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Abstract: Falls are a social problem that increase healthcare costs. Hemodialysis (HD) patients need
to avoid falling because fractures increase their risk of death. Nutritional problems such as frailty,
sarcopenia, undernutrition, protein-energy wasting (PEW), and cachexia may increase the risk of falls
and fractures in patients with HD. This review aimed to summarize the impact of frailty, sarcopenia,
undernutrition, PEW, and cachexia on falls in HD patients. The reported global incidence of falls
in HD patients is 0.85–1.60 falls per patient per year. HD patients fall frequently, but few reports
have investigated the relationship between nutrition-related problems and falls. Several studies
reported that frailty and undernutrition increase the risk of falls in HD patients. Nutritional therapy
may help to prevent falls in HD patients. HD patients’ falls are caused by nutritional problems such
as iatrogenic and non-iatrogenic factors. Falls increase a person’s fear of falling, reducing physical
activity, which then causes muscle weakness and further decreased physical activity; this cycle can
cause multiple falls. Further research is necessary to clarify the relationships between falls and
sarcopenia, cachexia, and PEW. Routine clinical assessments of nutrition-related problems are crucial
to prevent falls in HD patients.
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1. Introduction

Falls are a social problem that increase medical expenses. In 2015, the estimated medi-
cal costs due to falls in the United States were approximately USD 50 billion [1]. According
to the World Health Organization, approximately 28–35% of the elderly community fall
every year [2]. Falls can cause fractures and head injuries [3], poor quality of life [4], early
admission to long-term care facilities [5], and increase the mortality rate [6]. In addition,
falls cause a fear of falling, thereby decreasing physical activity [7].

Hemodialysis (HD) patients frequently fall [8] which leads to fractures and increased
mortality. The global number of people receiving renal replacement therapy was reported
to be 262 million in 2010, and is expected to increase to 543.9 million by 2030 [9]. HD
patients are at a greater risk than healthy individuals of developing femoral neck fractures
because of decreased bone mineral density due to progressive chronic kidney disease
(CKD) [10,11]. Mortality in HD patients with fractures are higher than in those without
fractures [12]. Therefore, fall prevention is necessary for HD patients in order to decrease
the economic and social issues.
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Nutritional problems may be a risk factor for falls in HD patients. HD patients develop
symptoms of uremia, decreased dietary intake and protein synthesis, increased catabolism,
metabolic acidosis, chronic inflammation, and insulin resistance [13]. HD treatment causes
a loss of nutrients and decreased physical activity. As a result, frailty, sarcopenia, and
undernutrition are accelerated due to a decrease in energy storage sources such as protein,
muscle, and fat [13]. Nutrition-related disorders are associated with falls in the elderly
community [14–16]. However, the relationship between nutritional problems and falls in
HD patients remains unclear.

The purposes of this narrative review were to summarize (1) the causes of falls in HD
patients, and (2) the impact of frailty, sarcopenia, undernutrition, protein-energy wasting
(PEW), and cachexia on falls in HD patients. Clarifying the effects of nutritional problems
on falls may help to prevent falls in HD patients.

2. Definition of Falls

According to The Prevention of Falls Network Europe Consensus, a fall is defined as
“an unexpected event in which the participants come to rest on the ground, floor, or lower
level” [17]. Falls should be recorded using prospective daily recording and a notification
system with a minimum of monthly reporting. Telephone or face-to-face interviews should
be used to rectify missing data and to ascertain further details of falls and injuries [17]. Fall
data should be summarized as the number of falls, number of fallers/non-fallers/frequent
fallers, fall rate per person per year, and first fall [17].

3. Incidence, Trigger, and Timing of Falls in HD Patients
3.1. Frequency of Falls in HD Patients

HD patients had far more falls than the general population. Fifteen studies on falls in
HD patients were extracted (Table 1). Approximately 30–60% of HD patients experience
falls [18–26], and of these, 30–57% of patients had multiple falls [18,21,24–26]. The rate of
severe falls requiring medical attention was 10.7–19.0% [18,26,27] and fractures occurred in
1.0–4.0% [18,26,28]. HD patients (mean age of 70 years) accounted for 45.0–55.5% of falls
annually, compared with approximately 30% in the elderly community [29]. The reported
global incidence of falls in HD patients was 0.85–1.60 falls per patient–year. In addition,
falls reportedly increased with age to 1.76 falls per patient–year for those ≥65 years old
compared to 0.13 falls per patient–year for those <65 years old [30]. There is no significant
difference between peritoneal dialysis (PD) patients and HD patients with regard to fall
frequency (OR 1.63; 95% CI 0.88–3.04; p = 0.12) after adjusting for covariates [23]. Van Loon
et al. reported a median number of falls was two (Interquartile range IQR) [1–5], which
was comparable between HD and PD [31].

Table 1. Frequency and factors of falls in HD patients.

Author, Year,
Country

Design, Setting
(Study Period)

Age (Years)
Male/Female

Sample Size,
Falls (First Fall)

Fall Activities,
Location Fall Timing Fall Risk Factors

Roberts RG et al.,
2003 [19] UK

Cross-sectional
study
One hospital HD
unit

Mean 78.2 ± 5.3
Male 48.9%
Female 51.1%

n = 47
13 (27.7%) Not listed Not listed

Postural
hypotension
※No multivariate
analysis

Desmet C et al.,
2005 [28] Belgium

Prospective cohort
study (8 weeks)
Seven HD units

Median 70.9
(25.3–92.8)
Male 56.4%
Female 43.6%

n = 308
56 (12.7%)

Home (82%), Public
sites (7%), Other
(9%), unknown (2%)

Five falls were
recorded during the
first 24 h after
dialysis. Among the
remaining 33 falls,
24 falls were
observed within
22 h after HD
therapy versus 9
falls within 22 h
before HD therapy
(p = 0.058).

Older age, diabetes,
walking test failed,
intake of an
antidepressant, and
high number of oral
prescribed drugs
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Table 1. Cont.

Author, Year,
Country

Design, Setting
(Study Period)

Age (Years)
Male/Female

Sample Size,
Falls (First Fall)

Fall Activities,
Location Fall Timing Fall Risk Factors

Cook WL et al., 2006
[18] Canada

Prospective cohort
study (12 months)
One outpatient HD
unit

Mean 74.7
Male 57%
Female 43%

n = 169
305 (45.0%)

Walking (69%
indoors, 31%
outdoors), standing
from the seated
position (31%),
trying to rise from a
lying position
(12%).

Falls occurred with
similar frequency
on dialysis and
non-dialysis days
(p = 0.05).
On dialysis days,
falls were more
common after
dialysis (73%) than
before (27%).

Male gender,
history of falls, low
mean pre-dialysis
systolic blood
pressure, higher
number of
comorbidities

Roberts R et al.,
2007 [30] UK

Prospective cohort
study (6 months)
One hospital HD
unit

Median 58 (52–83)
Male 65.4%
Female 34.6%

n = 78
14
· aged > 65: (38%)
·younger: (4%)

Not listed Not listed
Age
※No multivariate
analysis

Li M et al., 2008 [20]
Canada

Prospective cohort
study (12 months)
One hospital HD
unit

Mean 74.7 ± 6.1
Male 57.0%
Female 43.0%

n = 162
305 (46.9%) Not listed Not listed

Older, higher
number of
comorbidities,
diabetes, initiated
renal replacement
therapy more
recently
※No multivariate
analysis

Abdel-Rahman EM
et al., 2010 [21] USA

Prospective cohort
study (12 months)
Two outpatient HD
units

Mean 62.4 ± 16.1
Male 61.8%
Female 38.2%

n = 76
20 (26.3%) Not listed Not listed Age ≥ 65 years,

Female

McAdams-DeMarco
MA et al., 2013 [32]
USA

Prospective cohort
study (6.7 months)
One outpatient
dialysis unit

Mean 65 ± 12.6
Male 53.7%
Female 46.3%

n = 95
70 (28.3%) Not listed Not listed Frailty

Polinder-Bos HA
et al., 2014 [22]
Netherlands

Prospective cohort
study (12 months)
Two hospital HD
units

Median 79.3 (70–89)
Male 52%
Female 48%

n = 49
40 (55.5%) Not listed Not listed

Lower systolic
blood pressure
before dialysis,
higher PTH

Farragher JF et al.,
2016 [23]
Canada

Prospective cohort
study (12 months)
One hospital HD
unit

· HD
Mean 74.7 ± 6.1
Male 57.0%
Female 43.0%
· PD
Mean 73.2 ± 9.0
Male 55.0%
Female 45.0%

· HD
n = 162
305 (46.9%)
·PD
n = 74
87 (54%)

Not listed Not listed

Male, number of
comorbidities, ≥1
reported fall in
previous year

Zanotto T. et al.,
2018 [24] UK

Cross-sectional
study
Two hospital HD
units

Mean 61.1 ± 14
Male 53.9%
Female 46.1%

n = 72
80 (36.1%)

Gait and balance
issues (65.4%),
environmental
hazards (46.2%),
and dizziness or
syncope-like events
(42.3%).

Not listed

None of the
variables were
significantly
associated with
falling.

Kono K. et al., 2018
[33]
Japan

Prospective cohort
study (2 years)
Two outpatient
dialysis units

Mean 69.4 ± 11.6
Male 60%
Female 40%

n = 223
91(41%) Not listed Not listed

Age of 80 years and
older, high CRP
level, decreasing
GNRI, SPPB 8
points or less,
decreasing grip,
presence of
intradialytic
hypotension, high
scores in the inquiry
regarding falling

van Loon IN et al.,
2019 [31] England
and Northern
Ireland

Prospective cohort
study (24 months)
Twenty-two
outpatient HD units

Mean 75.0 ± 7.0
Male 60.0%
Female 40.0%

n = 203
54 (47%) Not listed Not listed Diabetes mellitus,

previous falls

Zanotto T. et al.,
2020 [25] UK

Prospective cohort
study (12 months)
Three outpatient
HD units

Mean 61.8 ± 13.4
Male 54.4%
Female 45.6%

n = 68
25 (36.8%) Not listed Not listed

Higher center of
pressure range in
medial–lateral
direction during
eyes closed
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Table 1. Cont.

Author, Year,
Country

Design, Setting
(Study Period)

Age (Years)
Male/Female

Sample Size,
Falls (First Fall)

Fall Activities,
Location Fall Timing Fall Risk Factors

Zanotto T et al.,
2020 [26] UK

Prospective cohort
study (12 months)
Three hospital HD
units

Mean 61.7 ± 13.3
Male 55.1%
Female 44.9%

n = 69
80 (37.7%)

Walking (31%),
getting up (21%),
turning around
(15%), using stairs
(6%), other (26%).
Home (72%),
outdoors (19%),
public site (9%).

Not listed

Worse baroreflex
function, orthostatic
decrements of blood
pressure to 60◦
head-up tilt test

Chu NM et al., 2020
[27] USA

Prospective cohort
study (108 months)
Two hospital HD
units

·Kidney
transplantation
donors
Mean 54.0 ± 14.0
Male 61.9%
Female 38.1%
·Kidney
transplantation
recipients
Mean 54.3 ± 14.0
Male 62.1%
Female 37.9%

·Kidney
transplantation
donors
n = 3666
598 (16.3%)
·Kidney
transplantation
recipients
n = 770
96 (12.5%)

Not listed Not listed

·Kidney
transplantation
candidates: frailty,
lower extremity
impairment (SPPB
score ≤ 10), poor
HRQOL
·Kidney
transplantation
recipients:
frailty, lower
extremity
impairment (SPPB
score ≤ 10)

HD, hemodialysis; PTH, parathyroid hormone; PD, peritoneal dialysis; CRP, C-reactive protein; GNRI, geriatric
nutritional risk index; SPPB, Short Physical Performance Battery; HRQOL, health-related quality of life.

3.2. Trigger for Falls in HD Patients

Falls often occur when walking at home in patients with HD. Cook et al. reported that
walking was the most common activity that led to falls (69% indoors, 31% outdoors) [18].
They also reported frequent falls in the process of moving from the sitting position to the
standing position (31%) and moving from a recumbent position to the standing position
(12%) [18]. Zanotto T et al. reported that the causes of falls were gait and balance issues
(65.4%), environmental hazards (46.2%), and dizziness or syncope-like events (42.3%) [24].
In addition to walking (31%), falls occurred when getting up (21%), turning around (15%),
using stairs (6%), and others (26%) [26]. The locations of falls are at home (72–82%),
outdoors (19%), public sites (7–9%), and others (9%) [26,28].

3.3. Timing of Falls in HD Patients

Falls tend to occur more often after than before dialysis sessions, but no significant
difference has been reported when comparing the days on which patients underwent
dialysis and the days when they did not. Desmet et al. reported that the frequency of
falls was higher within 22 h after dialysis therapy than within 22 h before dialysis therapy,
but the difference was not significant (p = 0.058) [28]. Furthermore, Cook et al. reported
that falls occurred at similar frequencies on dialysis and non-dialysis days (p = 0.05) [18].
The average number of falls per person was 1.45 (95% CI 0.89–2.01) on dialysis days
and 1.35 (95% CI 0.82–1.89) on non-dialysis days after adjusting for the weekly dialysis
frequency [18].

3.4. Falls and Clinical Outcomes in HD Patients

Falls in HD patients cause poor clinical outcomes. Falls resulted in hospitalization for
16% and death for 4% of instances [18]. Abdel-Rahman et al. reported that the faller had a
2.13-times increased risk of death, 3.5-times increased risk of admission to a nursing home,
and a nearly two-fold increase in the number and duration of hospitalizations [21].

4. Nutritional Problems and Falls in HD Patients
4.1. Frailty and Falls in HD Patients

Frailty is a condition that increases vulnerability due to increased dependency when
exposed to a stressor [34]. The frailty phenotype is the most commonly used evaluation tool
for frailty, and consists of five symptoms: weakness, slow walking speed, low physical activity,
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exhaustion, and unintentional weight loss [35]. Frailty is diagnosed if three or more of the
symptoms are present [35]. The prevalence of frailty in HD patients ranges from 29.6–81.5% [36].
The prevalence of frailty with end-stage renal disease (ESRD) is 46.0% (95% CI, 34.2–58.3%) [36].
The risk factors of frailty are age (SMD, 0.43 years; 95% CI, 0.24–0.61), female sex (OR, 1.89;
95% CI, 1.33–2.67), and diabetes (OR, 2.42; 95% CI 1.68–3.49) [36].

The prevalence of frailty in HD patients ranges from 29.6–81.5% [36]. The prevalence
of frailty with end-stage renal disease (ESRD) is 46.0% (95% CI, 34.2–58.3%) [36]. The risk
factors of frailty are age (SMD, 0.43 years; 95% CI, 0.24–0.61), female sex (OR, 1.89; 95% CI,
1.33–2.67), and diabetes (OR, 2.42; 95% CI 1.68–3.49) [36].

Frailty increases the risk of falls in HD patients (Table 2). Frail participants experi-
enced increased falls 3.09-fold (95% CI, 1.38–6.90) compared to non-frail participants, after
adjusting for covariates. [32]. Chu et al. reported that the prevalence of frailty in kidney
transplant candidates was 1.36 times (95% CI, 1.12–1.64) higher in the single fall group and
1.90 times (95% CI, 1.58–2.29) higher in the recurrent falls group compared to the non-fall
group. In addition, the prevalence of frailty in kidney transplant recipients was 1.67 times
(95% CI, 1.02–2.74) higher in the single fall group and 2.04 times (95% CI, 1.20–3.45) higher
in the recurrent fall group compared to the non-fall group [27]. Delgado et al. reported that
self-reported frailty was associated with a higher risk of falls or fractures requiring medical
attention compared to non-frail participants (HR, 1.60; 95% CI, 1.16–2.20) [37]. Thus, frailty
causes falls, and interventions for frailty may lead to the prevention of falls.

Table 2. Nutritional problems and falls in HD patients.

Author, Year, Country Design, Setting
(Study Period)

Age (Years)
Male/Female (%)

Sample Size,
Falls (First Fall) Evaluation Main Results

McAdams-DeMarco
MA. et al., 2013 [32]
USA

Prospective cohort
study (6.7 months)
One outpatient dialysis
unit

Mean 65 ± 12.6
Male 53.7%
Female 46.3%

n = 95
70 (28.3%) Fried frailty phenotype

After adjusting for
comorbidities, disability,
number of medications,
education, and marital
status, frailty predicted
a 3.09-fold
(95% CI: 1.38–6.90,
p = 0.006) higher
number of falls.

Chu NM et al., 2020 [27]
USA

Prospective cohort
study (108 months)
Two hospital HD units

· Kidney transplantation
candidates
Mean 54.0 ± 14.0
Male 61.9%
Female 38.1%
· Kidney transplantation
recipients
Mean 54.3 ± 14.0
Male 62.1%
Female 37.9%

· Kidney transplantation
candidates
n = 3666
598 (16.3%)
· Kidney transplantation
recipients
n = 770
96 (12.5%)

Fried frailty phenotype

· Kidney transplantation
candidates: frailty was
independently
associated with single
fall (PR, 1.36; 95% CI,
1.12–1.64) and recurrent
falls (PR, 1.90; 95% CI:
1.58–2.29).
· Kidney transplantation
recipients: frailty was
independently
associated with single
fall (PR, 1.67; 95% CI,
1.02–2.74) and recurrent
falls (PR, 2.04; 95% CI,
1.20–3.45).

Kono K. et al., 2018 [33]
Japan

Prospective cohort
study (2 years).
Two outpatient dialysis
unit

Mean 69.4 ± 11.6
Male 60%
Female 40%

n = 223
91 (41%) GNRI

In the univariate
analysis, decreasing
GNRI was
independently
associated with falls
(HR, 1.04; 95% CI,
1.01–1.08).

HD: hemodialysis, CI: Confidence Interval, PR: prevalence ratio, GNRI: geriatric nutritional risk index, HR: hazard
ratio.

4.2. Sarcopenia and Falls in HD Patients

HD patients are more likely to have sarcopenia, which is characterized by the age-
related loss of skeletal muscle plus low muscle strength and/or physical performance [38].
The definition of sarcopenia is recommended by the Asian Working Group for Sarcopenia
(AWGS) [39] for Asians and the European Working Group on Sarcopenia in Older People
(EWGSOP) [40] in Europe and the United States. Both include the clinical features loss
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of skeletal muscle mass, low muscle strength, and low physical performance [39,40]. The
reported prevalence of sarcopenia ranges from 4–42% in patients with HD, depending on
the diagnostic criteria [41]. Bataille et al. reported that 31.5% of HD patients had sarcopenia,
33.3% had low muscle mass, and 88.3% had low muscle strength [42]. Protein catabolism
due to the dialysis procedure, and a low energy and protein intake leads to sarcopenia in
patients with HD [43,44]. Inactivity and fatigue during dialysis treatment [45] cause a loss
of muscle mass, muscle weakness, and decreased physical function.

No studies have reported on the association between sarcopenia and falls in HD
patients to date. However, lower skeletal muscle mass, assessed by the modified creatinine
index (MCI), leads to fractures in HD patients. MCI is calculated by the following formula:
MCI (mg/kg/d) = 16.21 + 1.12 × [one if male; zero if female] − 0.06 × age (years) − 0.08
× single-pool Kt/V for urea + 0.009 × serum creatinine before dialysis (mmol/L) [46].
Considering the MCI quartiles Q1 (HR, 7.81; 95% CI, 2.63–23.26) and Q2 (HR, 5.48; 95%
CI, 2.08–14.40) compared to Q4, the fracture rates in men were significantly higher [46].
Comparing the MCI quartile Q1 (HR, 4.44; 95% CI, 1.50–13.11) to Q4, the fracture rates in
women were significantly higher [46].

The early detection of sarcopenia is important because HD patients have a high preva-
lence of sarcopenia. However, it is difficult to diagnose sarcopenia by the measurement
of muscle mass due to the need for computed tomography (CT) and dual-energy X-ray
absorptiometry (DEXA), which require expensive equipment, and also due to the radiation
to which the patients would be exposed. The MCI can be calculated from age, gender,
Kt/V, and blood creatinine levels [46]. The MCI has also been shown to significantly cor-
relate with skeletal muscle mass measured by bioelectrical impedance analysis (BIA) [46].
Therefore, further research into falls in HD patients related to sarcopenia is necessary.

4.3. Undernutrition and Falls in HD Patients

Undernutrition is common in patients with HD and is caused by the progression of
CKD [47], a low protein diet [48], and prolonged dialysis treatment after HD introduc-
tion [49]. Undernutrition is classified as iatrogenic and non-iatrogenic [50]. Iatrogenic
factors are the result of dialysis treatment. The loss of nutrients from dialysis treatment
is 3–8 g of amino acids and 3–9 g of protein per day [50]. Reusing the dialyzer can signif-
icantly reduce albumin in the dialysate and significantly change the permeability of the
dialyzer [51]. Loss of amino acids differ depending on the dialysis method, such as the type
of dialyzer membrane. On the other hand, non-iatrogenic factors occur spontaneously from
factors associated with the progression of CKD, such as a loss of appetite and decreased
physical function [50]. Many nutritional indicators and screening tools are used to assess
the nutritional status in HD patients, as exemplified by the body mass index (BMI) [49],
brachialis muscle circumference [52], albumin [49], diet energy intake [52], fat tissue in-
dex (FTI) [53], lean tissue index (LTI) [53], Subjective Global Assessment (SGA) [54], and
Geriatric Nutritional Risk Index (GNRI) [33,55].

Undernutrition is a critical predictor of falls in HD patients (Table 2). Kono et al.
reported that the GNRI was lower in fallers than in non-fallers (HR, 1.04; 95% CI, 1.01–
1.08) [33]. Undernutrition defined by weight loss was significantly higher in patients who
experienced severe falls than in non-fallers (OR, 8.4; 95% CI, 1.7–42.4) [56]. Decreased
serum albumin was independently associated with an increased risk of fractures (HR, 0.87;
95% CI, 0.77–0.91) in HD patients [57]. A low GNRI (<92) was also significantly associated
with an increased risk of fractures, even after adjusting for confounding factors (male
HR, 2.93; 95% CI 1.54–5.59; female HR, 2.05; 95% CI 1.20–3.51) [58]. Therefore, the risk
of falls and fractures in HD patients may be reduced by approach or interventions for
undernutrition.

PEW is a state of nutritional and metabolic disorders in patients with CKD and end-
stage renal disease characterized by the simultaneous loss of systemic body protein and
energy storage [59]. PEW is defined as (1) abnormal serum chemistry such as hypoalbu-
minemia; (2) a loss of body mass (BMI, weight loss, body fat percentage); (3) a loss of muscle
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mass (muscle wasting area around the brachialis muscle, low creatinine appearance); (4) a
decrease in the creatinine production rate, and a decrease in dietary intake (an unintentional
decrease in protein intake, unintentional decrease in energy intake). PEW is diagnosed
when there is at least one item in ≥three of the four categories [59]. The prevalence of PEW
is 28–54% in HD patients [60].

The association between PEW and falls in HD patients is unclear. HD patients with
increased risk of frailty, inadequate nutrition, and impaired bone mineral content are likely to
be associated with fractures [61]. Therefore, PEW may be associated with falls and fractures.

4.4. Cachexia and Falls in HD Patients

Cachexia is a condition that combines skeletal muscle mass loss and weight loss due to
complex metabolic disorders. It is defined as a complex metabolic syndrome associated with
underlying illness, and is characterized by a loss of muscle mass with or without a loss of fat
mass [62]. The prominent clinical feature of cachexia in adults is weight loss (corrected for
fluid retention), and in children is growth failure (excluding endocrine disorders). Anorexia,
inflammation, insulin resistance, and increased muscle protein breakdown are also frequently
associated with cachexia [62]. The diagnostic criterion is weight loss of at least 5% in 12 months
or less (or BMI < 20 kg/m2) in the presence of underlying disease, and is confirmed if three or
more of the following five criteria are met: (1) decreased muscle strength; (2) fatigue; (3) anorexia
(total calorie intake less than 20 kcal/kg body weight/day, less than 70% of normal food intake);
(4) low fat-free mass index (lean body mass); and (5) abnormal biochemistry (Alb < 3.2 g/dL,
Hb < 12.0 g/dL, C-reactive protein (CRP) > 0.5 mg/dL) [62].

The prevalence of cachexia in HD patients may be higher than that in patients with
other diseases. The prevalence of cachexia in HD patients is 16% [63] and 30–60% in
CKD patients [64]. Cachexia is referred to as a severe form of PEW, often associated
with profound physiological, metabolic, psychological, and immunological disorders. In
addition, it is a severe form of metabolic depletion, whereas PEW can also be used to refer
to mild degrees of depleted protein and energy mass [59]. Further studies are needed to
investigate the association between cachexia and falls in HD patients.

5. Other Risk Factors for Falls in HD Patients

Falls in HD patients are influenced by many factors other than nutritional disorders.
The accumulation of uremic substances leads to abnormalities in muscle cells and is a
cause of muscle atrophy [64,65]. Diabetes is also one of the risk factors for CKD and
is the most common primary disease leading to dialysis [66]. Diabetic neuropathy and
diabetic retinopathy cause decreased proprioceptive sensibility, orthostatic hypotension
due to autonomic neuropathy, low leg muscle strength, and impaired visual acuity [67,68].
Furthermore, diabetic nephropathy and anemia are related to a vitamin B12 deficiency or
metformin treatment [67]. In addition, a vitamin D deficiency is more common in CKD
and HD patients [69]. Decreased vitamin D has been shown to be associated with falls and
decreased physical function in older adults [70]. Dialysis-related factors can also increase
the risk of falls. HD patients may experience a deterioration of balance function due to
decreased blood pressure and muscle blood flow due to water removal [71]. HD patients
lose muscle mass due to the loss of nutrients involved in muscle metabolism [72,73] and
the loss of physical activity during HD [74].

Many factors have been reported to be associated with falls in HD patients (Table 1).
Age [21,33], gender [18,21,23], fall history [18,23,31], high risk of falls [56], antidepressant
use [28], polypharmacy [28], and low quality of life [27] were independently associated with
falls. The lower limb muscle strength and physical function were also risk factors for falls.
A reduced grip strength [33], low short physical performance battery (SPPB) score [27,33],
gait disturbance [28], and balance dysfunction in a static standing position with eyes
closed [25] were independently associated with falls. CKD and dialysis-related factors were
also risk factors for falls. Diabetes [28,31], the number of complications [15,23], elevated
parathyroid hormone [22], high CRP [33], low pre-HD mean systolic blood pressure [18,22],
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dialysis-related hypotension [33], orthostatic hypotension [26], and the deterioration of the
arterial baroreflex function [26] were independently associated with falls. CKD-related
factors due to renal dysfunction and dialysis therapy may increase the risk of falls. The
progression of frailty syndrome, decreased balance function, and decreased blood pressure
directly or indirectly affect HD patients.

6. Fall Prevention Strategies for Nutrition-Related Problems in HD Patients

Frailty is a risk factor for falls and nutritional therapy may prevent falls in HD patients.
Figure 1 shows the flow to falls due to nutritional problems in HD patients. HD patients
experience nutritional problems such as frailty, undernutrition, sarcopenia, PEW, and
cachexia due to iatrogenic and non-iatrogenic factors [50]. Falls increase the fear of falling,
thus reducing physical activity, causing muscle weakness and further decreased physical
activity [31,74]; this cycle causes multiple falls.
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Nutritional management is important for HD patients to maintain muscle mass. Indi-
vidual nutritional counseling, the optimization of dialysis regimens, prevention or ame-
lioration of muscle wasting, and comorbidities (metabolic acidosis, diabetes, infections,
depressive heart failure, depression, and others) are needed for HD patients. If these
practices cannot maintain protein and energy storage, oral or parenteral nutrition should be
prescribed along with appetite stimulants and muscle-building agents [75]. The oral protein-
based dietary supplement group of HD patients were reported to have improved serum
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prealbumin levels and central arm circumference compared to the placebo or supplement
medicine group [76].

A combination of physical therapy and nutritional therapy can prevent falls. As a result
of long-term exercise and amino acid supplementation in the elderly in the community,
the non-intervention group had an increased fall rate, but the fall rate in the intervention
group did not change significantly [77]. Physical therapy can prevent falls by improving
the physical function of the lower limbs [78]. Adequate physical therapy based on an
individual‘s physical function and activity levels is important for managing physical
weakness in HD patients [79]. In recent years, it has become clear that exercise therapy
during dialysis is effective in improving physical function [80]. However, HD patients are
known to have low exercise compliance [81]. Exercise therapy may be beneficial to all of
these patients [82]. It may be a useful idea to start with standing exercises in the dialysis
room or waiting room [83]. Lower limb muscle strength is associated with physical activity
and is also important for HD patients [84]. The recommended amount of physical activity
for HD patients is 4000 steps/day or more on non-dialysis days [85]. The elderly in the
community were included in multiple exercise categories for preventing primary falls [86].
In particular, there has been robust evidence that the combination of balance and functional
exercise was beneficial for the prevention of falling [86]. Therefore, HD patients can prevent
the risk of falls by incorporating walking training and balance training.

7. Conclusions

There have been few reports of nutrition-related problems and falls in HD patients.
Frailty and undernutrition in HD patients are strong risk factors for an increase in the
number of falls. Further research is necessary to clarify the relationships between falls and
sarcopenia, cachexia, and PEW. Routine clinical assessments of nutrition-related problems
are crucial to prevent falls in HD patients.
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assessment: Comparison of elderly hemodialysis patients and primary care patients. Ren. Fail. 2015, 37, 1126–1131. [CrossRef]

9. Liyanage, T.; Ninomiya, T.; Jha, V.; Neal, B.; Patrice, H.M.; Okpechi, I.; Zhao, M.H.; Lv, J.; Garg, A.X.; Knight, J.; et al. Worldwide
access to treatment for end-stage kidney disease: A systematic review. Lancet 2015, 385, 1975–1982. [CrossRef]

10. Rix, M.; Andreassen, H.; Eskildsen, P.; Olgaard, K. Bone mineral density and biochemical markers of bone turnover in patients
with predialysis chronic renal failure. Kidney Int. 1999, 56, 1084–1093. [CrossRef]

11. Wakasugi, M.; Kazama, J.J.; Taniguchi, M.; Wada, A.; Iseki, K.; Tsubakihara, Y.; Narita, I. Increased risk of hip fracture among
Japanese hemodialysis patients. J. Bone Miner. Metab. 2013, 31, 315–321. [CrossRef]

12. Wakasugi, M.; Kazama, J.J.; Wada, A.; Hamano, T.; Masakane, I.; Narita, I. Long-term excess mortality after hip fracture in
hemodialysis patients: A nationwide cohort study in Japan. J. Bone Miner. Metab. 2020, 38, 718–729. [CrossRef] [PubMed]

13. Kim, J.C.; Kalantar-Zadeh, K.; Kopple, J.D. Frailty and protein-energy wasting in elderly patients with end stage kidney disease.
J. Am. Soc. Nephrol. 2013, 24, 337–351. [CrossRef] [PubMed]

14. Yeung, S.S.Y.; Reijnierse, E.M.; Pham, V.K.; Trappenburg, M.C.; Lim, W.K.; Meskers, C.G.M.; Maier, A.B. Sarcopenia and its
association with falls and fractures in older adults: A systematic review and meta-analysis. J. Cachexia Sarcopenia Muscle 2019, 10,
485–500. [CrossRef]

15. Fhon, J.R.; Rodrigues, R.A.; Neira, W.F.; Huayta, V.M.; Robazzi, M.L. Fall and its association with the frailty syndrome in the
elderly: Systematic review with meta-analysis. Rev. Esc. Enferm. USP 2016, 50, 1005–1013. [CrossRef]

16. Vellas, B.; Baumgartner, R.N.; Wayne, S.J.; Conceicao, J.; Lafont, C.; Albarede, J.L.; Garry, P.J. Relationship between malnutrition
and falls in the elderly. Nutrition 1992, 8, 105–108.

17. Lamb, S.E.; Jørstad-Stein, E.C.; Hauer, K.; Becker, C.; Prevention of Falls Network Europe and Outcomes Consensus Group.
Development of a common outcome data set for fall injury prevention trials: The Prevention of Falls Network Europe consensus.
J. Am. Geriatr. Soc. 2005, 53, 1618–1622. [CrossRef]

18. Cook, W.L.; Tomlinson, G.; Donaldson, M.; Markowitz, S.N.; Naglie, G.; Sobolev, B.; Jassal, S.V. Falls and fall-related injuries in
older dialysis patients. Clin. J. Am. Soc. Nephrol. 2006, 1, 1197–1204. [CrossRef]

19. Roberts, R.G.; Kenny, R.A.; Brierley, E.J. Are elderly hemodialysis patients at risk of falls and postural hypotension? Int. Urol.
Nephrol. 2003, 35, 415–421. [CrossRef]

20. Li, M.; Tomlinson, G.; Naglie, G.; Cook, W.L.; Jassal, S.V. Geriatric comorbidities, such as falls, confer an independent mortality
risk to elderly dialysis patients. Nephrol. Dial. Transplant. 2008, 23, 1396–1400. [CrossRef]

21. Abdel-Rahman, E.M.; Yan, G.; Turgut, F.; Balogun, R.A. Long-term morbidity and mortality related to falls in hemodialysis
patients: Role of age and gender—A pilot study. Nephron Clin. Pr. 2011, 118, c278–c284. [CrossRef]

22. Polinder-Bos, H.A.; Emmelot-Vonk, M.H.; Gansevoort, R.T.; Diepenbroek, A.; Gaillard, C.A. High fall incidence and fracture rate
in elderly dialysis patients. Neth. J. Med. 2014, 72, 509–515. [PubMed]

23. Farragher, J.; Rajan, T.; Chiu, E.; Ulutas, O.; Tomlinson, G.; Cook, W.L.; Jassal, S.V. Equivalent Fall Risk in Elderly Patients on
Hemodialysis and Peritoneal Dialysis. Perit. Dial. Int. 2016, 36, 67–70. [CrossRef] [PubMed]

24. Zanotto, T.; Mercer, T.H.; van der Linden, M.L.; Traynor, J.P.; Petrie, C.J.; Doyle, A.; Chalmers, K.; Allan, N.; Price, J.; Oun, H.; et al.
Baroreflex function, haemodynamic responses to an orthostatic challenge, and falls in haemodialysis patients. PLoS ONE 2018, 13,
e0208127. [CrossRef] [PubMed]

25. Zanotto, T.; Mercer, T.H.; Linden, M.L.V.; Traynor, J.P.; Doyle, A.; Chalmers, K.; Allan, N.; Shilliday, I.; Koufaki, P. Association of
postural balance and falls in adult patients receiving hemodialysis: A prospective cohort study. Gait Posture 2020, 82, 110–117.
[CrossRef]

26. Zanotto, T.; Mercer, T.H.; van der Linden, M.L.; Rush, R.; Traynor, J.P.; Petrie, C.J.; Doyle, A.; Chalmers, K.; Allan, N.; Shilliday,
I.; et al. The relative importance of frailty, physical and cardiovascular function as exercise-modifiable predictors of falls in
hemodialysis patients: A prospective cohort study. BMC Nephrol. 2020, 21, 99. [CrossRef]

27. Chu, N.M.; Shi, Z.; Berkowitz, R.; Haugen, C.E.; Garonzik-Wang, J.; Norman, S.P.; Humbyrd, C.; Segev, D.L.; McAdams-DeMarco,
M.A. Poor Outcomes in Kidney Transplant Candidates and Recipients With History of Falls. Transplantation 2020, 104, 1738–1745.
[CrossRef]

28. Desmet, C.; Beguin, C.; Swine, C.; Jadoul, M.; Université Catholique de Louvain Collaborative Group. Falls in hemodialysis
patients: Prospective study of incidence, risk factors, and complications. Am. J. Kidney Dis. 2005, 45, 148–153. [CrossRef]

29. Campbell, A.J.; Spears, G.F.; Brown, J.S.; Busby, W.J.; Borrie, M.J. Anthropometric measurements as predictors of mortality in a
community population aged 70 years and over. Age Ageing 1990, 19, 131–135. [CrossRef]

30. Roberts, R.; Jeffrey, C.; Carlisle, G.; Brierley, E. Prospective investigation of the incidence of falls, dizziness and syncope in
hemodialysis patients. Int. Urol. Nephrol. 2007, 39, 275–279. [CrossRef]

31. van Loon, I.N.; Joosten, H.; Iyasere, O.; Johansson, L.; Hamaker, M.E.; Brown, E.A. The prevalence and impact of falls in elderly
dialysis patients: Frail elderly Patient Outcomes on Dialysis (FEPOD) study. Arch. Gerontol. Geriatr. 2019, 83, 285–291. [CrossRef]

32. McAdams-DeMarco, M.A.; Suresh, S.; Law, A.; Salter, M.L.; Gimenez, L.F.; Jaar, B.G.; Walston, J.D.; Segev, D.L. Frailty and falls
among adult patients undergoing chronic hemodialysis: A prospective cohort study. BMC Nephrol. 2013, 14, 224. [CrossRef]
[PubMed]

33. Kono, K.; Nishida, Y.; Yabe, H.; Moriyama, Y.; Mori, T.; Shiraki, R.; Sato, T. Development and validation of a Fall Risk Assessment
Index for dialysis patients. Clin. Exp. Nephrol. 2018, 22, 167–172. [CrossRef] [PubMed]

http://doi.org/10.3109/0886022X.2015.1057459
http://doi.org/10.1016/S0140-6736(14)61601-9
http://doi.org/10.1046/j.1523-1755.1999.00617.x
http://doi.org/10.1007/s00774-012-0411-z
http://doi.org/10.1007/s00774-020-01110-4
http://www.ncbi.nlm.nih.gov/pubmed/32399676
http://doi.org/10.1681/ASN.2012010047
http://www.ncbi.nlm.nih.gov/pubmed/23264684
http://doi.org/10.1002/jcsm.12411
http://doi.org/10.1590/s0080-623420160000700018
http://doi.org/10.1111/j.1532-5415.2005.53455.x
http://doi.org/10.2215/CJN.01650506
http://doi.org/10.1023/B:UROL.0000022866.07751.4a
http://doi.org/10.1093/ndt/gfm778
http://doi.org/10.1159/000322275
http://www.ncbi.nlm.nih.gov/pubmed/26219755
http://doi.org/10.3747/pdi.2014.00163
http://www.ncbi.nlm.nih.gov/pubmed/26634565
http://doi.org/10.1371/journal.pone.0208127
http://www.ncbi.nlm.nih.gov/pubmed/30521545
http://doi.org/10.1016/j.gaitpost.2020.08.128
http://doi.org/10.1186/s12882-020-01759-z
http://doi.org/10.1097/TP.0000000000003057
http://doi.org/10.1053/j.ajkd.2004.09.027
http://doi.org/10.1093/ageing/19.2.131
http://doi.org/10.1007/s11255-006-9088-3
http://doi.org/10.1016/j.archger.2019.05.015
http://doi.org/10.1186/1471-2369-14-224
http://www.ncbi.nlm.nih.gov/pubmed/24131569
http://doi.org/10.1007/s10157-017-1431-8
http://www.ncbi.nlm.nih.gov/pubmed/28634773


Nutrients 2022, 14, 3225 11 of 13

34. Morley, J.E.; Vellas, B.; van Kan, G.A.; Anker, S.D.; Bauer, J.M.; Bernabei, R.; Cesari, M.; Chumlea, W.C.; Doehner, W.; Evans, J.;
et al. Frailty consensus: A call to action. J. Am. Med. Dir. Assoc. 2013, 14, 392–397. [CrossRef] [PubMed]

35. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.
Frailty in older adults: Evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, M146–M156. [CrossRef]

36. Lee, H.J.; Son, Y.J. Prevalence and Associated Factors of Frailty and Mortality in Patients with End-Stage Renal Disease Undergoing
Hemodialysis: A Systematic Review and Meta-Analysis. Int. J. Environ. Res. Public Health 2021, 18, 3471. [CrossRef]

37. Delgado, C.; Shieh, S.; Grimes, B.; Chertow, G.M.; Dalrymple, L.S.; Kaysen, G.A.; Kornak, J.; Johansen, K.L. Association of
Self-Reported Frailty with Falls and Fractures among Patients New to Dialysis. Am. J. Nephrol. 2015, 42, 134–140. [CrossRef]

38. Chen, L.K.; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.; Krairit, O.; et al.
Sarcopenia in Asia: Consensus report of the Asian Working Group for Sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95–101.
[CrossRef]

39. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300–307. [CrossRef]

40. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]

41. Chatzipetrou, V.; Bégin, M.J.; Hars, M.; Trombetti, A. Sarcopenia in Chronic Kidney Disease: A Scoping Review of Prevalence,
Risk Factors, Association with Outcomes, and Treatment. Calcif. Tissue Int. 2022, 110, 1–31. [CrossRef]

42. Bataille, S.; Serveaux, M.; Carreno, E.; Pedinielli, N.; Darmon, P.; Robert, A. The diagnosis of sarcopenia is mainly driven by
muscle mass in hemodialysis patients. Clin. Nutr. 2017, 36, 1654–1660. [CrossRef] [PubMed]

43. Sabatino, A.; Cuppari, L.; Stenvinkel, P.; Lindholm, B.; Avesani, C.M. Sarcopenia in chronic kidney disease: What have we learned
so far? J. Nephrol. 2021, 34, 1347–1372. [CrossRef] [PubMed]

44. Lacquaniti, A.; Bolignano, D.; Campo, S.; Perrone, C.; Donato, V.; Fazio, M.R.; Buemi, A.; Sturiale, A.; Buemi, M. Malnutrition in
the elderly patient on dialysis. Ren. Fail. 2009, 31, 239–245. [CrossRef]

45. Regolisti, G.; Maggiore, U.; Sabatino, A.; Gandolfini, I.; Pioli, S.; Torino, C.; Aucella, F.; Cupisti, A.; Pistolesi, V.; Capitanini,
A.; et al. Interaction of healthcare staff’s attitude with barriers to physical activity in hemodialysis patients: A quantitative
assessment. PLoS ONE 2018, 13, e0196313.

46. Yamada, S.; Taniguchi, M.; Tokumoto, M.; Yoshitomi, R.; Yoshida, H.; Tatsumoto, N.; Hirakata, H.; Fujimi, S.; Kitazono, T.;
Tsuruya, K. Modified Creatinine Index and the Risk of Bone Fracture in Patients Undergoing Hemodialysis: The Q-Cohort Study.
Am. J. Kidney Dis. 2017, 70, 270–280. [CrossRef] [PubMed]

47. Tan, R.; Long, J.; Fang, S.; Mai, H.; Lu, W.; Liu, Y.; Wei, J.; Yan, F. Nutritional Risk Screening in patients with chronic kidney
disease. Asia Pac. J. Clin. Nutr. 2016, 25, 249–256. [PubMed]

48. Vanholder, R.; Fouque, D.; Glorieux, G.; Heine, G.H.; Kanbay, M.; Mallamaci, F.; Massy, Z.A.; Ortiz, A.; Rossignol, P.; Wiecek,
A.; et al. Clinical management of the uraemic syndrome in chronic kidney disease. Lancet Diabetes Endocrinol. 2016, 4, 360–373.
[CrossRef]

49. Caetano, C.; Valente, A.; Oliveira, T.; Garagarza, C. Body Composition and Mortality Predictors in Hemodialysis Patients. J. Ren.
Nutr. 2016, 26, 81–86. [CrossRef]

50. Sahathevan, S.; Khor, B.H.; Ng, H.M.; Gafor, A.H.A.; Daud, Z.A.M.; Mafra, D.; Karupaiah, T. Understanding Development of
Malnutrition in Hemodialysis Patients: A Narrative Review. Nutrients 2020, 12, 3147. [CrossRef]

51. Kalantar-Zadeh, K.; Ficociello, L.H.; Bazzanella, J.; Mullon, C.; Anger, M.S. Slipping Through the Pores: Hypoalbuminemia and
Albumin Loss During Hemodialysis. Int. J. Nephrol. Renov. Dis. 2021, 14, 11–21. [CrossRef]

52. Araújo, I.C.; Kamimura, M.A.; Draibe, S.A.; Canziani, M.E.; Manfredi, S.R.; Avesani, C.M.; Sesso, R.; Cuppari, L. Nutritional
parameters and mortality in incident hemodialysis patients. J. Ren. Nutr. 2006, 16, 27–35. [CrossRef] [PubMed]

53. Rymarz, A.; Gibińska, J.; Zajbt, M.; Piechota, W.; Niemczyk, S. Low lean tissue mass can be a predictor of one-year survival in
hemodialysis patients. Ren. Fail. 2018, 40, 231–237. [CrossRef] [PubMed]

54. Kwon, Y.E.; Kee, Y.K.; Yoon, C.Y.; Han, I.M.; Han, S.G.; Park, K.S.; Lee, M.J.; Park, J.T.; Han, S.H.; Yoo, T.H.; et al. Change of
Nutritional Status Assessed Using Subjective Global Assessment Is Associated with All-Cause Mortality in Incident Dialysis
Patients. Medicine 2016, 95, e2714. [CrossRef] [PubMed]

55. Xiong, J.; Wang, M.; Zhang, Y.; Nie, L.; He, T.; Wang, Y.; Huang, Y.; Feng, B.; Zhang, J.; Zhao, J. Association of Geriatric Nutritional
Risk Index with Mortality in Hemodialysis Patients: A Meta-Analysis of Cohort Studies. Kidney Blood Press. Res. 2018, 43,
1878–1889. [CrossRef] [PubMed]

56. Rossier, A.; Pruijm, M.; Hannane, D.; Burnier, M.; Teta, D. Incidence, complications and risk factors for severe falls in patients on
maintenance hemodialysis. Nephrol. Dial. Transplant. 2012, 27, 352–357. [CrossRef] [PubMed]

57. Matias, P.J.; Laranjinha, I.; Azevedo, A.; Raimundo, A.; Navarro, D.; Jorge, C.; Aires, I.; Mendes, M.; Ferreira, C.; Amaral, T.; et al.
Bone fracture risk factors in prevalent hemodialysis patients. J. Bone Miner. Metab. 2020, 38, 205–212. [CrossRef]

58. Yoshida, M.; Nakashima, A.; Doi, S.; Maeda, K.; Ishiuchi, N.; Naito, T.; Masaki, T. Lower Geriatric Nutritional Risk Index (GNRI)
Is Associated with Higher Risk of Fractures in Patients Undergoing Hemodialysis. Nutrients 2021, 13, 2847. [CrossRef]

http://doi.org/10.1016/j.jamda.2013.03.022
http://www.ncbi.nlm.nih.gov/pubmed/23764209
http://doi.org/10.1093/gerona/56.3.M146
http://doi.org/10.3390/ijerph18073471
http://doi.org/10.1159/000439000
http://doi.org/10.1016/j.jamda.2013.11.025
http://doi.org/10.1016/j.jamda.2019.12.012
http://doi.org/10.1093/ageing/afy169
http://doi.org/10.1007/s00223-021-00898-1
http://doi.org/10.1016/j.clnu.2016.10.016
http://www.ncbi.nlm.nih.gov/pubmed/27816311
http://doi.org/10.1007/s40620-020-00840-y
http://www.ncbi.nlm.nih.gov/pubmed/32876940
http://doi.org/10.1080/08860220802669891
http://doi.org/10.1053/j.ajkd.2017.01.052
http://www.ncbi.nlm.nih.gov/pubmed/28450093
http://www.ncbi.nlm.nih.gov/pubmed/27222407
http://doi.org/10.1016/S2213-8587(16)00033-4
http://doi.org/10.1053/j.jrn.2015.10.005
http://doi.org/10.3390/nu12103147
http://doi.org/10.2147/IJNRD.S291348
http://doi.org/10.1053/j.jrn.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16414438
http://doi.org/10.1080/0886022X.2018.1456451
http://www.ncbi.nlm.nih.gov/pubmed/29620449
http://doi.org/10.1097/MD.0000000000002714
http://www.ncbi.nlm.nih.gov/pubmed/26886609
http://doi.org/10.1159/000495999
http://www.ncbi.nlm.nih.gov/pubmed/30566933
http://doi.org/10.1093/ndt/gfr326
http://www.ncbi.nlm.nih.gov/pubmed/21652549
http://doi.org/10.1007/s00774-019-01041-9
http://doi.org/10.3390/nu13082847


Nutrients 2022, 14, 3225 12 of 13

59. Fouque, D.; Kalantar-Zadeh, K.; Kopple, J.; Cano, N.; Chauveau, P.; Cuppari, L.; Franch, H.; Guarnieri, G.; Ikizler, T.A.; Kaysen,
G.; et al. A proposed nomenclature and diagnostic criteria for protein-energy wasting in acute and chronic kidney disease. Kidney
Int. 2008, 73, 391–398. [CrossRef]

60. Koppe, L.; Fouque, D.; Kalantar-Zadeh, K. Kidney cachexia or protein-energy wasting in chronic kidney disease: Facts and
numbers. J. Cachexia Sarcopenia Muscle 2019, 10, 479–484. [CrossRef]

61. Rysz, J.; Franczyk, B.; Rokicki, R.; Gluba-Brzózka, A. The Influence of Dietary Interventions on Chronic Kidney Disease-Mineral
and Bone Disorder (CKD-MBD). Nutrients 2021, 13, 2065. [CrossRef]

62. Evans, W.J.; Morley, J.E.; Argilés, J.; Bales, C.; Baracos, V.; Guttridge, D.; Jatoi, A.; Kalantar-Zadeh, K.; Lochs, H.; Mantovani, G.;
et al. Cachexia: A new definition. Clin. Nutr. 2008, 27, 793–799. [CrossRef] [PubMed]

63. McKeaveney, C.; Slee, A.; Adamson, G.; Davenport, A.; Farrington, K.; Fouque, D.; Kalantar-Zadeh, K.; Mallett, J.; Maxwell, A.P.;
Mullan, R.; et al. Using a generic definition of cachexia in patients with kidney disease receiving hemodialysis: A longitudinal
(pilot) study. Nephrol. Dial. Transplant. 2021, 36, 1919–1926. [CrossRef] [PubMed]

64. Sato, E.; Mori, T.; Mishima, E.; Suzuki, A.; Sugawara, S.; Kurasawa, N.; Saigusa, D.; Miura, D.; Morikawa-Ichinose, T.; Saito, R.;
et al. Metabolic alterations by indoxyl sulfate in skeletal muscle induce uremic sarcopenia in chronic kidney disease. Sci. Rep.
2016, 6, 36618. [CrossRef] [PubMed]

65. Watanabe, H.; Miyamoto, Y.; Enoki, Y.; Ishima, Y.; Kadowaki, D.; Kotani, S.; Nakajima, M.; Tanaka, M.; Matsushita, K.; Mori, Y.;
et al. p-Cresyl sulfate, a uremic toxin, causes vascular endothelial and smooth muscle cell damages by inducing oxidative stress.
Pharmacol. Res. Perspect. 2015, 3, e00092. [CrossRef]

66. Nitta, K.; Goto, S.; Masakane, I.; Hanafusa, N.; Taniguchi, M.; Hasegawa, T.; Nakai, S.; Wada, A.; Hamano, T.; Hoshino, J.;
et al. Annual dialysis data report for 2018, JSDT Renal Data Registry: Survey methods, facility data, incidence, prevalence, and
mortality. Ren. Replace. Ther. 2020, 6, 41. [CrossRef]

67. Kim, K.S.; Kim, S.K.; Sung, K.M.; Cho, Y.W.; Park, S.W. Management of Type 2 Diabetes Mellitus in Older Adults. Diabetes Metab.
J. 2012, 36, 336–344. [CrossRef] [PubMed]

68. Nomura, T.; Ishiguro, T.; Ohira, M.; Ikeda, Y. Diabetic polyneuropathy is a risk factor for decline of lower extremity strength in
patients with type 2 diabetes. J. Diabetes Investig. 2018, 9, 186–192. [CrossRef] [PubMed]

69. Jean, G.; Souberbielle, J.C.; Chazot, C. Vitamin D in Chronic Kidney Disease and Dialysis Patients. Nutrients 2017, 9, 328.
[CrossRef]

70. Halfon, M.; Phan, O.; Teta, D. Vitamin D: A review on its effects on muscle strength, the risk of fall, and frailty. BioMed Res. Int.
2015, 2015, 953241. [CrossRef]

71. Chou, J.A.; Kalantar-Zadeh, K. Volume Balance and Intradialytic Ultrafiltration Rate in the Hemodialysis Patient. Curr. Heart Fail.
Rep. 2017, 14, 421–427. [CrossRef]

72. Kim, H.K.; Suzuki, T.; Saito, K.; Yoshida, H.; Kobayashi, H.; Kato, H.; Katayama, M. Effects of exercise and amino acid
supplementation on body composition and physical function in community-dwelling elderly Japanese sarcopenic women: A
randomized controlled trial. J. Am. Geriatr. Soc. 2012, 60, 16–23. [CrossRef] [PubMed]

73. Stephens, F.B.; Constantin-Teodosiu, D.; Greenhaff, P.L. New insights concerning the role of carnitine in the regulation of fuel
metabolism in skeletal muscle. J. Physiol. 2007, 581, 431–444. [CrossRef] [PubMed]

74. Shirai, N.; Yamamoto, S.; Osawa, Y.; Tsubaki, A.; Morishita, S.; Nitami, S.; Narita, I. Fear of falling and physical activity in
hemodialysis patients: A pilot study. Ren. Replace. Ther. 2021, 7, 63. [CrossRef]

75. Obi, Y.; Qader, H.; Kovesdy, C.P.; Kalantar-Zadeh, K. Latest consensus and update on protein-energy wasting in chronic kidney
disease. Curr. Opin. Clin. Nutr. Metab. Care 2015, 18, 254–262. [CrossRef] [PubMed]

76. Mah, J.Y.; Choy, S.W.; Roberts, M.A.; Desai, A.M.; Corken, M.; Gwini, S.M.; McMahon, L.P. Oral protein-based supplements
versus placebo or no treatment for people with chronic kidney disease requiring dialysis. Cochrane Database Syst. Rev. 2020, 5,
CD012616.

77. Kim, H.; Suzuki, T.; Saito, K.; Kojima, N.; Hosoi, E.; Yoshida, H. Long-term effects of exercise and amino acid supplementation on
muscle mass, physical function and falls in community-dwelling elderly Japanese sarcopenic women: A 4-year follow-up study.
Geriatr. Gerontol. Int. 2016, 16, 175–181. [CrossRef]

78. Pijnappels, M.; van der Burg, P.J.; Reeves, N.D. Identification of elderly fallers by muscle strength measures. Eur. J. Appl. Physiol.
2008, 102, 585–592. [CrossRef]

79. Matsuzawa, R. Renal rehabilitation as a management strategy for physical frailty in CKD. Ren. Replace. Ther. 2022, 8, 3. [CrossRef]
80. Zhang, F.; Zhou, W.; Sun, Q.; Zhai, Y.; Zhang, Y.; Su, H.; Wang, Z. Effects of intradialytic resistance exercises on physical

performance, nutrient intake and quality of life among hemodialysis people: A systematic review and meta-analysis. Nurs. Open
2021, 8, 529–538. [CrossRef]

81. Ortega-Pérez, de.; Villar, L.; Martínez-Olmos, F.J.; Pérez-Domínguez, F.B.; Benavent-Caballer, V.; Montañez-Aguilera, F.J.; Mercer,
T.; Segura-Ortí, E. Comparison of intradialytic versus home-based exercise programs on physical functioning, physical activity
level, adherence, and health-related quality of life: Pilot study. Sci. Rep. 2020, 10, 8302. [CrossRef]

82. Konstantinidou, E.; Koukouvou, G.; Kouidi, E. Exercise training in patients with end-stage renal disease on hemodialysis:
Comparison of three rehabilitation programs. J. Rehabil. Med. 2002, 34, 40–45. [CrossRef] [PubMed]

83. Matsufuji, S.; Shoji, T.; Yano, Y.; Tsujimoto, Y.; Kishimoto, H.; Tabata, T.; Emoto, M.; Inaba, M. Effect of chair stand exercise on
activity of daily living: A randomized controlled trial in hemodialysis patients. J. Ren. Nutr. 2015, 25, 17–24. [CrossRef] [PubMed]

http://doi.org/10.1038/sj.ki.5002585
http://doi.org/10.1002/jcsm.12421
http://doi.org/10.3390/nu13062065
http://doi.org/10.1016/j.clnu.2008.06.013
http://www.ncbi.nlm.nih.gov/pubmed/18718696
http://doi.org/10.1093/ndt/gfaa174
http://www.ncbi.nlm.nih.gov/pubmed/33150449
http://doi.org/10.1038/srep36618
http://www.ncbi.nlm.nih.gov/pubmed/27830716
http://doi.org/10.1002/prp2.92
http://doi.org/10.1186/s41100-020-00286-9
http://doi.org/10.4093/dmj.2012.36.5.336
http://www.ncbi.nlm.nih.gov/pubmed/23130317
http://doi.org/10.1111/jdi.12658
http://www.ncbi.nlm.nih.gov/pubmed/28296226
http://doi.org/10.3390/nu9040328
http://doi.org/10.1155/2015/953241
http://doi.org/10.1007/s11897-017-0356-6
http://doi.org/10.1111/j.1532-5415.2011.03776.x
http://www.ncbi.nlm.nih.gov/pubmed/22142410
http://doi.org/10.1113/jphysiol.2006.125799
http://www.ncbi.nlm.nih.gov/pubmed/17331998
http://doi.org/10.1186/s41100-021-00383-3
http://doi.org/10.1097/MCO.0000000000000171
http://www.ncbi.nlm.nih.gov/pubmed/25807354
http://doi.org/10.1111/ggi.12448
http://doi.org/10.1007/s00421-007-0613-6
http://doi.org/10.1186/s41100-022-00393-9
http://doi.org/10.1002/nop2.274
http://doi.org/10.1038/s41598-020-64372-y
http://doi.org/10.1080/165019702317242695
http://www.ncbi.nlm.nih.gov/pubmed/11900261
http://doi.org/10.1053/j.jrn.2014.06.010
http://www.ncbi.nlm.nih.gov/pubmed/25194621


Nutrients 2022, 14, 3225 13 of 13

84. Metti, A.L.; Best, J.R.; Shaaban, C.E.; Ganguli, M.; Rosano, C. Longitudinal changes in physical function and physical activity in
older adults. Age Ageing 2018, 47, 558–564. [CrossRef] [PubMed]

85. Matsuzawa, R.; Roshanravan, B.; Shimoda, T.; Mamorita, N.; Yoneki, K.; Harada, M.; Watanabe, T.; Yoshida, A.; Takeuchi, Y.;
Matsunaga, A. Physical Activity Dose for Hemodialysis Patients: Where to Begin? Results from a Prospective Cohort Study. J.
Ren. Nutr. 2018, 28, 45–53. [CrossRef]

86. Sherrington, C.; Fairhall, N.J.; Wallbank, G.K.; Tiedemann, A.; Michaleff, Z.A.; Howard, K.; Clemson, L.; Hopewell, S.; Lamb, S.E.
Exercise for preventing falls in older people living in the community. Cochrane Database Syst. Rev. 2019, 1, CD012424. [CrossRef]

http://doi.org/10.1093/ageing/afy025
http://www.ncbi.nlm.nih.gov/pubmed/29546417
http://doi.org/10.1053/j.jrn.2017.07.004
http://doi.org/10.1002/14651858.CD012424.pub2

	Introduction 
	Definition of Falls 
	Incidence, Trigger, and Timing of Falls in HD Patients 
	Frequency of Falls in HD Patients 
	Trigger for Falls in HD Patients 
	Timing of Falls in HD Patients 
	Falls and Clinical Outcomes in HD Patients 

	Nutritional Problems and Falls in HD Patients 
	Frailty and Falls in HD Patients 
	Sarcopenia and Falls in HD Patients 
	Undernutrition and Falls in HD Patients 
	Cachexia and Falls in HD Patients 

	Other Risk Factors for Falls in HD Patients 
	Fall Prevention Strategies for Nutrition-Related Problems in HD Patients 
	Conclusions 
	References

