participants, 541 falls were recorded during the one-year followup; 331 

(55.3%) participants reported no falls, and 267 (44.7%) reported one or more falls. Eighty-

two (13.7%) participants reported falling outdoors, 127 (21.2%) reported falling indoors, 44 

(7.4%) reported falling both indoors and outdoors, and 164 (27.4%) reported falls resulting 

in injury. Fourteen (2.3%) participants reported falling but were unavailable for follow-up 

questioning on details of the fall event. The total number of falls per person during the 

follow-up period ranged from 0 to 17.

Table 1 presents the demographic and clinical characteristics of hypertensive participants 

who did and did not fall during the one-year follow-up period. Fallers reported higher levels 

of education, greater use of psychotropic medications, more depressive symptoms, and a 

higher rate of previous falls. They were more likely to be white, less likely to be cognitively 

impaired, and had slightly lower systolic blood pressures compared to non-fallers. Although 
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fallers had a slightly lower prevalence of diabetes, their total number of comorbidities, 

including congestive heart failure, was higher.

Table 2 shows the cerebral hemodynamic characteristics of participants who underwent the 

transcranial Doppler assessment. Fallers had significantly lower cerebral blood flow velocity 

and CO2 vasoreactivity than non-fallers.

We also compared characteristics of participants taking antihypertensive medications to 

those not taking these medications (See Supplemental Tables S2 and S3). The group taking 

antihypertensive medications had significantly lower blood pressures, more comorbidities, a 

higher prevalence of diabetes, and a lower prevalence of orthostatic hypotension, but no 

difference in previous fall rates.

Relationship between Antihypertensive Use and Falls

As shown in Table 1, nonfallers were more likely to be taking calcium channel blockers than 

fallers. There were no differences in the use of other antihypertensive medications between 

fallers and nonfallers. Multivariate logistic regression analyses revealed that the association 

between overall antihypertensive medication use and all falls was not statistically significant 

after adjusting for significant covariates (OR=0.76, 95% CI = 0.42–1.35). Table 3 shows the 

results of adjusted multivariate logistic regression analyses for the relationships between 

antihypertensive medication classes and different types of falls over a 1 year followup 

period. No single class of antihypertensive medication was associated with an increased risk 

of falls. In fact, calcium channel blocker use was associated with a reduced risk of all falls 

(OR=0.62, 95% CI = 0.42 - 0.91) and indoor falls (OR=0.57, 95% CI = 0.36 - 0.91), and 

ACEI use was associated with a reduced risk of injurious falls (OR=0.62, 95% CI=0.39 - 

0.96). When the participants were stratified according to a past history of falls, those with 

previous falls also had a lower risk of all, outdoor, and injurious falls during the one year 

follow-up period if they were taking calcium channel blockers or ACEIs (see Supplemental 

Table S4).

Effect of Medication Dose

As shown in Figure 1, higher doses of calcium channel blockers were associated with a 

lower risk of all falls (OR = 0.44, 95% CI = 0.24 - 0.82, P=0.03) and indoor falls (OR = 

0.31 , 95% CI = 0.14 – 0.69, P=0.01) compared to those not taking calcium channel 

blocking medications. Higher doses of ACEIs were associated with a significantly lower risk 

of outdoor falls (OR = 0.40, 95% CI = 0.18 – 0.92, P=0.04) and all doses were associated 

with marginally significant reductions in injurious falls (OR = 0.58, 95% CI = 0.34 – 0.99, 

P= 0.05 for low or standard doses, and OR= 0.53, 95% CI = 0.27 – 1.04, P = 0.07 for high 

doses) compared to those not taking ACEIs.

The Effect of Medications on Cerebral Blood Flow

Among the 6 classes of antihypertensive medications examined, only calcium channel 

blocker use was associated with a statistically significant increase in cerebral blood flow 

velocity. Participants taking calcium channel blockers had a baseline cerebral blood flow 

velocity of 43.3 ± 12.5 cm/s compared to 40.0 ± 9.8 cm/s in those not taking these 
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medications (P=0.02). There was also a modest dose effect of calcium channel blockers on 

cerebral blood flow velocity. Blood flow velocity in participants taking no calcium blocking 

medications was 40.0 ± 9.8 cm/s, those taking standard/low doses was 43.7 ± 13.5 cm/s, and 

those taking high doses was 42.3 ± 10.0 cm/s (P = 0.03). Post-hoc pairwise comparisons 

showed that the standard/low dose group had significantly higher cerebral blood flow values 

than the no calcium blocker group (P = 0.01) and the remaining pairwise comparisons failed 

to meet statistical significance.

There was a non-significant trend toward increased cerebral blood flow velocity in those 

taking ACEIs (42.0 ± 9.9 cm/sec) compared to those not taking these drugs (40.1 ± 11.0 cm/

sec, P=0.14). There was a monotonic trend toward higher doses of ACEIs being associated 

with higher average cerebral blood flow values, but this relationship also failed to meet 

statistical significance (none 40.1 ± 11.0 cm/s, standard/low 41.8 ± 9.0 cm/s, high 42.5 ± 

11.2 cm/s, P = 0.15).

None of the antihypertensive medications was associated with CO2 vasoreactivity.

Relationship Between Cerebral Blood Flow and Falls

Increased cerebral blood flow velocity was also associated with a reduced risk of all falls 

(Odds Ratio (OR) per 10 cm/sec increase in blood flow velocity = 0.75, 95% CI = 0.59 - 

0.94, P = 0.01), indoor falls (OR per 10 cm/sec increase in blood flow velocity = 0.76, 95% 

CI = 0.57 – 1.00, P = 0.05), and injurious falls (OR per 10 cm/sec increase in blood flow 

velocity = 0.74, 95% CI = 0.56 – 0.98, P=0.04). When cerebral blood flow velocity was 

added to the regression model relating calcium channel blockers to falls, the relationship 

between calcium channel blockers and total and indoor falls was attenuated by 19% and 

29%, respectively (See Table 4).

DISCUSSION

The results of this study suggest that the chronic use of antihypertensive medications by 

community-dwelling elderly people with hypertension may not be as strong a risk factor for 

falls as previously thought. Neither standard nor high doses of antihypertensive agents were 

associated with falls. Moreover, ACEIs were associated with a reduced risk of injurious falls 

and Calcium Channel Blockers were associated with a reduced risk of all falls and indoor 

falls.

Our findings are supported by the previous studies of Wong et al, which also showed a 

lower risk of falls among community-dwelling older adults taking renin angiotensin system 

blocking medications14, and Callisaya et. al., who showed a minimal effect of 

antihypertensive drugs on falls in therapeutic doses24. In the latter study only a very high 

dose of these medications, over 3 times the daily defined dose, was significantly associated 

with falls. Although our participants were not on doses this high, we found that elderly 

people taking relatively large doses of calcium channel blockers and ACEIs had a lower risk 

of falls compared to those not taking these medications.
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Our results differ from those of Tinetti et al3, who found a statistically significant increased 

risk of serious fall injuries only with moderately intense doses of antihypertensive 

medications in the Medicare Current Beneficiary Survey population, and an increased risk 

with high intensity doses in participants with a previous history of falls. It is hard to know 

how the doses used in the Tinetti study compare to ours. Furthermore, our population was 

slightly younger (78 vs 80 years), healthier (less stroke, diabetes, and heart failure), and 

better educated (82-90% completed more than a high school education compared to 

30-34%). When we stratified our participants according to those with and without previous 

falls, even the higher risk participants with previous falls had a lower risk of subsequent falls 

if they were taking calcium channel blockers or ACEIs. In the Tinetti study no particular 

class of antihypertensive medication was associated with injurious falls.

One potential mechanism by which the calcium channel blockers could participate in the 

prevention of falls is through an increase in cerebral blood flow and prevention of ischemic 

brain injury. Our analysis showing attenuation of the association between calcium channel 

blockers and falls when controlled for cerebral blood flow is consistent with this 

mechanism, but does not imply causality and requires validation in future clinical trials. This 

line of reasoning may seem counterintuitive, since antihypertensives are thought to decrease 

cerebral perfusion by reducing blood pressure. It is supported, however, by a small body of 

evidence showing that the long-term control of high blood pressure may improve systemic 

and cerebral hemodynamics7, 8, 10. We have previously shown that the use of the calcium 

channel blocker Nicardipine in elderly hypertensive people with a history of coronary artery 

disease can reduce postprandial hypotension25. The chronic use of several antihypertensive 

medications has also been shown to reduce orthostatic hypotension26. Nimodipine has been 

demonstrated to improve regional cerebral blood flow in rats6 and cerebral oxygenation and 

blood volume in healthy humans27. Other studies have shown that the ARB, Telmisartan, 

can increase regional cerebral blood flow in hypertensive patients with chronic-stage 

stroke28 or Alzheimer's Disease29, and Candesartan can increase cerebral blood flow in 

healthy hypertensive participants with low baseline cerebral blood flow7. We previously 

showed increases in cerebral blood flow in hypertensive participants whose blood pressure 

was controlled with a lisinopril-based regimen for 6 months8. Our current results with 

ACEIs are limited by relatively small sample sizes, but they suggest that this class of 

medication may be associated with a lower incidence of injurious falls due to other 

mechanisms.

One unique aspect of this study is that it examined different types of falls that may have 

different pathophysiologic mechanisms. For example, indoor falls are more likely to occur 

in frail individuals with multiple chronic conditions, while outdoor falls tend to occur in 

healthier, more ambulatory individuals with greater exposures to environmental hazards30. 

Calcium channel blockers were associated with fewer indoors and all types of falls, while 

ACEIs were associated with fewer injurious falls. The reasons for these differences are not 

known, but it is possible that the ACEIs improved skeletal muscle function31, thereby 

enabling people taking them to better protect themselves during a fall through compensatory 

motor responses.
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There are several limitations to our study. Unfortunately, we could not conduct a 

randomized trial comparing different classes of antihypertensive agents on rates of falls. We 

did not have information on adherence or changes in medications during the follow-up 

period, which precluded us from determining whether the risk of falling was affected by 

changes in the frequency or dose of medications. In addition, the number of participants 

taking some classes of medications (e.g., alpha-blockers and ARBs) was relatively small, 

limiting our power to detect statistically significant effects on falls. We considered the 

possibility that participants taking antihypertensive medications were healthier, and 

therefore less likely to fall. However, those taking these medications had more comorbidities 

and diabetes, which would have biased the results toward more falls in this group.

Not all of our participants had an adequate temporal acoustic window for transcranial 

Doppler measurements of cerebral blood flow velocity. Previous studies using the 

MOBILIZE Boston Study cohort have shown that elderly participants with suitable bone 

windows tend to be healthier than those without32. It is possible that antihypertensive 

medications have different effects on cerebral hemodynamics in people with and without 

transcranial Doppler windows. Unfortunately, our cerebral blood flow measurements were 

limited to only the middle cerebral artery territory of the brain. However, this territory 

includes the prefrontal motor cortex that largely controls mobility. Unfortunately, we were 

unable to assess cerebral blood flow at the time of a fall. Despite these limitations, this study 

has the unique advantages of using a population-based sample, rigorous longitudinal falls 

followup, novel subcategories of falls, and well-established non-invasive measures of 

cerebral hemodynamics.

PERSPECTIVES

Given the known benefits of treating hypertension in elderly people33, the withholding of 

antihypertensive medications to prevent falls may not be a justifiable medical practice. 

Although the acute administration of any hypotensive medication can precipitate a fall or 

syncope, the careful up-titration and long-term administration of the lowest effective doses 

of these medications does not appear to increase falls risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance:

What is new? This paper provides new information on the possible roles of medication 

class, dose, and cerebral blood flow on the relationship between antihypertensive 

medications and different types of falls in elderly people.

What is relevant? Both the treatment of hypertension and prevention of falls are 

important health promotion goals, yet they may be in conflict if antihypertensive 

medications increase the risk of falls, as some previous studies suggest.

Summary:

• In community-dwelling elderly people standard and high doses of 

antihypertensive medications are not associated with an increased risk of falls.

• Treatment with calcium channel blockers or ACEIs are associated with a lower 

risk of falls.
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Figure 1. 
Estimated odds ratios (dots) and corresponding 95% confidence intervals (lines) for different 

types of falls during one-year of followup, according to dose of drug class. N is the size of 

the sample taking each dose of drug. The odds of falls in participants taking low or standard 

doses (at or below the median) and participants taking high doses (above the median) are 

shown in reference to participants taking no medications (no dose) in a given drug class. 

Odds Ratios are displayed on each horizontal axis.
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Table 1

Baseline Characteristics of MOBILIZE Boston Participants with Hypertension According to Falls Status (N = 

598)

Risk Factor Fallers (n = 267) Non-fallers (n = 331) P-value

Sociodemographic & Health Status

    Age, mean ± SD 78.5 ± 5.6 78.3 ± 5.3 0.70

    Female, n (%) 166 (62.2) 206 (62.2) 0.73

    White, n (%) 216 (80.9) 233 (70.4) <0.001

    Body mass index, kg/m2, mean ± SD 27.6 ± 5.1 27.8 ± 5.2 0.65

    Education, n (%) <0.001

        < high school, 26 (9.7) 59 (17.9)

        High school/ vocational 104 (39.0) 149 (45.2)

        ≥ 4 y College 137 (51.3) 122 (37.0)

Medical conditions

    N (%)

    Stroke, 31 (11.6) 38 (11.6) 0.99

    Diabetes mellitus 49 (18.6) 79 (24.2) 0.10

    Hyperlipidemia, 155 (62.0) 207 (63.7) 0.68

    Congestive heart failure 20 (7.6) 17 (5.2) 0.24

Comorbidity count, mean ± SD 3.4 ± 1.6 3.2 ± 1.5 <0.002

Participants with falls in past year, N (%) 137 (51) 79 (24%) <0.01

Medication use, n (%)

    Antihypertensive medication 238 (89.5) 297 (90.6) 0.66

        Alpha-blocker 18 (6.8) 24 (7.3) 0.79

        Angiotensin system-blocking medication 118 (44.4) 157 (47.9) 0.39

            Angiotensin-receptor blocker 37 (13.9) 39 (11.9) 0.46

            Angiotensin-converting enzyme inhibitor 83 (31.2) 123 (37.5) 0.11

        Beta-blocker 142 (53.4) 166 (50.6) 0.50

        Calcium Channel Blockers 62 (23.3) 112 (34.2) 0.004

        Any diuretic 114 (42.9) 165 (50.3) 0.07

    Statin 129 (48.5) 184 (56.1) 0.07

    Psychotropic medication 26 (9.8) 17 (5.2) 0.03

Cognitive function

    Mini-Mental State Examination score, mean ± SD 27.0 ± 2.8 26.7 ± 2.7 <0.004

    CES-D score, mean ± SD 13.1 ± 11.2 9.6 ± 10.6 <0.001

    Trail Making Test Part B, mean ± SD 86.2 ± 62.8 100.4 ± 67.7 <0.001

Hemodynamics

    Supine systolic blood pressure, mean ± SD 130.8 ± 18.2 134.1 ± 19.8 0.02

    Orthostatic Hypotension
*
, n (%)

Orthostatic Systolic BP change, Supine to standing at 1 min. 32 (12.0) 43 (13.0) 0.71

−1.8 ± 13.5 −3.0 ± 13.0 0.21

    Orthostatic Diastolic BP change, Supine to standing at 1 min. 2.3 ± 7.4 −1.8 ± 6.4 0.52
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*
Orthostatic Hypotension was defined as ≥20 mmHg decline in Systolic BP and/or ≥ 10 mm Hg decline in diastolic BP going from supine to 

standing at 1 minute.
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Table 2

Hemodynamic Characteristics of Participants who Underwent Transcranial Doppler Assessment (N = 313)

Risk Factor Fallers (n = 146) Non-fallers (n = 167) P-value

Hemodynamics

Cerebral blood flow, cm/s, mean ± SD 39.0 ± 9.2 42.3 ± 11.5 0.02

CO2 vasoreactivity, cm/sec/mmHg, mean ± SD 1.17 ± 0.39 1.27 ± 0.46 0.04

Hypertension. Author manuscript; available in PMC 2016 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lipsitz et al. Page 17

Table 3

Adjusted Multivariate Logistic Regression Analyses for the Relationship Between Antihypertensive 

Medication Classes and Falls Over 1 Year

CVD med category All Falls OR (95% 
CI)

Outdoor Falls OR 
(95% CI)

Indoor Falls OR 
(95% CI)

Injurious Falls OR 
(95% CI)

Alpha-blockers 0.99 (0.51, 1.92) 1.10 (0.47, 2.55) 1.21 (0.58, 2.50) 0.61 (0.24, 1.54)

Angiotensin-receptor blockers 1.12 (0.66, 1.91) 1.35 (0.71, 2.58) 0.64 (0.32, 1.29) 1.01 (0.54, 1.87)

Angiotensin-converting enzyme inhibitors 0.76 (0.53, 1.11) 0.64 (0.39, 1.04) 0.80 (0.52, 1.22) 0.62 (0.39, 0.96)
†

Beta-blockers 1.09 (0.77, 1.54) 0.84 (0.54, 1.31) 1.07 (0.72, 1.61) 0.93 (0.62, 1.39)

Diuretics 0.80 (0.56, 1.13) 0.74 (0.47, 1.16) 0.90 (0.60, 1.35) 0.84 (0.56, 1.27)

Calcium channel blockers 0.62 (0.42, 0.91)
†

0.68 (0.41, 1.14) 0.57 (0.36, 0.91)
†

0.74 (0.47, 1.17)

Data shown are Odds Ratios (OR) and 95% confidence intervals (CI).

* Adjusted for blood pressure measured at baseline, comorbidity count, education, race, body mass index, psychotropic medication use, and time 
spent engaging in outdoor activities.

†
P < 0.05
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Table 4

Adjusted Mediation Models - The Mediating Effect of Cerebral Blood Flow on the Relation between Calcium 

Channel Blocker Use and Risk of Falls

Model Key Outcome 
Exposure Drug Effect on Falls

* 

OR (95%CI)

Drug Effect on Falls After 
Adjustment for Cerebral 

Blood Flow
*
 OR (95%CI)

Percent Drug 
Effect on Falls 
Influenced by 

Cerebral Blood 
Flow

Direction of the Influence 
of Cerebral Blood Flow 
on Drug Effect on Falls

All Falls

Calcium channel blocker 0.59 (0.41, 0.84) 0.70 (0.41, 1.20) 19% Attenuation of effect (-)

Indoor Falls

Calcium channel blocker 0.56 (0.36, 0.85) 0.72 (0.38, 1.35) 29% Attenuation of effect (-)

Data shown are Odds ratios (OR) and 95% confidence intervals (CI).

*
Adjusted for blood pressure measured at baseline, comorbidity count, education, race, body mass index, psychotropic medication use, and time 

spent engaging in outdoor activities.
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