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BACKGROUND

Community screening and therapeutic prevention strategies may reduce the inci-

dence of falls in older people. The effects of these measures on the incidence of 

fractures, the use of health resources, and health-related quality of life are unknown.

METHODS

In a pragmatic, three-group, cluster-randomized, controlled trial, we estimated the 

effect of advice sent by mail, risk screening for falls, and targeted interventions 

(multifactorial fall prevention or exercise for people at increased risk for falls) as 

compared with advice by mail only. The primary outcome was the rate of fractures 

per 100 person-years over 18 months. Secondary outcomes were falls, health-related 

quality of life, frailty, and a parallel economic evaluation.

RESULTS

We randomly selected 9803 persons 70 years of age or older from 63 general prac-

tices across England: 3223 were assigned to advice by mail alone, 3279 to falls-risk 

screening and targeted exercise in addition to advice by mail, and 3301 to falls-risk 

screening and targeted multifactorial fall prevention in addition to advice by mail. 

A falls-risk screening questionnaire was sent to persons assigned to the exercise 

and multifactorial fall-prevention groups. Completed screening questionnaires 

were returned by 2925 of the 3279 participants (89%) in the exercise group and by 

2854 of the 3301 participants (87%) in the multifactorial fall-prevention group. Of 

the 5779 participants from both these groups who returned questionnaires, 2153 

(37%) were considered to be at increased risk for falls and were invited to receive 

the intervention. Fracture data were available for 9802 of the 9803 participants. 

Screening and targeted intervention did not result in lower fracture rates; the rate 

ratio for fracture with exercise as compared with advice by mail was 1.20 (95% 

confidence interval [CI], 0.91 to 1.59), and the rate ratio with multifactorial fall 

prevention as compared with advice by mail was 1.30 (95% CI, 0.99 to 1.71). The 

exercise strategy was associated with small gains in health-related quality of life 

and the lowest overall costs. There were three adverse events (one episode of an-

gina, one fall during a multifactorial fall-prevention assessment, and one hip 

fracture) during the trial period.

CONCLUSIONS

Advice by mail, screening for fall risk, and a targeted exercise or multifactorial 

intervention to prevent falls did not result in fewer fractures than advice by mail 

alone. (Funded by the National Institute of Health Research; ISRCTN number, 

ISRCTN71002650.)
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C
linical guidelines suggest that 

preventing falls should reduce the inci-

dence of fractures among older people 

and recommend strategies to prevent falls.1,2 

Many clinical services follow these guidelines, 

screening older persons and targeting interven-

tions to those who are at increased risk for 

falling.3 In general, targeted interventions in-

clude supervised strength and balance training 

or multifactorial approaches that assess several 

risk factors for falls and match preventive inter-

ventions to them. Randomized, controlled trials 

of sufficient size to show reduction in the inci-

dence of fracture are lacking.4,5 The compara-

tive effectiveness of various strategies is not 

known.6

We assessed the clinical effectiveness and 

cost-effectiveness of a brief falls-risk screening 

questionnaire, sent by mail, followed by an exer-

cise program or a multifactorial intervention 

targeted to persons at increased risk for falls, as 

compared with no screening in community-

dwelling older people. All participants received 

advice by mail.

Me thods

Trial Design, Participants, and Oversight

The protocol, including the statistical analysis 

plan (available with the full text of this article at 

NEJM.org), has been published previously along 

with details of the intervention.7-9 This was a 

three-group, pragmatic, cluster-randomized, con-

trolled trial with parallel economic evaluation 

that included 63 general practices in seven rural 

and urban regions in England. Drawing from 

their patient registries, general practices con-

tacted community-dwelling persons 70 years of 

age or older who were living in their own homes. 

Residents of assisted living facilities (with or 

without nursing care) and persons with terminal 

illnesses or life expectancy of less than 6 months 

were excluded.

The National Research Ethics Service ap-

proved the trial, which was overseen by a trial 

steering committee and a data and safety moni-

toring committee. All the authors were involved 

in the design, collection, and interpretation of 

data. Four of the authors analyzed the data 

and vouch for the accuracy and completeness of 

the data and for the fidelity of the trial to the 

protocol. The first author wrote the manu-

script.

Procedures

We recruited general medical practices, enlisting 

them in blocks of three practices from the same 

local health district. Each participating practice 

randomly selected up to 400 persons from their 

patient registries, informed them by mail that 

the practice was participating in research about 

treatments to improve the health of older peo-

ple, and recruited them to complete an 18-month 

series of surveys about aging. (In protocol 

changes, we broadened the criteria for eligible 

fractures before finalizing the statistical analysis 

plan and increased sampling from 150 to 200 par-

ticipants per practice to 300 to 400 participants 

per practice during the trial.) The mailed re-

cruitment invitation included a baseline survey, 

consent form, and an advice booklet on pre-

venting falls, “Age U.K. Staying Steady.”10 Prac-

tices sent one reminder letter to persons who did 

not respond to the invitation. Once 150 to 250 

participants from each practice returned the 

survey and a signed consent form, we closed en-

rollment. With computer-generated randomiza-

tion administered by an independent program-

mer, we randomly assigned the three practices 

in each local health district to the three inter-

ventions, one practice to each intervention. Prac-

tices assigned to the multifactorial fall-prevention 

strategy and the exercise strategy sent partici-

pants an additional brief screening questionnaire 

about the risk of falls, with a prepaid return enve-

lope (details are provided in Section S1.1 in the 

Supplementary Appendix, available at NEJM.org). 

For participants whose responses to the ques-

tionnaire indicated that they were at increased 

risk for falls, multifactorial fall prevention or 

exercise, according to the random assignment, 

was arranged through the participants’ usual 

National Health Service (NHS) provider. The falls-

risk screening questionnaire was a validated 

algorithm11 that was based on guidelines of the 

American Geriatrics Society and British Geriat-

rics Society, with small adaptations to enhance 

sensitivity and to suit administration by mail.12

Exercise Intervention

We used the Otago Exercise Program, which 

includes progressive home exercises for strength 

and balance performed at least twice a week and 

a recreational walking program.13 We trained 

physical therapists to deliver a minimum of 

seven sessions over 6 months. At least four ses-

sions, including the initial session, were required 
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to be in person, and the remainder could be 

conducted by telephone. Therapists used behav-

ioral interventions to encourage adherence and 

provided participants with ankle weights to use 

during exercises.14,15

Multifactorial Intervention

Nurses, general practitioners, and consultant 

geriatricians assessed falls and medical history, 

gait and balance, fear of falling, postural hypo-

tension, arrhythmia, medications, visual acuity, 

and feet and footwear status and conducted a 

home environment interview.16 Linked treatments 

included a medication review, exercise (the same 

as that used in the exercise strategy), home 

modifications, and referral to opticians, medical 

specialists, and podiatrists. Gait and balance as-

sessment included timed tests.17 All medications, 

including over-the-counter medications, were 

screened. If medications that confer a predispo-

sition to a fall were identified, a medical practi-

tioner conducted a face-to-face review (Section 

S1.2). The multifactorial intervention was pro-

vided in general practices or hospital clinics. 

Trained assessors observed at least one session 

and provided feedback to the practitioners carry-

ing out the intervention.

Outcomes

The primary outcome was the rate of fractures 

per 100 person-years over the 18-month period 

after randomization. We ascertained cases of frac-

ture by searching NHS Digital Hospital Episode 

Statistics for fracture diagnoses at hospital ad-

mission and emergency department and clinic 

visits.18 We searched practice records for consul-

tations for fracture, radiography reports, and 

hospital correspondence detailing fractures. Two 

clinical members of the trial team independently 

confirmed all events by reviewing all records, 

from which group assignment and personal and 

practice details were redacted. A third trial 

member was available in case of disagreements, 

but there were none. We counted fractures in-

cluded in the Prevention of Falls Network Europe 

consensus,19 as well as rib, sternum, skull, and 

facial fractures because of emerging epidemio-

logic trends.20 We used International Classification 

of Diseases, 10th Revision (ICD-10), codes assigned 

in Hospital Episode Statistics. If ICD-10 codes 

were missing, we used data from emergency de-

partment, fracture clinic, or practice records to 

derive a code. We used the hospital admission 

date as the date of the fracture unless other more-

accurate data were in the general practice record. 

A fracture episode was counted as the sum of all 

fractures occurring in a person in a 24-hour 

period; all fractures were reported, and we pre-

specified separate reporting of wrist and hip 

fractures.

The baseline survey included demographic 

data, fall and medical history, balance problems, 

activities of daily living, Strawbridge Frailty In-

dex,21 and a clock-drawing test (a test in which 

participants were asked to draw a clock face 

showing a specific time).22 We recorded the socio-

economic statuses of the practice areas.23

Secondary outcomes were falls, the use of 

health and social care resources (as assessed by 

participant recall over each survey period), and 

the results of the 12-Item Short-Form General 

Health Survey, version 2 (SF-12),24 and the Euro-

QoL Group 5-Dimension 3-Level questionnaire 

(EQ-5D-3L).25 The follow-up surveys were con-

ducted every 4 months for the first year, and the 

final survey was conducted 6 months later. We 

repeated the Strawbridge Frailty Index at 18 months 

after randomization. Participants completed a daily 

falls diary in one randomly selected 4-month sur-

vey period. We used an internationally agreed-on 

definition of falls.19 All data-management staff 

were unaware of the treatment assignments.

We collected details on exercises prescribed 

in the multifactorial fall-prevention and exercise 

groups. We measured balance and strength at 

the first and last exercise sessions.8 For the multi-

factorial fall-prevention group, we documented 

the risk-factor assessment and the intended inter-

ventions. We tracked prescriptions for psycho-

tropic and psychotropic-related medication, bis-

phosphonates, and mineral supplementation over 

the trial period (Section S1.2).9

Health Economic Analysis

We constructed a within-trial cost-utility analysis 

expressed as the incremental cost per quality-

adjusted life-year (QALY), incremental net health 

benefit, and incremental net monetary benefit 

(Section S1.4).26,27 We used multiple imputation 

for the base-case analysis. We assessed uncer-

tainty using a probabilistic sensitivity analysis 

and complete case analysis.

Statistical Analysis

In calculating the sample size, we used histori-

cal data of fracture rates in England.28 We calcu-
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lated that 1872 participants in each group (5616 

in total) would be needed for the trial to have 

80% power to detect a difference of 2 percentage 

points between the advice-by-mail group (6%) 

and the two intervention groups (4%) in the 

proportion of people having at least one fracture 

over 18 months, at a significance level of 0.05. 

We inflated for clustering (intraclass correlation 

coefficient, 0.00226; target cluster size, 150 par-

ticipants), variation in cluster size of 0.56, and 

10% loss to follow-up, including because of death, 

resulting in a minimum sample size of 9006 

participants and 60 general practices.

Our primary analyses included all participants 

enrolled from practices that underwent random-

ization (9803 participants), according to the in-

tention-to-treat principle (Section S1.3). We per-

formed a nested analysis that included only the 

participants who were at an increased risk for 

falls. We compared fracture and fall prevalence 

using negative binomial regression.29 We per-

formed a complier average causal effect analy-

sis,30 defining adherence as attendance at the 

first session of each active intervention. In all 

primary analyses, we adjusted for age, sex, log 

of falls at baseline,31 general practice deprivation 

score, and general practice as a random effect. 

There was a prespecified hierarchy for compari-

sons between groups. We performed unadjusted 

analyses of subgroups defined according to age 

(<80 years of age vs. ≥80 years), sex, and risk of 

falling. For secondary outcomes, analyses have 

not been adjusted for multiplicity and hence 

confidence intervals cannot be used to infer ef-

fects. We calculated receiver operating charac-

teristic curves for the falls-risk screening tool 

Figure 1. Screening, Randomization, and Follow-up of General Practices.

GP denotes general practices, and HES National Health Service Digital Hospital Episode Statistics.

B Treatment Groups

63 Underwent randomization

82 General practices were assessed
for eligibility

19 Were excluded
9 (47%) Did not return data collection forms

10 (53%) Did not return agreement

21 General practices, mean of 154
(range, 132–180) participants
per practice

Assigned to advice by mail

21 General practices, mean of 153
(range, 132–180) participants
per practice 

Delivered assigned intervention

No practices lost to follow-up

Lost to follow-up

No practices lost to follow-up

Lost to follow-up

No practices discontinued intervention

Discontinued intervention

No practices discontinued intervention

Discontinued intervention

No practices lost to follow-up

Lost to follow-up

21 Practices analyzed HES data
21 Practices analyzed GP data

Included in primary outcome analysis

21 Practices analyzed HES data
20 Practices analyzed GP data

Included in primary outcome analysis

21 Practices analyzed HES data
21 Practices analyzed GP data

Included in primary outcome analysis

21 General practices, mean of 156 
(range, 114–201) participants
per practice

Assigned to advice by mail, screening,
and targeted exercise

21 General practices, mean of 51 
(range, 34–75) participants
per practice 

Delivered assigned intervention

21 General practices, mean of 157
(range, 128–187) participants
per practice

Assigned to advice by mail, screening,
and targeted multifactorial fall
prevention

21 General practices, mean of 51 
(range, 37–66) participants
per practice 

Delivered assigned intervention
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(Section S1.1).32 We excluded time periods with 

missing data on falls. We removed data with 

extreme outlying points for falls (>30 falls) and 

used multiple imputation in a sensitivity analysis 

for all analyses with missing values.33

R esult s

General Practices and Participants

We enrolled 63 participating general practices 

during the period from September 2010 through 

June 2014, recruited 9803 participants, and ob-

tained data on fractures from the NHS Digital 

Hospital Episode Statistics for 9802 of the 9803 

participants. We had general practice records for 

9644 participants (98%); one exercise practice 

refused access to records after randomization 

(Figs. 1 and 2). Over the course of 18 months, 

289 participants (3%) died and 1213 (12%) did 

not complete the surveys, with no differences 

between trial groups.

The mean age of participants was 78 years; 

Figure 2. Screening, Randomization, and Follow-up of Participants.

B Treatment Groups

9803 Were enrolled and underwent
randomization

29,010 Total participants were approached

19,207 (66.2%) Were excluded
19,191 (99.9%) Declined to participate

3223 Were assigned to advice by mail
3223 Received advice by mail

2777 Were included in the follow-up
over 18 mo

353 (11.0%) Did not participate in repeat
survey on secondary outcomes
and health economic data 

93 (2.9%) Died

2766 Were included in the follow-up
over 18 mo

424 (12.9%) Did not participate in repeat
survey on secondary outcomes
and health economic data 

89 (2.7%) Died

2758 Were included in the follow-up
over 18 mo

436 (13.2%) Did not participate in repeat
survey on secondary outcomes
and health economic data 

107 (3.2%) Died

3223 (100%) Were included in the
primary outcome analysis

3279 (100%) Were included in the
primary outcome analysis

3301 (100%) Were included in the
primary outcome analysis

3279 Were assigned to advice by mail,
screening, and targeted
exercise

2929 (89.3%) Received advice by mail,
screening, and targeted exercise

4 (0.1%) Returned blank screening
questionnaires 

1846 (63.0%) Were not eligible for
treatment (lower risk)

1079 (36.9%) Were eligible for exercise
(higher risk)

350 Did not attend exercise sessions

3301 Were assigned to advice by mail,
screening, and targeted
multifactorial fall prevention

2862 (86.7%) Received advice by mail,
screening, and targeted multi-
factorial fall prevention

8 (0.3%) Returned blank screening
questionnaires

1780 (62.2%) Were not eligible for
treatment (lower risk)

1074 (37.5%) Were eligible for treat-
  ment (higher risk)
439 Did not attend multifactorial

fall-prevention sessions

9819 (33.8%) Gave informed consent and
had baseline data

16 Were excluded
7 (0.07%) Died
9 (0.09%) Withdrew from study
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5150 (53%) were female. Characteristics were 

well balanced across the groups (Table 1). Com-

pleted falls-risk screening questionnaires were 

returned by 2925 of 3279 (89%) persons ran-

domly assigned to the exercise strategy, of 

whom 1079 were at increased risk for falls and 

were sent an invitation to participate in the ex-

ercise intervention. Among persons assigned to 

the multifactorial fall-prevention strategy, 2854 

of 3301 (87%) returned a falls-risk screening 

questionnaire; of those who returned the ques-

tionnaire, 1074 (28%) were sent an invitation to 

participate in the multifactorial fall-prevention 

assessment. There was a greater percentage of 

frail persons (as assessed by the Strawbridge 

Frailty Index) among those who did not respond 

to the falls-risk screening questionnaires than 

among those who did respond (26% [212 of 801] 

Table 1. Baseline Characteristics of General Practices and Participants.*

Characteristic Advice by Mail Exercise
Multifactorial Fall 

Prevention

Practice data

No. of practices 21 21 21

Median deprivation score (IQR)† 6 (4–8) 7 (4–9) 6 (4–9)

Participant data

No. of participants 3223 3279 3301

Age — yr 78±5.7 78±5.7 78±5.7

Female sex — no. (%) 1666 (52) 1724 (53) 1760 (53)

White race — no./total no. (%)‡ 3166/3196 (99) 3225/3250 (99) 3239/3278 (99)

Married or cohabiting — no./total no. (%) 2050/3212 (64) 2035/3266 (62) 2085/3287 (63)

Living alone — no./total no. (%) 1048/3203 (33) 1104/3258 (34) 1065/3284 (32)

Median age at end of full-time education (IQR)  
— yr§

16 (15–17) 16 (15–17) 16 (15–17)

Three or more coexisting conditions — no. (%) 598 (19) 610 (19) 612 (19)

At increased risk for falls — no./total no. (%) 1382/3221 (43) 1422/3274 (43) 1487/3300 (45)

Had fallen in the previous year — no./total no. (%) 966/3145 (31) 986/3211 (31) 1054/3237 (33)

Reported fracture in the previous year — no. (%) 106 (3) 112 (3) 106 (3)

Median no. of falls in previous year (IQR) 0 (0–1) 0 (0–1) 0 (0–1)

Frail — no./total no. (%)¶ 647/3182 (20) 625/3228 (19) 733/3261 (22)

SF-12 physical component summary score‖ 50.3±10.2 50.5±10.3 50.0±10.5

SF-12 mental component summary score‖ 50.2±9.3 50.3±8.9 50.1±9.3

Participant-reported osteoporosis — no. (%) 377 (12) 400 (12) 395 (12)

Possible cognitive impairment, as indicated by 
clock-drawing test — no./total no. (%)

294/3176 (9) 271/3223 (8) 305/3222 (9)

Body-mass index** 26.4±4.7 26.5±4.5 26.4±4.6

*  Plus–minus values are means ±SD. IQR denotes interquartile range.
†  The deprivation score, calculated at randomization, measures practice-level socioeconomic deprivation with the 

English Index of Multiple Deprivation. Scores range from 1 to 10, with higher scores indicating less deprivation.
‡  Race was determined by the participant.
§  Data were missing for 50 participants in the advice-by-mail group, 43 participants in the exercise group, and 62 par-

ticipants in the multifactorial fall prevention group.
¶  Frailty was assessed with the Strawbridge Frailty Index.
‖  The 12-Item Short-Form General Health Survey (SF-12) physical composite score (PCS) and mental composite score 

MCS) range from 0 to 100, with higher scores indicating better physical or mental health. Data were missing for 320 
participants in the advice-by-mail group, 326 participants in the exercise group, and 338 participants in the multifac-
torial fall prevention group.

**  The body-mass index is the weight in kilograms divided by the square of the height in meters.
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Table 2. Fracture, Fall, Health Utility, and Incremental Net Benefits of Screening and Treatment Pathways over 18 Months.

Variable Advice by Mail Exercise
Multifactorial Fall 

Prevention Adjusted Rate Ratio (95% CI)

Exercise vs. Advice by 
Mail

Multifactorial Fall 
Prevention vs. Advice 

by Mail

No. of participants (person-yr of data) 3223 (4869) 3279 (4981) 3301 (4985) — —

No. of fractures 133 152 173 — —

No. of fractures/100 person-yr 2.76 3.06 3.50 1.20 (0.91 to 1.59) 1.30 (0.99 to 1.71)

One or more fracture episodes* 110 126 143 — —

No. of fracture episodes* 118 131 153 — —

Fracture episodes/100 person-yr* 2.44 2.66 3.08 1.10 (0.85 to 1.43) 1.26 (0.98 to 1.62)

No. of hip fractures 33 26 28

No. of wrist fractures 20 23 34

Median time to first fracture (IQR) — 
mo

9 (3.9 to 14.5) 10 (5.1 to 14.1) 9 (4.6 to 12.9)

No. of falls† 4309 4277 4842

No. of participants who had falls 1276 1277 1301

No. of falls per 100 person-years over 
18 months

105.6 104.4 127.2 0.99 (0.86 to 1.14) 1.13 (0.98 to 1.30)

0–4 months 118.8 134.4 152.4 1.12 (0.87 to 1.45) 1.19 (0.92 to 1.53)

4–8 months 136.8 106.8 164.4 0.79 (0.64 to 0.96) 1.13 (0.93 to 1.37)

8–12 months 110.4 115.2 116.4 1.04 (0.91 to 1.20) 0.97 (0.84 to 1.12)

12–18 months 97.2 108.0 116.4 1.10 (0.91 to 1.34) 1.13 (0.93 to 1.38)

Total costs

GBP (95% CI)‡ 3,373.42 (3,447.64 to 
4,028.34)

3,720.44 (3,456.80 to 3,456.78) 3,940.92 (3,456.78 to 
4,430.70)

USD 4,351.71 (4,447.41 to 
5,196.56

4,799.37 (4,459.27 to 4,459.25) 4,825.79 (4,459.25 to 
5,715.60

Mean expected QALY (95% CI)‡ 1.1137 (1.0918 to 1.1354) 1.1195 (1.0954 to 1.1431) 1.1064 (1.0825 to 1.1301)
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vs. 20% [1146 of 5779]); otherwise there were no 

differences between those who responded to the 

questionnaires and those who did not. The area 

under the curve of the falls-risk screening ques-

tionnaire was 0.72 (95% confidence interval [CI], 

0.69 to 0.74) for repeat falls, 0.66 (95% CI, 0.64 

to 0.68) for a single fall, and 0.60 (95% CI, 0.55 

to 0.64) for a fracture.

Interventions

The median time between randomization and 

the start of exercise intervention was 14 weeks 

(interquartile range, 10 to 22), and the median 

time from randomization to the start of the 

multifactorial intervention was 16 weeks (inter-

quartile range, 13 to 23). More than 95% of in-

tervention sessions (5996 of 6280) were provided 

within the usual NHS provider network, and the 

remainder of contacts were through university 

clinical staff. Acceptance of the offer of inter-

vention was higher in the multifactorial fall-

prevention group (762 of 1074 [71%]) than in the 

exercise group (697 of 1079 [65%]). In total, 

there were 3842 intervention sessions for exer-

cise and 2530 for multifactorial fall prevention. 

Assessments of patients in the multifactorial 

fall-prevention group identified 299 of 762 par-

ticipants for referral to exercise (203 of the 299 

attended exercise sessions), and 459 of 762 for 

face-to-face medication review (risk factors iden-

tified in multifactorial fall-prevention assess-

ments are provided in Table S1). The mean (±SD) 

number of exercise sessions was 5.5±1.98, with 

no difference between groups in attendance or 

strength and balance outcomes. The majority of 

participants had improvement or remained at the 

upper level of strength (391 of 454 [86%]) as 

measured by the Otago Exercise Program strength 

scale. Evaluations for balance showed that 330 of 

453 (72%) of participants had improvement or 

remained at the top level of balance as measured 

by the Otago balance scale. Over the course of the 

trial, only prescriptions for mineral supplementa-

tion changed, from 13.8% to 15.6%, with no dif-

ference between groups.

Outcomes

The greatest number of fractures occurred 

among persons assigned to the multifactorial 

fall-prevention strategy, and the fewest occurred 

in the group that received advice by mail only 

(Table 2, Figs. S1 and S2, and Table S3). There V
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were no significant differences in fracture rates 

(number of fractures per 100 person-years) be-

tween the exercise group and the advice-by-mail 

group (adjusted rate ratio for fracture, 1.20; 95% 

CI, 0.91 to 1.59; P = 0.19) or between the multi-

factorial fall-prevention group and the advice-by-

mail group (adjusted rate ratio, 1.30; 95% CI, 

0.99 to 1.71; P = 0.06) (Table 2). Any differences 

in fall rates were not sustained over 18 months. 

There were no differences in the SF-12 or Straw-

bridge Frailty Index scores (Table S2) and no 

subgroup or adherence effects.

Among the participants in the nested analysis 

group, who were at increased risk for falls (4192 

of 9803 participants), the fracture rate was 3.70 

per 100 person-years in the exercise group (ad-

justed rate ratio in the comparison with advice-

by-mail group, 0.94; 95% CI, 0.65 to 1.35), 5.12 

per 100 person-years in the multifactorial fall-

prevention group (adjusted rate ratio in the com-

parison with advice-by-mail group, 1.26; 95% CI, 

0.89 to 1.78), and 4.28 per 100 person-years in 

the advice-by-mail group (Table 3).

Cost and QALY Analysis

By providing the highest expected QALY out-

come at the lowest expected cost, the exercise 

strategy dominated both advice by mail alone 

and multifactorial fall prevention (Tables S4 

through S7). The differences in costs and QALYs 

were marginal and driven largely by a higher 

QALY gain for exercise, particularly as compared 

with multifactorial fall prevention (Fig. S4). The 

probability that exercise is cost-effective at a 

£20,000 (US$25,800) threshold is 70%.

Discussion

In this cluster-randomized, controlled trial in-

volving participants drawn from general medical 

practices, screening for increased risk for falls 

with the targeted offer of an exercise or multi-

Table 3. Fractures and Falls in Participants at Higher Risk for Falling.

Variable Advice by Mail Exercise

Multifactorial 
Fall 

Prevention Adjusted Rate Ratio (95% CI)

Exercise vs. Advice

Multifactorial Fall 
Prevention vs. 

Advice

No. of participants (person-yr of data) 1382 (2073) 1422 (2153) 1487 (2229)

No. of fractures 88 79 113

Fractures/100 person-yr 4.28 3.70 5.12 0.94 (0.65–1.35) 1.26 (0.89–1.78)

Persons with ≥1 fracture episode 69 67 91

No. of fracture episodes 75 71 97

Fracture episodes/100 person-yr 3.62 3.33 4.35 0.94 (0.67–1.32) 1.21 (0.88–1.67)

No. of hip fractures 22 19 20

No. of wrist fractures 13 10 22

Median time to first fracture (IQR) — mo 8 (11.8) 10 (9.3) 10 (7.9)

No. of falls — no./total no.* 3255/3349 3226/3329 3608/3721

No. of persons who fell — no./total no.* 750/844 718/821 787/900

Falls/100 person-yr over 18-month period 190.8 183.6 210.0 0.97 (0.80–1.18) 1.07 (0.88–1.29)

0–4 months 213.6 252.0 259.2 1.15 (0.85–1.55) 1.14 (0.84–1.53)

4–8 months 222.0 170.4 244.8 0.79 (0.62–1.08) 1.07 (0.84–1.37)

8–12 months 193.2 194.4 187.2 1.00 (0.82–1.23) 0.92 (0.75–1.14)

12–18 months 165.6 175.2 183.6 1.03 (0.80–1.34) 1.08 (0.83–1.39)

*  Data were missing for 94 participants in the advice-by-mail group, 103 participants in the exercise group, and 113 participants in the multi-
factorial fall prevention group.
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factorial intervention added to advice by mail did 

not prevent fractures. Some possible benefits 

were associated with screening and a targeted 

offer of exercise, including small enhancements 

of quality of life and reduced health care costs.

Our trial had certain strengths. We used a 

common, evidence-based pathway for the pro-

gram that was consistent with guidelines of the 

American Geriatrics Society and British Geriat-

rics Society and other clinical guidelines.1,2 Near-

ly all residents of England are registered with a 

local general practice, which provided an obvi-

ous point from which to initiate a population-

based approach to screening and treating pa-

tients. We were able to separate the clinical 

approach to participants from the research pro-

cedures in the trial, and the trial population was 

representative of persons 70 years of age and 

older in England.34 The majority of interventions 

were provided within the participants’ usual NHS 

provider network.

The trial had certain limitations. The main 

method of measuring falls was retrospective re-

porting over survey intervals. This method may 

underestimate the incidence of falls as com-

pared with reporting from diaries, but we be-

lieve that this did not affect the estimates of 

intervention effect, since underreporting of falls 

was consistent across groups.35 We used the 

standard-of-care method for fracture ascertain-

ment in England, and these data were available 

for all but one participant. We searched general 

practice records as a safeguard, particularly for 

fractures that may not have resulted in admis-

sion to the hospital. One general practice in the 

exercise group refused access to their practice 

records, and we may have underestimated mi-

nor fractures by one or two events in that 

group.

We did not collect data on minor injuries, 

since these are poorly recorded in England.19 

We noted small improvements in health-related 

quality of life that can possibly be attributed to 

lessening of pain and improvement in mobility, 

and possibly to fewer minor injuries. The pro-

portion of participants in whom a fracture oc-

curred was lower than we anticipated when we 

calculated the sample size, but for the estima-

tion of effect, we used a between-group com-

parison of rate (number of fractures per 100 

person-years), which provided more power in the 

analysis than a comparison of proportion of 

participants36 and exceeded our recruitment tar-

get. The observed number of fractures was con-

sistent with contemporary estimates.37

Pragmatic trials estimate effectiveness in 

everyday settings. The percentage of persons 

who responded to falls-risk screening by mail 

was high. The accuracy of the screening was 

similar to that of other population tools for pre-

dicting risk of falls.38,39 We did not recontact 

persons who did not respond to the falls-risk 

screening mail and hence missed a small num-

ber of people at increased risk. Including de-

tailed performance tests that require in-person 

administration may improve the accuracy of falls-

risk screening38 and might contribute to improve-

ments in the future. We used the Otago Exercise 

Program in a manner consistent with common 

practice in the United Kingdom.3 An exercise 

intervention that is more prolonged or more in-

tense, or both, may have a more sustained effect 

on falls but would cost more. Future studies 

should include interventions with better long-

term adherence among persons at greatest risk 

for a fracture.

In England, bone health and fall prevention 

pathways are often separated. In order to isolate 

the effect of falls prevention on the incidence of 

fracture, we did not provide medication to im-

prove bone resilience. The SCOOP (Screening 

in the Community to Reduce Fractures in Older 

Women) trial used very similar methods to test 

a population strategy for bone health and sug-

gested modest benefits from fracture-risk 

screening and pharmacologic osteoporosis man-

agement.37

Our findings are consistent with the broader 

evidence base, including a recent trial of multi-

factorial fall prevention in women.40 A recent 

Cochrane review reported limited and variable 

effects of multifactorial interventions on falls 

and included no reliable evidence about frac-

tures.5 In our trial, exercise had less effect on 

falls than was reported in some other pub-

lished studies,4 but we used a longer-term fol-

low-up than most. When applied in pragmatic 

settings, screening by mail followed by a tar-

geted exercise intervention or multifactorial 

approach for prevention of falls did not result 

in a lower rate of fractures than advice by mail 

alone.

The New England Journal of Medicine 

Downloaded from nejm.org at UNIVERSITY OF LEEDS on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;19 nejm.org November 5, 20201858

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Supported by a grant from the National Institute of 

Health Research Health Technology Assessment Programme 

(08/14/41).

Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.

We thank all of the participants and health care professionals 

who participated in the trial. We thank Age U.K. for the free 

provision of “Age U.K. Staying Steady” leaflets.

References

1. Panel on Prevention of Falls in Older 

Persons, American Geriatrics Society and 

British Geriatrics Society. Summary of 

the updated American Geriatrics Society/

British Geriatrics Society clinical prac-

tice guideline for prevention of falls in 

older persons. J Am Geriatr Soc 2011; 59: 

148-57.

2. National Institute for Health and 

Care Excellence. Falls in older people:  

 assessing risk and prevention (CG161). 

London:  NICE, June 12, 2013 (https://

www . nice . org . uk/  guidance/  cg161).

3. Lamb SE, Fisher JD, Gates S, Potter 

R, Cooke MW, Carter YH. A national sur-

vey of services for the prevention and 

management of falls in the UK. BMC 

Health Serv Res 2008; 8: 233.

4. Sherrington C, Fairhall NJ, Wallbank 

GK, et al. Exercise for preventing falls in 

older people living in the community. 

Cochrane Database Syst Rev 2019; 1: 

CD012424.

5. Hopewell S, Copsey B, Nicolson P, 

Adedire B, Boniface G, Lamb S. Multifac-

torial interventions for preventing falls 

in older people living in the community: 

a systematic review and meta-analysis of 

41 trials and almost 20 000 participants. 

Br J Sports Med 2019 August 21 (Epub 

ahead of print).

6. Blain H, Masud T, Dargent-Molina P, 

et al. A comprehensive fracture preven-

tion strategy in older adults: the Euro-

pean Union Geriatric Medicine Society 

(EUGMS) statement. Aging Clin Exp Res 

2016; 28: 797-803.

7. Bruce J, Lall R, Withers EJ, et al.  

A cluster randomised controlled trial  

of advice, exercise or multifactorial as-

sessment to prevent falls and fractures 

in community-dwelling older adults: 

protocol for the Prevention of Falls In-

jury Trial (PreFIT). BMJ Open 2016; 6(1): 

e009362.

8. Finnegan S, Bruce J, Skelton DA, 

Withers EJ, Lamb SE. Development and 

delivery of an exercise programme for 

falls prevention: the Prevention of Falls 

Injury Trial (PreFIT). Physiotherapy 2018; 

104: 72-9.

9. Bruce J, Ralhan S, Sheridan R, et al. 

The design and development of a com-

plex multifactorial falls assessment in-

tervention for falls prevention: the Pre-

vention of Falls Injury Trial (PreFIT). 

BMC Geriatr 2017; 17: 116.

10. Staying steady. London:  Age UK, 

2009.

11. Lamb SE, McCabe C, Becker C, Fried 

LP, Guralnik JM. The optimal sequence 

and selection of screening test items to 

predict fall risk in older disabled women: 

the Women’s Health and Aging Study.  

J Gerontol A Biol Sci Med Sci 2008; 63: 

1082-8.

12. Ganz DA, Bao Y, Shekelle PG, Ruben-

stein LZ. Will my patient fall? JAMA 

2007; 297: 77-86.

13. Gardner MM, Buchner DM, Robert-

son MC, Campbell AJ. Practical imple-

mentation of an exercise-based falls pre-

vention programme. Age Ageing 2001; 

30: 77-83.

14. Yardley L, Beyer N, Hauer K, McKee 

K, Ballinger C, Todd C. Recommenda-

tions for promoting the engagement of 

older people in activities to prevent falls. 

Qual Saf Health Care 2007; 16: 230-4.

15. Williams SL, French DP. What are 

the most effective intervention tech-

niques for changing physical activity 

self-efficacy and physical activity behav-

iour — and are they the same? Health 

Educ Res 2011; 26: 308-22.

16. Tinetti ME, Baker DI, McAvay G, et al. 

A multifactorial intervention to reduce 

the risk of falling among elderly people 

living in the community. N Engl J Med 

1994; 331: 821-7.

17. Podsiadlo D, Richardson S. The timed 

“Up & Go”: a test of basic functional mo-

bility for frail elderly persons. J Am Geri-

atr Soc 1991; 39: 142-8.

18. Hospital Episode Statistics (HES). HES 

data quality notes. May 14, 2020 (https://

digital . nhs . uk/  data - and - information/  data 

- tools - and - services/  data - services/  hospital 

- episode - statistics/  the - processing - cycle 

- and - hes - data - quality#hes - data - quality 

- notes).

19. Lamb SE, Jørstad-Stein EC, Hauer K, 

Becker C. Development of a common 

outcome data set for fall injury preven-

tion trials: the Prevention of Falls Net-

work Europe consensus. J Am Geriatr 

Soc 2005; 53: 1618-22.

20. Amin S, Achenbach SJ, Atkinson EJ, 

Khosla S, Melton LJ III. Trends in frac-

ture incidence: a population-based study 

over 20 years. J Bone Miner Res 2014; 29: 

581-9.

21. Strawbridge WJ, Shema SJ, Balfour 

JL, Higby HR, Kaplan GA. Antecedents 

of frailty over three decades in an older 

cohort. J Gerontol B Psychol Sci Soc Sci 

1998; 53: S9-S16.

22. Shua-Haim J, Koppuzha G, Gross J.  

A simple scoring system for clock draw-

ing in patients with Alzheimer’s disease. 

J Am Geriatr Soc 1996; 44: 335.

23. English indices of deprivation 2015. 

London:  Ministry of Housing, Communi-

ties & Local Government, September 30, 

2015 (https://www . gov . uk/  government/ 

 statistics/  english - indices - of - deprivation 

- 2015).

24. Ware JE. SF-12:  How to score the SF-

12 physical and mental health summary 

scales. 4th ed. Health Assessment Lab, 

2002.

25. Brooks R. EuroQol: the current state 

of play. Health Policy 1996; 37: 53-72.

26. Ramsey SD, Willke RJ, Glick H, et al. 

Cost-effectiveness analysis alongside clini-

cal trials II — an ISPOR Good Research 

Practices Task Force report. Value Health 

2015; 18: 161-72.

27. NHS reference costs 2015 to 2016. 

London:  Department of Health and So-

cial Care, 2016.

28. Donaldson LJ, Reckless IP, Scholes S, 

Mindell JS, Shelton NJ. The epidemiology 

of fractures in England. J Epidemiol Com-

munity Health 2008; 62: 174-80.

29. Khan A, Ullah S, Nitz J. Statistical 

modelling of falls count data with excess 

zeros. Inj Prev 2011; 17: 266-70.

30. Dunn G, Maracy M, Dowrick C, et al. 

Estimating psychological treatment ef-

fects from a randomised controlled trial 

with both non-compliance and loss to 

follow-up. Br J Psychiatry 2003; 183: 323-

31.

31. Zheng H, Kimber A, Goodwin VA, 

Pickering RM. A comparison of different 

ways of including baseline counts in 

negative binomial models for data from 

falls prevention trials. Biom J 2018; 60: 

66-78.

32. Hanley JA, McNeil BJ. The meaning 

and use of the area under a receiver oper-

ating characteristic (ROC) curve. Radiol-

ogy 1982; 143: 29-36.

33. Multiple-imputation reference man-

ual, release 13. College Station, TX:  

StataCorp, 2013.

34. Clemens S, Phelps A, Oldfield Z, et al. 

English Longitudinal Study of Ageing:  

waves 0-8, 1998-2017. 30th ed. London:  

UK Data Service, 2019.

The New England Journal of Medicine 

Downloaded from nejm.org at UNIVERSITY OF LEEDS on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;19 nejm.org November 5, 2020 1859

Preventing Falls and Fr actures in Older People

35. Griffin J, Lall R, Bruce J, Withers E, 

Finnegan S, Lamb SE. Comparison of 

alternative falls data collection meth-

ods in the Prevention of Falls Injury Trial 

(PreFIT). J Clin Epidemiol 2019; 106: 32-

40.

36. Machin D, Campbell MJ, Tan SB, Tan 

SH. Sample sizes for clinical, laboratory 

and epidemiology studies. 4th ed. Hobo-

ken, NJ:  Wiley-Blackwell, 2018.

37. Shepstone L, Lenaghan E, Cooper C, 

et al. Screening in the community to re-

duce fractures in older women (SCOOP): 

a randomised controlled trial. Lancet 2018; 

391: 741-7.

38. Park SH. Tools for assessing fall risk 

in the elderly: a systematic review and 

meta-analysis. Aging Clin Exp Res 2018; 

30: 1-16.

39. Palumbo P, Klenk J, Cattelani L, et al. 

Predictive performance of a fall risk as-

sessment tool for community-dwelling 

older people (FRAT-up) in 4 European 

cohorts. J Am Med Dir Assoc 2016; 17: 

1106-13.

40. Bhasin S, Gill TM, Reuben DB, et al. 

A randomized trial of a multifactorial 

strategy to prevent serious fall injuries. 

N Engl J Med 2020; 383: 129-40.

Copyright © 2020 Massachusetts Medical Society.

JOURNAL ARCHIVE AT NEJM.ORG

Every article published by the Journal is now available at NEJM.org, beginning  

with the first article published in January 1812. The entire archive is fully searchable,  

and browsing of titles and tables of contents is easy and available to all.  

Individual subscribers are entitled to free 24-hour access to 50 archive articles per year. 

Access to content in the archive is available on a per-article basis and is also  

being provided through many institutional subscriptions.

The New England Journal of Medicine 

Downloaded from nejm.org at UNIVERSITY OF LEEDS on November 11, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


