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ABSTRACT. Background and aims: It is of great
importance to consider whether a tool’s predictive
value is generalizable to similar samples in other lo-
cations. Numerous fall prediction systems have been
developed, but very few are evaluated over a dif-
ferent time period in a different location. The pur-
pose of this study was to validate the predictive ac-
curacy of the Mobility Interaction Fall (MIF) chart,
and to compare it to staff judgement of fall risk and
history of falls. Methods: The MIF chart, staff
judgement, and fall history were used to classify
the risk of falling in 208 residents (mean age
83.2+6.8 years) living in four residential care facil-
ities in northern Sweden. The MIF chart includes an
observation of the ability to walk and simultane-
ously interact with a person or an object, a vision
test, and a concentration rating. Staff rated each res-
ident’s risk as high or low and reported the resi-
dent’s history of falls during the past 6 months.
Falls were followed up for 6 months. Results: Dur-
ing the follow-up period, 104 residents (50%) fell at
least once indoors. Many of the factors commonly
associated with falls did not differ significantly be-
tween residents who fell at least once and residents
who did not fall. In this validating sample the pre-
dictive accuracy of the MIF chart was notably lower
than in the developmental sample. A combination of
any two of the MIF chart, staff judgement, and his-
tory of falls was more accurate than any approach
alone; more than half of the residents classified as
‘high risk’ by two approaches sustained a fall with-
in 3 months. Conclusions: Residents classified as
‘high risk’ by any two of the MIF chart, staff judge-
ment, and history of falls should be regarded as
particularly prone to falling and in urgent need of
preventive measures.
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INTRODUCTION

Falls constitute a serious problem for frail older people.
In institutional care, i.e., residential care facilities and
nursing homes, older people experience falls three times
as often as in the community (1), and the risk of sustain-
ing a hip fracture is substantially higher (2). It therefore
seems a matter of urgency to find ways of preventing falls
in this population.

Commonly, preventive measures are focused on in-
dividuals who are judged most likely to develop a disease
or sustain an injury. To define individuals at risk of
falling, numerous regression analysis models have pre-
sented various combinations of risk factors (3-11). Nev-
ertheless, the results of these studies could be difficult to
incorporate into daily practice, partly because of the mul-
titude and inconsistency of the stated risk factors, and
partly because of difficulties in interpreting and using the
models. To combat this, some fall risk assessment tools
have been developed in which risk factors for falls are
added together and a score is obtained (12-21). How-
ever, these tools are aimed at fall prediction in certain
settings and, to our knowledge, only two have been de-
veloped for predicting falls among older people in res-
idential facilities: the Fall Risk Index (12) and the Mobility
Interaction Fall (MIF) chart (22). None of them has
been validated in an independent sample. A vital aspect
of the development of a predictive tool is to consider
whether the predictive value derived from the develop-
mental sample is generalizable to similar samples in
other locations (23).

We previously developed the MIF chart (22) which
includes a test of the ability to walk and simultaneously in-
teract with a person or an object, a vision test, and a con-
centration rating. The findings in the developmental
study indicated a promising way of classifying older peo-
ple in residential care facilities as having a high or low fall
risk. The sensitivity was 85% (95% CI: 75-92%), the
specificity 82% (95% CI: 72-90%), the positive predictive
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Figure 1 - The Mobility Interaction Fall (MIF) chart for assessing fall risk among older people in residential care facilities.

value 78% (95% CI: 67-87%) and the negative predictive
value was 88% (95% CI: 79-95%).

Some other ways of predicting falls have also been
suggested. In numerous studies, previous falls have
been associated with a higher risk of future falls (9-11,
24). In contrast with history of falls, staff judgement of
the residents’ risk of future falls appears to be a ne-
glected topic. Only one small study has focused on
this issue (25).

The main purpose of this study was to validate the pre-
dictive accuracy of the MIF chart in a new sample, and to
compare it to staff judgement of fall risk and history of
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falls. A second purpose was to investigate whether a
combination of these measures would increase fall pre-
diction accuracy.

METHODS
Participants and setting

The participants were recruited from four residential
care facilities in Umea, a city in northern Sweden. All
the residents (N=219), who were 65 years or older,
were given oral and written information about the
study. Information was also given to relatives of resi-
dents with substantial cognitive dysfunction. Eleven
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residents declined to participate. They were likely to be
younger than the remaining 208 residents (mean age
78.7+5.5 vs 83.2+6.8 years; p=0.03) but did not dif-
fer with regard to gender.

In Sweden, older adults living in residential care fa-
cilities are disabled by cognitive and/or physical im-
pairment and thus require supervision or functional
support and care. In these facilities (skilled nursing
homes excluded) a majority of the residents are able to
move independently between bed and chair as well as
walk indoors, but only a minority use the stairs and
leave the facility unsupervised. Some live in a private
apartment and others in a private room with a shared
dining and living room. There is no clear distinction in
characteristics between residents living in an apartment
or in a room. All residents have access to help with ac-
tivities of daily living (ADL), housework, medical care,
and supervision as required. At the facilities in the pre-
sent study, nurses worked during the day and were on
call at night. A specialist in geriatric medicine made
planned weekly house calls as well as emergency ones.
For further examination and treatment, residents were
referred to the hospital.

The Ethical Committee at the Medical Faculty of the
Umea University approved the study.

Baseline examination

A specialist in geriatric medicine, who also was the res-
ident’s personal doctor, registered the diagnoses and
current medication of each participant under his/her
care. The majority of residents were well known to their
doctors and the recording was based on previous knowl-
edge and chart review. In total, six specialists were en-
gaged in this study.

Six physiotherapists were employed in the study and
trained to assess vision, hearing, cognition and fall risk.
Hearing was rated as impaired if the resident, without a
hearing aid, did not hear when the physiotherapist spoke
in a normal voice from a distance of one meter. Vision
was rated as impaired when the resident, with or without
glasses, could not read a word written in 5 mm capital let-
ters at normal reading distance. The Mini-Mental State Ex-
amination (MMSE) was used to assess cognitive func-
tion (26). A nurse at the facility answered a written ques-
tion about episodes of delirium: ‘Has the resident had
episodes of delirium during the past month? Yes/No'.

The resident’s risk of falling was classified by three dif-
ferent means: the MIF chart, the staff global rating of the
resident’s risk of future falls, and a history of falls as re-
called by staff.

The physiotherapists assessed the residents’ risk of
falling using the Mobility Interaction Fall (MIF) chart (Fig.
1), a screening tool described in detail elsewhere (22).
Briefly, the MIF chart has several ‘exits’ classifying the res-
idents at either high or low risk of falling. The residents
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were screened for mobility at three levels (able to walk in-
dependently indoors, need of personal assistance to
walk, and ‘immobile’) and for their ability to understand
the instructions for the Timed Up&Go test (TUG). The
TUG is the time it takes to rise from a chair, walk 3 me-
ters, turn, walk back and sit down again (27).

Residents who could walk independently and understand
the instructions were observed for the SWWT (Stops
Walking When Talking), i.e., whether they stop walking
when an occasional conversation starts during a walk in a
corridor (28). Those who could walk and concurrently

Table 1 - Putative factors associated with falls in residents who did
not fall and who fell at least once during the 6-month follow-up.

No fall Any fall p-value*
N=104 N=104
Age (years, mean+SD) 82.4+6.2 84.1+7.3 0.07
Sex (female, %) 69 76 0.28
Signs
Impaired vision (%) 20 26 0.36
Impaired hearing (%) 30 27 0.49
Episodes of delirium 17 26 0.08
past month (%)
Urinary incontinence (%) 33 30 0.58
Cognitive and functional status
MMSE score (Md, IQR)** 17.7, 16.2, 0.16
13.0-24.0 12.0-22.0
Timed Up&Go 249+18.3 31.7+19.0 0.03
(sec, mean+SD)S
Barthel Index (Md, IQR)* 12.0, 12.5, 0.85
7.3-17.0 9.3-17.0
Diagnosis
Dementia (%) 30 43 0.05
Depression (%) 27 30 0.68
Previous stroke (%) 39 29 0.12
Heart failure (%) 35 28 0.72
Lung disease (%) 14 11 0.51
Osteoarthritis (%) 28 22 0.32
Femur fracture last year (%) 2 7 0.48
No. of diagnoses (Md, IQR) 2, 1-3 2,13 0.92
Drugs
Diuretics (%) 58 46 0.10
Analgesics (%) 64 63 0.86
Laxatives (%) 47 59 0.10
Benzodiazepines (%) 27 39 0.06
Antidepressants (%) 34 34 1.00
Neuroleptics (%) 33 29 0.55
No. of drugs (Md, IQR)* 6, 4-8 6, 4-8 0.63

*Refers to the significance level of differences between residents with no fall
and at least one fall. tMd, IQR= Median, range between 1%t and 3" quartile.
#16 residents not assessed because of aphasia or other medical reason. No
fall: N=97; any fall: N=95. 568 residents not able to perform the TUG. No
fall: N=63; any fall: N=77.
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Figure 2 - Distribution of residents predicted to be at high risk of
falling according to the Mobility Interaction Fall (MIF) chart,
staff judgement and history of falls.

carry a glass were asked to do the TUG as fast as possible
with and without carrying a glass containing 5 cL of water.
The difference in time between TUG without and with the
glass is called the diff TUG (29). A high risk of falling is in-
dicated for a resident who stops walking when talking or
has a diff TUG of at least 4.5 seconds.

Residents who needed two helpers to transfer be-
tween chair and bed and sat in a wheelchair in a half-ly-
ing position or were long-term bedridden (‘immobile’)
were classified as having a low fall risk.

Residents not previously classified who had impaired vi-
sion were classified as having a high risk of falling. The re-
maining residents were further rated for the ability to
concentrate. Concentration difficulty was recorded when
residents reported difficulties in following a TV program or

(Aging 15: 51-59, 2003),92003, Editrice Kurtis

reading an article or when they were observed to have
trouble maintaining the thread of a conversation. Those
with concentration difficulties were classified as high-risk.

The test-retest reliability of the MIF chart was evaluated
in another — but similar — residential care facility. Partic-
ipants were 4 physiotherapists employed in the present
study and 50 residents, 16 men and 34 women, aged 60-
96 years (mean 83.7+7.5 years). Two physiotherapists
made independent ratings of the same resident on two
consecutive days. For the total MIF-chart, there was
80% agreement between raters (22). For the individual
components of the MIF chart, the agreement was 88% for
the mobility screening and understanding of simple in-
structions, 94% for the SWWT observation, 100% for the
rating of ‘ability to carry’ a glass, 74% for the diff TUG,
86% for the vision test, and 90% for the concentration
rating.

Physiotherapists questioned nurses’ aides and li-
censed practical nurses who knew the resident well,
and had been selected by the head of each facility,
about 1) fall risk: “How do you judge the risk that
Mr/Ms X will fall within 6 months — high or low?”, 2)
ADL by means of the Barthel ADL Index (30, 31),
and 3) history of falls: “Has Mr/Ms X sustained a fall in-
doors during the last 6 months?”. The questions were
asked in the same order.

Reporting of falls

The follow-up period was set a priori at 6 months. A
fall was defined as an event in which the resident unin-
tentionally came to rest on the floor, regardless of whether
or not an injury was sustained. This definition thus in-
cluded falls as a consequence of acute illness such as a
stroke or an epileptic seizure. Staff were instructed to reg-
ister on a structured fall report every fall they observed, or
when they found residents unaccountably on the floor or
ground, or when the residents reported their own falls.
The fall reports were collected once a week. In order to
optimize the collection of fall reports, the residents’
charts were reviewed after 3 months and at the end of the
study. In these charts the staff was instructed to note im-
portant events such as a fall or a change in a resident’s

Table 2 - The accuracy of fall risk prediction by the MIF chart, staff judgement, and history of falls.

Positive Negative Sensitivity® SpecificityS
predictive value* predictive value’
% N % N % N % N
MIF chart 58 45/77 55 72/131 43 45/104 69 72/104
Staff judgement 67 62/92 64 74/115 60 62/103 71 74/104
Fall history 68 54/80 61 77/127 52 54/104 75 77/103

*Correctly classified as ‘high risk’ residents. fCorrectly classified as ‘low risk’ residents. *Residents classified as ‘high risk’/all residents who fell. SResidents

classified as ‘low risk’/all residents who did not fall.
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health status. We found notes for 25 falls, representing
8.6% of the total number of falls, which were not regis-
tered on a fall incidence report. These falls were also in-
cluded in the analyses.

Statistical analysis

The follow-up period for falls lasted 6 months. For each
resident, we calculated the number of observation days
from inclusion to the end-point of the study or to the day
when the resident changed residence or died. Also, for
residents who had experienced a fall, we calculated the
number of days from inclusion in the study to the first fall.
Days (if more than 3) spent outside the facility were sub-
tracted.

The incidence rate of falls was calculated as the num-
ber of fall events divided by the total number of observa-
tion days, expressed in 1000 person-days.

Resident characteristics at baseline are described for
those who fell and those who did not fall during follow-up,
and compared using Student’s two-tailed t-test, Mann-
Whitney U test, and the %2 test.

Classifications according to the MIF chart, staff
judgement and history of falls were first tested one by
one; then they were tested in pairs, two by two; and fi-
nally all 3 combined. Thus, the scores of two means of
classification (0-2) resulted in a low, an intermediate,
and a high-risk group. The low-risk group included
residents who were classified by both means as ‘low-
risk’ and the high-risk group included residents classified
by both means as ‘high-risk’. To be in the intermediate
group, the resident was classified as ‘high-risk’ by one
of the means. Using the same method of summation,
the scores of the three means of classification (0-3) re-
sulted in a low-risk group, two intermediate groups, and
a high-risk group.

Two approaches to analyze the accuracy of the pre-
diction were used: viewing the 6-month follow-up period
in total and analyzing what happened within this period.
First, the predictive values, sensitivity, and specificity
were calculated. The outcome variable was ‘fall” and ‘no
fall’, and all 208 residents assessed at baseline were in-
cluded. Second, the time to the first fall was analyzed by
means of Kaplan-Meier survival curves, the log rank test,
and the Cox proportional hazard model.

The statistical significance level was set at 0.05, and the
statistical analyses were computed by the SPSS software
package, version 6.1 (32).

RESULTS

During the 6-month follow-up, 104 residents, repre-
senting 50% of the sample, fell at least once indoors and
57 residents (27%) fell twice or more. The number of falls
for each resident ranged from 0 to 16. Seventeen residents
died and 10 moved from the facility (13%) during the
follow-up. In total 290 falls were registered during 34837
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of 8.3 (95% CI 8.2-8.5) falls per 1000 person-days.

The distribution of characteristics in the residents who
did and those who did not fall during the follow-up did not
differ significantly, with the exception of the Timed
Up&Go test (Table 1).

The MIF chart, staff judgement and history of falls
classified a total of 135 residents as being at high risk of
falling. The three methods classified the same resident in
35 cases (Fig. 2). Data were missing regarding one resi-
dent in ‘staff judgement’ and one in ‘history of falls’.

Prediction accuracy at 6 months

For the whole 6-month period, the MIF chart resulted in
lower sensitivity and predictive values than did staff judge-
ment and history of falls (Table 2). Twenty-two residents
who fell, representing 21% of the fallers, were not classi-
fied by any of the methods as being at high risk of falling.

The MIF chart

According to the MIF chart, residents were classified as
being at high risk of falling when they ‘stopped walking
when talking’ (N=11; 55% fell), had a diff TUG of at
least 4.5 seconds (N=20; 45% fell), had impaired vision
(N=25; 72% fell) or had concentration difficulties (N=21;
57% fell). Residents classified as ‘low risk’ had a shorter
diff TUG (N=61; 52% did not fall), were ‘immobile’
(N=21; 81% did not fall) or had no concentration diffi-
culties (N=49; 47% did not fall).

Time to first fall

Regardless of whether the MIF chart, staff judgement
or history of falls was used, all the predicted high-risk
groups differed significantly from the low-risk groups in the
probability of sustaining a fall (Fig. 3a-c). The three pair-
wise combinations (MIF chart-staff judgement, MIF
chart-history of falls, and staff judgement-history of falls)
resulted in similar fall probabilities. In the ‘high-risk’
groups the median time without falls was 2 months in all
combinations (Fig. 4a-c).

Table 3 shows that in 3 months, the residents classified
as having a low risk had a fall probability of 22-26% de-
pending on the classification method, and those classified
as ‘high-risk’ had a probability of 46-51%. The corre-
sponding figures for fall risk in 6 months were increased
further by approximately 20%. In comparison with the
low-risk group, the hazard ratio (HR) for a fall event
ranged from 1.7 to 4.5 depending on the means of
classification and combination.

DISCUSSION

The present validating study, with a follow-up period of
6 months, showed a lower predictive accuracy of the MIF
chart than did the developmental study. The predictive val-
ue of the MIF chart, staff judgement, and history of falls
did not differ significantly. A combination of any two
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methods was more accurate than any method alone;
more than half of the residents classified as ‘high risk’ by
both approaches sustained a fall within 3 months.

The methods used to derive predictive models and
scoring tools are dependent on the data of the develop-
mental sample so the predictive performance in a new
sample is expected to be overly optimistic (23). To our
knowledge, only six of many published predictive mod-
els and fall risk assessment tools were tested prospectively
in a new sample. All of them are directed at identifying
patients falling in hospitals (14, 21, 25, 33-35). As a con-
sequence of validation, one of the tools was modified sub-
stantially with half of the factors changed (35). Regarding
the others, data are provided for three of them so that a
comparison of sensitivity, specificity, and predictive val-
ues can be made between the first and the second testing
and a reduction is seen (21, 33, 34). Also regarding the
MIF chart, the high predictive values in the develop-
mental sample were not repeated in the validating sam-
ple. There was a change in the sensitivity from 85 to

Predicting falls in residential care

43%, in the specificity from 82 to 69%, in the positive
predictive value from 78 to 58%, and in the negative pre-
dictive value from 88 to 55%.

Apart from case-mix differences between the devel-
opmental and validating samples, there are several pos-
sible reasons for a reduced predictive performance in a
new testing process (23). One important factor is the def-
inition of a fall. In the present study all indoor falls were
counted, including occasions when the residents were un-
accountably found on the floor and falls due to loss of con-
sciousness or sudden paralysis. We consider it of great im-
portance to include all falls because among frail old per-
sons the cause of a fall may be difficult to identify. Most
falls are unwitnessed and the resident who fell may have
trouble in remembering or describing the circumstances of
the fall. In addition, there is a risk of injury every time
someone’s body unintentionally lands on the floor, re-
gardless of the cause. As a consequence of this definition,
the developmental sample as well as the validating sam-
ple probably included falls not predictable with the use of

Table 3 - Hazard ratio and the probability of falling according to the classification of fall risk by use of the MIF chart, staff judgement,

history of falls and combinations.

Residents at

Fall events

Probability of falls

baseline in 6 months Hazard ratio in 3 months in 6 months
(95% CI) % %

MIF chart

Low risk 131 59 1.0 26 46

High risk 77 45 1.7 (1.1-2.5) 46 62
Staff judgement

Low risk 115 41 1.0 24 47

High risk 92 62 2.6 (1.7-3.9) 46 70
History of falls

Low risk 127 50 1.0 22 41

High risk 80 54 2.5(1.7-3.6) 51 70
MIF chart+Staff judgement

Low risk 84 28 1.0 20 34

Intermediate risk 77 43 2.2 (1.4-3.5) 35 60

High risk 46 32 3.3(2.0-5.5) 56 73
MIF chart+History of falls

Low risk 91 35 1.0 18 40

Intermediate risk 75 39 1.7 (1.1-2.7) 40 56

High risk 41 30 3.2(1.9-5.2) 57 76
Staff judgement+History of falls

Low risk 95 32 1.0 22 35

Intermediate risk 48 26 1.7 (1.03-2.9) 27 56

High risk 62 45 3.6 (2.3-5.6) 57 77
Staff judgement+History of falls+MIF chart

Low risk 71 22 1.0 19 32

Intermediate risk 1 56 28 1.9(1.1-3.3) 27 53

Intermediate risk 2 44 26 2.7 (1.5-4.8) 45 63

High risk 35 27 4.5(2.6-8.0) 61 80
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predisposing factors like those in the MIF chart. These falls
would have had an adverse effect on the predictive ac-
curacy of the MIF chart.

When the screening is completed by persons other
than those who developed the method, the reliability of the
assessment and consequently the predictive performance
may be reduced (21, 23). When developing the MIF
chart, the assessments of mobility were carried out in a cer-
tain room, the same for all residents, by three physio-
therapists always working in pairs. They could thus reach
a consensus on how to demonstrate and instruct resi-
dents about the measures. The vision test and rating of
concentration were performed by two physicians. In the
validation, all the assessments were carried out in the
resident’s home or in a corridor by one of the six physio-
therapists in the study. This approach with new settings
and different assessors poses a great challenge to the
prognostic accuracy. Despite the obvious risk of increasing
the variability of the prediction, we emphasize that it is of
great importance to validate a measure in a way that
represents how it is meant to be used in daily practice.

The MIF chart, staff judgement, and history of falls did
in part identify the residents’ fall risk in the same way, but
there was also a considerable difference. In research
concerning the prediction of falls, the most common
method in use is to investigate probable predisposing fac-
tors at one particular point in time, after which the oc-
currence of falls is monitored for a certain time. This
method was also used in developing the MIF chart but it
might be insufficient in residential care facilities because
of the fluctuating function in many residents. In the pre-
sent sample, 22% of the residents had experienced
episodes of delirium during the last month. An assess-
ment made only once may give a restricted picture of
predisposing factors for falling. In contrast, staff who
know the resident well have knowledge that has been
gained over time and they would thus perceive fre-
quently occurring changes in function and in the diurnal
rhythm. In the present study, staff had not been of-
fered any information on how to identify residents at risk
of falling. Also, they were asked how they estimated the
residents’ fall risk without any preceding discussion
about the residents’ health and abilities. In some cases,
the classification according to ‘staff judgement’ and ‘his-
tory of falls’ differed. Knowledge of risk factors might pro-
mote awareness of the fall problem as well as increase
the predictive accuracy of staff judgement.

A combination of any two of the MIF chart, staff
judgement, and history of falls was more accurate than
any approach alone; more than half of the residents
classified as ‘high risk’ by two approaches sustained a fall
within 3 months. This option to combine methods may
entail certain advantages: when staff who have been
working at the facility for 6 months are present they
can score previous falls, when staff who know the resident
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are present they can estimate the risk of future falling, and
the assessment by the MIF chart only takes a short time
to carry out. Previously, Wyatt and Altman (36) pointed
out the probable benefits of having a combination of
predisposing factors and, in their case, a physician’s
own estimate of prognosis.

An obvious matter of concern in this study is the inter-
rater reliability of staff judgement of fall risk and the rec-
ollection of previous falls. Nevertheless, staff judgement of
fall risk has been a neglected topic and may be a relevant
contributor to the future prevention of falls, either alone
or incorporated into a formal risk assessment. Clearly,
replication is needed in another location, with respect to
both prognostic validity and reliability.

CONCLUSIONS

In conclusion, the incidence of falls is high in the
group of older people living in residential care facilities.
Very few putative risk factors for falling differ between
those who fall and those who do not, which makes it dif-
ficult to identify residents prone to falling in this kind of
setting. However, combinations of staff judgement of
fall risk, staff knowledge of previous falls and/or the MIF
chart can identify many of those who are at particularly
high risk of falling. These residents should be regarded as
being in urgent need of preventive measures.
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