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Abstract

Background/Objectives: A lower risk of falls is commonly cited as a reason to treat 

hypertension conservatively in older individuals. We examined the effect of hypertension 

treatment and control status and measured blood pressure (BP) level on the risk of falls in older 

women.

Design/Setting: Prospective cohort study

Participants: 5971 women (mean age 79 years; 50.4% White, 33.1% Black, 16.5% Hispanic/

Latina) enrolled in the Women’s Health Initiative and Objective Physical Activity and 

Cardiovascular Health study

Measurements: BP was measured by trained nurses and hypertension treatment was assessed 

by medication inventory. Participants mailed in monthly calendars to self-report falls for one year.

Results: Overall, 70% of women had hypertension at baseline (53% treated and controlled, 12% 

treated and uncontrolled, 5% untreated). There were 2582 (43%) women who reported falls in the 

one year of surveillance. Compared with non-hypertensive women, when adjusted for fall risk 

factors and lower limb physical function the incidence rate ratio and 95% confidence interval for 

falls was 0.82 (0.74–0.92) in women with treated controlled hypertension (p=0.0008) and 0.73 

(0.62–0.87) in women with treated uncontrolled hypertension (p=0.0004). Neither measured 

systolic nor diastolic BP were associated with falls in the overall cohort. In women treated with 

antihypertensive medication, higher diastolic BP was associated with a lower risk of falls in a 

model adjusted for fall risk factors (incidence rate ratio 0.993 per mm Hg, 95% confidence interval 

0.987– 1.000, p=0.04). The only class of antihypertensive medication that was associated with an 

increased risk of falls compared with all other types of antihypertensive drugs was beta blockers.

Conclusion: Women in this long-term research study with treated hypertension have lower risk 

of falls compared with non-hypertensive women. Diastolic BP (but not systolic BP) is weakly 

associated with fall risk in women on antihypertensive treatment (<1% decrease in risk per mm Hg 

increase).
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INTRODUCTION

Evidence from clinical trials shows that treatment of hypertension prevents cardiovascular 

events, especially stroke.1–3 Counterbalancing the benefits of antihypertensive treatment is 

the concern that it may place patients at risk for hypotension, falls and fractures, particularly 

when more stringent control of blood pressure (BP) is the goal. Falls are a serious problem 

in older Americans; in 2014 they resulted in 2.8 million emergency room visits, 800,000 

hospitalizations, 27,000 deaths and an estimated $31.3 billion in Medicare expenditures.4

It is a common belief that long-term antihypertensive treatment is causally linked to falls and 

fractures, but there is little supporting evidence. Two randomized trials that achieved 

substantial BP reduction and collected data on self-reported falls did not find an elevated risk 

in the intervention group.5,6 The recent Systolic Blood Pressure Intervention Trial (SPRINT) 

also found no increase in injurious falls with mean systolic BP 121 mm Hg in the intensive 

treatment group compared with 136 mm Hg in the standard treatment group.7 Similarly, 

hypertension trials have not shown an increase in fracture risk, and some have suggested that 

fractures may be reduced with antihypertensive treatment.5,6,8 Prospective observational 

studies also have not generally shown that individuals on antihypertensive treatment have an 

increased risk of fractures and other serious injuries.9–13 In contrast to the findings from 

long-term clinical trials and observational studies, recent observational studies using large 

national databases have consistently found a short-term increased risk of injurious falls and 

hip fracture in the 14–45 day period immediately following initiation of antihypertensive or 

diuretic therapy in elderly patients.14–18

In this paper we present data on the association of prospectively collected data on falls with 

hypertension, measured BP, and antihypertensive treatment in a large and diverse population 

of older women enrolled in the Women’s Health Initiative (WHI) Objective Physical 

Activity and Cardiovascular Health (OPACH) study. The objectives of this report are to 

compare the risk of falls in older women with adjustment for important covariates 1) by 

hypertension status (no hypertension, untreated hypertension, treated controlled 

hypertension, treated uncontrolled hypertension), 2) across a range of measured systolic and 

diastolic BP, and 3) by antihypertensive drug class.

METHODS

Participants

The study participants were enrolled in the Women’s Health Initiative (WHI), a long-term 

study of postmenopausal women aged 50–79 recruited in 1993–1998 from centers across the 

United States.19,20 In 2012–2013 home visits were conducted in a subset of older WHI 

participants as part of the ancillary Long Life Study. Ambulatory women in the Long Life 

Study were invited to enroll in the OPACH study. 21 All of the studies were approved by the 

Fred Hutchinson Cancer Research Center institutional review board. The 5971 women 

included in this analysis completed the Long Life Study home visit, consented to OPACH, 

and returned at least one fall calendar.
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Measurements

Physical measurements (BP, height, and weight) were performed by trained nurses during a 

home visit using a standard protocol.22 After determining the correct cuff size by measuring 

the upper arm circumference, and after sitting quietly with legs uncrossed for at least five 

minutes, BP was taken twice with a 30 second interval between measurements using an 

anaeroid sphygmomanometer. In analyses, the average of the two BP measurements was 

used. Lower limb physical function was assessed by the Short Physical Performance Battery 

(SPPB), consisting of tests of balance, gait speed, and ability to stand from a seated position.
23,24

Antihypertensive treatment was determined from a medication inventory conducted in 2012–

2013 and matched to the corresponding item in a pharmacy database (Master Drug Data 

Base, Medi-Span) and further categorized according to antihypertensive drug class. 

Hypertension status was classified based on measured BP at the Long Life Study visit and 

antihypertensive treatment from the medication inventory as follows: no hypertension 

(BP<140/90 mm Hg and not treated with antihypertensive drugs), treated controlled 

hypertension (BP<140/90 mm Hg and treated with antihypertensive drugs), treated 

uncontrolled hypertension (BP≥140/90 mm Hg and treated with antihypertensive drugs), and 

untreated hypertension (BP≥140/90 mm Hg and not treated with antihypertensive drugs).

Comorbidities, including diabetes, were self-reported by the participants from a list of 10 

chronic conditions.25 Other self-reported items included demographics, alcohol use, history 

of fracture, number of falls in the past year, difficulty walking for more than 30 minutes, use 

of assistive devices for walking, balance, vision, and bodily pain.

Outcomes

Incident falls were collected prospectively from monthly calendars completed by OPACH 

participants for 13 months after starting the study. Women were instructed to report a fall if 

they lost balance and fell to the ground or a lower level or if they had to use a wall, rail or 

other object to prevent themselves from falling to the ground.

Statistical Analysis

Characteristics of the study participants were stratified by self-reported number of falls in 

the year prior baseline. Incident fall rates were calculated as the number of falls reported 

from the fall calendars divided by the number of person-months of calendar pages received. 

Since fall incidence is highly right-skewed, negative binomial regression models were used 

to examine the association of the hypertension-related exposures (hypertension status, 

measured systolic and diastolic BP, and antihypertensive drug class in treated women) with 

the incidence rate of falling in the 12-month period. Incidence rate ratio (IRR) was 

calculated as the natural log transformed coefficient; 95% percent confidence intervals (CI) 

were calculated by similar means using the standard error of the coefficient.

Covariates were entered into models adjusting for age, race/ethnicity, and education (Model 

1). Model 2 additionally adjusted for selected fall risk factors (alcohol use, BMI, chronic 

conditions, vision, and bodily pain). Model 3 added SPPB score to Model 2. We did not 
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adjust for self-reported fall risk factors (use of assistive devices, difficulty walking, and 

balance) that were more directly measured by the SPPB. We also analyzed Model 2 stratified 

by SPPB score (1–8 vs. 9–12), since worse lower limb physical function could represent a 

biologic mechanism through which BP or antihypertensive therapy operates to affect falls 

risk differently than that in women with higher levels of physical functioning. Models with 

measured BP as the exposure were examined in the entire study population and in the 

subgroup of women with treated hypertension. Models with antihypertensive drugs class as 

the exposure were examined in the subgroup of women with treated hypertension. Each drug 

class was coded as a categorical variable (1=drug class was in the medication inventory, 

0=all other drug class(es) were in the medication inventory.) Hypothesis tests were 

conducted at alpha .05 with two-sided P-values <0.05 considered nominally significant. All 

analyses were performed using R 3.3.0 (R Foundation for Statistical Computing, Vienna, 

Austria.)

RESULTS

The study sample (n=5971) had a mean age of 79 years; 50.4% were non-Hispanic White, 

33.1% were Black, and 16.5% were Hispanic (Table 1). During prospective follow-up, 57% 

reported no falls, while 23% reported 1 fall and 21% reported 2 or more falls. Compared 

with women with no falls, women who reported falls during the prospective observation 

period were older, were more likely to be non-Hispanic white, had a slightly higher level of 

education, were slightly more likely to drink alcohol, and had lower BMI. Women with falls 

had more chronic conditions and had lower SBBP scores compared with women remaining 

free of falls during follow-up. Those experiencing incident falls also were more likely to 

have had fractures and falls prior to OPACH baseline, to use an assistive device for walking, 

and to report difficulty walking, poorer balance, worse vision, and more bodily pain than 

non-fallers.

Of the 5969 women whose hypertension status could be categorized based on measured BP 

and medication inventory, 30.1% had no hypertension, 53.4% had treated controlled 

hypertension, 11.9% had treated uncontrolled hypertension, and 4.6% had untreated 

hypertension (Table 1). There was no clear evidence for increased risk of falls among 

women with treated hypertension (regardless of control) compared to those without 

hypertension (Figure 1). In all models, women with treated controlled hypertension had a 

statistically significant 15%−20% lower risk of falls than women with no hypertension. 

Women with treated uncontrolled hypertension also had a significantly lower risk of falls 

than women with no hypertension in models adjusted for fall risk factors (Model 2), 

including SBBP (Model 3). Compared with women with no hypertension, fall risk was 

higher in women with untreated uncontrolled hypertension in Model 2 only, but confidence 

intervals around the point estimates were wide in all the models in this small subgroup. 

Among 3900 treated women 1516 (39%) were treated with 1 drug, 1429 (37%) were treated 

with 2 drugs, and 955 (24%) were treated with 3 or more drugs. The lower point estimate of 

the risk of falls in women with treated hypertension was qualitatively similar regardless of 

whether treatment was with 1, 2, or 3 or more antihypertensive drugs and also in strata of 

SPPB scores 1–8 and 9–12 in Model 2 (IRR for falls in women with treated controlled 

hypertension 0.79 [95% CI 0.67–0.94] for SPPB scores 1–8 and 0.86 [95% CI 0.74–1.00] 
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for SBBP scores 9–12; IRR for falls in women with treated uncontrolled hypertension 0.76 

[95% CI 0.60–0.97] for SPPB scores 1–8 and 0.73 [95% CI 0.57–0.94] for SBBP scores 9–

12.)

In the overall study sample the median BP was 124/72 mm Hg. There was no association of 

systolic or diastolic BP with risk of incident falls, either as a continuous variable or in lower 

BP categories compared with systolic BP ≥140 mm Hg or diastolic BP >80 mm Hg in any of 

the adjusted models (Table 2). In Model 2 there was no association of BP with risk of falls in 

women with worse lower limb function (SPPB scores 9–12): IRR 0.997 (95% CI 0.992–

1.002) per mm Hg increase in systolic BP and IRR 0.994 (95% CI 0.986–1.002) per mm Hg 

increase in diastolic BP.

In the subgroup of 3900 women who were treated with antihypertensive drugs, distribution 

and range of BP was similar to the overall sample (median BP 125/72 mm Hg.) As in the 

overall study sample, the treated subgroup of women showed no significant associations of 

systolic BP with a risk of falls in any of the models (Table 3). In the crude model, higher 

diastolic BP as a continuous variable was associated with a decreased risk of falls. In the 

adjusted models, higher diastolic BP as a continuous variable was weakly associated with a 

decreased risk of falls in Model 2 (IRR 0.993 per mm Hg, 95% confidence interval 0.987– 

1.000, p=0.04), and was similar in both strata of SPPB (score 1–8, IRR= 0.994, 95% CI 

0.986–1.002; score 9–16, IRR= 0.992, 95% CI 0.982–1.002). After adjustment for SPPB 

score, the point estimate for fall risk associated with diastolic BP in Model 3 was similar to 

model 2, but was no longer statistically significant. In the crude model for the categorical 

analysis, compared to diastolic BP ≥80 mm Hg, BP 60–69 mm Hg was associated with a 

22% increased fall risk and BP <60 mm Hg was associated with a 30% increase in fall risk. 

In the adjusted models, lower diastolic BP categories had IRR point estimate above unity, 

but the only significantly increased risk of falls compared to diastolic BP ≥80 mm Hg was in 

Model 2 in women with diastolic BP 60–69 mm Hg. However, only 6% of women had 

diastolic BP <60 mm Hg, so confidence intervals were wide for this category.

Among the 3864 women who were treated with antihypertensive drugs in known classes, 

42% were treated with thiazide diuretics, 41% with beta blockers, 37% with calcium channel 

blockers, 31% with angiotensin converting enzyme inhibitors, and 27% with angiotensin 

receptor blockers. In Model 1, after adjustment for demographics several drug classes were 

significantly associated with falls: thiazide diuretics had a 14% lower risk and beta blockers 

had a 23% increased risk (Table 4). After adjustment for other fall risk factors in Model 2, 

the higher fall risk in users of beta blockers persisted, but was no longer associated with falls 

after further adjustment for SPPB.

DISCUSSION

This analysis of a large, diverse cohort of community-dwelling ambulatory women with a 

mean age of 79 years did not show an association of hypertension or hypertension treatment 

with falls assessed prospectively on a monthly basis for about one year. The level of systolic 

BP was not associated with falls in either the overall sample or in women treated with 

antihypertensive medication. In women treated with antihypertensive medication, higher 
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diastolic BP was associated with a lower risk of falls in the unadjusted model and in the 

model adjusted for demographics, alcohol use, BMI, chronic conditions, vision, and bodily 

pain (<1% decrease in risk per mm Hg increase in BP). The categorical analysis also 

suggested an increased fall risk in women with diastolic BP <70 mm Hg. This association 

was attenuated with further control for SPPB score, suggesting that physical function could 

be part of the mechanistic pathway between diastolic BP and falls. Beta blockers were the 

only class of antihypertensive medication that was associated with an increased risk of falls 

compared with all other types of antihypertensive drugs. The increased risk was attenuated 

after adjustment for fall risk factors, and became non-significant after adjusting for lower 

limb physical function, suggesting that the association may be related to differential use of 

beta blockers among women with fall risk factors.

Given the lack of evidence for an association of long-term antihypertensive treatment with 

falls, why do clinicians commonly cite the risk of falls as a reason not to treat to lower BP 

targets in older individuals? In contrast to the weak inverse association of seated diastolic BP 

with self-reported falls in the current study among treated women treated for hypertension, 

Bromfield, et al did not find an association of either seated systolic or diastolic BP with 

serious fall injuries ascertained via a claims algorithm.13 Further study is needed on whether 

low levels of treated diastolic BP are associated with an increased risk of falls, and whether a 

different mechanism links diastolic versus systolic BP with fall propensity.

Orthostatic hypotension (a drop in blood pressure on standing), which becomes more 

prevalent with aging and is more common in individuals with hypertension, might be 

another link between antihypertensive treatment and falls.26–28 Juraschek, et al reported that 

orthostatic hypotension in middle-aged adults was positively associated with falls, fractures, 

and syncope during a median of 23 years of follow-up.29 Finucane, et al also found a 40% 

increased risk of falls at 2 years of follow-up in people with orthostatic hypotension in a 

population-based study prospective study in Irish adults.30 The SPRINT study also supports 

this finding,31 as do smaller and cross-sectional studies, 28,32 although one moderately large 

prospective study does not.33

Some observational studies, but not others, found an association of antihypertensive 

treatment with orthostatic hypotension.26,32,34,35 However, there is little evidence that 

antihypertensive treatment itself results in a greater degree of orthostatic hypotension than 

would otherwise be found in a given hypertensive person. Two trials that achieved 

substantial BP reduction through intensive treatment, Action to Control Cardiovascular Risk 

in Diabetes (ACCORD) and SPRINT, did not observe any difference in the presence or 

degree of documented orthostatic hypotension in the intensive and standard treatment 

groups.7,36,37 In these trials, few participants with dizziness on standing had orthostatic 

hypotension, and conversely most orthostatic hypotension was not accompanied by 

symptoms of dizziness on standing. Two other randomized trials comparing different BP 

lowering strategies did not report measures of orthostatic hypotension, but the Stop 

Atherosclerosis in Native Diabetics Study (SANDS) found that 35% of participants in the 

intensive BP group (mean systolic BP 116 mm Hg achieved on treatment) reported 

generalized dizziness, compared with 17% in the standard group (mean systolic BP 128 mm 

Hg).38 In contrast, in the Secondary Prevention of Subcortical Strokes Study (SPS3), there 
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were no differences in reports of dizziness, unsteadiness, or lightheadedness on standing 

between the treatment groups (mean systolic BP 127 and 138 mm Hg.)39 In summary, little 

evidence supports an association of antihypertensive treatment with falls that is mediated by 

low levels of seated blood pressure or orthostatic hypotension.

The current study has many strengths including its large, racially and geographically diverse 

study population in which 43% reported one or more falls. There was detailed information 

on antihypertensive treatment from a medication inventory and BP was measured according 

to a standardized protocol by trained technicians. Follow-up was prospective and falls were 

recorded daily and reported on a monthly basis to minimize the chance of unreported falls. 

However, some limitations of the study need to be acknowledged. Although repeated BP 

measures were averaged, BP was measured only on a single day and was performed 

manually using an anaeroid sphygmomanometer. Some antihypertensive medications may 

be used for other indications (eg, migraines, heart failure.) While it is possible that usual BP 

and hypertension treatment status could have been misclassified, it is unlikely that 

misclassification was differential in those who eventually experienced a fall and those who 

did not. Some of the antihypertensive medication classes were uncommonly used, but the 

classes that are commonly used in clinical practice were well-represented. We did not 

include duration of treatment in our analysis, but it is likely that most antihypertensive drugs 

listed in the medication inventory had been used for longer than the 14–45 day period where 

falls may be increased following initiation or titration of antihypertensive treatment. The 

study included only women participating in WHI and OPACH, and data on cognitive 

function were not available for most women. Thus, it is unknown if findings would be 

similar in men or patients with frailty, cognitive impairment, or multiple co-morbidities so 

severe that they would be unlikely to participate in research.

In conclusion, there is little evidence for a causal mechanism or an association of chronic 

antihypertensive treatment with falls in the literature9–13 or in this study, even in the 

subgroup of women with increased falls risk due to low measured physical function. 

However, there is a growing body of evidence that the risk of falls and fractures is increased 

in the first several weeks following initiation or intensification of antihypertensive therapy.
14–18 To ensure that antihypertensive treatment initiation or intensification is needed, care 

should be taken to measure BP accurately in the office setting. In patients who are suspected 

of having isolated elevated office BP, out-of-office BP measurements should be considered 

to confirm the need for additional treatment in accordance with current guidelines.40 While 

the risk of a serious fall injury is low, it is reasonable to monitor patients in the early period 

following starting a new antihypertensive or dose intensification. For patients who are doing 

well and tolerating a new treatment regimen after the first several weeks, it seems likely that 

the long-term benefits of improved hypertension control can be achieved without an 

increased risk for falls.
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Figure 1: Association of Hypertension Status with Fall Incidence (N=5969)
The point estimate of the incidence rate ratio (IRR, colored squares) and 95% confidence 

interval (CI, horizontal lines) for fall incidence compared to women with no hypertension 

(reference, vertical grey line) is shown for treated controlled hypertension (green), treated 

uncontrolled hypertension (red), and untreated uncontrolled hypertension (blue). There are 

two participants with missing blood pressure. Model 1 adjusts for age, race/ethnicity, and 

education. Model 2 additionally adjusts for alcohol use, body mass index, number of chronic 

conditions, vision (excellent, very good, good, fair, poor), and bodily pain (none, very mild, 

mild, moderate, severe). Model 3 additionally adjusts for Short Physical Performance 

Battery (SPPB) score.
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Table 1.

Participant characteristics by no fall vs. fall

Total
sample No fall 1 fall 2+ falls

Characteristic N=5971 N=3389 N=1355 N=1227

Age, years, mean (SD) 78.8 (6.7) 78.3 (6.7) 78.7 (6.6) 80.3 (6.6)

Race/Ethnicity, n (%)

  White 3011 (50.4) 1528 (45.1) 704 (52.0) 779 (63.5)

  Black 1976 (33.1) 1264 (37.3) 426 (31.4) 286 (23.3)

  Hispanic/Latina 984 (16.5) 597 (17.6) 225 (16.6) 162 (13.2)

Highest education level high school or less, n (%) 1846 (30.9) 1080 (31.9) 411 (30.3) 355 (28.9)

No or rare alcohol intake past 3 mo, n (%) [494 (8.3%) missing] 4504 (75.4) 2537 (74.9) 1043 (77.0) 924 (75.3)

Body mass index, kg/m2, mean (SD) 28.1 (5.8) 28.3 (5.8) 28.1 (5.8) 27.7 (5.5)

Diabetes, n (%) 668 (11.2) 394 (11.6) 133 (9.8) 141 (11.5)

Number of chronic conditions, n (%) [375 (6.3%) missing]

    Zero 991 (16.6) 606 (17.9) 214 (15.8) 171 (13.9)

    One 2082 (34.9) 1166 (34.4) 501 (37.0) 415 (33.8)

    Two or more 2523 (42.3) 1391 (41.0) 562 (41.5) 570 (46.5)

SPPB
*
 Score (Range 0–12), mean (SD) [543 (9.1%) missing] 8.2 (2.5) 8.3 (2.4) 8.3 (2.5) 7.8 (2.7)

SPPB Score 9–12, n (%) [543 (9%) missing] 2665 (44.6) 1571 (46.4) 632 (46.6) 462 (37.7)

History of fracture, n (%) 1226 (20.5) 618 (18.2) 287 (21.2) 321 (26.2)

Self-reported fall history, n (%) [246 (4.1%) missing]

  No fall 3905 (65.4) 2483 (73.3) 870 (64.2) 552 (45)

  1 fall 1161 (19.4) 531 (15.7) 336 (24.8) 294 (24.0)

  2+ falls 659 (11.0) 196 (5.8) 121 (8.9) 342 (27.9)

Use of assistive device for walking, n (%) 1760 (29.5) 866 (25.6) 406 (30.0) 488 (39.8)

No difficulty walking 30 minutes, n (%) [231 (3.9%) missing] 4009 (67.1) 2339 (69.0) 931 (68.7) 739 (60.2)

Excellent or very good balance, n (%) [524 (8.8%) missing] 2175 (36.4) 1356 (40.0) 500 (36.9) 319 (26.0)

Excellent or very good vision, n (%) [516 (8.6%) missing] 2838 (47.5) 1608 (47.4) 662 (48.9) 568 (46.3)

No or mild body pain, n (%) [501 (8.4%) missing] 3625 (60.7) 2079 (61.3) 857 (63.2) 689 (56.2)

Hypertension, n (%) [2 (<1%) missing]

  No hypertension 1797 (30.1) 1041 (30.7) 383 (28.3) 373 (30.4)

  Treated controlled hypertension 3191 (53.4) 1785 (52.7) 754 (55.6) 652 (53.1)

  Treated uncontrolled hypertension 709 (11.9) 403 (11.9) 150 (11.1) 156 (12.7)

  Untreated uncontrolled hypertension 272 (4.6) 159 (4.7) 67 (4.9) 46 (3.7)

*
Short Physical Performance Battery
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