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Abstract
Introduction: Accidental fall risk is high in patients undergoing maintenance hemodialysis. Falls are
associated with fatal injury, comorbidities, and mortality. Risk assessment should be conducted as a
primary intervention to prevent falls. This study investigated whether quadriceps muscle thickness
measured using ultrasonography can prospectively predict fall injury among dialysis patients.
Methods: Using an observational cohort study design, 180 ambulatory hemodialysis patients during the
period 2015–2016 were recruited in the four dialysis clinics. The sum of the maximum quadriceps
muscle thickness on both sides and the average of the maximum thigh circumference and handgrip
strength after hemodialysis were calculated. Patients were stratified according to tertiles of quadriceps
muscle thickness. Fall injury was surveyed according to the patient’s self-report for the one-year period.
Results: Among the 180 hemodialysis patients, 42 (23.3%) had fall injury during the 12-month follow-up
period. When the quadriceps muscle thickness levels were stratified into sex-specific tertile, patients in the
lowest tertile (men <3.66 cm and women <3.50 cm) were more likely to have higher incidence of fall injury
compared with those in the higher two tertiles (0.56 vs. 0.18 and 0.15 fall injuries/person-year). After
adjusting for covariates, lower quadriceps muscle thickness was found to be an independent predictor for
fall injury (hazard ratio [95% confidence interval], 2.99 [1.46–6.32], P < 0.001). Conversely, no significant
differences were found in the thigh circumference and handgrip strength between women with fall injury
and those women without fall injury.
Conclusions: Quadriceps muscle thickness using ultrasonography can be measured easily at the bedside
and is a precise predictor of fall injury in patients undergoing maintenance hemodialysis.

Introduction
Aging is rapidly advancing in Japan. According to the statistical survey by the Japanese Society for
Dialysis Therapy at the end of 2016, the mean age of patients on dialysis is 67.2 years old1. This trend
continues from now on, which would rise an incidence of fall injury. Falls as a cause of fractures, once it
occurred, may relate to the deterioration of the physical condition in elderly patients. Fall accidents occur
in approximately 25% of maintenance hemodialysis patients each year2. About 20–30% of these suffer
from mild to severe injury, while more than half would lead to hospitalization with high cost to the health
system. Therefore, the establishment of risk assessment for falls and the countermeasures are urgent
issues, with risk assessment as the primary intervention to prevent falls.
Sarcopenia, characterized by age-related decrease of the skeletal muscle mass and muscle strength and
low physical performance, is a recognized geriatric syndrome in elder care during the last decade. A
common consensus of sarcopenia is published by the European Working Group on Sarcopenia in Older
People (EWGSOP) in 20103 and by the Asian Working Group for Sarcopenia (AWGS) in 20144. Sarcopenia
increases the risks for adverse health outcomes such as falls, physical disability, hospital admission,
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poor quality of life, and mortality risk5,6. In fact, hemodialysis patients have high risks for falls not only
because of aging but also because of unstable hemodynamic status, or some comorbidities, since falls
are associated with increased mortality risk among these patients7,8. The EWGSOP recommends that the
muscle mass should be measured using computed tomography (CT) scan and magnetic resonance
imaging (MRI) as the gold standard. However, it is costly, and most hemodialysis clinics cannot provide
such medical facilities2. Conversely, ultrasonography is widely available, noninvasive, and easily
applicable at the bedside for quantitative assessment of the skeletal muscle. The measurement of
quadriceps muscle thickness using ultrasonography may be useful for muscle mass assessment, which
may help predict future fall injury.
This study aimed to investigate the validity of measuring quadriceps muscle thickness using
ultrasonography noninvasively and the association of quadriceps muscle thickness with future fall injury
among maintenance hemodialysis patients.

Methods

Participants and study design
The subjects were sampled from 732 enrolled patients with end-stage renal disease (ESRD) undergoing
hemodialysis at the four dialysis clinics in April 2015. Written informed consent was obtained from 182
patients. Patients with unstable condition such as hospitalization, initiation of oral steroid administration,
or lower limb amputation were excluded; participants were able to walk on their own feet at least. Finally,
a total of 180 patients (127 men and 53 women; median age [(interquartile range], 69 [63–76] years old;
and median duration of dialysis [(interquartile range], 5.5 [2.4–9.7] years) were included in the study.
Using a prospective cohort study design, the frequency of fall injury were recorded within a follow-up
period of 12 months from April 2015 to March 2016, based on the patient’s self-report (median,
12 months [10th–90th percentile, 4–12 months]). A fall was defined as an event in which a person was
inadvertently located on the ground or other low position. Fall injury was also defined as any injury
associated with a fall including bone fracture, crack, bleeding, bruise, and abrasion.
The subject characteristics and parameters were examined: age, gender, anthropometric measures,
underlying renal disease, intact parathyroid hormone, and serum albumin, lipid profile, uric acid, c-reactive
protein, blood urea nitrogen, creatinine, calcium, phosphorus, β2 microglobin, and hemoglobin levels.
Blood test was performed at the start of dialysis during the first day of the week. Dialysis adequacy
assessed in terms of urea reduction ratio and Kt/V was measured using the Shinzato formula9. This
study was approved by an Institutional Ethics Committee of Toyu Medical School, Tokyo, Japan
(No.2014-7).

Measurements of quadriceps muscle thickness, thigh
circumference, and handgrip strength
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The sum of the maximum quadriceps muscle thickness on both sides, the average of the maximum thigh
circumference on both sides, and the handgrip strength on both sides were measured with a grip
measuring apparatus before hemodialysis. Two trials were tested on each side, and the maximum value
was adopted among them. The quadriceps muscle thickness which consists of the rectus femoris and
the vastus intermedius muscle was measured in the axial view at the midpoint between the anterior
superior iliac spine and the lateral epicondyle of the femur. Using a B-mode ultrasound apparatus (LOGIQ
BOOK XP; GE Healthcare Japan, Tokyo, Japan) with a linear scanner, the procedure was conducted by a
single examiner to patients in supine position after dialysis (Fig. 1). The relative reliability of quadriceps
muscle thickness by ultrasonography measurement was confirmed using intraclass correlation
coefficient (ICC): right quadriceps muscle thickness ICC (1,2) = 0.99 and left quadriceps muscle thickness
ICC (1,2) = 0.98.

Statistical analysis
All data was expressed as the median and range. The differences between the two groups were assessed
using the Mann–Whitney U test and Fisher’s exact test. The differences among the three groups were
also assessed using a one-way analysis of variance. To investigate the relationship between the
quadriceps muscle thickness levels and the first onset of fall injury, the quadriceps muscle thickness
levels were stratified into tertiles, which were measured separately for men (the lowest tertile: <3.66 cm;
the middle tertile:3.66–4.59 cm; the highest tertile: ≥4.60 cm) and women (the lowest tertile: <3.50 cm;
the middle tertile:3.50–4.49 cm; the highest tertile: ≥4.50 cm), because the quadriceps muscle thickness
levels in women tend to be lower than those in men. Fall injury as the primary outcome was analyzed
using the Kaplan–Meier method, and the significance was calculated using the log-rank test. The Cox
proportional hazard models were performed with fall injury and patient-related risk factors, such as the
quadriceps muscle thickness levels, age (1 year of age), gender (men vs. women), dialysis vintage (1 year
of age), body mass index (cm/m2), diabetes (presence vs. absence), stroke (presence vs. absence), serum
albumin (g/dl), and Kt/Vurea. Receiver operating characteristic curve analysis was used to identify the
best prognostic factor for fall injury. These results are expressed as hazard ratio with 95% confidence
intervals (CI). P-values < 0.05 were considered to be statistically significant differences. All data was
analyzed using JMP software (version13.0; SAS Institute Cary, NC, USA).

Results

Population characteristics stratified by tertiles of
quadriceps muscle thickness
The baseline clinical and biochemical characteristics of the quadriceps muscle thickness tertiles are
shown in Table 1. The lowest quadriceps muscle thickness tertile was significantly older than the higher
two tertiles. Moreover, these patients were more likely to have lower body mass index (BMI) and serum
albumin, triglyceride, uric acid, serum creatinine, and serum phosphate levels than those in the higher two
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tertiles. The thigh circumference and handgrip strength significantly declined in the lowest quadriceps
muscle thickness tertile.
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Table 1
The baseline characteristics of the subjects stratified by tertiles of quadriceps muscle thickness
Sample
characteristics*

Quadriceps muscle thickness measured using ultrasonography

Pvalue

Tertile 1

Tertile 2

Tertile 3

(< 3.66 cm in men
and < 3.50 cm in
women)

(3.66–4.59 cm in men
and 3.50–4.49 cm in
women)

(≥ 4.60 cm in men
and ≥ 4.50 cm in
women)

Age (years)

74 (49–92)

67 (47–86)

65.5 (34–89)

<
0.001

Gender,
men/women

42/18

43/17

42/18

0.97

Duration of
dialysis (years)

5.1 (0.4–33.2)

5.4 (0.3–31.2)

6.3 (0.3–28.3)

0.47

Body mass
index (kg/m2)

19.8 (11.8–26.8)

20.8 (15.4–30.9)

24.9 (16.4–35.6)

<
0.001

Diabetes
Mellitus, n (%)

30 (50)

32 (53)

29 (48)

0.86

Stroke, n (%)

11 (18)

13 (22)

10 (17)

0.78

Ischemic heart
disease, n (%)

20 (33)

25 (42)

22 (37)

0.64

Serum albumin
(g/dl)

3.7 (3.1–4.1)

3.7 (3.1–4.4)

3.8 (3.2–4.7)

0.012

HDLcholesterol
(mg/dl)

43 (23–87)

41 (25–76)

40 (4–91)

0.30

LDL-cholesterol
(mg/dl)

77 (35–139)

81 (35–154)

79 (23–148)

0.69

Triglyceride
(mg/dl)

71 (25–508)

92 (33–460)

106 (32–488)

0.009

Uric acid
(mg/dl)

6.3 (3–11.1)

7.0 (4.1–11.9)

7.3 (4.5–11.1)

0.002

CRP (mg/dl)

0.09 (0.05–2.89)

0.11 (0.05–3.65)

0.13 (0.05–7.56)

0.90

BUN (mg/dl)

63 (36–87)

64 (34–107)

65 (37–95)

0.27

Comorbids

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein; BUN,
blood urea nitrogen; PTH, parathyroid hormone
*Data are expressed as median (range) or number (percentage)
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Sample
characteristics*

Quadriceps muscle thickness measured using ultrasonography

Pvalue

Tertile 1

Tertile 2

Tertile 3

(< 3.66 cm in men
and < 3.50 cm in
women)

(3.66–4.59 cm in men
and 3.50–4.49 cm in
women)

(≥ 4.60 cm in men
and ≥ 4.50 cm in
women)

Creatinine
(mg/dl)

9.2 (2.4–13.4)

10.8 (5.9–15.8)

12.4 (6.8–18.2)

<
0.001

Kt/Vurea

1.45 (0.97–2.02)

1.44 (1.07–2.07)

1.43 (0.67–2.29)

0.36

Ca (mg/dl)

8.7 (6.7–11.1)

8.6 (7.5–10.0)

8.9 (6.9–10.2)

0.17

P (mg/dl)

5.1 (1.9–8.7)

5.6 (3.1–9.3)

5.5 (3.1–7.2)

0.007

intact PTH
(pg/ml)

136 (80–200)

150 (76–235)

128 (71–183)

0.35

β2 microglobin
(mg/l)

25.4 (9.4–39.1)

27.4 (11.4–35.9)

26.7 (12.4–46.2)

0.37

Hemoglobin
(g/dl)

10.9 (7.9–13.3)

10.7 (9.2–13.2)

10.8 (9.3–13.4)

0.52

Thigh
circumference
(cm)

39 (36–42)

42 (39–45)

46 (44–50)

<
0.001

Handgrip
strength (kg)

20.7 (6.4–35.7)

23.9 (12.8–42.8)

25.2 (11.1–49.4)

<
0.001

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein; BUN,
blood urea nitrogen; PTH, parathyroid hormone
*Data are expressed as median (range) or number (percentage)

Associations of quadriceps muscle thickness, thigh
circumference, and handgrip strength with fall injury
During a 12-month follow-up period, 42 (23.3%) out of 180 patients had fall injury. As shown in Fig. 2,
men with fall injury were more likely to have lower quadriceps muscle thickness, thigh circumference, and
handgrip strength than those men without fall injury. Women with fall injury were also more likely to have
lower quadriceps muscle thickness than those women without fall injury. Thigh circumference and
handgrip strength tend to have lower values in women with fall injury compared to those women without
fall injury. However, no significant differences were observed among these values.
Patients in the lowest tertile had a significant higher risk of fall injury than those in the higher two tertiles
(log-rank test, P < 0.001) (Fig. 3). The lowest tertile had 24 events, an incidence of 0.57 fall injury/personyear, and a cumulative incidence of 40.0%. Otherwise, the middle tertile and the highest tertile had almost
the same frequency of fall injury but were less than those in the lowest tertile. The middle tertile
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developed 10 events (an incidence of 0.18 fall injury/person-years, 16.6% cumulative incidence), and the
highest tertile developed 8 events (an incidence of 0.15 fall injury/person-years, 13.3% cumulative
incidence).
In univariate analysis, the lowest quadriceps muscle thickness tertile, diabetes, and serum albumin level
were associated with a higher risk of fall injury (Table 2). In multivariate analysis, the lowest quadriceps
muscle thickness tertile still remained significant after various confounding factors such as age, gender,
dialysis vintage, BMI, diabetes, stroke, KT/Vurea, and serum albumin level have been adjusted (hazard
ratio [95%CI], 2.99 [1.46–6.32], P < 0.001). If thigh circumference and handgrip strength were used as one
of the dependent variables, the independency of quadriceps muscle thickness remained similar (data not
shown). Then, the receiver operating characteristic curves were constructed to determine the cutoff of
quadriceps muscle thickness that best predicts fall injury. The optimal cutoff values for men and women
were 3.66 cm and 3.54 cm, respectively. Using these cutoff values, the respective areas under the curve
were 0.620 (95% CI, 0.509–0.739) and 0.774 (95% CI, 0.617–0.904).
Table 2
Independent risk factors associated with fall injury
Variables

Univariate analysis

Multivariate analysis*

HR (95% CI)

P-value

HR (95% CI)

P-value

The lowest QT tertile

3.37 (1.83–6.31)

< 0.001

2.99 (1.46–6.32)

< 0.001

Age, 1 year of age

1.02 (0.99–1.04)

0.22

1.00 (0.97–1.03)

0.93

Men gender

0.76 (0.41–1.46)

0.41

0.62 (0.31–1.28)

0.19

Duration of dialysis, every 1 year

1.02 (0.97–1.05)

0.41

1.08 (1.01–1.14)

0.012

Body mass index

0.94 (0.86–1.01)

0.11

0.95 (0.85–1.05)

0.29

Diabetes Mellitus

3.14 (1.63–6.54)

< 0.001

3.97 (1.85–9.34)

< 0.001

Stroke

1.76 (0.86–3.34)

0.12

1.85 (0.89–3.61)

0.10

Serum albumin

0.20 (0.06–0.66)

0.007

0.35 (0.10–1.22)

0.10

Kt/Vurea

0.68 (0.18–2.51)

0.57

0.29 (0.05–1.85)

0.10

Abbreviations: HR, hazard ratio; QT, quadriceps muscle thickness
*If

thigh circumference and handgrip strength were used as one of the dependent variables, the
independency of QT remained similar (data not shown).

Discussion
In this cohort study, any fall accidents were observed in 42 (23.3%) maintenance dialysis patients for a
one-year period. The quadriceps muscle thickness measured using ultrasonography was significantly
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associated with future fall injury, with the optimal cutoff values of 3.66 cm and 3.54 cm for men and
women, respectively. Particularly, quadriceps muscle thickness may be more precise predictor for fall
injury than the thigh circumference and handgrip strength in women dialysis patients.
Falls tend to occur in elderly people and are observed in dialysis patients with high frequency. Fall injury
often lead to hospitalizations, starting the downward spiral of physical disorder that can result in longterm functional disability or death. Muscle weakness and frailty were considered the most important risk
factor of falls4,10. Sarcopenia occurred more frequently in hemodialysis patients5,11. The EWGSOP gave
us a common consensus about muscle mass assessment for aging. The CT scan and MRI which would
be the gold standard in measuring skeletal muscle mass more precisely are widely used. On the other
hand, these techniques have numerous problems including costs, limited number of facilities, time
consumption, and radiation exposure, so that most dialysis units cannot carry them out routinely for a
large number of subjects in general practice. Alternatively, dual-energy X-ray absorptiometry (DEXA) and
bioelectrical impedance spectroscopy (BIA) are simpler inspection methods. However, DEXA remains to
be problematic regarding radiation exposure and inspection equipment. Portable BIA may have
calculation errors because excess fluid is miscalculated as muscle mass12.
Recently, some studies reported about the reliability of bedside ultrasound for the measurement of
muscle thickness13–16. Muscle thickness measured using a sonographic technique has a high correlation
with the CT scan and MRI values17. Sabatino A et al. reported the significant decrease of quadriceps
femoris muscle in hemodialysis patients compared to healthy adults18. In this study, the quadriceps
muscle thickness was comparable to the result of the previous study. More importantly, the quadriceps
muscle thickness measured using ultrasonography was clinically verified as an independent risk factor
for fall injury.
Many risk factors have been proposed for the development of fall injury in hemodialysis patients: age,
diabetes, handgrip strength, antidepressant agents, and sarcopenia19,20. The association of diabetes for
fall injury have already been investigated by several researchers21,22. Diabetes patients are prone to fall
due to its complications such as hypoesthesia from peripheral neuropathy, loss of vision from
retinopathy, orthostatic hypotension from autonomic disturbance, and hypoglycemia. In this study,
diabetes is also associated with fall injury similar to those of previous studies.
Low handgrip strength can possibly cause falls or activities of daily living disability23. The handgrip
strength is known to correlate with the limb muscle strength, which is available for the evaluation of
muscle strength24. In this study, handgrip strength was correlated with quadriceps muscle thickness.
However, median handgrip strength in women with fall injury and those women without fall injury was
16 kg and 18 kg, respectively. The difference was insignificant and hardly distinguishable. Muscle
strength may not always depend on muscle mass; a study showed the association between muscle
strength and muscle mass is not a straight line25. Additionally, the association of thigh circumference
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with fall injury as even easier parameter was investigated. However, the relationship was lesser in women
because thigh circumference may include the other component except muscle mass.
Previous studies have confirmed that sarcopenia can lead to falls, disability, hospital admission, longterm care placement, poorer quality of life, and increased mortality rate24,26. Sarcopenia patients were
over three times more likely to fall relative to non-sarcopenia patients27. Japan is one of the most rapidly
aging countries in the world. Moreover, hemodialysis patients are generally considered as a high-risk
group for sarcopenia due to inflammation, malnutrition by dietary therapy, loss of protein from dialysis
membrane, low performance by complications or comorbidity, and time loss by dialysis schedules28,29.
Mainly, this study aimed to assess the risk of falls affecting the prognosis of hemodialysis patients, since
muscle thickness measured using ultrasonography has been confirmed to easily and accurately evaluate
the risk of future fall injury.
This study had several limitations. First is the relatively few subjects enrolled in this study. The optimal
cutoff values are just for reference. Second, the results were not compared with an observation of the
muscle mass using CT or MRI. Third, this study did not discuss the following issues: how to improve
physical performance, quality of life, and mortality from rehabilitation or nutrition management
perspectives. Hence, further study is necessary considering methods of recuperation including the
abovementioned issues comprehensively.

Conclusions
Quadriceps muscle thickness using ultrasonography can be easily measured at the bedside and is a
precise predictor of fall injury in patients undergoing maintenance hemodialysis. Thus, from now on,
quantitative sonographic assessment of quadriceps muscle thickness is worth considering from a
prognostic point of view.
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Figure 1
Ultrasonogram of the quadriceps muscle thickness Abbreviations: ST, subcutaneous tissue; RF, rectus
femoris; VI, vastus intermedius muscle; QT, quadriceps muscle thickness The QT which consists of the
rectus femoris and the vastus intermedius muscle was measured in the axial view at the midpoint
between the anterior superior iliac spine and the lateral epicondyle of the femur. Using a B-mode
ultrasound apparatus (LOGIQ BOOK XP; GE Healthcare Japan, Tokyo, Japan) with a linear scanner, the
procedure was conducted by a single examiner to patients in supine position after dialysis.
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Figure 2
Box plots depicting the associations of fall injury with quadriceps muscle thickness, thigh circumference,
and handgrip strength
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Figure 3
Kaplan–Meier curves for fall injury by tertiles of quadriceps muscle thickness
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