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Abstract

Background and aim

The reciprocal relation between falling and concern about falling is complex and not well

understood. We aimed to determine whether concern about falling increases after a fall and

whether concern about falling increases the odds of future falls in community-dwelling older

adults without a recent fall history.

Methods

We selected 118 community-dwelling older adults (mean age: 71.4 (SD: 5.3) years) without

a self-reported history of falling, one year prior to baseline assessment, from the one-year

VIBE cohort for analyses. On a monthly basis, we recorded concern about falling (using the

Falls Efficacy Scale-International, FES-I), as well as the occurrence of falls (through ques-

tionnaires and telephone calls). We determined 1) whether falling predicts an increase in

concern about falling and 2) whether a high concern about falling is predictive of falling.

Standard linear (fixed-effects) regression and mixed effects regression analyses were per-

formed over long-term, i.e. one year, and short-term, i.e. one-month, intervals, respectively

and were adjusted for gender, age and physical activity (quantified as the average total

walking duration per day). Analyses were performed separately for all reported falls and for

injurious falls only.

Results

High concern about falling at baseline did not predict falls over the course of one year, nor

over the course of one month. Furthermore, falls in between baseline assessment and one

year thereafter did not predict increased concern about falling from baseline to one year

later, independent of whether all falls or only injurious falls were considered. However, falls,

either all or injurious only, happening somewhere over the course of a one-month interval,

significantly predicted small increases in concern about falling (1.49 FES-I points, 95% CI
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[0.74, 2.25], p<0.001 for all falls; 2.60 FES-I points, 95% CI [1.55, 3.64], p<0.001 for injuri-

ous falls) from the start to the end of that one-month interval.

Conclusion

Older adults without a recent history of falling seem to be resilient against developing con-

cern about falling after having fallen, resulting in a short-term temporary effect of falling on

concern about falling. Furthermore, we found no evidence that a high concern about falling

predicts future falls over a one-month or a one-year follow-up period, suggesting that con-

cern is not a primary cause for falls in older adults without a recent history of falling.

Introduction

The relation between falls and concern about falling is not well understood. This may be so

because concern about falling is ill-defined and in practice assessed using different question-

naires that actually measure a range of psychological constructs, including for instance fear

[1]. Also, different populations have been the focus of investigation, ranging from community

dwelling older adults without a recent history of falling, to people who may have entered a

commonly suggested vicious cycle in which a fall increases concern about falling, which in

turn promotes falling [2, 3]. So far, however, it has remained unclear if a fall increases concern

and/or if high concern increases fall incidence. This is the topic of the present study, which

focuses on concern about falling, as measured with the Falls Efficacy Scale International

(FES-I), a questionnaire that has frequently been used in fall-related research and has been

translated into many different languages [4]. Moreover, we studied community dwelling

elderly without a recent history of falling. A better understanding of the relation between falls

and concern about falling is not only theoretically relevant but may help to optimize fall pre-

vention in community-dwelling older adults.

Pathways through which concern about falling may affect the risk of falling have been

described previously. Attention allocation while walking may be altered in response to concern

about falling [5] and hence threatening objects in the surrounding receive more visual and

cognitive attention [6]. This adaptation seems to give more time to anticipate obstacles, but

becomes counterproductive in more complex environments with multiple obstacles, especially

while dual-tasking [7, 8], and may lead to trips and falls [9, 10]. Furthermore, concern about

falling can indirectly lead to falling through activity restriction and thereby induced physical

decline [11, 12]. It should be noted that it may take time for physical decline to become so

severe that it increases fall risk.

Delbaere and colleagues [13, 14] recorded falls every month and concern about falling,

measured with the FES-I, every three months in a group of older adults (70–90 years of age),

some of whom had a history of falling. They showed that concern about falling increased over

time in these older adults. This was not different for groups of participants who did not fall,

fell once or fell multiple times, nor for people who experienced injurious falls [14]. The latter

may be surprising as it may be expected that falls with serious negative health effects are more

likely to increase concern about falling than relatively harmless falls. In the same population in

which Delbaere and colleagues [14] showed that falls did not affect concern about falling, they

showed that concern about falling was predictive of falls in the following year [13].

To our knowledge, the studies by Delbaere and colleagues [13, 14] are the only studies that

investigated both directions of the relation between falls and concern about falling, measured
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with the FES-I, in the same population. However, they evaluated each direction of the associa-

tion separately and with different statistical analyses, hampering a direct comparison of the

interrelations between falls and concern about falling. Moreover, a large part of their partici-

pants had already fallen before the study started. This makes it difficult to accurately assess the

direction of the relation between falls and concern about falling. Concern about falling in peo-

ple who have recently fallen may be differently affected by a subsequent fall and people who

have recently fallen may be prone to fall in the future due to other factors underlying both falls

and concern about falling, which would bias any findings on the relationship between concern

about falling and future falls. Therefore, in our study, we only included participants who had

not fallen in the previous year.

The aim of this paper was to determine whether falling negatively affects concern about fall-

ing and whether concern about falling is predictive of experiencing a future fall in older adults

without a recent history of falling. We first evaluated these relations over a long-term period,

i.e. one year, as this timeframe is most often used in fall prediction models and will help to

place our results in context of findings of other studies. Next, since a one-year interval is rather

long and the effect of a fall on concern about falling may recover or become more pronounced

within this time period, we also evaluated the short-term relation over (subsequent) one-

month intervals. We performed all analyses with all types of falls and with only injurious falls,

as we believe that injurious falls may have a more pronounced effect on concern about falling

than less harmful falls. We hypothesized that falls will increase older people’s concern about

falling when performing daily activities and that this increase in concern is strongest when

assessed over a one-month interval. We also hypothesized that a high concern about falling is

predictive of future falls over both one-month and one-year intervals.

Methods

We analyzed data of 118 out of 287 community dwelling older adults who participated in the

“Veilig in Beweging blijven” (VIBE) study, which translates to “Safely remaining active” and

was ongoing from 2017 to 2018. Participants were community-dwelling older adults, who

were recruited by flyers and newsletter advertisements in the Netherlands in 2017. They were

included in the study if they were 65 years of age or older, if their Mini Mental State Exam

(MMSE) [15] score exceeded 19 out of 30 points and if they were able to walk at least 20 m,

with walking aid if needed, without becoming short of breath or suffering chest pain. The ethi-

cal committee of the Faculty of Behavioural and Movement Sciences of the Vrije Universiteit

Amsterdam approved the protocol (VCWE-2016-129) and all participants signed an informed

consent form.

Fall history

At baseline, participants were asked how often they had fallen in the previous year (Fig 1). A

fall was defined as an unintentional change in position resulting in coming to rest at a lower

level or on the ground [16]. Participants who reported one or more retrospective falls were

excluded from the present analysis, leading to the inclusion of 118 out of 287 participants.

Fall incidence

Falls (see definition of a fall under Fall history) were recorded during the long-term study

period of one year after baseline assessment (Fig 1). Participants were instructed to record any

fall they experienced in a fall diary and, additionally, they were called each month by telephone

to ask them if they had fallen. When participants indicated that they had fallen, they were

asked to indicate the date of the fall and any related injury.
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Concern about falling

All participants received a set of questionnaires, either on paper or electronically, each month

over a one-year period for a total of 13 questionnaires (Fig 1). They were instructed to fill out

the questionnaires independently at home. The set of questionnaires included the FES-I [4],

which is a self-report questionnaire measuring concern about falling during everyday activi-

ties. It contains 16 items (e.g., “How concerned are you that you might fall if you are cleaning
the house”), which can be answered on a scale from 1, not at all concerned, to 4, very con-

cerned. The combined score of these items can range between 16, not at all concerned, and 64,

very concerned. The Dutch version was shown to be valid and reliable with an excellent inter-

nal consistency (α = 0.96) and four-weeks test-retest reliability (intra-class correlation coeffi-

cient = 0.82) in a population that included fallers and non-fallers [17]. The final three

questions of the FES-I were not recorded in 25% of the questionnaires because they were acci-

dentally missing in the electronic version of the questionnaire that was send during the first

period of the current study. A maximum of four missing items were replaced with the average

of the completed items [17].

Covariates

Covariates included age, gender, and the average walking duration in minutes per day as mea-

sured with a trunk-worn inertial sensor. Age and gender are known to be associated with both

fall frequency and concern about falling [4, 18], hence they may bias the results of our analyses

if not accounted for.

The amount of walking activity may also affect our findings, as more active people may be

more exposed to situations in which they are at risk of falling, but more active people may also

have a better estimate of their physical ability [19] and this estimate may affect the level of con-

cern a person has about falling. We therefore included walking duration per day to control for

exposure to balance threats and to control for experience through which concern about falling

may be updated. Walking duration per day was determined from inertial sensor data collected

directly following the baseline and one-year follow-up assessments for seven times 24 consecu-

tive hours. The tri-axial inertial sensor (DynaPort MoveMonitorPlus, McRoberts, The Hague,

The Netherlands) assessed accelerations in vertical, horizontal and mediolateral directions,

with a sample rate of 100 Hz and had a range of -8g to +8g. The participants were instructed to

Fig 1. Timeline of study assessments. Short-term and long-term periods are defined to determine whether concern about falling at the start of

such a period is predictive for falling within such a period and whether falling within such a period is predictive of having increased concern

about falling at the end of that period compared to the start of that period. At baseline, a participant’s first assessment, participants reported any

falls they had experienced in the previous year and physical activity during one-week, age and gender were recorded.

https://doi.org/10.1371/journal.pone.0253374.g001
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wear the inertial sensors at all times, except during aquatic activities (e.g., taking a shower).

The inertial sensor was placed dorsally on the trunk at the level of L3 using an elastic band.

Locomotion bouts were detected using activity classification algorithms developed by the man-

ufacturer [20]. The duration of these walking bouts was determined from days on which the

monitor was worn for at least 12 hours, which were considered to be valid days. Participants

needed at least two valid days for their walking duration to be validly determined, otherwise

we considered it to be missing [21, 22]. The average walking duration per day was defined as

the mean of the total duration of walking on valid days divided by the total recording time,

independent of whether the device was worn or not, on valid days. As the battery of the devices

was sometimes depleted several minutes before the end of the assessment, this method ensured

that all walking duration data were comparable between participants.

Age and walking duration per day were z-transformed.

Population descriptives

The Quickscreen fall risk assessment tool was used to indicate fall risk at the start of the study

[23]. The Quickscreen consists of the assessment of physical performance, fall history and use

of medication. Based on the number of identified risk factors, participants were divided into

one of four subgroups: very- low (0 or 1 risk factor), low (2 or 3 risk factors), moderate (4 risk

factors) or high (5 or more risk factors) fall risk, as described in Tiedemann and colleagues

2010.

Participants’ handgrip strength was assessed with a dynamometer [24]. They were

instructed to squeeze the dynamometer as forceful as possible, twice with each hand, while

standing and holding their arms stretched downwards by their side without touching their

body. We calculated the mean peak force (in kilograms) from the hands and summed the high-

est scores of each hand.

Number of comorbidities, the use of walking aids and education were self-reported by

participants.”

Statistical analysis

Statistical analyses were aimed at determining whether concern about falling at the start of a

short-term (one month) or the long-term (12-month) period is predictive for falling within

such a period and whether falling within such a period is predictive of having an increase in

concern about falling at the end of that period compared to the start of that period. All analyses

were performed twice: first with all reported falls and then with injurious falls only. For the

short-term (one-month), interval, we only analyzed data up to and including the assessment at

the end of a one-month period during which a person had fallen for the first time. Any subse-

quent assessments were excluded from the analysis as that person would no longer be a person

without a recent history of falling at that time. In all models, we considered accounting for the

covariates age, gender and average total walking duration as determined from one-week iner-

tial sensor monitoring. However, these covariates were only added to the models if their corre-

lation with the predictor variable was less or equal to r = 0.6 (to prevent collinearity) and if

including the covariate in the model changed the regression coefficient of the main predictor

variable (either falling or concern about falling) by 10 percent or more. “Crude” models, which

were not adjusted for confounding by covariates, are presented in the S2 Table.

Is concern about falling increased after a fall?. First, we assessed whether concern about

falling was increased after a fall, when comparing the concern about falling at the start of either

the short-term (one month) period or the long-term (one year) period with the end of that

period. For the long-term interval, we fitted a linear (fixed-effects) regression model (see Eq 1)
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that predicted changes in concern about falling that occurred between baseline and one year

later, depending on whether people had fallen at least once in between these measurements.

FES-I at baseline was a predictor for FES-I at the end of the study (one year after baseline)

such that the regression coefficient of falling would indicate a change in FES-I score from start

to the end of the whole one year study.

FESIFi ¼ b0 þ b1Falli þ b2FESIBi þ bnCovn;i þ εi ð1Þ

where FESIFi is the FES-I score at the end of the study (one year after baseline) for participant

i, Falli is a dichotomous variable which equals 0 if participant i had not fallen and 1 if he or she

had fallen, FESIBi is the FES-I score at the baseline measurement for participant i, β0. . .n are

regression coefficients estimated with maximum likelihood, Covni are potential covariates 1

through n for participant i and εi is the residual error for participant i.
For the short-term interval, we used a mixed effects linear regression model [25] (see Eq 2),

to test whether concern about falling increased from one month to the next when a person had

fallen in between assessments.

FESIi;jþ1 ¼ b0;i þ b1Falli;j þ b2FESIi;j þ bnCovn;i;j þ εi;j ð2Þ

where FESIi,j+1 is the FES-I score for participant i at the start of month j+1, Falli,j is a dichoto-

mous variable which equals 0 if participant i did not fall and 1 if he or she did fall in between

the start of month j and the start of month j+1, FESIi,j is the FES-I score for participant i at the

start of month j, β1. . .n are regression coefficients estimated with maximum likelihood, β0,i is a

regression intercept estimated for participant i with maximum likelihood, i.e. random inter-

cept, Covn,i,j are potential covariates 1 through n for participant i at the start of month j and εii
is the residual error for participant i at the start of month j.

Does a high concern about falling increase the odds of falling?. Next, we assessed

whether the odds of falling was increased with the level of concern about falling, over a long-

term, i.e. one-year, and short-term, i.e. one-month, interval. For the long-term interval, we fit-

ted a (fixed-effects) logistic regression model (see Eq 3) that predicted the probability of falling

during a one-year follow-up depending on participants’ concern about falling at the start of

the follow-up period.

pðFallÞi ¼
1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ e� ðb0þb1FESIBiþbnCovn;iþεiÞ
p ð3Þ

where p(Fall)i is the probability of falling for participant i in the one-year follow-up and all

other elements correspond to the elements described in Eq 1.

For the short-term interval, we used a mixed effects logistic regression model [26] (see Eq

4), to test whether concern about falling increased over one month when a person had fallen in

between assessments.

pðFallÞi;j ¼
1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ e� ðb0;iþb1FESIi;jþbnCovn;i;jþεi;jÞ
p ð4Þ

where p(Fall)i,j is the probability of falling for participant i in between the start of month j and

the start of month j+1 and all other elements correspond to the elements described in Eq 2.

All analyses were performed in R (R Core Team (2014), Vienna, Austria). Alpha was set at

0.05 and 95% Confidence Intervals (CI) were determined. Regression coefficients (β) from

logistic models were converted to Odds Ratios (OR = eβ).
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Results

Characteristics of the 118 participants that were selected for analyses are presented in Table 1.

The group with a history of falling, whom we excluded from our analyses (n = 114), was of

similar age (71.7 (5.76)), had a similar proportion of women (79 (69.3%) women), but was

more concerned about falling (median FES-I: 20 [18–23]) and fell more often during the one-

Table 1. Participant characteristics.

N = 118

Age, years 71.4 (5.3)

Female, n (%) 82 (69.5)

Body height, cm 169.0 (8.3)

Body weight, kg 73.8 (12.6)

Baseline Quickscreen, n (%)1

Very low fall risk 45 (38.1)

Low fall risk 60 (50.8)

Moderate fall risk 4 (3.4)

High fall risk 3 (2.5)

Combined hand grip strength, kg 60.4 (16.7)

Baseline daily walking duration, min/day 84.6 (31.4)

One-year change in daily walking duration, min/day -0.2 (19.9)

Use of walking aid, n (%) 3 (2.5)2

Highest achieved education, n (%)

Higher education 96 (81.4)

Lower secondary education 19 (16.1)

Primary education 3 (2.5)

MMSE score, median [IQR] 28 [28, 29]

Self-reported comorbidities, n (%)

Diabetes 5 (4.2)

High blood pressure 35 (29.7)

Low blood pressure 6 (5.1)

Cerebral infarction 5 (4.2)

Myocardial infarction 9 (7.6)

Thyroid condition 6 (5.1)

Asthma or Chronic Obstructive Pulmonary Disease 9 (7.6)

Pain in joints 50 (42.4)

Osteoporosis 15 (12.7)1

Time between completion of monthly follow-up questionnaires, median [IQR], days 30 [28, 35]

Baseline FES-I score, median [IQR] 18 [17, 21]

One-year change in FES-I score, median [IQR] 0 [–1, 1]

Number of falls experienced during the one-year study period, n (%) All falls Injurious falls

None 58 (49.2) 78 (66.1)

One 30 (25.4) 31 (26.3)

Two or more 30 (25.4) 9 (7.6)

All values are means (standard deviation) assessed at baseline unless otherwise noted. IQR = Inter quartile range.

Changes in walking duration and FES-I scores from baseline assessment to one-year later are presented, positive

values represent increases, negative values represent decreases.
1 information on six participants was missing.
2 information on one participant was missing.

https://doi.org/10.1371/journal.pone.0253374.t001

PLOS ONE Temporal relation between falls and concern about falling in older adults without history of falling

PLOS ONE | https://doi.org/10.1371/journal.pone.0253374 July 9, 2021 7 / 15

https://doi.org/10.1371/journal.pone.0253374.t001
https://doi.org/10.1371/journal.pone.0253374


year study period (number of fallers: 67 (58.8%), number of people with injurious falls: 41

(36.0%)) than the people without a recent history of falling (n = 118, average age: 71.4 (5.3),

woman: 82 (69.5%), median FES-I: 18 [17–21], number of people with falls: 60 (49.2%), num-

ber of people with injurious falls: 40 (33.9%)). The development of concern about falling five

monthly questionnaires before and five monthly questionnaires after either a non-injurious

fall or a injurious fall is displayed in Fig 2. From this figure it can be seen that in the two

months following a fall the distribution of FES-I scores after the fall was wider than before a

fall, with a longer tail towards high (more concerned) scores.

Is concern about falling increased after a fall?

Over a long-term, i.e. one year, interval, falling (whether or not with an injury) did not signifi-

cantly change people’s concern about falling from baseline to one-year after baseline (βfall =

-0.01, 95% CI [-0.88, 0.85], points on the FES-I, p = 0.974; βinjuriousfall = -0.15, 95% CI[-1.06,

0.76], points on the FES-I, p = 0.747). Over a short-term interval, we found that after any type

of fall, concern about falling significantly increased (βFall = 1.49, 95% CI [0.74, 2.25] points on

the FES-I, p< 0.001) and a larger significant increase was observed after an injurious fall

(βinjuriousfall = 2.60, 95% CI [1.55, 3.64], points on the FES-I, p< 0.001).

Fig 2. Progression of concern about falling before and after a fall. Distribution of FES-I scores per month are displayed in dark

grey relative to the months in between which the participant experienced his or her first fall (area indicated in light gray) (-1 = last

monthly questionnaire before the fall, +1 = first monthly questionnaire after the fall). Diamonds and solid line represent the mean

FES-I scores and the progression of these mean FES-I scores, respectively. The dark grey areas represent the distribution of FES-I

scores per month. The upper figure displays FES-I progression before and after any type of fall. The lower figure displays FES-I

progression before and after an injurious fall. FES-I scores of people who fell more than once are only included until the first

monthly questionnaire after the first fall. Sample size (N) is indicated for each month.

https://doi.org/10.1371/journal.pone.0253374.g002
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Does a high concern about falling increase the odds of falling?

Concern about falling at baseline did not significantly increase or decrease the odds of

experiencing a fall during the year following the baseline measurement, neither for any type of

fall (Odds Ratio (OR) = 1.08, 95% CI [0.97, 1.22], p = 0.173), nor for an injurious fall

(OR = 1.07, 95% CI [0.97, 1.20], p = 0.177). Similarly, over a short-term, i.e. one month, fol-

low-up interval, concern about falling did not significantly increase or decrease the odds of

falling in the next month, neither for any type of fall (OR = 1.02, 95% CI [0.95, 1.09],

p = 0.501) nor for an injurious fall (OR = 1.07, 95% CI [0.96, 1.17], p = 0.171).

A summary of the results can be found in Table 2.

Discussion

The aim of this study was to determine whether falling negatively affects concern about falling

and whether concern about falling is predictive of experiencing a future fall in older adults

without a recent history of falling. We found that people were more concerned about falling

after a fall, injurious or not, but that this increase in concern was only observable over periods

of up to a month and not over periods of up to a year. We found no evidence that concern

about falling predicts falls, neither over a one-month interval nor over a one-year interval.

Our findings on the relations between falls and concern about falling in both directions

appear to be in contrast with the studies by Delbaere and colleagues [13, 14]. They showed that

concern about falling did not develop differently in groups of people who had not fallen or had

fallen (multiple times). Possibly, the short-term effects of a fall on concern about falling that

we observed in one-month intervals was washed out within the three months intervals of Del-

baere and colleagues [14]. In the opposite direction of the relation, they showed that concern

about falling was predictive of future falls [13] which is in contrast to our findings. These dis-

crepancies between our study and the studies by Delbaere and colleagues [13, 14] may be

explained by the fact that we excluded people with a self-reported history of falling in the previ-

ous year, which we deem a strength of our study and necessary to accurately assess the rela-

tionship between falling and concern about falling.

First, the selection of participants without a recent history of falling is reflected in our FES-I

scores, which indicate that the participants of Delbaere and colleagues, including people with a

recent fall history, were more concerned (mean FES-I 22.6 with SD 6.4 [14]) than our partici-

pants (mean FES-I 19.2 with SD 3.7). Perhaps, a proportion of their participants was already

concerned about falling at baseline and did not become more concerned after a subsequent

fall. Likewise, our population may have been too unconcerned about falling, and the range of

FES-I scores too limited, for us to replicate their results.

Table 2. Relation between falling and concern about falling over long-term and short-term intervals.

All falls beta/OR [95% CI] p-value Injurious falls beta/OR [95% CI] p-value

Fall! ΔFES-I (beta)

Long-term (1 year) -0.01 [-0.88, 0.85]1,2,3 0.974 -0.15 [-1.06, 0.76]1,3 0.747

Short-term (1 month) 1.49 [0.74, 2.25] <0.001� 2.60 [1.55, 3.64] <0.001�

FES-I! Fall (OR)

Long-term (1 year) 1.08 [0.97, 1.22] 0.173 1.07 [0.97, 1.20] 0.177

Short-term (1 month) 1.02 [0.95, 1.09] 0.501 1.07 [0.96, 1.17]1 0.171

This table shows the regression coefficients (Beta, or change in FES-I score) or Odds Ratio (OR) of the long term, determined with linear fixed effect regression models,

and the short term, determined with linear mixed models, effects of the main independent variables (before the arrows) on the dependent variables (after the arrow).

The table includes results from analyses with all falls and only Injurious falls.

� indicates statistical significance at alpha = 0.050; The effects are adjusted for age [1], gender [2] and walking duration per day [3] as described in the methods section.

https://doi.org/10.1371/journal.pone.0253374.t002
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Second, our selected population consists mostly of participants with good physiological

capacity as indicated by the high percentages of participants in the very low and low fall risk

groups determined from the Quickscreen fall risk assessment. As suggested by Delbaere and

colleages [13], the relationship between falling and concern about falling may be dependent on

physiological fall risk, because concern about falling may increase the risk of trips and thereby

falls. Hence, people with good physiological capacity may be better able to compensate for this

increased risk than people with poor physiological capacity. This may be a reason why we did

not find that concern about falling was predictive of falling in our population. We do believe

that our study population was a good representation of community dwelling older adults with-

out a recent history of falling as these people are unlikely to have high concern about falling.

The question remains whether concern about falling can be considered as a primary cause

for falls or whether it differs between people with or without a recent history of falling. There-

fore, we performed the same analyses described in this manuscript on the participants with a

recent history of falling (see S2 Table for population descriptives) and found no significant

associations between falls and concern about falling, neither in either direction nor for the

type of falls, injurious or all falls (S3 Table). Hence, participants without a recent history of fall-

ing had increased concern about falling over one month when they had fallen in between the

start and end of that period (Table 2), but people with a recent history of falling did not (S2

Table). This may indicate that concern in participants with a recent history of falling was

already elevated and was not further affected after a subsequent fall, conform the findings by

Delbaere and colleagues [14]. These comparisons further support our belief that self-reported

history of falling may either bias findings concerning the relationship between falls and con-

cern about falling, and that this relationship is different for people with or without a recent his-

tory of falling.

Moreover, to evaluate the association between recent fall history and concern about falling,

we performed linear regression analyses similarly to the long-term, i.e., one-year, models

described in the method section. In one model recent fall history was associated with concern

about falling at baseline and we compared its results with a second model in which having

fallen determined from the one-year monthly follow-up predicted concern about falling at the

end of that follow-up (not adjusted for concern about falling at baseline). The results and com-

parison of these results indicated that history of falling was associated with high concern about

falling at baseline (βfall = 1.79, 95% CI [0.64, 2.93], points on the FES-I, p = 0.002), whereas

having fallen during the one-year follow-up was not associated with concern about falling

one year after baseline (βfall = 1.05, 95% CI [-0.28, 2.38], points on the FES-I, p = 0.123) and

(βinjuriousfall = 0.86, 95% CI [-0.53, 2.25], points on the FES-I, p = 0.225). Recall bias may be an

explanation for this finding, as recall bias is likely to be more pronounced when the recall

period is large, i.e., when asking about recent fall history retrospectively instead of assessing

falls prospectively using a monthly follow-up. Concern about falling may possibly lead to recall

bias, such that people with high concern about falling recall more falls than people with low

concern about falling. This recall bias stresses the need for prospective fall assessments using

monthly telephone contact or fall diaries, such as we employed in our study, to validly record

falls in older adults in future studies.

Although Hadjistavropoulos and colleagues [12] argue that fear of falling is different from

falls related self-efficacy and concern about falling, measured with the FES-I, these constructs

are often used interchangeably in studies on fall-related psychological concern. Therefore, it

may be relevant to compare our results to findings in literature that assessed fear of falling or

confidence. Friedman and colleagues [2] performed a study in which they investigated and

compared both directions of the relationship between falls and fear of falling over time. They

found that people developed fear of falling after a fall, while using a 20-months follow-up
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interval, and that fear of falling predicted future falls. Their findings seem to be in contrast to

our finding as we did not observe an increase in concern about falling over a one-year period

when participants fell in between assessments, nor did we find that concern about falling was

predictive of future falls. However, in their study they recorded falls by asking people whether

they had fallen in the past 12 months at 20-month follow-up. This method of recording falls is

more likely to be biased by someone’s fear or concern of falling than when falls are monitored

every month, potentially resulting in differential misclassification.

In a longitudinal study in a population comparable to ours, with an exception of fall history,

Hajistavropoulos and colleagues [27] found that confidence to perform daily-life activities

without falling, measured at baseline, predicted falls in the following 6 months. On average

their participants scored a nine out of ten on the Falls Efficacy Scale (FES), indicating that they

were very confident in carrying out daily-life activities without falling [28]. Hence, they are

comparable to our participants who scored on average a 19 on the FES-I scale from 16, not

concerned, to 64, very concerned. The main difference between our study and their study is

that they used the FES, which measures confidence, while we used the FES-I, which measures

concern. As mentioned earlier, Hadjistavropoulos and colleagues [12] argue that the concepts

of concern and confidence are not the same. Perhaps the difference between the concepts of

concern and confidence is the reason why our results do not support the findings of Hajistav-

ropoulos and colleagues [27].

Zijlstra and colleagues [29] showed that an intervention that reduced concern about falling

also reduced fall prevalence in community dwelling older adults. Their findings could be inter-

preted to suggest that concern about falling is associated with future falls. However, their inter-

vention also intervened on other potential determinants of fall risk. This may explain the

apparent disparity with our findings.

Despite the strength of our study to exclude people with a recent history of falling it is possi-

ble that a fall before the year prior to the baseline assessment has had a lasting influence on

concern about falling. Such an effect may have influenced our results as we did not assess fall

history for more than one year before baseline assessment. However, since we found no evi-

dence of long-lasting effects of falls on concern about falling, it is unlikely that fall history from

the period of earlier than one year before the start of our study has influenced our findings

substantially.

A limitation of our study is that we asked participants to fill out the FES-I questionnaire

each month, for a total of 13 questionnaires over 12 months, to study changes in concern

about falling shortly following a fall. A possible disadvantage of this approach is that partici-

pants may have become bored with filling out the questionnaires. This may have rendered the

questionnaires less sensitive to small changes, as people would simply fill out the questionnaire

similarly each month, unless something had happened that strongly affected their level of con-

cern about falling. Hence, a slow gradual change in concern about falling, independent of falls,

would not be detected. This could mask the short-term effect of concern about falling on falls,

as it relies on an accurate assessment of concern about falling, which according to Delbaere

and colleagues increases gradually over time [14]. However, although we indeed did not

observe any effect of the level of concern about falling on the short-term odds of falling, we

also did not observe an effect of concern about falling on the long-term odds of falling.

Another limitation is that, in 25% of the questionnaires used in this study, three items were

accidentally missing and replaced by the mean of the remaining items if no more than four

items were missing in total. The missing items were “Walking on an uneven surface”, “Walk-

ing up or down a slope” and “Going out to a social event”. To investigate if these missing items

influenced the total score of the questionnaires, we compared complete questionnaires and

questionnaires with missing items. We did this only for participants who did not experience
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any falls during the follow-up and who filled in both questionnaires with and without the three

missing items during the study duration (N = 34). For each participant we determined the

mean score of questionnaires with and without the three missing items and we calculated the

difference between these mean values within all participants. A one-sample t-test showed that

the mean difference between the mean questionnaire scores of questionnaires with and with-

out missing items was not significantly different from zero (0.20, 95% CI [-0.24, 0.64],

p = 0.367). Although the sample size for this additional analysis was relatively small, it’s results

appear to suggest that our method of replacing the missing items was valid. However, it

remains possible that in response to falls the three missing items are filled out differently than

the other FES-I items.

Furthermore, in our population we mostly recorded minor injuries after a fall (e.g. bruises

and small cuts). This could be considered a limitation as falls resulting in more severe injuries

may have a larger impact on concern about falling.

Finally, the lowest MMSE score of participants included in this study was 24 (N = 3). An

MMSE score between 19 and 24 is generally considered an indication of “mild” cognitive

impairment. It may be questioned whether these participants were able to fill out question-

naires and recall falls adequately. However, since there were only three participants with an

MMSE score of 24 it is unlikely that this would have affected our conclusions.

Our findings imply that falls are not the primary cause of sustained concern about falling in

older adults without a recent history of falling. Although concern about falling is increased up

to one month after a fall, this effect was not seen after a period of up to a year. Clinicians and

other healthcare professionals should be aware that there may be other factors besides recent

falls, even those that result in injuries, that may cause older adults to become concerned about

falling or that result in a sustained level of concern about falling.

Conclusion

We observed only a small increase in concern about falling from the start to the end of a one-

month interval in people who experienced a fall during this period and observed no increase

from the baseline assessment to the end of the study one year later in people who experienced

a fall during this period. From this, we conclude that older adults without a recent history of

falling are quite resilient against developing concern about falling after having fallen. Further-

more, we found no evidence that high concern about falling increases the odds of falling in the

following month nor year. We cannot advise concern about falling for use in fall prediction

models, nor as a target in fall prevention programs aimed at older adults with little concern

about falling who have no history of falling.
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