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Abstract

Background

Physical activity and physical function are reduced after hip frac-
ture and Fear of Falling (FOF) is common. However, relationships
between these factors have not been investigated in elderly persons
rehabilitating after hip fracture.
Objective

To examine correlations between physical activity, physical func-
tion and FOF, and identify predictive factors of physical activity in
elderly recovering from hip fracture.
Design
Cross-sectional study performed in ten skilled nursing facilities.
Methods

100 patients (aged = 65 years) after a hip fracture were included.
Activity was measured by calculating the number of steps by means
of a pedometer. Function was measured with the Performance Ori-
ented Mobility Assessment (POMA) and FOF with the Falls Efficacy
Scale International (FES-I). Correlations were calculated for the i)
Total patient group and for patients with ii) Low and iii) High FOF.
Predictive factors for physical activity were identified by multivariate
logistic regression.

Results

In all three groups, activity and function were the most strong-
ly correlated (r=0.71, p<0.001; r=0.59, p<0.001; r=0.73, p<0.001).
FOF was negatively correlated with activity and function in the i) to-
tal group and in the iii) high FOF group (r=-0.34, p=0.001; r=-0.43,
p<0.001; r=-0.44, p<0.01; r=-0.62, p<0.001). Female gender and
better physical function were independent predictors of physical ac-
tivity (OR 5.77, 95% CI=1.28-26.02; OR 1.24, 95% CI=1.09-1.41).
Conclusion

Physical activity and physical function were more strongly relat-
ed than activity and FOF, indicating the prominent role of physical
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function in rehabilitation. Women, and patients with better physical
functioning, are likely to be more physically active. These results
suggest that patients with high FOF may benefit from a combination
of reducing FOF and improving physical skills. Patients with low FOF
may benefit from enhancing physical function only.

Introduction

Many patients recovering from hip fracture do not reach pre-frac-
ture functional or mobile levels [1,2]. This can have a negative effect
on quality of life because physical activity, such as walking, is im-
portant for physical and mental health, and reduces the risk of many
diseases such as coronary heart disease and type II diabetes mellitus
[3,4]. Moreover, physical inactivity is associated with frailty and mus-
cle weakness that are known risk factors for falling [5,6]. In addition,
limitations in function and mobility, especially when comorbidity is
involved, may increase the use of healthcare services or could even
lead to admission to a residential care facility [7]. It has been shown
that being physically active reduces the time needed to regain inde-
pendence in Activities of Daily Living (ADL) in newly disabled older
adults hereby stimulating self-sufficiency and social functioning [8].
This indicates the importance of physical activity in elderly who suffer
from functional limitations such as hip fractures.

Physical function includes a variety of abilities such as mobility,
balance, gait and ADL [9]. In elderly recovering from hip fracture
besides the direct consequences of a fracture, physical function may
further be reduced due to other factors including older age, lower cog-
nitive status and several comorbidities and living in a residential care
facility before fracture [10]. Physical function is an important out-
come of rehabilitation after hip fracture because, as mentioned above,
not many patients succeed in regaining their pre-fracture functional
levels [11].

Fear of Falling (FOF) is associated with poor physical functioning
and has been identified as an independent risk factor for disability
[9,12-14]. FOF is common among elderly patients, especially in those
with hip fractures [15]. After a hip fracture, the prevalence rates of
FOF range from 59-68%, with the highest prevalence measured in the
second four weeks after the fracture [15]. FOF is related to decreased
physical activity, although this has not been confirmed in all studies
[16-18].

The relations between physical activity, physical function and FOF
have been studied in community-dwelling older adults [19]. It was
found that FOF was significantly negatively correlated with physical
function [19]. Furthermore, physical activity and physical function
were significantly positively correlated; yet this relation was weaker
than the relation between FOF and physical function [19]. The find-
ings suggest that if a patient has many concerns about falling, he or she
is likely to have limited physical function. Likewise, when a patient is
less active, he or she is also likely to have limited physical function.
The question remains whether physical activity, physical function and
FOF are correlated in elderly patients rehabilitating after hip fracture,
and if so, in what way. This is of importance to further develop and
evaluate interventions for improving functional levels and activity in
this patient population.
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It is known that female genders, smoking and slow walking speed
are independent predictors of cessation of physical activity in com-
munity-dwelling elderly [18]. Predictive factors of physical activity in
older patients recovering from hip fracture are not known.

Therefore, the aim of this study was i) to examine the relations be-
tween physical activity, physical function and FOF and ii) to identify
predictive factors of physical activity in elderly patients who are reha-
bilitating after hip fracture.

Materials and Methods

Design and study population

A cross-sectional study of patients with hip fracture was conduct-
ed in ten Skilled Nursing Facilities (SNFs) in the Netherlands. Patients
rehabilitating after hip fracture and aged 65 years or older were in-
cluded during the period between September 2010 and March 2011.
Hip fractures were defined as fractures of the cervical, the pertrochan-
teric and subtrochanteric area of the femur. Patients were excluded
when they were unable to adequately reply to questions, did not give
informed consent, or had communication problems. In each of the
participating facilities data collection took place during a two-week
period by two researchers, an elderly care physician and physiothera-
pists and through questionnaires for the nursing staff and physicians.
Because data were collected cross-sectionally patients were assessed at
any time between admission and discharge from the SNFE.

The Medical Ethical Commission of the VU University Medical
Center approved the study and protocol.

Demographic and health-related data

Data were collected on age, gender (male vs. female), site of fall
(indoors vs. outdoors), type of fracture (cervical, trochanteric, subtro-
chanteric, other/not known), kind of surgery (hemiarthroplasty, total
arthroplasty, proximal femur nail or gamma nail, dynamic hip screw,
surgical screws, other/not operated), fall history (no fall vs. fall), use
of benzodiazepines (no vs. yes), use of antihypertensive drugs (no
vs. yes), use of analgesics (including paracetamol and Non Steroidal
Anti-Inflammatory Drugs (NSAIDs)) (no vs. yes), number of compli-
cations during rehabilitation, number of comorbidities, hearing im-
pairment (no vs. yes), vision impairment (no vs. yes), and presence of
dizziness (yes vs. no). Physicians obtained information on medication
use, comorbidity and number of complications from medical records;
nursing staff obtained information on fall history, hearing and vision
impairment, and dizziness from questionnaires [20].

Physical activity

Physiotherapists obtained data on physical activity. Physical activ-
ity was defined as walking and was measured with a pedometer (the
Digi-walker SW-200; Yamax) that measures vertical accelerations of
the hip and translates these into number of steps. Despite the fact that
a pedometer does not provide information on the duration of activ-
ities and does not measure the intensity of physical activity [21], it is
considered a reliable instrument for measuring physical activity [21].
Patients wore the pedometer for one day, which was attached to their
waistlines or belts, and physiotherapists documented the number of
steps. The pedometer was detached only when a shower was taken.

Range values for steps in various populations, including adults
with disabilities, have been identified [22]. A range of 3,500-5,500
steps per day can be considered normal for adults with disabilities
(between 18 and 65 years of age) [22]. Normal range values for elderly

with disabilities (over 65 years of age), such as hip fractures have not
yet been determined. Mean number of steps per day or medians are
often used to reliably assess physical activity [23-27]. Due to the lack
of consensus on the cut-off values for the pedometer, the median score
in this sample was used as a cut-off value for low or high physical
activity [28].

Physical function

Data on physical function was also obtained by physiotherapists.
Physical function was measured by means of the Performance-Ori-
ented Mobility Assessment (POMA). The POMA is a reliable and
validated performance-based instrument to measure balance and gait
[29-31]. It consists of 16 items including 9 balance-related items and 7
gait-related items. Items are evaluated on an ordinal scale that ranges
from 0 to 1 or from 0 to 2, with the highest total score being 28 points
[32]. A general cut-off value is not known in elderly patients; a cut-off
value of less than or equal to 17 has been shown to be associated with
an increased risk of falls in patients with stroke [32].

Fear of falling

FOF was assessed by a research assistant who filled in the Falls
Efficacy Scale International (FES-I). The FES-I is a reliable and valid
method for measuring FOF [33]. The FES-I is a questionnaire con-
taining 16 questions on concerns about falling while performing ADL
tasks. Questions are evaluated on an ordinal scale which ranges from
1 not at all concerned to 4 very concerned. The total score can range
from 16-64. Consensus on a cut-off point for the FES-I is not known;
for example, Delbaere et al., defined a cut-off point of 23 while Ulus et
al., calculated a cut-off point of 24 [34,35]. Hence, in the present study
the median value was used as a cut-off point [28].

Depressive symptoms

Information on depressive symptoms was obtained by a researcher
who interviewed patients and recorded the results by means of the
Geriatric Depression Scale 8-item version (GDS-8) questionnaire. The
GDS-8 is a reliable tool for detecting depressive symptoms in elderly
living in nursing homes [36]. It is based on the GDS-15 and includes 8
questions [36].

In the present study a cut-off value of 3 was used because it has
been shown that a cut-off point of 3 has high sensitivity and high spec-
ificity for detecting depression [36].

Pain

A researcher asked the patients to score the severity of their pain
by means of the Visual Analogue Scale (VAS). The VAS is a 10-cm
long horizontal line on which patients can score the severity of their
pain [37]. The scale ranges from 0 no pain to 10 worst pain ever [37].
The VAS is a valid tool for measuring pain at a given point in time
which means that a single assessment suffices [37].

Statistical analysis

To analyze the characteristics of the patient population, descriptive
statistics were calculated and data distribution for the different vari-
ables was assessed. To examine the relations between physical activity,
physical function and FOF, Spearman correlations were calculated for
the i) Total patient group, and for the patients with ii) Low FOF (<33)
and iii) High FOF (>33). A p-value of <0.05 was considered statistical-
ly significant.
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Where possible, potentially predictive factors of physical activity
were dichotomized. Each of the variables was then included in the
univariate logistic regression analysis with steps per day as dependent
outcome variable. Because it was expected that data for activity were
not normally distributed low and high levels of activity were used.
Variables with a p-value of <0.10 were considered statistically signif-
icant in the univariate analysis. Variables with a p<0.20 were select-
ed and entered into a multivariate logistic regression model. Using a
backward stepwise procedure, variables with a p-value of >0.10 were
removed resulting in the final predictive multivariate model in which
a p-value of <0.05 was considered statistically significant. Statistical
analysis was performed with SPSS 20.

Results

Baseline characteristics

Of the 124 eligible patients, 13 were excluded because they were
unable to adequately reply to questions, 6 did not give informed con-
sent and 4 were excluded because of communication problems. One
patient was excluded from the analysis because of incomplete data.
This resulted in a study group of 100 patients (Figure 1). Data were
collected on the 52" day on average after hip fracture (median 44.5
days, IQR 28-63).

Figure 1: Flow chart of the study population.

J

Table 1 presents the characteristics of the i) total study population
and of the subgroups for ii) low FOF and iii) high FOF including de-
scriptive statistics for each of the variables. Mean age was 83.1 (SD
8.3) years and 75% of the study population was female. Median score
for steps per day was 259.5 (IQR 76.8-606.8) and median score for
physical function was 17.5 (IQR 13-22). The median score for FOF
was 32.2 (IQR 24-39).

Relations between physical activity, physical function and
FOF

Spearman coefficients for the relations between physical activity,
physical function and FOF were calculated (Figure 2A, 2B). In the i)
Total patient group, physical activity, physical function and FOF were
all related (r=-0.34, p=0.001; r=-0.43, p<0.001; r=0.71, p<0.001). In the
i) Total patient group and in the groups with ii) Low FOF and iii) High
FOE physical activity and physical function were the most strongly

related (r=0.71, p<0.001; r=0.59, p<0.001; r=0.73, p<0.001). Figure 2B
shows that in the (ii) low FOF group, FOF was not related to physical
activity or to physical function (r=-0.07, p=0.66; r=-0.06, p=0.72). In
the i) total patient group and in the iii) high FOF group, FOF was neg-
atively correlated with physical activity and physical function(r=-0.34,
p=0.001; r=-0.43, p<0.001; r=-0.44, p<0.01; r=-0.62, p<0.001). Figure
2A shows that in the iii) high FOF group, physical activity was most
strongly correlated with physical function (r=0.73, p<0.001).

Total arou Low FOF High FOF
n=19’0 o P (FES-1<33) | (FES-1233)
n=50 n=50
Age in years, mean (SD) 83.1(8.3) 81.9 (8.5) 84.3 (8.0)
Female (%) 75 72 78
Days after hip fracture, 44.5 (28-63) 48.5 (28-68) | 42.0 (28-55)

median (IQR)

Steps per day, median

259.5 (76.8-606.8) | 298 (135-743) | 126 (49-585)

(IQR)
Fallen indoors (%) 70 68 72
Fall history (%) 10 8 12
Use of benzodiazepines 27 2 32
(%)
Use of antihypertensive
drugs (%) 62 64 60
Use of analgesics* (%) 82 84 80
Number of complications
during rehabilitation, 1.6 (1.4) 1.3(1.1) 1.9 (1.6)
mean (SD)
Number of comorbidi-
ties, mean (SD) 3.5(1.5) 3.4 (1.6) 3.6 (1.5)
Depressive symptoms
(GDS-823) (%) " 10 12
Hearing impairment (%) 35 36 34
Visual impairment (%) 27 20 34
Pain (VAS), mean (SD) 2.7 (2.1) 2.4 (2.1) 3.0 (2.1)
Dizziness (%) 14 14 14
Physical function
(POMA), median (IQR) 17.5 (13-22) 19 (15.8-23) 16 (11-20)
Fear of falling (FES-I), 32.2 (24-39) 24 (20.8-27) | 39 (35-43.3)

median (IQR)

Table 1: Characteristics of the i) Total study population (n=100) and for the
subgroups with ii) Low FOF (n=50) and iii) high FOF (n=50).

*Including paracetamol and NSAIDS

GDS-8=Geriatric Depression Scale, VAS=Visual Analogue Scale, POMA=Per-
formance Oriented Mobility Assessment, FES-I=Falls Efficacy Scale-Interna-
tional, SD=Standard Deviation, IQR = Interquartile Range

Figure 2: Correlations between physical activity, physical function and Fear
of Falling (FOF).
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Predictive factors of physical activity

Table 2 shows the results of the univariate logistic regression using
low steps (<260) vs. high steps (>=260 steps) as dependant outcome
variable. Five variables (age, gender, site of fall, physical function and
FOF) were significantly associated with physical activity.

B OR 95% ClI p-value

Gender 1.75 5.77 1.28-26.02 | 0.023*

Age -0.07 0.94 0.87-1.01 0.102

Physical function (POMA) 0.21 1.24 1.09-1.41 0.001*
Depressive symptoms (GDS-8) -1.9 0.15 0.02-1.30 0.085

Table 3: Final predictive multivariate model for physical activity.

*A p-value of <0.05 was considered significant

OR (95% CI) P-value
Age (continuous) 0.92 (0.86-0.97) 0.01**
Gender (male vs. female) 2.98 (1.02-8.70) 0.05**
Site of fall (indoors vs. outdoors) 2.86 (1.07-7.64) 0.04**
Fall history (no fall vs. fall) 0.30 (0.06-1.58) 0.16
Benzodiazepines (no use vs. use) 0.53 (0.19-1.44) 0.21
Antihypertensive drugs (no use vs. use) 2.00 (0.83-4.86) 0.12
Analgesics* (no use vs. use) 0.61 (0.20-1.90) 0.4
Numl?er of complications in elderly care facility 0.86 (0.63-1.18) 0.36
(continuous)

Number of comorbidities (continuous) 0.95 (0.72-1.26) 0.72
:I?i[rzr:;srz)e symptoms (GDS-8) (less than 3 vs. 0.30 (0.06-1.58) 0.16
Hearing (not impaired vs. impaired) 1.12 (0.44-2.84) 0.81
Vision (not impaired vs. impaired) 0.49 (0.19-1.30) 0.15
Pain (VAS) (continuous) 0.95 (0.78-1.17) 0.65
Dizziness (yes vs. no) 0.81 (0.23-2.89) 0.75
Physical function (POMA) (continuous) 1.26 (1.12-1.41) <0.001**
Fear of falling (FES-I) (continuous) 0.94 (0.89-0.99) 0.01**

Table 2: Univariate logistic regression for physical activity.

*Including paracetamol and NSAIDs

**A p-value of <0.10 was considered significant

GDS-8=Geriatric Depression Scale, VAS=Visual Analogue Scale, PO-

MA=Performance-Oriented Mobility Assessment, FES-I=Falls Efficacy Scale

International, OR=0dds Ratio, 95% CI=95% Confidence Interval

L J

Table 3 shows that the final predictive multivariate model consist-
ed of four variables. Of these, female gender and better physical func-
tion were identified as statistically significant factors for physical ac-
tivity (OR 5.77, 95% CI=1.28-26.02; 1.24, 95% CI=1.09-1.41). Women
have an Odds Ratio (OR) of 5.77 for walking more than the median
number of steps. When the POMA is one point higher, the OR for a
patient walking more steps than the median number of steps is 1.24.

Discussion

This study shows that in the total patient group the relation be-
tween physical activity and physical function is stronger than the rela-
tion between physical function and FOF. The relation between activity
and function is also stronger than the relation between physical ac-
tivity and FOFE. Furthermore, we identified female gender and better
physical functioning as predictive factors for higher physical activity
levels after hip fracture.

Interestingly, Hornyak et al,, found that in community-dwelling
older adults, physical function and FOF were more strongly correlat-
ed than physical activity and physical function [19]. Obviously, this
difference can be explained in terms of study population since the
present study included older adults rehabilitating after hip fracture
while Hornyak et al., only included healthy elderly. Moreover, in our
study, only walking was examined, whereas Hornyak et al., evaluat-
ed free-living physical activity that included other activities as well
[19]. In addition, the difference might also be explained in terms of

the way physical function was assessed: where in the present study
physical function was measured, in Hornyak et al., it was self-assessed,
notwithstanding the comparability between self-reported and perfor-
mance-based measurements in terms of their validity, sensitivity, and
responsiveness as Latham et al., have shown [19,38].

Physical activity and physical function are positively correlated,
which might suggest that when physical function is enhanced, phys-
ical activity also improves. This emphasizes the prominent role of
physical function in the rehabilitation process. As such, there does not
seem to be a discrepancy between what elderly patients with hip frac-
tures are capable of doing (physical function) and what they actually
end up doing (physical activity). This correlation is the strongest over-
all: it was found in the i) Total group, and in the ii) Low and iii) High
FOF group, respectively.

The results of this study show that when FOF is high it can be
predicted that physical activity and physical function will be low, as
the correlation coefficients are negative. In other words, when pa-
tients have many concerns about falling they are likely to have lower
scores on the POMA and walk fewer steps per day. As suggested by
Tinetti et al., patients with many concerns about falling need to im-
prove their physical function and increase confidence in their abilities
[9]. By means of this dual intervention, FOF might be reduced and
function and activity might be improved. In addition, Scheffers et al
have developed an intervention directed at reducing FOF that may
also improve physical functioning after hip fracture [7]. A possible
effect of this intervention is reflected in figure 2B for the ii) low FOF
group. Figure 2B shows that when FOF is low the only correlation
that remains is between activity and physical function, which could
mean that improving physical function is very important in the aim to
increase physical activity after hip fracture.

We also identified female gender as an independent predictor of
activity. In contrast, male gender was identified as a predictor of ade-
quate physical activity in community-dwelling elderly [17]. Overall, it
remains questionable if walking more than 260 steps per day could be
considered as being highly physically active. In patients aged over 60
years who had elective total hip arthroplasty an average of 265 steps
per day was measured on the first post-operative day [39]. The mean
number of steps per day increased to 2500 steps per day within the
next 30 days [39]. From this, the median in this study is comparable
to the findings of Toogood et al. [39]. It might be suggested that for
elderly who had surgery (elective or not) a definition of high levels of
physical activity needs to be adjusted to the circumstances of surgery
and vulnerability.

Nevertheless, men with hip fractures are likely to have higher
American Society of Anaesthesiologists (ASA) ratings of operative
risk, indicating that men with a hip fracture are more ill and therefore
more vulnerable than women with hip fractures [40,41]. Due to this
vulnerability, in an elderly population after hip fracture, men might be
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less physically active than women. Furthermore, the activity of older
women may in fact be underestimated in community-dwelling elderly
[17]. Women tend to be more involved in household tasks than men
and these tasks are sometimes accompanied by ‘shuffling steps’ rather
than actual steps; pedometers are not as effective as triaxial acceler-
ometers in measuring these shuffling steps [42]. Therefore, physical
activity in elderly women might be underestimated in community
studies, leading to the conclusion that older men are physically more
active whereas women are in fact just as active or even more active, as
observed in the present study.

We identified better physical functioning as an independent factor
for physical activity in elderly with a hip fracture. A similar finding
was found among community-dwelling elderly, in whom Shimada et
al., evaluated physical function by examining balance using the func-
tional reach test, and gait by walking speed; they concluded that high
walking speed was associated with improved physical activity [18].
Moreover, Lim et al., determined a higher Short Form health survey
(SF-36) physical functioning score as an independent factor for physi-
cal activity [17]. Our results also show that better physical functioning
is an important predictive factor for physical activity in older persons
after a hip fracture.

This study has some strengths and limitations. One strength is that
physical function was measured instead of being assessed by self-re-
ported questionnaires, which reduces the possibility of bias (e.g., se-
lective memory bias). Another strength is that, with a sample size of
100 patients, the results are less likely to be a result of chance. Also,
our sample size of vulnerable elderly patients after a hip fracture is
relatively large considering that these patients are often not eligible/
available for participation, generally leading to relatively small sample
sizes.

A limitation of this study is that the data are cross-sectional,
meaning that patients were not followed throughout the rehabilita-
tion process. This implies that data were collected on a selected group
of patients only, i.e., patients with a slower process of rehabilitation.
Therefore, caution is required when generalizing these results to other
groups. Another limitation is that due to the cross-sectional design,
causality between activity, function and FOF cannot be determined.
Furthermore, physical activity was assessed by measuring only the
number of steps per day (duration and intensity of the walks were not
evaluated). This means that only one element of activity was measured
and that conclusions drawn from this study regarding activity need to
be interpreted with caution. Moreover, because walking in a skilled
nursing facility is different from walking at home, the relations found
in this study should be evaluated again among elderly that have been
discharged home. Although the pedometer that we used (YX200) has
been validated by Schneider et al., as one of the most suitable pedom-
eters for research purposes, reliability increases when activity is mea-
sured over a minimum of three days [21,22,43].

Conclusion

In conclusion, in these elderly individuals rehabilitating after hip
fracture, physical activity and physical function are more strongly re-
lated than physical activity and FOF, indicating the prominent role of
physical function in the rehabilitation process. Women and patients
with better physical functioning, as measured by a higher score on the
POMA, are likely to walk more. For future interventions on physical
activity, physical function and FOF, it is important to take into account
that patients with high FOF may benefit from interventions aimed at

both reducing FOF and improving physical function, whilst patients
with less FOF may benefit from enhancing physical function only.
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