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Objective: To assess the effectiveness of a single home visit by 
an occupational therapist in the reduction of fall risk after 
hip fracture in elderly women. 
Design: Quasi-randomized controlled trial. 
Participants: Ninety-five women aged 60 years or older, living 
in the community, who sustained a fall-related hip fracture. 
Methods: The women were allocated alternately to interven-
tion or control groups. All the women underwent a multidis-
ciplinary programme targeted at fall prevention during in-
patient rehabilitation. Additionally, the intervention group 
received a home visit by an occupational therapist a median 
of 20 days after discharge. Falls were recorded at a 6-month 
follow-up. 
Results: Thirteen of the 50 women in the control group sus-
tained 20 falls during 9231 days, whereas 6 of the 45 women 
in the intervention group sustained 9 falls during 8970 days. 
After adjustment for observation periods, Barthel Index 
scores, and body height, a significantly lower proportion of 
fallers was found in the intervention group: the odds ratio 
was 0.275 (95% confidence interval 0.081–0.937, p = 0.039). 
Conclusion: A single home visit by an occupational therapist 
after discharge from a rehabilitation hospital significantly 
reduced the risk of falling in a sample of elderly women fol-
lowing hip fracture.
Key words: falls, hip fracture, home visit, occupational therapy, 
rehabilitation.
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INTRODUCTION

Approximately 33% of all people over 65 years of age who 
are living in the community fall each year (1). Falls carry a 
relevant burden of morbidity and mortality, and it has been 
estimated that 20% of fall incidents require medical atten-
tion (2) and 5–10% cause serious injuries, including major 
head trauma, major lacerations or bone fractures (3). Even 

without injury, falls cause a loss of confidence that results in 
reduced physical activity, increased dependency, and social 
withdrawal (4). Institutionalization is strongly predicted by 
previous falls (5). Because various intervention programmes 
have been shown to reduce the number of fallers among eld-
erly people (2, 6), falls have become a target for public health 
preventive efforts (7). Effective prevention consists mainly 
of multifactorial, multidisciplinary programmes based on the 
search for modifiable risk factors for falls in individual sub-
jects, followed by targeted interventions (8–10). These include 
physical exercise to improve strength and balance, advice 
and training on the use of assistive devices, environmental 
modifications, health education to address home hazards that 
contribute to falls, and clinical management for optimization 
of health, including withdrawal of medications that increase 
fall risk (2, 6). 

Nearly all hip fractures in ageing people occur as a result of 
a fall (11). Hip fracture is a leading cause of mortality and mor-
bidity in the elderly: it is associated with a significant increase 
in mortality ranging from 10% to 30%, whereas only 40% of 
hip-fracture survivors fully regain their pre-fracture level of 
independence, and up to 25% may require long-term nursing-
home care (12). Hip-fracture survivors are at high risk for a 
recurrent fracture on the contralateral side (13). The sequential 
fracture of both hips is becoming a common condition, because 
up to 10% of patients with a recent hip fracture actually had a 
recurrent fracture of the hip in cross-sectional studies (14, 15) 
and 21% of the patients from a population-based study, who 
sustained a hip fracture and were aged 85 years or older had 
suffered at least 2 hip fractures (16). Given the high risk for 
falls and new fractures, hip-fracture survivors are a target for 
fall-preventive interventions. However, the implementation 
of preventive programmes in this group of individuals at high 
risk is low (17), and few studies have focused on hip-fracture 
patients (18, 19) with the aim of optimizing fall prevention 
strategies.

The aim of this study was to assess the role of a post-dis-
charge home visit by an occupational therapist in reducing the 
risk of falling in a sample of elderly hip-fracture women who 
received a standard multidisciplinary intervention to prevent 
falls during their stay in our rehabilitation hospital.
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PATIENTS AND METHODS
Recruitment and randomization
The study was performed in Turin, a city of approximately 1 million 
inhabitants. We assessed for eligibility 270 women aged 60 years or 
older who were admitted consecutively to our physical medicine and 
rehabilitation division because of their first hip fracture during a 26-
month period. Among the 270 women, only those who fulfilled the 
following criteria were invited to participate in the study: community-
 dwelling women, who lived in Turin who planned to return to same 
dwelling at discharge (non-institutional), whose fractures were due 
to falls, and whose Mini Mental State Examination test score was 
higher than 23.

A total of 141 women did not meet the inclusion criteria listed 
above and were excluded from the study. The remaining 129 women 
were invited to participate in the study. Ten of these 129 refused. The 
remaining 119 women were allocated to intervention or control groups 
alternately. Sixteen of the 119 randomized women were found not to 
satisfy the entry criteria at the time of discharge from the rehabilitation 
hospital, because they did not actually return home: 7 women (3 from 
the intervention group and 4 from the control group) were transferred to 
other hospitals during their stay in the rehabilitation division because of 
acute concomitant diseases, whereas 9 women (6 from the intervention 
group, 3 from the controls) were institutionalized. We were not able to 
obtain outcome data in 8 of the remaining 103 women: 4 (1 from the 
intervention group and 3 from the controls) withdrew their consent 
(they did not permit the pre-planned home visit of the occupational 
therapist at the end of the follow-up period), 2 (both from the interven-
tion group) were not found, whereas the other 2 (1 from the interven-
tion group and 1 from the controls) died during the follow-up period. 
Finally, the study sample included 95 women (45 in the intervention 
group and 50 controls), who completed the study and were included 
in the analysis. Fig. 1 shows the flow-chart of the trial.

Intervention
During their stay in our rehabilitation hospital, all the 95 women 
received a multidisciplinary intervention to prevent falls, as a part of 
the usual rehabilitation protocol. The intervention consisted of 1–3 h  
a day for 5 days a week of physical exercise to improve strength 
and balance, advice and training on the use of assistive devices, and 
training in activities of daily living conducted by physiotherapists and 
occupational therapists. At least 3 h of the stay in the rehabilitation 
hospital were devoted to a skilled occupational therapist assessing 
home hazards of falling on the basis of a standard checklist that took 

into account both the home environment as described by the patients 
and their caregivers or relatives and behaviour during activities of daily 
living. The occupational therapist suggested targeted modifications of 
the home environment and behavioural changes to prevent falls. All the 
women received a free brochure describing the main rules to prevent 
falls and underwent a geriatric evaluation for optimization of health. 
In addition, the geriatrist checked the possibility of withdrawing all 
the medications in use that are known to increase the risk of falling. 
All the women were treated with a daily oral supplementation of 
vitamin D (880 IU) plus calcium (1 g), given its effectiveness in fall 
prevention (20, 21) and in osteoporosis treatment in elderly subjects 
(22). We recommended continuing this treatment after discharge from 
our hospital.

Additionally, the 45 women in the intervention group received a 
home visit by an occupational therapist at a median of 20 days (inter-
quartile range 11; range 6–44 days) after discharge from our hospital. 
The occupational therapist assessed environmental hazards, behaviours 
in activities of daily living, and use of assistive devices and suggested 
targeted modifications to prevent falls. The home visit took a mean 
duration of 60 min (range 45–70 min). 

Outcome measures
The outcome of interest was the occurrence of falls. We defined a fall 
as “any event when the participant unexpectedly came to rest on the 
ground, floor, or another lower level” (23). During their stay in hospital, 
all the women were asked to record falls occurring after discharge, and 
to report them at a home visit by an occupational therapist scheduled 
for approximately 6 months after discharge. During this home visit, 
the occupational therapist asked the women in detail about falls oc-
curring after discharge from hospital. The time of fall occurrence was 
not recorded. The level of adherence to the advice given during the 
first home visit was checked for the women in the intervention group. 
The percentage of advice followed by each woman was recorded. All 
outcome assessments were performed by 2 occupational therapists; 
the same 2 who conducted all the home visits.

As possible confounders, we assessed functional independence in 
activities of daily living before fracture, on admission to rehabilita-
tion, on discharge from rehabilitation and during the home visit con-
ducted by an occupational therapist at the end of the study, using the 
Barthel Index score (original version, unchanged) (24). Serum levels 
of 25-hydroxyvitamin D were assessed during stay in the rehabilita-
tion hospital by immunoenzymatic assay (normal range 9–42 ng/ml; 
coefficient of variation intra-assay < 8%; inter-assay < 10%) (IDS Inc., 
Fountain Hills, AZ, USA).

The study was approved by the local Committee for Medical Re-
search (Regione Piemonte) and written informed consent was obtained 
from participants.

Statistical analysis
Sample size was calculated to detect a 50% decrease in the proportion 
of fallers with a power of 80% and a 2-sided alpha level of 0.05, given 
an estimated proportion of fallers of 53% in the control group (25). 
Descriptive statistics for the 95 women are shown in Table I. We as-
sessed the association between the allocation group and the proportion 
of fallers using logistic regression. Because the dependent variable was 
dichotomous (fallers/not fallers), we chose binary logistic regression. 
Data was adjusted for the period of observation since hospital discharge 
till the final home visit in both groups. The analyses were repeated 
adjusting data for the period of observation from the first home visit 
to the final home visit in the intervention group. Furthermore, we 
tested the bivariate association between the proportion of fallers and 
all the variables listed in Table I. For 2 of these variables, i.e. Barthel 
index scores assessed at the end of in-patient rehabilitation and body 
height, we found a p-value < 0.30. The 2 variables were included as 
co-variates together with allocation group and days of observation 
in the binary logistic regression. The pivotal analysis was performed 
including all the 95 women who completed the study. In addition, we 
performed the same analysis in 2 subgroups: we excluded the women Fig. 1. Trial flow-chart.
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in the intervention group who did not follow any advice given during 
the first home visit conducted by an occupational therapist, or those 
who did not follow at least 50% of the advice. 

The statistical package used was SPSS, version 14 (SPSS, Inc., 
Chicago, IL, USA).

RESULTS

Thirteen of the 50 women in the control group sustained 20 falls 
during 9231 days, whereas 6 of the 45 women in the intervention 
group sustained 9 falls during 8970 days. All the 9 falls recorded 
in the patients belonging to the intervention group occurred af-
ter the first home visit conducted by an occupational therapist.  
Without adjustments, we did not find a significant difference in 
the proportion of fallers between the 2 groups: the odds ratio was 
0.438 (95% confidence interval (CI) 0.151–1.272; p = 0.129). 
After adjustment for observation length, Barthel Index scores 
assessed before the beginning of the observation period, and body 
height, we found a significantly lower proportion of fallers in the 
intervention group: the adjusted odds ratio was 0.275 (95% CI 
0.081–0.937, p = 0.039). The regression model is shown in Table II.  
When we substituted the period of observation since the home 
visit for the period since hospital discharge for the patients in 
the intervention group the results did not change materially (data 
not shown). Given the absolute risk of experiencing one or more 
falls in the control group (13/50 = 26%), and the corresponding 
odds of 0.351, the adjusted odds and absolute risk for falling in 
the intervention group were 0.097 and 8.8%, respectively, with 
a relative risk of 0.34.

A mean of 3.9 (standard deviation (SD) 2.5) pieces of advice 
were given to the 45 women in the intervention group during 

the first home visit conducted by an occupational therapist. This 
advice concerned modifications of the home environment, be-
havioural changes, and the use of assistive devices. Among the 
45 women, 44 followed at least one of the guidelines, whereas 
one woman did not follow any. This woman experienced one 
fall during the observation period. When we excluded the 
woman who did not follow any advice from the analysis of 
the results, participants in the intervention group had a lower 
risk of experiencing one or more falls than controls: the unad-
justed odds ratio was 0.271 (95% CI 0.082–0.899, p = 0.033). 
After adjustment for observation length, Barthel Index scores 
assessed before the beginning of the observation period, and 
body height, the odds ratio was 0.164 (95% CI 0.041–0.661, 
p = 0.011). Thirty-six of the 45 women in the intervention group 
followed at least half of the advice given during the first home 
visit conducted by an occupational therapist, whereas 9 women 
did not. Among these 9 poorly-adherent women, 4 experienced 
5 falls. When we excluded the 9 women from the analysis of 
the results, participants in the intervention group had a lower 
risk of experiencing one or more falls than controls: the unad-
justed odds ratio was 0.167 (95% CI 0.035–0.797, p = 0.025). 
After adjustment for observation length, Barthel Index scores 
assessed before the beginning of the observation period, and 
body height, the odds ratio was 0.104 (95% CI 0.018–0.612, 
p = 0.012).

Median Barthel Index score at the end of the study was 95, 
both in the patients belonging to the intervention group and 
in the controls (interquartile ranges were 85–100 and 90–100, 
respectively).

DISCUSSION

The absolute risk of experiencing one or more falls in our 
control group of home-dwelling women with a fall-related 
hip fracture was 26% (95% CI 13–39%), during a median 
observation time of 183 days after discharge from hospital. 
This risk appears to be lower than the 53% hazard reported by 
Shumway-Cook et al. (25) in a sample of 90 fallers with hip 
fracture, who lived in the community, at a 6-month follow-up 

Table I. Characteristics of the 2 groups of patients (given as mean and 
standard deviation where not otherwise stated)

Intervention 
group  
(n = 45)

Control group 
(n = 50)

Age (years) 79.9 (6.4) 80.1 (6.8)
Body weight (kg) 58.7 (13.7) 59.2 (11.1)
Body height (cm) 155.2 (6.2) 155.6 (6.8)
Hip-fracture type:  
trochanteric/cervical (%)

51/49 52/48

Surgical procedure type:  
arthroplasty/internal fixation (%)

51/49 50/50

Concomitant diseases 2.7 (1.1) 2.8 (2.0)
Medications in use 4.3 (1.9) 4.3 (2.6)
25-hydroxyvitamin D (ng/ml) 11.0 (8.9) 13.0 (11.3)
Barthel Index score before fracture 
(median; IQR)

100 (95–100) 100 (95–100)

Barthel Index score on admission  
(median; IQR)

50 (40–60) 45 (36–56)

Barthel Index score on discharge  
(median; IQR)

90 (72–95) 90 (70–95)

Length of stay in hospital (days)  
(median; IQR)

34 (29–38) 36 (31–40)

Period of observation (days)  
(median; IQR)

195 (177–211) 183 (173–203)

Mini Mental State Examination score 
(median; IQR)

26 (25–27) 26 (25–28)

IQR: interquartile range.

Table II. Logistic regression analysis: factors associated with the 
proportion of fallers. The dependent variable was the proportion of 
participants who experienced one or more falls during the observation 
period (who were conventionally attributed a value of 1, whereas the 
non-fallers were conventionally attributed a value of 0). The independent 
variables included in the regression model are listed. The intervention 
group was conventionally attributed a value of 1 (the control group 
was attributed a value of 0)

B
Odds ratio and  
95% CI p

Allocation group –1.290 0.275 (0.081–0.937) 0.039
Barthel Index assessed 
before the beginning of the 
observation period

–0.031 0.969 (0.939–1.000) 0.051

Period of observation 0.017 1.018 (0.998–1.037) 0.078
Body height 0.059 1.061 (0.980–1.148) 0.142

CI: confidence interval.
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after hospital discharge. We do not know the reasons underlying 
the discrepancy between our study and the previous one. It is 
possible that the multidisciplinary intervention we performed 
during in-patient rehabilitation effectively reduced fall risk, 
in agreement with the literature (2, 6). Recently, Kristensen et 
al. (26) reported a 32% proportion of fallers in a sample of 59 
hip-fracture patients at a 6-month follow-up. An entry criterion 
of the last study was the ability to perform a Timed Up and Go 
test at a median of 10 days after surgery. As a consequence, the 
patients studied by Kristensen et al. (26) were strongly selected 
on the basis of their physical performance and are not easily 
comparable with our patients. In any case, the absolute risk of 
falling in our control group was relevant. We show that a single 
home visit by an occupational therapist conducted at a median 
of 20 days after discharge from hospital significantly reduced 
the proportion of fallers, after adjustment for length of observa-
tion, Barthel Index scores assessed before the beginning of the 
observation period, and body height. The occupational thera-
pist suggested targeted modifications of home environment, 
behavioural changes, and use of assistive devices to prevent 
falls, after checking individual risk factors. The reduction in 
the risk of sustaining one or more falls attributable to the home 
visit was remarkable (the adjusted absolute risk fell from 26% 
to 8.8%). Furthermore, when we excluded from the analysis 
the women who did not follow any advice given during the 
home visit (n = 1) or those who did not follow at least 50% 
of the advice (n = 9), the adjusted absolute risk for sustaining 
falls dropped to 5.5% and 3.5%, respectively. The last results 
suggest that ameliorating the adherence to prevention advice 
may result in a further decrease in fall risk. 

Several studies showed that home visits, mainly targeted at 
environmental hazards, significantly reduced the risk of falling 
in the elderly, but other reports did not (27–30). The originality 
of our study rests on the characteristics of the participants: 
to our knowledge, no previous reports have investigated the 
role of a home visit targeted at fall prevention in a sample of 
hip-fracture fallers following hospital discharge. Participant 
selection may represent a key factor in affecting the response 
to interventions for preventing falls, and may explain, at 
least in part, the discrepancies found in studies performed in 
non-homogeneous samples of elderly subjects (31) as well 
as the inconsistencies throughout different studies (27–30). 
The recommended approach for preventing falls in the elderly 
consists of a multidisciplinary programme based on the search 
for modifiable risk factors in individual subjects, followed 
by targeted interventions (2, 6, 8, 9). This approach has been 
used successfully in a sample of hip-fracture in-patients 
(19). Our subjects actually underwent a multidisciplinary 
intervention during in-patients rehabilitation. We show that a 
single home visit conducted after discharge from our hospital 
was effective in fall prevention, suggesting that an addi-
tive effect may be obtained by combining the 2 approaches 
(multidisciplinary intervention on in-patients and home visit 
following discharge from the hospital). Further studies are 
needed to test other types of home programmes targeted at 
fall prevention and their combination (2, 6, 32) to optimize 

the interventions in this group of subjects at high risk. As-
sessment of falls should be included in the evaluation of the 
outcome after rehabilitation in hip-fracture subjects (33, 34). 
Serum levels of 25-hydroxyvitamin D were very low in our 
sample, in agreement with various reports on elderly patients 
with hip fracture (35, 36). We did not show any significant 
associations between serum levels of 25-hydroxyvitamin D 
and fall risk. This result may be surprising, because several 
reports showed that vitamin D deficiency increases the risk 
of falling (20–22). However, our data may be explained by 
vitamin D supplementation, because we treated all the women 
with vitamin D (880 IU daily) after serum sample collection. 
Although the study was not powered to detect differences in 
the number of falls for each faller, there does not seem to be 
a difference with respect to the risk of a second fall between 
the 2 groups, because we found 20 falls in 13 fallers among 
the controls and 9 falls in 6 fallers in the intervention group. 
This result seems quite natural for the subgroup in which we 
failed to prevent the first fall.

Our study has several limitations. It evaluated a sample of 
home-dwelling white women living in a city, who sustained 
their first hip fracture due to a fall, were surgically operated 
on, were referred for in-patient rehabilitation, had no cogni-
tive impairment, and returned home after discharge from the 
rehabilitation hospital. As a consequence, our results are not 
generalizable to the overall population of hip-fracture patients. 
Among the 119 women we randomized, 95 completed the study, 
whereas 24 did not. Of course, the aim was to retain a higher 
number of women after randomization. However, the specific 
features of our sample should be taken into account when con-
sidering the number of patients who did not complete the study. 
Sixteen of the 24 women who were lost did not return home 
at discharge from the rehabilitation hospital, because of acute 
concomitant diseases requiring a transfer to other hospitals or 
because of institutionalization at the end of in-patient rehabili-
tation. Both co-morbidities and institutionalization are very 
common conditions among hip-fracture survivors (12). The 
nature of the intervention prevented blinding of participants 
and complete blinding of hospital staff. The 2 occupational 
therapists who assessed falls were the same 2 who conducted 
all the home visits. This may have introduced a source of 
bias. However, falls were self-reported by the patients, and 
the occupational therapist simply recorded the self-reported 
falls. The follow-up period of the study was modest (about 6 
months). However, the proportion of fallers among the controls 
was relevant (13 of 50, i.e. 26%), in spite of the relatively 
short period of observation. A longer period may be better to 
detect a greater number of fallers, but a greater proportion of 
patients lost to follow-up may be expected in these elderly, 
frail women. We did not record the time to the first fall: the 
occupational therapist, during both the first home visit in the 
intervention group and the home visit conducted in both groups 
at the end of the study, simply investigated the occurrence of 
falls and their number. Because no information was recorded 
on fall time, we were not able to perform a survival analysis 
of our data. 
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In conclusion, this study shows that a single home visit by 
an occupational therapist after discharge from a rehabilitation 
hospital significantly reduced the risk of falling in a sample of 
elderly women following their first hip fracture.
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