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Key points:

e To compare the effectiveness of fall prevention interventions, consensus guidance recommends
that a standard set of outcomes be reported for each study; this report provides results for fall,
fall injury, and health-related quality of life outcomes in the Strategies to Reduce Injuries and
Develop Confidence in Elders (STRIDE) study, a pragmatic cluster-randomized trial of a
multifactorial fall injury prevention intervention.

e For all outcomes, point estimates favored the intervention group, but effect sizes were modest,
and results for only one outcome were statistically significant.

e To enhance the effectiveness of fall prevention interventions in primary care settings, future
work should refine patient-, practice-, and organization-level strategies to improve
implementation and adherence; improving the ability to detect small but potentially meaningful
clinical effects is also critical.

Why does this matter?

Based on the findings from this report, dissemination of multifactorial fall injury prevention programs
across multiple health systems will have at best modest effects on fall, fall injury, and health-related
quality of life outcomes. Whether these dissemination efforts provide sufficient population benefit to
warrant the resources invested is an important topic to consider in future research.



Abstract

Background: Falls are common in older adults and can lead to severe injuries. The Strategies to Reduce
Injuries and Develop Confidence in Elders (STRIDE) trial cluster-randomized 86 primary care practices
across 10 health systems to a multifactorial intervention to prevent fall injuries, delivered by registered
nurses trained as falls care managers, or enhanced usual care. STRIDE enrolled 5451 community-

dwelling older adults age > 70 at increased fall injury risk.

Methods: We assessed fall-related outcomes via telephone interviews of participants (or proxies) every
four months. At baseline, 12 and 24 months, we assessed health-related quality of life (HRQOL) using
the EQ-5D-5L and EQ-VAS. We used Poisson models to assess intervention effects on falls, fall-related
fractures, fall injuries leading to hospital admission, and fall injuries leading to medical attention. We

used hierarchical longitudinal linear models to assess HRQOL.

Results: For recurrent event models, intervention versus control incidence rate ratios were 0.97 (95%
confidence interval (Cl), 0.93-1.00; p=0.048) for falls, 0.93 (95% Cl, 0.80-1.08; p=0.337) for self-reported
fractures, 0.89 (95% Cl, 0.73-1.07; p=0.205) for adjudicated fractures, 0.91 (95% Cl, 0.77-1.07; p=0.263)
for falls leading to hospital admission, and 0.97 (95% Cl, 0.89-1.06; p=0.477) for falls leading to medical
attention. Similar effect sizes (non-significant) were obtained for dichotomous outcomes (e.g.,
participants with 2 1 events). The difference in least square mean change over time in EQ-5D-5L
(intervention minus control) was 0.009 (95% Cl -0.002 to 0.019, p=0.106) at 12 months and 0.005 (95%

Cl -0.006 to 0.015, p=0.384) at 24 months.

Conclusions: Across a standard set of outcomes typically reported in fall prevention studies, we
observed modest improvements, one of which was statistically significant. Future work should focus on
patient-, practice-, and organization-level operational strategies to increase the real-world effectiveness

of interventions, and improving the ability to detect small but potentially meaningful clinical effects.
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Introduction

Twenty-nine percent of community-dwelling older adults fall at least once annually, with about
10% of these falls resulting in serious injuries (e.g., fractures).! The Strategies to Reduce Injuries and
Develop Confidence in Elders (STRIDE) study was a cluster-randomized trial of a multifactorial fall injury
prevention intervention in community-dwelling older adults age 70 or older at increased fall injury risk.?
The STRIDE study found no statistically significant reduction in its primary outcome (the time to first
adjudicated serious fall injury) but did find a modest statistically significant reduction in time to first self-

reported fall injury, a broader measure including injuries that did and did not lead to medical attention.?

To compare results across studies, international consensus guidance recommends that fall
prevention trials report a range of outcomes, including falls, fall injuries, psychological consequences of
falling, health-related quality of life, and physical activity.* The Cochrane review of multifactorial fall
prevention interventions provides results on falls, fall-related fractures, falls leading to hospital
admission, falls leading to medical attention, health-related quality of life, and adverse events.® In
addition to the primary outcome of the time to first adjudicated serious fall injury,® we have previously
reported STRIDE results on serious adverse events® and psychological consequences of falling.® To
facilitate comparison with the broader literature on fall prevention studies, we now report STRIDE’s
effect on fall-related outcomes (falls, fall-related fractures, fall injuries leading to hospital admission, fall

injuries leading to medical attention) and health-related quality of life.

Methods

STRIDE included 10 healthcare systems across the US, with 86 practices cluster-randomized in a

1:1 ratio to either a multifactorial, patient-centered intervention delivered in primary care settings by



registered nurses trained as falls care managers, or to enhanced usual care, including an informational
pamphlet about falls and encouragement of participants to discuss falls with their primary care provider.
To identify individuals who were at increased risk for fall injuries, STRIDE included participants who
answered “yes” to at least one of three items: (a) have you fallen and hurt yourself in past year?, (b)
have you fallen > 2 times in past year?, and (c) are you afraid that you might fall because of balance or
walking problems? Prior work provides details of STRIDE’s design,? screening and recruitment
procedures,’ intervention,® and participant retention.® STRIDE was approved by a single institutional

review board at the Massachusetts General Brigham Healthcare System, Boston, MA.

Data

The primary source for fall-related outcome ascertainment was structured telephone interviews
of participants (or their proxies), conducted by masked, trained interviewers at the Yale Recruitment
and Assessment Center, beginning at four months post-enroliment and continuing every four months
thereafter. Participants were mailed fall calendars to prospectively record their falls and to serve as a
memory aid for follow-up interviews. If participants did not complete a particular follow-up interview,
the next follow-up interview asked about falls over the time window since the participant was last
interviewed. Completion of follow-up interviews was greater than 93% at each time point. Most
participants completed all (71.8%) or all but one (9.2%) of the follow-up interviews.® As part of STRIDE’s
outcome adjudication process, fall-related fracture events were adjudicated, but thoracic and lumbar
vertebral fractures were excluded from adjudication due to STRIDE’s primary outcome definition.®
Given this distinction, we report results for both self-reported and adjudicated fractures. Further details

about data definitions and coding may be found in the Supplementary Text S1.

At baseline, 12-month, and 24-month interviews, STRIDE participants were administered the

EQ-5D-5L, a measure of health-related quality of life,'*'? and the EQ-VAS, a global rating of health.* The



dimensions of EQ-5D-5L include mobility, self-care, usual activities, pain/discomfort, and

” u

anxiety/depression. Responses for each dimension have five levels: “no problems,” “slight problems,”

” u

“moderate problems,” “severe problems,” and “unable to /extreme problems.” We used US community
weights to convert responses on the five EQ-5D-5L dimensions into a single index value calibrated such
that a value of 1 represents perfect health and a value of O represents death (values less than 0 are

possible), based on a Tobit model.'* Scores on the EQ-VAS range from 0 (worst health imaginable) to 100

(best health imaginable).

Statistical Analysis

We conducted all analyses using an “intention to treat” approach. We calculated fall-related
outcomes as rates, and summarized EQ-5D-5L and EQ-VAS results using means and standard deviations.
We used practice-level Poisson regression (consistent with prior STRIDE analyses®) to analyze recurrent
fall-related outcomes as a function of intervention versus control group status, adjusting for covariates
prespecified in the STRIDE statistical analysis plan: 1) healthcare system and 2) practice-level factors
used in covariate-constrained randomization, including a) practice size (by tertile), b) geography (urban
versus rural), and c) practice race/ethnicity (majority of patients’ primary identification: nonwhite versus

white).?

To evaluate dichotomous outcomes in intervention and control groups, we used participant-
level population-averaged Poisson models clustered by practice,® adjusting for the prespecified

covariates.

As in prior STRIDE work with repeated continuous measures,® we analyzed EQ-5D-5L and EQ-
VAS results in intervention versus control groups using hierarchical longitudinal linear models, with the
dependent variable represented as the change in values from baseline to 12 months, and from baseline
to 24 months. We included a random intercept for practice and for participant and estimated treatment

by time interactions (at 12 and 24 months) as quantifying mean treatment effects. In addition to those



previously specified, covariates included baseline values of the dependent variable and baseline factors
found to be associated with missing follow-up data (age, education, self-rated health, whether
participant or surrogate completed baseline interview, use of walking aid outside). Data were assumed

to be missing at random (after adjustment for factors above).

All analyses were performed using Stata 17 (College Station, TX) and used two-tailed significance
tests, with p-values less than 0.05 denoting statistical significance. No adjustment was made for multiple

testing.

Results

STRIDE participants were mean age 80, 62% female, 91% white, and 52% had at least a college
degree (Table 1). Participants had a mean of 2.1 chronic conditions, 5% had a prior hip fracture after age
50, and 33% had a prior non-hip fracture after age 50. Baseline characteristics were well-balanced

between intervention and control groups.

Figure 1 and Table 2 show fall-related outcomes, providing Cochrane review results for
comparison, where available.® For recurrent event models (Figure 1), intervention versus control
incidence rate ratios were 0.97 (95% confidence interval (Cl), 0.93-1.00; p=0.048) for falls, 0.93 (95% Cl,
0.80-1.08; p=0.337) for self-reported fractures, 0.89 (95% Cl, 0.73-1.07; p=0.205) for adjudicated
fractures, 0.91 (95% Cl, 0.77-1.07; p=0.263) for falls leading to hospital admission, and 0.97 (95% Cl,
0.89-1.06; p=0.477) for falls leading to medical attention. Similar results (all statistically non-significant)

were obtained for dichotomous outcomes (Table 2).

Table 3 provides unadjusted values for the EQ-5D-5L and EQ-VAS at each time point by
treatment group. Adjusted regression analyses showed no statistically significant difference in least
square mean change over time in the EQ-5D-5L index (intervention change minus control change) at 12

months (0.009, 95% Cl: -0.002 to 0.019, p=0.106) or 24 months (0.005, 95% Cl: -0.006 to 0.015,



p=0.384). Similarly, adjusted analyses showed no difference in change over time between intervention
and control groups for the EQ-VAS at 12 months (0.49, 95% Cl: -0.42 to 1.40, p=0.289) or 24 months

(0.47, 95% Cl: -0.46 to 1.39, p=0.322).

Discussion

In the STRIDE study, point estimates favored the multifactorial intervention across a set of
outcomes commonly used to summarize the effects of fall prevention interventions,® but only one result
reached statistical significance: a 3% relative reduction in rate of falls. This effect was noticeably more
modest than the Cochrane review fall rate (rate ratio 0.77; 95% Cl 0.67-0.87).° For all other outcomes

available in both STRIDE and the Cochrane review, 95% confidence intervals substantially overlapped.

STRIDE’s implementation setting (primary care) and multi-center pragmatic design are
important strengths that enhance the external validity of results. These same factors may have affected
STRIDE’s effectiveness, given the complexity of implementing a multifactorial fall injury prevention
intervention across 43 primary care practices in 10 health systems.?” STRIDE falls care managers
successfully assessed participants’ underlying risk factors for fall injuries, but process evaluations from
STRIDE (and PreFIT, another large, recently published pragmatic fall prevention trial*®*°) point to a drop-
off between risk factors identified during assessment, and risk factors acted upon (or prioritized for
action).? Additional data available only in PreFIT show stepwise drop-off between referral to exercise, to
attendance at first exercise session, and to actual completion of the PreFIT exercise program.!81°
Because STRIDE’s pragmatic design relied upon existing medical and community resources for exercise,
with data suggesting that costs (e.g., copayments for physical therapy) may have posed a barrier to

adherence,’ it is possible that lack of sustained adherence to exercise, a key intervention to reduce

falls,?° may have contributed to STRIDE’s largely null results.



It is possible that, applied at the population level, STRIDE’s approach would produce a small but
meaningful (i.e., 7-11%) relative reduction in fractures and falls leading to hospital admission, the
circumstance most consistent with what we observed in the trial, but also one that STRIDE was not
powered to detect. An effect size of this magnitude is consistent with community-based dissemination
efforts such as the Connecticut Collaboration for Fall Prevention, which found a 9% statistically
significant relative reduction in serious fall injuries.?! Outcome ascertainment using routinely collected
data (e.g., from claims or electronic health records) could reduce the cost of conducting larger, simpler

trials that would be powered to detect small but potentially meaningful effects.

Simplifying intervention delivery could potentially enhance STRIDE's effectiveness. Options for
simplification include focusing the risk assessment on a smaller set of factors, which, if identified and
addressed, would yield the highest benefit at the population level, and then more intensely working
with patients to address this smaller set of risk factors (e.g., gait/balance/strength; and medications,
including pharmacologic treatment of osteoporosis and reduction of fall risk increasing drugs). A
complementary approach might decrease the number of steps between screening, assessment,
intervention uptake, and intervention adherence, to reduce drop-off at each step.'”-?2 For example, for
those deemed eligible, a standardized exercise program delivered virtually might facilitate uptake and
adherence; recent work demonstrates proof of concept for this approach, albeit in a healthier
population.?® However, even with simpler, more powerful interventions, variation in implementation —

and thus dilution of intervention effect — should be expected in large, pragmatic studies.

Our results are limited by several factors. First, the reported analyses were not pre-specified in
STRIDE’s statistical analysis plan;*® this limitation was mitigated by following standard definitions of
outcomes as used in the Cochrane review of multifactorial fall prevention interventions® and mirroring
analytic approaches used in STRIDE’s prespecified analyses wherever possible. Second, since STRIDE

focused on fall injuries and not falls per se, STRIDE participants were not asked about whether their falls



without injury met the Prevention of Falls Network Europe definition of a fall.* Third, as is true for all
multifactorial fall prevention interventions, participants could not be blinded to group assignment. Being
aware of group assignment could have led intervention participants to take actions to reduce falls
independent of actions agreed upon with the falls care manager, or led to reporting bias for the non-
adjudicated outcomes evaluated in the current study; the direction of this latter bias is unclear. Fourth,
for the outcome of self-reported fall injuries leading to medical attention, intervention participants may
have been sensitized to seek medical attention through interaction with their falls care manager (biasing
results for this outcome to the null),*% although intervention protocols for fall care managers were
designed to minimize this bias. This limitation applies less to fracture outcomes and falls leading to
hospital admission, given that these more severe events would likely come to medical attention

regardless of treatment arm.

In conclusion, across a standard set of outcomes typically reported in fall prevention studies,
modest, mostly statistically non-significant improvements were observed favoring the STRIDE
intervention. Future work should focus on simplifying implementation, strengthening intervention
components (including incorporating strategies to promote long term adherence to exercise and other

behaviors), and improving the ability to detect small but clinically meaningful effects.
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Table 1. Baseline Demographic and Clinical Characteristics®

Characteristic Intervention Control Total

(N=2802) (N=2649) | (N=5451)
Age — yr 79.816.5 79.5+6.0 79.7+£6.2
Female sex — no. (%) 1752 (62.5) | 1629 (61.5) | 3381 (62.0)
Race — no. (%)°

White 2571 (91.8) | 2394 (90.4) | 4965 (91.1)

Black 128 (4.6) 164 (6.2) | 292 (5.4)

Other or unknown 103 (3.7) 91 (3.4) 194 (3.6)
Hispanic ethnic group — no. (%)°® 196 (7.0) 211 (8.0) 407 (7.5)
Educational level — no. (%)

High school graduate or less 602 (21.5) 643 (24.3) | 1245 (22.8)

Some college or equivalent 697 (24.9) 659 (24.9) | 1356 (24.9)

College graduate or higher 1502 (53.6) | 1343 (50.7) | 2845 (52.2)

Unknown 1(<0.1) 4(0.2) 5(0.1)
Chronic conditions®

No. per participant 2.1+1.3 2.1+1.3 2.1+1.3

Fracture other than of the hip after 50 yr of 918 (32.8) 876 (33.1) | 1794 (32.9)
age — no. (%)

Hip fracture after 50 yr of age — no. (%) 132 (4.7) 119 (4.5) 251 (4.6)
Clinically significant cognitive impairment — 85 (3.0) 75 (2.8) 160 (2.9)
no. (%)¢
Use of a mobility aid or inability to ambulate 972 (34.7) 909 (34.3) | 1881 (34.5)
— no. (%)

Screening risk questions for fall injuries — no.
(%)

Fell two or more times in the past year 1015 (36.2) | 896(33.8) | 1911 (35.1)

Had a fall-related injury in the past year 1089 (38.9) | 1031 (38.9) | 2120 (38.9)

Was afraid of falling because of problems 2405 (85.8) | 2273 (85.8) | 4678 (85.8)
with walking or balance

@ Plus—minus values are means +SD. Percentages may not total 100 because of rounding.
® Race and ethnic group were reported by the participant.

¢ Other chronic conditions reported included hypertension, cancer, arthritis, diabetes, chronic lung
disease, myocardial infarction, stroke, congestive heart failure, and Parkinson’s disease.

4 Based on four or more errors on the six-item Callahan cognitive screening instrument or if the initial
telephone interview was completed entirely by proxy.



Table 2. Dichotomous fall, fall-related fracture, and other fall injury outcomes, as compared with
Cochrane review.’

STRIDE Cochrane Review
Outcome? Intervention | Control Adjusted P Risk Participants | Studies
(N=2802) (N=2649) | Rate Ratio | value | Ratio N N
no. (%) n (%) (95% Cl)° (95%
Cl)
Falls
One or more falls | 1833 (65.4) | 1798 0.99 0.836 | 0.96 9637 29
(67.9) (0.91- (0.90-
1.08) 1.03)
Two or more falls | 1242 (44.3) | 1220 0.97 0.389 | 0.87 3368 12
(46.1) (0.91- (0.74-
1.04) 1.03)
Fractures
One or more 287 (10.2) 296 0.94 0.482 | 0.73 2850 9
self-reported (11.2) (0.79- (0.53-
fall-related 1.12) 1.01)¢
fractures
One or more 184 (6.6) 203 (7.7) | 0.87 0.140
adjudicated fall- (0.72-
related fractures 1.05)
Other fall injuries
One or more 242 (8.6) 266 0.88 0.125 | 1.00 5227 15
hospital (10.0) (0.74- (0.92-
admissions for 1.04) 1.07)
fall-related
injuries
One or more fall- | 772 (27.6) 785 0.95 0.290 | 0.91 3078 8
related injury (29.6) (0.86- (0.75-
events leading to 1.05) 1.10)
medical
attention
(including
hospital
admission)

a0utcome assessed for the full duration of follow-up for each participant. Median follow-up was 2.3
years (interquartile range = 2.0-2.7 years).

bParticipant-level population-averaged Poisson model clustered by practice, adjusted for constrained
randomization variables and healthcare system

‘Cochrane meta-analysis synthesized results across studies with varying ways of ascertaining fractures.



Table 3. Unadjusted Values for EQ-5D-5L and EQ-VAS?®

Baseline 12 months 24 months
Intervention | Control Intervention | Control Intervention | Control
EQ-5D-5L 0.831+ 0.834 + 0.822 + 0.817 + 0.819+ 0.815+0.204
utility,® mean 0.178 0.166 0.193 0.192 0.202 (N=2140)
+SD (N=2785) (N=2634) (N=2385) (N=2262) (N=2242)
EQ-VAS,* 78.9+16.3 78.8 + 77.0+17.3 76.6 + 77.3+17.3 76.7 £ 16.9
mean + SD (N=2771) 16.2 (N=2360) 17.0 (N=2234) (N=2122)
(N=2627) (N=2247)

Sample sizes of available participant responses for each item and time period are shown in parentheses.

2Complete case analysis.

PEQ-5D-5L scores range from -0.573 to 1,'* where O represents death and 1 represents perfect health.

°EQ-VAS scores range from 0 to 100, where 0 represents the worst health imaginable and 100
represents the best health imaginable.




Figure 1 legend

Figure 1: Rates of recurrent events for fall-related outcomes. The intervention group included 2802
participants and 6338.3 person-years of follow-up, while the control group included 2649 participants
and 6042.5 person-years of follow-up. Rates are reported per 100 person years. Rate ratios are based
on practice-level Poisson regression adjusted for constrained randomization variables and healthcare
system. In the Cochrane review of multifactorial interventions to prevent falls, the rate ratio (95% Cl) for
falls was 0.77 (0.67-0.87) in 5853 participants (19 randomized trials).> Cl, confidence interval.



As a geriatric geriatrician at high fall risk while on anticoagulation for intermittent atrial
flutter, | read this article with great interest. For myself, and even more importantly, for all
the older adults around the world who are at risk for falls, | wish that the results had been
more positive. On the other hand, as an editor, | am a firm believer in publishing well-
conducted negative trials. We can learn a tremendous amount from what does not work
well in a pragmatic trial conducted at multiple sites in thousands of participants by
experienced and knowledgeable geriatricians. The STRIDE trial was conducted using a
cluster randomized design in 46 practices that were part of 10 health systems involving
close to 5500 participants. The study protocol was carefully conducted using best
practices in risk assessment and multicomponent interventions tailored to each

participant.

The authors thoughtfully discuss how further studies may lead to more effective
interventions. Suggestions include simplifying the risk assessment, focusing the
intervention on fewer factors, making the process from intake to intervention more
streamlined to facilitate adherence, utilizing a standardized and virtually presented
intervention, and seeking small but clinically significant changes that could reduce the
risk of falls. | hope the investigators have an opportunity to get support to test these

strategies in a future trial.

My view as a patient who developed, in addition to chronic pain, a foot drop and
peripheral neuropathy requiring surgical intervention, is that there are some critical
ingredients to success in preventing falls. | went from fearing falling even while using a
walker, as well as turning over in bed from back pain to swimming, doing challenging
strength and balance exercises daily, and playing golf without significant pain or fear of

falling over the course of about 10 months. In my case recognizing when surgery was



needed, which | did too late and getting a skilled and knowledgeable surgeon were
important. But even more important was serendipitously meeting a fantastic physical
therapist with 40 years of experience who was determined to get me back on the golf
course. My desire to get better, which motivated me to endure the discomfort of
challenging physical therapy on a daily basis was an essential ingredient. While I'm still
concerned about falling, especially at the end of the day when my residual foot drop
makes me prone to trip, | have not fallen and plan not to. Thus, in addition to all the
lessons learned from the STRIDE trial and the investigators thoughts on future
interventions, finding skilled health professionals to assist when needed, and
understanding how to instill patients with the desire and commitment to get better, will go

a long way towards success in fall prevention.

Joseph G. Ouslander, MD



Outcome

Falls

Fractures
Self-reported

Adjudicated

Other fall injuries
Leading to hospital admission

Leading to medical attention

Intervention
Events (Rate)

6600 (104.1)

333 (5.3)

211 (3.3)

289 (4.6)

1079 (17.0)

Control
Events (Rate)

6577 (108.8)

345 (5.7)

230 (3.8)

307 (5.1)

1079 (17.9)

Adjusted Rate Ratio
(95% ClI)

Adjusted Rate Ratio
(95% ClI)

0.97 (0.93-1.00)

0.93 (0.80-1.08)

0.89 (0.73-1.07)

0.91 (0.77-1.07)

0.97 (0.89-1.06)

0.5

P
value

0.048

0.337

0.205

0.263

0.477





