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Abstract

respectively.

Background: Hemodialysis (HD) patients are at a high risk of falls and fractures. The amount of physical activity (PA)
they perform may be limited by psychosomatic factors associated with fear of falling, leading to frailty progression.
This study aimed to clarify the relationship between fear of falling and PA in patients undergoing HD.

Methods: This cross-sectional study included 46 HD patients. Fear of falling was evaluated using the Modified
Falls Efficacy Scale (MFES). A 3-axis accelerometer was used to measure PA, including number of steps; 1to 1.9
METs =static PA, 2 to 2.9=light PA, and 3 or more = moderate to vigorous PA (MVPA). We examined correlation of
MFES with each type of PA. Factors affecting fear of falling were determined using multiple regression analysis.

Results: The median MFES was 9.2 (7.4, 10.0). MFES was associated with the number of steps (r=0.608, p < 0.001),
light PA (r=0421, p=0.004), and MVPA (r=0.546, p < 0.001). Eighteen participants (39.1%) experienced at least one
fall in a year and had lower MFES than the non-fall group (fall group: 7.4 [5.1, 9.0] vs. non-fall group: 9.7 [8.5, 10.0],

p<0.001). Multiple regression analysis showed that MFES was independently associated with the number of steps
(B=279.7,95% confidence interval [Cl] =90.5-469.0, p = 0.005) and MVPA (B=3.52,95% Cl=1.14-5.90, p=0.005),

Conclusions: Fear of falling was associated with amount of PA among patients undergoing HD. Interventions that
target the fear of falling may be effective in reducing HD patients'fall risk by enhancing PA.
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Background

Hemodialysis (HD) patients experience fractures more
frequently than healthy individuals [1, 2]. Moreover, HD
patients frequently experience falls that induce fractures
[3]. Among older adults, reduced physical activity (PA)
is associated with both falls and fractures [4], while HD
patients may have poor PA owing to sarcopenia/frailty
and dialysis treatment.
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Psychological factors may be associated with PA and
falls [5]. Fear of falling is a psychological state as ongo-
ing concern about falling that ultimately leads to avoid-
ance of the performance of daily activities [6]. Severe fear
of falling restricts activity of daily living and PA even if
patients have enough physical functions. The modified
falls efficacy scale (MFES) is one of psychological param-
eters used to evaluate associated fall risk in the general
population [7] while there is little data for MFES in HD
patients.

HD patients engage in less PA [8] and demonstrate
more psychological problems [9] than the general popu-
lation; however, there are no reports to examine fear of
falling and the association with PA by intensity in HD
patients. This study evaluated the degree of fear of falling
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with MFES and detailed PA with 3D accelerometer, and
examined their relationship among HD patients.

Methods

Study design and participants

This was a cross-sectional study conducted in a single
hospital. From January 2017 to March 2017, we recruited
all patients undergoing HD at the Niigata Rinko Hospi-
tal. To be eligible, persons had to be HD patients, aged
over 20 years, on HD treatment for more than 1 year, and
who provided consent to participate in this study. This
study excluded persons who could not walk unassisted,
recorded less than 10 activity meter hours [10], had
lower limb amputations, and were on HD for less than
1 year. Age, sex, height, dry weight (DW), body mass
index (BMI), dialysis duration, primary cause of kidney
disease, presence of comorbidities (including cerebro-
vascular disease, cardiovascular disease, diabetes, and
diabetic retinopathy), Charlson comorbidity index (CCI),
serum albumin level, blood pressure, Kt/v for urea, blood
hemoglobin level, and serum intact parathyroid hor-
mone (PTH) levels were reported as basic characteristics.
The presence or absence of falls over the past year was
recorded according to a previous report [11].

Study protocol complied with the 1975 Declaration of
Helsinki, revised in 2013. Approval was granted by the
Ethics Committee of Niigata Rinko Hospital (approval
number 2104-97), and all patients provided written
informed consent.

Fear of falling evaluation

MEES was used to assess fear of falling. It consists of 14
items associated with fall-related activities of daily living
(ADL) and instrumental activities of daily living (IADL)
(Table 1). Each item is scored on a 10-point numeric rat-
ing scale, in which 0=not confident, 5= fairly confident,
and 10=completely confident, that means the lower
score suggests the intense fear of falling [12]. The overall
score is calculated as the average of all questions.

Physical activity evaluation

The PA meter Active Style Pro HJA-750C with built-in
3D accelerometer (OMRON Co., Tokyo, Japan) was used
to assess the amount of PA among HD patients. The eval-
uation items consisted of the number of steps. Overall,
PA was categorized as follows: 1 to 1.9 METs included
sitting to standing was static PA; 2 to 2.9 METs included
slow walking, etc. was light PA; and 3 METs or more
involving activities more intense than normal walking
was moderate to vigorous PA (MVPA) [13]. The activity
meter recorded their physical activities for 4 days includ-
ing 2 dialysis days and 2 non-dialysis days.
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Table 1 Items in the Modified Falls Efficacy Scale (MFES)

1. Get dressed and undressed

2. Prepare a simple meal

3.Take a bath or a shower

4. Get in/out of a chair

5. Get in/out of bed

6. Answer the door or telephone

7. Walk around the inside of your house
8. Reach into cabinets or closets

9. Light housekeeping

10. Simple shopping

11. Using public transport

12. Crossing roads

13. Light gardening or hanging out the laundry
1

4. Using front or rear steps at home

Statistical analysis

Each measured value is presented as a median (inter-
quartile range) and percentage (%). The participants were
divided into two groups by MFES consisting of the High
MEES group and the Low MFES group, and compared
background data with Mann—Whitney U test and Chi-
square test. Spearman’s rank correlation coefficient test
was employed to investigate the relationship between
MEFES and PA. The Mann-Whitney U test was used to
compare the MFES in the fall and non-fall groups over
the past year. A multiple regression analysis was per-
formed to find the association between MFES and each
PA parameter. The analysis was adjusted for age, sex,
CCI, and history of fall.

As a sub-analysis, each PA parameter on HD days
was compared that on non-HD days with the Wilcoxon
signed-rank test. MFES and each PA parameter in
patients with diabetes were compared with those without
diabetes with Mann—Whitney U test. IBM SPSS statistics
version 27 was used, and values of p <0.05, were consid-
ered statistically significant.

Results

This study initially included 72 HD outpatients who
visited the Niigata Rinko Hospital. Of these, 46 met the
eligibility criteria and we were able to measure their
PA for 4 days. Table 2 presents the clinical character-
istics of the participants. Participants’ median age was
70.5 (65.0, 75.0) years, 18 (39.1%) were males, and the
median dialysis period was 7.5 (3.0, 10.0) years. Median
MEES was 9.2 (7.4, 10.0) at baseline, and Fig. 1 shows
the distribution. Fourteen participants (30.4%) had an
MEES of 10, suggesting more confidence in fall-related
ADL/IADL and less fall likelihood, while 32 (69.6%)
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Table 2 Participants'clinical characteristics

All (n=46) High MFES group (n=23) Low MFES group (n=23) p value
Age (years) 705 (65.0,75.0) 0(63.0,73.0) 72.0(65.0,76.0) 0301
Men, n (%) 18 (39.1) 0(43.5) 8(34.8) 0.763
BMI (kg/m?) 22.1(19.0,243) 7(19.5,24.1) 20.8(18.6,24.8) 0.668
Dialysis duration (years) 7.5(3.0,10.0) .0 (2.0,9.0) 0(5.0,15.0) 0.054
Comorbid conditions
Cerebrovascular disease, n (%) 13(28.2) 4(174) 9(39.1) 0.189
Cardiac disease, n (%) 41 (89.1) 0 (87.0) 21(91.3) 1.0
Diabetes mellitus, n (%) 26 (56.5) 0(43.5) 16 (70.0) 0.136
Diabetic retinopathy, n (%) 12 (26.1) 4(174) 8(34.8) 0314
CCl (score) 6.0 (5.0,7.0) 0(4.0,7.0) 6.0 (5.0,7.0) 0.720
Primary kidney disease
Diabetic nephropathy, n (%) 13 (29.5) 0(43.5) 3(13.0) 0.047
Glomerulonephritis, n (%) 18 (36.4) 9(39.1) 9(39.1) 1.0
Hypertension, n (%) 11 (25.0) 9(39.1) 2(8.7) 0.035
Other nephropathies, n (%) 4(9.0) 2(8.7) 2(8.7) 1.0
Laboratory values
Albumin (g/dL) 35(3.2,36) 5(3.2,3.7) 4(3.3,3.6) 0.642
Hemoglobin (g/dL) 11.2(10.8,12.5) .3(10.9,13.0) 11 2(103 12.0) 0.108
PTH (pg/mL) 172.0(172.0, 286.8) 169.0 (133.0,338.0) 175.0 (78.0, 264.0) 0423
Systolic blood pressure (mmHg) 171.0(152.0, 188.5) 178.0 (152.0, 194.0) 162.0 (152.0, 186.0) 0214
Diastolic blood pressure (mmHg) 87.0(77.0,99.8) 92.0 (80.0,101.0) 81.0 (74.0,98.0) 0.129
Kt/v 15(1.3,1.8) 5(1.2,1.6) 6(1.3,1.8) 0.191
History of falls, n (%) 18 (39.1) 4(17.4) 4(60.9) 0.006
MEFES (score) 9.2 (74,10.0) .0(9.6,10.0) 3(4.7,80) <0.001
Physical activity
Steps (number/day) 2081.3(662.3,2717.4) 2723.5(2194.5,3850.8) 921.5(492.3,17485) <0.001
Static PA (min/day) 605.3 (508.6, 724.3 565.3 (486.5, 665.3) 657.3 (545.0, 790.0) 011
Light PA (min/day) 98.3(85.6,135.6 1243 (89.3,157.5) 89.0(71.8,107.0) 0011
MVPA (min/day) 31.3(18.7,488 46.3(29.3,53.5) 21.0(12.3,33.0) <0.001

BMI, body mass index; MFES, modified falls efficacy scale; MVPA, moderate to vigorous physical activity; PA, physical activity; PTH, parathyroid hormone
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Fig. 1 Distribution of Modified Falls Efficacy Scale (MFES) in HD
patients

had an MFES less than 10, suggesting less confidence
and more fall likelihood. There were two patients with
lower MFES (0-1 point), and they had history of fall,

cardiovascular disease, and diabetes. Figure 2 shows
PA distribution among HD patients. There were 2081.3
(662.3, 2717.4) median steps per day, while the median
minutes per day for static PA, light PA, and MVPA were
605.3 (508.6, 724.3), 98.3 (85.6, 135.6), and 31.3 (18.7,
48.8), respectively. The Low MFES group was shorter in
height, had more diabetic nephropathy, had a greater
history of falls, and had significantly fewer steps, light
PA, and MVPA compared with the High MFES group.
Patients with diabetes had lower MFES compared
with those without diabetes, while there was no differ-
ence in each PA parameters among the groups (Addi-
tional file 1: Table S1). Figure 3 shows the relationship
between MFES, PA, and history of falls. Positive cor-
relations were observed between MFES and num-
ber of steps (r=0.608, p<0.001), light PA (r=0.421,
p=0.004), and MVPA (r=0.546, p<0.001). Eighteen
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participants (39.1%) experienced at least one fall in
that year and had lower MFES than the non-fall (fall
group: 7.4 [5.1, 9.0] points vs. non-fall group: 9.7 [8.5,
10.0] points, p<0.001). Results of univariate and mul-
tivariate analyses are summarized in Table 3. Even after
adjustment for age, sex, CCI and history of falls, MFES
was consistently and significantly associated with steps
(B=279.7, 95% confidence interval [CI] =90.5-469.0,
p=0.005) and MVPA (B=3.52, 95% CI=1.14-5.90,
p=0.005), respectively.

When we analyzed these categories according to HD
days versus non-HD days, PA parameters were lower in
the former than the latter (Additional file 1: Figure S1).
Positive relations of the MFES were observed with the
number of steps, light PA, and MVPA in non-HD days
(Additional file 1: Figure S2) and the number of steps and
MVPA in HD days (Additional file 1: Figure S3).

Discussion

This study examined the relationship between fear of fall-
ing, PA, and fall incidence in HD patients. The main find-
ings were that MFES positively correlated with number

of steps, light PA and MVPA. Previous studies involving
the general older adult population have shown that fear
of falling is associated with PA limitations [5, 14]. There
is, however, no evidence about the prevalence of fear of
falling and its association with PA and fall events among
HD patients. The median MFES among HD patients in
this study was 9.2 (7.4, 10.0), which was lower than that
of healthy older adults of the same age, in an earlier
report (9.76) [12]. This study used a 3-axis accelerom-
eter to examine three levels of PA intensity. In addition
to the association of MFES with number of steps, the
total amount of PA, the association between MFES and
PA was enhanced with PA intensity. (Table 3). These
results suggest that HD patients had a severe fear of fall-
ing, which was associated with total PA, especially severe
activity.

The deterioration of physical functions such as mus-
cle strength and lower limb performance exacerbates
fear of falling in the general population [15]. Moreo-
ver, it has been reported that PA of 3 METs or more
is associated with physical function among healthy
men and women, while 2 to 2.9 METs has been
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Fig. 3 Relationship between Modified Falls Efficacy Scale (MFES) scores and physical activity (PA) in HD patients. A Number of steps, B amount of
static PA, C amount of light PA, and D amount of MVPA were shown via MFES. E Eighteen participants (39.1%) experienced at least one fall in that
year and had lower MFES than the non-fall (fall group: 7.4 [5.1, 9.0] points vs. non-fall group: 9.7 [8.5, 10.0] points, p < 0.001)

Table 3 Relationship between physical activity and fear of falling

Unadjusted model

Adjusted model*

B (95% Cl) p value B (95% Cl) p value
Steps 321.9(160.2 to 483.6) <0.001 279.7 (90.5 t0 469.0) 0.005°
Static PA —8.34 (—30.58to 13.90) 0454 —547(—=32.15t021.21) 0.681
Light PA 6.76 (1.61t0 11.91) 0.011 4,05 (—1.89109.98) 0.176
MVPA 3.85(1.86 t0 5.85) <0.001 3.52(1.14t0 5.90) 0.005°

Cl: confidence interval, MVPA: moderate to vigorous physical activity, PA: physical activity

" Objective variable for Modified Falls Efficacy Scale. Adjusted for age, sex, Charlson comorbidity index, and history of falls

2 Adjusted R2=0.230
b Adjusted R2=0.187
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associated with physical function among women [10].
Research also suggests that patients with type 2 dia-
betes who engage in PA for>150 min per week have
higher isometric knee extension muscle strength than
those with <150 min of activity [16]. Among dialysis
patients, accelerometer-measured PA was correlated
with a 6-min walking time [8]. It is, therefore, possi-
ble that, among HD patients, fear of falling is associ-
ated with fall risk owing to the impairment of physical
function. Psychosomatic factors may also be a major
contributor to the fear of falling. It is well known that
psychosomatic problems, including depression and
anxiety, are frequently observed among HD patients
[9]. Moreover, antidepressants use is associated with
increased fractures in that demographic [17]. Thus, it
is possible that fear of falling caused by psychosomatic
problems is associated with a higher fall risk, which
may lead to increased fracture incidence among HD
patients.

All kinds of PA were found to be greater on non-HD
days than HD days (Additional file 1: Figure S1). The
PA decrease on HD days is thought to be the result of
weakness and fatigue post-HD treatment and the loss
of potential activity time owing to HD sessions [18].
Concerning the former, several dialysis-related factors,
such as changes in blood pressure [19] and fluid vol-
ume [20], may limit PA on HD days.

Exercise interventions reportedly reduce fear of fall-
ing among older adults in the community [21]. This
study found the mean number of daily steps taken to be
2081.3. This suggests that additional exercise is needed
to improve fear of falling and PA, as the recommended
number of steps on non-HD days is 4000 or more [22].
Further studies are needed to assess the exercise inter-
vention’s potential impact on fear of falling toward the
reduction of fall risk among HD patients.

It is, of course, necessary to consider limitations of
this study. Since this was a small group cross-sectional
study, it was impossible to clarify the causal relation-
ship between fear of falling and PA. We did not exam-
ine the effect of CKD-related factors, such as nutrition
and muscle strength, on the association between fear
of falling and PA owing to small sample size, and future
studies will be needed to be clarified it. It is also pos-
sible that some aspects of fall history were overlooked,
as researchers verbally inquired about falls which
took place in the past year. Although this was a pilot
study with a small sample size, it is the first to demon-
strate the severity of fear of falling while presenting a
detailed account of PA in HD patients. In the future,
large-scale prospective studies are needed to provide
further insight into fear of falling and its association
with PA.
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Conclusions

Fear of falling was associated with number of steps and
MVPA in HD patients. Psychological approach for fear
of falling may effectively reduce fall risk in HD patients
through PA enhancement.
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