ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

TrabajO Orlg inal Valoraciéon nutricional

Correlation of physical function and physical activity with muscle mass measured with

computed tomography in adult hemodialysis patients
Estudio de correlacion de la funcionalidad fisica y la actividad fisica con la masa muscular medida
con tomografia computarizada en pacientes adultos en hemodialisis

Geovana Martin-Alemariy'>®, Monserrat Pérez-Navarro', Kenneth R. Wilund*, Rosalba Hernandez®, Paul N. Bennett®, Mariana Oseguera-
Brizuela', Miguel Angel Reyes-Calderas®, Rafael Valdez-Ortiz'

"Department of Nephrology. Hospital General de México Dr. Eduardo Liceaga. Mexico City. Mexico. 2Programa de Maestria y Doctorado en Ciencias Médicas, Odontoldgicas
y de la Salud. Universidad Nacional Auténoma de México. Mexico City, Mexico. *Department of Population Health Nursing Science. College of Nursing. University of lllinois
Chicago. Chicago, lllinois. USA. *School of Nutritional Sciences and Wellness. University of Arizona. Tucson, Arizona. USA. °Clinical and Health Sciences. University of South
Australia. Adelaide, South Australia. Australia. °Department of Radiology and Imaging. Hospital General de México Dr. Eduardo Liceaga. Mexico City. Mexico

Abstract

Background: muscle mass (MM) plays an important role in the physical function of hemodialysis patients; however, muscle mass measure-
ment can be unreliable and expensive. In contrast, the measurement of physical function (PF) is simple and inexpensive and may serve as an
alternative. The aim of this study was to correlate the measurement of MM by computed tomography (CT) with physical function measurements
and physical activity (PA) levels in HD patients.

Methods: this was a cross-sectional study that included 38 HD patients from a single HD clinic. Each participant had a CT scan to measure
mid-thigh muscle mass. Physical function tests were assessed using the six-minute walk test (SMWT), handgrip strength (HGS) test, 5 x sit-to-
stand test (STS5), timed up and go test (TUGT) and Short Physical Performance Battery (SPPB), while physical activity levels were measured using
the Godin-Shephard leisure-time physical activity questionnaire. Correlation analysis was used to examine the relationship between variables.

Results: handgrip strength was strongly positively correlated with thigh muscle area (r = 0.656, p < 0.001) and weakly correlated with arm
muscle area (r = 0.396, p = 0.002), SMWT (r = 0.373, p = 0.004), SPPB (r = 0.269, p = 0.041) and physical activity (r = 0.323, p=0.013).

Keywords: There was also a trend for an inverse correlation between handgrip strenght and TUGT (r = -0.235, p = 0.076). Positive correlations were found
o between the thigh muscle area and the SPPB (r = 0.339, p = 0.009) and PA (r = 0.293, p = 0.025), while there was a trend for an inverse

izrggdﬂﬁfj';ﬁ’;"g;ce'ﬁgm correlation between thigh muscle area and STS5 (r = -0.256, p = 0.052).

physi'ca| function. ‘ Conclusion: several measures of PF and strenght were correlated with objectives measurements of MM, thus provide options for low-cost

Computed tomography. measurements related to muscle mass.
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Resumen

Antecedentes: la masa muscular (MM) juega un papel importante en la funcionalidad fisica de los pacientes en hemodidlisis; sin embargo, la
medicion de la masa muscular en esta poblacién de pacientes puede ser poco confiable y costosa. Por el contrario, la medicion de la funcion
fisica (FF) es simple, econémica y puede servir como alternativa. El objetivo de este estudio fue correlacionar la medicion de la MM mediante
tomografia computarizada (TC) con la funcionalidad fisica y los niveles de actividad fisica (AF) en pacientes en HD.

Métodos: se realizd un estudio transversal que incluy6 a 38 pacientes en HD de una clinica de hemodialisis. Se utilizd la TC para medir la
masa muscular del muslo medio de cada participante. Se midid la funcionalidad fisica con la prueba de la caminata de seis minutos (SMWT),
la dinamometria de mano (HGS), la prueba de sentarse y levantarse cinco veces (STS5), la prueba de levantarse y caminar (TUGT) y la Bateria
de Desempefio Fisico Corto (SPPB), mientras que los niveles de actividad fisica se midieron utilizando el cuestionario de actividad fisica de
Godin-Shephard “Leisure-Time Physical Activity Questionnaire”. Se utilizé un andlisis de correlacion para examinar la relacion entre las variables.

Resultados: la dinamometria de mano se correlaciono positiva y fuertemente con el drea muscular del muslo (r = 0,656, p < 0,001) y débilmente
con el area muscular del brazo (r = 0,396, p = 0,002), SMWT (r = 0,373, p= 0,004), SPPB (r = 0,269, p = 0,041) y actividad fisica (r = 0,323,
p=0,013). También se encontré una correlacion inversa no significativa entre la dinamometria de mano y el TUGT (r = -0,235, p = 0,076). Se
encontré una correlacion positiva entre el area muscular del muslo y el SPPB (r = 0,339, p = 0,009) y la AF (r = 0,293, p = 0,025), mientras
que se encontro una correlacion inversa no significativa entre el area muscular del muslo y STS5 (r = -0,256, p = 0,052).

Conclusion: varias medidas de la funcion fisica y la fuerza se correlacionaron con mediciones objetivas de la masa muscular, proporcionando
asi opciones para mediciones de bajo costo relacionadas con la masa muscular.

INTRODUCTION

Skeletal muscle tissue is one of the major tissues affect-
ed by chronic kidney disease (CKD) (1). It is well known that
individuals undergoing hemodialysis (HD) experience loss of
muscle mass (MM) due to many factors, including the dialy-
sis procedure per se, which induces a catabolic state, as well
as insufficient food intake; multiple endocrine disorders; per-
sistent inflammation; metabolic acidosis; and physical inactivi-
ty, among other fractors (2).

The loss of muscle mass also reduces physical function (PF)
(3), and reductions in MM and PF are directly associated with
premature death, poor quality of life, frailty, disability and hospi-
talizations (1,4-8).

Low level of physical activity (PA) are a common feature in di-
alysis patients (9) and this may be either a cause or consequence
of the reduced MM in this population (10).

The measurement of MM can be complicated, as a patient’s
hydration status can impact assessment techniques such as
anthropometry and bioelectrical impedance. While there are ac-
curate methods for determining MM that are not influenced as
much by hydration status, including computed tomography (CT)
and magnetic resonance imaging (11), these techniques are rel-
atively costly, so have limited clinical application.

The measurement of PF and handgrip strength (HGS), which
can be an indirect measurement of MM functionality, is low cost
and easy to perform. PF can be evaluated by different clinical
methods, such as the six-minute walk test (SMWT), HGS, 5 x sit-
to-stand test (STS5), timed up and go test (TUGT), or Short Phys-
ical Performance Battery (SPPB). The relevance of measuring
PF in HD patients has been described in some studies. Isomaya
et al. (4). showed that low MM alone was not associated with
an increased risk of mortality, but low muscle function (muscle
strength) irrespective of the appropriate muscle stores increased
the risk of mortality by 98 %. They concluded that muscle at-
rophy does not explain the alterations in muscle function (4)
and that MM and PF are two domains of skeletal muscle tissue
that can be affected by different factors (12). In similar studies,
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younger HD patients with greater mid-thigh muscle area had
poorer PF measured with the six-minute walk test than elderly
subjects with smaller muscle area who were not on dialysis. This
was not explained by the size of the muscle mass or comorbid
conditions (3).

Given this background, our primary aim was to determine the
correlation between the measurement of MM by CT and sim-
ple and low-cost PF tests and PA assessments. As a secondary
analysis, we explored the correlation between the measurements
of anthropometrics with CT, PF and PA as well as the correlation
between muscle strength measured with HGS and anthropomet-
rics, CT muscle mass and PA.

MATERIALS AND METHODS

STUDY DESIGN AND PATIENTS

This was a cross-sectional study that was conducted in ac-
cordance with the ethical standards described in the1964
Declaration of Helsinki. This study was approved by the ethics
committees with the registration number DI/18/105-B/04/021.
Informed consent was obtained from all subjects involved in the
study. The inclusion criteria were as follows: regular HD two or
three times a week, age > 18 years and ability to perform phys-
ical function tests. Patients with amputation, hospitalization in
the last 3 months, unsatisfactory attendance at HD sessions,
pregnancy, severe dyspnea, femoral fistula and orthopedic or
neurological compromises or cognitive alterations affecting their
participation in the study were excluded.

PHYSICAL FUNCTION TESTS

PF was assessed using the five repetitions of the sit-to-stand
test (STS5), which measures the muscle strength of lower limbs,
and the Short Physical Performance Battery (SPPB) (13), which
measures the global function of patients. These PF tests were
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chosen because both provide information about lower extremity
function, which we want to compare with the MM of the mid-
thigh muscle. The STS5 measures the time taken to complete
5 repetitions of the sit-to-stand test. To conduct this test, we
used a chair with a height of 42 cm that was placed next to a
wall, and we asked patients to fold their arms across their chest
and stand up and sit down five times as quickly as possible. We
record time from the initial sitting position to the final standing
position. The SPPB is a well-validated test and measures three
different dimensions of PF: 4-meter gait speed, chair stand
(STSH), and standing in three different positions for assessment
of balance. Each of these tasks are assigned a score ranging
from O to 4, with 4 indicating the highest level of performance.
The scores from each tasked are summed, providing a final
score with a range of 0 to 12, where the highest scores indicat-
ed better PF (13).

Other measurements for PF were the SMWT and TUGT. The
SMWT involved walking back and forth along a 22 m course (two
10-m straight lines connected by two 1-m curves) in a corridor
for 6 min. We used the protocol of the American Thoracic Society.
Subjects were allowed to rest in case of fatigue or pain. For the
TUGT, we asked the patient to rise from a standard armcharr,
walk 3 meters, turn around, and return and sit down again, with
time to complete the task measured in seconds.

HANDGRIP STRENGTH

Although the measurement of MM was performed in the
mid-thigh muscle, we also measured handgrip strength using
a hand dynamometry (Smedley Ill; Takei Scientific Instruments,
Niigata City, Japan). Patients were seated in a relaxed position
with shoulders adducted with neutral rotation, elbow in a 180°
extension, forearm and wrist in a neutral position and they were
asked to squeeze the dynamometer as hard as they could for
5 seconds (14). The measurement was taken 3 times, and the
average of the 3 measurements was recorded as the handgrip
strength. We used the European Working Group on Sarcopenia
in Older People Il (EWGSOP Il) criteria to evaluate the muscle
strength (15).

For patients who had a fistula, the measurement was per-
formed with the hand opposite to the fistula; for patients with
a catheter, the measurement was performed using the dom-
inant hand.

PHYSICAL ACTIVITY

To assess PA, we used the physical activity questionnaire
of the University of Laval, which has been shown to be sensi-
tive and reproducible in our population (16). This questionnaire
lists nine different types of activities, assigns each of them a
caloric expenditure, and measures the kilocalories from PA in
24 hours. We measured PA on a different day of the weekend
or the HD session.

G. Martin Alemafiy et al.

MUSCLE MASS ASSESSMENT AND
NUTRITIONAL STATUS

Acquisition of images was performed twice using 2 identical CT
scanners (Siemens Somatom 128 slices, 2011) without the use of
iodinated contrast. Measurements of the muscle tissue were per-
formed at workstations (Carestream Vue PACS) at half of the femur
in each patient. The protocol used was a 0.8 mm slice thickness
with @ 3 mm reconstruction in a soft tissue window. The CT scan-
ner tube voltage was on average between 100 and 120 kV, expo-
sure varied from 50 to 200 mAs, and a soft tissue kernel was used.

Afreehand ROI tool was used to draw the margins of the mus-
cle tissue and aponeurosis to calculate the thigh muscle area
(quantity of muscle mass) and intramuscular lipid content via
attenuation (density values), expressed in Hounsfield units (17).
Any increment would express the substitution of fat tissue for
muscle in the measured area (Fig. 1).

Figure 1.

Representative computed tomography images of the mid-thigh muscle area and
physical function tests of two hemodialysis patients.

Anthropometric measurements were taken with a Lange skin-
fold caliper by a trained dietitian (G.M.A.) to estimate mid-arm
muscle circumference and arm muscle area; these measure-
ments were performed before the HD sessions when the patients
were close to their dry weight. According to Heymsfield et al., we
decided to use the bone-free arm muscle area and the arm mus-
cle circumference formulas to evaluate and classify the muscle
mass, also the midarm circumference was measured midway
between the tip of the acromion and olecranon process (18). The
following formulas were used to estimate mid-arm muscle cir-
cumference and bone-free arm muscle area (16):

— Mid-arm muscle circumference: Mid arm circumference —

(rm x triceps skinfold thickness)

— Bone-free arm muscle area:

e Males = [(midarm circumference (cm) - 11 x triceps (cm)]?
/4m-10

e Females = [(midarm circumference (cm) - 1 X triceps
cm)?/4m-6.5

Nutritional status was evaluated using the malnutrition inflam-
mation score (MIS). This is a validated tool frequently used to
assess the malnutrition status of patients. A higher score reflects
a more severe degree of malnutrition and inflammation (19).

[Nutr Hosp 2024:41(5):1010-1016]
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STATISTICAL ANALYSIS

To evaluate the distribution of each quantitative variable, we
used the Kolmogorov-Smirnov test, and according to the data
distribution, we report the data as the means with standard devi-
ations or medians with interquartile ranges. Categorical variables
are presented as absolute numbers and proportions. To evaluate
the direction and strength of the association between the muscle
mass measured with the CT and the PF tests, we used Pearson’s
correlation coefficient, and a p-value < 0.05 was considered sta-
tistically significant. SPSS version 21.0 was used to analyze the
data.

RESULTS

BASELINE CHARACTERISTICS

We analyzed 38 patients with a mean age of 33 + 10.8 years,
52.6 % (n = 20) of the patients were male, and the etiology of
kidney failure was unknown in most cases (71.1 %). Baseline
scores for all PF tests are shown in table I.

CORRELATION BETWEEN THIGH MUSCLE
AREA, PHYSICAL ACTIVITY, AND PHYSICAL
FUNCTION TESTS

Positive correlations were found between mid-thigh muscle
area and SPPB (r = 0.339, p = 0.009) (Fig. 2) and physical
activity (r = 0.293, p = 0.025) (Fig. 3). An inversely correla-
tion was also found between mid-thigh muscle area and STS5
(r =-0.256, p = 0.052) (Fig. 4). No significant correlations
were found between the thigh muscle area and the six-minute
walk test nor the TUGT.

CORRELATION BETWEEN ARM MUSCLE
AREA AND MID-ARM CIRCUMFERENCE AND
PHYSICAL FUNCTION TESTS AND PHYSICAL
ACTIVITY

Arm muscle area was significantly correlated with physical
activity (r = 0.323, p = 0.013), and no statistical correlations
were found with the PF tests. Mid-arm muscle circumference
was positively correlated with physical activity, but this correla-
tion was not statistically significant (r = 0.249, p = 0.059). No
correlations were found with the PF tests.

CORRELATION OF HANDGRIP STRENGTH
WITH ANTHROPOMETRICS, CT AND PA

Handgrip strength was positively correlated with arm muscle
area measured with anthropometrics (r = 0.396, p = 0.002),
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Table I. Demographics, body
composition, laboratory and physical
function characteristics of the study

population
Patient characteristics Total (n = 38)
Age (years) 33+10.8
Sex
Male, 1 (%) 20 (52.6)
Etiology, n (%)
Unknow 27 (711.1)
Diabetes mellitus 3(7.9)
Glomerulopathy 1(2.6)
Hypertension 4(10.5)
Other 3(7.9
Frequency of dialysis (n/%)
2 times per week 32(84.2)
3 times per week 6 (15.8)
Dialysis vintage (years) 2(1,32
Uresis (ml/24 h) 85+ 26
Comorbidities, n (%)
Diabetes 2(7.9)
Hypertension 38 (100)
Vascular access, n (%)
Catheter 16 (42.1)
Arteriovenous fistula 22 (57.9)
Weight (kg) 56.6 +8.2
Body mass index (kg/m?) 21.9+29
Anthropometrics
Arm muscle circumference (mm) 246.30 + 64.7
Arm muscle area (cm?) 35+ 14.65
Computed tomagraphy
Mid-thigh muscle area (cm?) 100 + 20
Muscle attenuation (HU) 53+4
MIS (score) b1x27
Physical function tests
Six-minute walk (m) 408 + 64.1
Time up and go (s) 82+15
5t-sit to stand (s) 94+27
Short Physical Performance Battery (score) 10.8+1.3
Handgrip strength (kg) 24.7+9.3
Physical activity (kcal from PAQ) 2398 + 725
Hemoglobin (g/dl) 10,19+ 2.1
Creatinine (mg/dl) 13441
Albumin (g/dL) 42+0.43
Phosphorus (mg/dl) 5723
Potassium (mmol/L) 5.4 +0.99
CRP (mg/L) 11.7+20.6

Data are indicated as absolute number (percentage), mean + standard
deviation. Fat mass is presented as a percentage of body weight from
anthropometry. HU: Hounsfield units; CRP: C-reactive protein; MIS:

malnutrition inflammation score.
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mid-thigh muscle area measured with CT (r = 0.656, p = 0.000)
(Fig. 5), SMWT (r = 0.373, p=0.004), SPPB (r = 0.269, p= 0.041)
and physical activity (r = 0.323, p = 0.013) and was negatively
correlated with the TUGT (r = -0.235, p = 0.076).
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p=0.009

Short Physical Performance Battery

8.00

75.00 100.00 125.00 150.00 175.00

Mid-thigh muscle area (cm?)

Figure 2.

Correlation between the mid-thigh muscle area measured with computed tomo-
graphy and the Short Physical Performance Battery.
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Figure 3.

Correlation between the mid-thigh muscle area measured with computed tomo-
graphy and physical activity.
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Figure 4.

Correlation between the mid-thigh muscle area measured with computed tomo-
graphy and the 5 x sit-to-stand test.
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Figure 5.

Correlation between the mid-thigh muscle area measured with computed tomo-
graphy and handgrip strength.

CORRELATION OF ARM MUSCLE AREA AND
MID-ARM MUSCLE CIRCUMFERENCE WITH
THIGH MUSCLE AREA

The mid-thigh muscle area was significantly correlated with

the arm muscle area (r = 0.431, p = 0.001) and arm muscle
circumference (p = 0.357, p = 0.006).

DISCUSSION

The primary finding in this study was that handgrip strength
was strongly and significantly correlated with mid-thigh muscle
area and with arm muscle area, it was also correlated with dif-
ferent PF tests, such as SMWT, SPPB, and TUGT, and a positive
correlation with physical activity was also found. In addition, sig-
nificant correlations were found between the mid-thigh muscle
area and PF measurements obtained with the SPPB and STS5,
and physical activity.

It is sometimes difficult to measure muscle mass in HD pa-
tients, in part because typical measurement techniques such
as bioelectrical impedance analysis can be affected by patient’s
hydration status. By contrast, other techniques such as du-
al-energy X-ray absorptiometry, magnetic resonance imaging
and computed tomography are considered to be the “gold stan-
dard” reference methods for muscle mass evaluation, but their
use is mainly confined to research purposes because they are
either too expensive or inaccessible (20). As a result, physical
function tests are often used as a proxy to assess muscle func-
tion, but few studies have examined how well these functional
tests correlate with muscle mass measurements in this patient
population (11).

Reduction in muscle mass and function are directly associ-
ated with premature death, poor quality of life, frailty, disability
and hospitalizations (1,4-8). According to Roshanvaran et al.,
poor physical function measured with the six-minute walk test,
TUGT, gait speed and handgrip strength are associated with an
increase in all-cause mortality (5).

[Nutr Hosp 2024:41(5):1010-1016]
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Improvement of both domains of muscle mass (muscle size and
muscle quality) is important for dialysis patients because both are
strong predictors of mortality; low muscle mass increased the risk
of mortality by 98 % (HR: 1.98, 95 % ClI: 1.01 to 3.87), and low
muscle strength increased the risk of mortality by 23 % (HR: 1.23,
95 % Cl: 0.56 to 2.67). Skeletal muscle dysfunction leads to mo-
bility limitation and loss of functional independence, which can be
translated to poor quality of life (4,3,21). Johansen et al. reported
that dialysis patients were weaker and less active and walked more
slowly than sedentary controls, although the quantity of muscle
mass was not significantly different between the two groups (10).
In this study, dialysis subjects had less contractile tissue and a
poorer quality of muscle mass due to increased intramuscular fat
infiltration (10). Other similar studies showed that younger dialysis
patients (49.2 + 15.8 years) with a greater mid-thigh muscle area
(106.2 + 26.8 cm? had poorer physical function than non-hemo-
dialysis elderly subjects (75.3 = 7.1 years) with a smaller muscle
area (96.1 = 2.1 cm?), and this difference was not explained by
muscle mass or comorbid conditions (3).

Taken together, our study adds to the literature suggesting that
these low-cost functional measurements can provide valuable
information related to the muscle mass of HD patients.

One of the interesting findings of this study was that HGS
strongly correlated with the mid-thigh muscle area measured
with CT and with different PF tests, but in other studies, this
measurement was associated with the risk of malnutrition and
inflammation (22).

A meta-analysis of prospective cohort studies evaluated the
association between HGS and all-cause mortality in CKD pa-
tients found that the summary risk ratio of all-cause mortality
in patients with low HGS was 1.88 (95 % confidence interval,
1.51-2.33; p< 0.001), while the summary risk ratio of all-cause
mortality associated with a 1-kg unit increase in HGS was 0.95
(95 % confidence interval, 0.93-0-97; p < 0.001) (23).

These results suggest that HGS could be a strong predictor
of malnutrition, inflammation, and all-cause mortality, as well as
providing valuable information regarding the muscle mass of HD
patients.

Our study has some limitations. First, due to the small sample
size do not allow for the conclusion that the measurement of PF
can represent the quality of muscle mass at any age in this pa-
tient group. Second, the patients did not undergo familiarization
with the different PF tests, which may yield a biased result due to
the poor standardization of the patients at the time of the tests.

CONCLUSION

The measurement of MM in HD patients is challenging due to
frequent changes in the hydration status. Our data suggest that
the evaluation of HGS and other low-cost and easy- to-perform
PF measurements can provide important information related to
MM. Additional studies are needed that include patient popula-
tions with larger sample sizes, across a wider age range, and
including patients across the spectrum of kidney disease.

[Nutr Hosp 2024;41(5):1010-1016]

PRACTICAL APPLICATIONS

The measurement of physical function and handgrip strength
are both low cost and easy to perform, and both measurements
can give clinicians important information about the muscle mass
of patients who are undergoing chronic hemodialysis.

REFERENCES

1. Stenvinkel P, Carrero JJ, von Walden F, Ikizler TA, Nader GA. Muscle wast-
ing in end-stage renal disease promulgates premature death: established,
emerging and potential novel treatment strategies. Nephrol Dial Transplant
2016;31(7):1070-7. DOI: 10.1093/ndt/gfv122

2. Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh K, Kaysen G,
et al. Etiology of the protein-energy wasting syndrome in chronic kidney dis-
ease: a consensus statement from the International Society of Renal Nutrition
and Metabolism (ISRNM). J Ren Nutr 2013;23(2):77-90. DOI: 10.1053/j.
jrm.2013.01.001

3. Marcus RL, LaStayo PC, Ikizler TA, Wei G, Giri A, Chen X, et al. Low Physical
Function in Maintenance Hemodialysis Patients Is Independent of Muscle
Mass and Comorbidity. J Ren Nutr 2015;25(4):371-5. DOI: 10.1053/j.
jm.2015.01.020

4. Isoyama N, Qureshi AR, Avesani CM, Lindholm B, Barany P, Heimbiirger O,
et al. Comparative associations of muscle mass and muscle strength with
mortality in dialysis patients. Clin J Am Soc Nephrol 2014;9(10):1720-8. DOI:
10.2215/CJIN.10261013

5. Roshanravan B, Robinson-Cohen C, Patel KV, Ayers E, Littman AJ, de
Boer IH, et al. Association between physical performance and all-cause
mortality in CKD. J Am Soc Nephrol 2013;24(5):822-30. DOI: 10.1681/
ASN.2012070702

6. Reese PP, Cappola AR, Shults J, Townsend RR, Gadegbeku CA, Anderson C, et
al. Physical performance and frailty in chronic kidney disease. Am J Nephrol
2013;38(4):307-15. DOI: 10.1159/000355568

7. Plantinga LC, Johansen K, Crews DC, Shahinian VB, Robinson BM, Saran R,
et al. Association of CKD with disability in the United States. Am J Kidney Dis
2011;57(2):212-27. DOI: 10.1053/}.ajkd.2010.08.016

8. Bao Y, Dalrymple L, Chertow GM, Kaysen GA, Johansen KL. Frailty, dial-
ysis initiation, and mortality in end-stage renal disease. Arch Intern Med
2012;172(14):1071-7. DOI: 10.1001/archinternmed.2012.3020

9. Johansen KL, Chertow GM, Kutner NG, Dalrymple LS, Grimes BA, Kaysen
GA. Low level of self-reported physical activity in ambulatory patients new
to dialysis. Kidney Int 2010;78(11):1164-70. DOI: 10.1038/ki.2010.312

10. Johansen KL, Shubert T, Doyle J, Soher B, Sakkas GK, Kent-Braun JA. Mus-
cle atrophy in patients receiving hemodialysis: effects on muscle strength,
muscle quality, and physical function. Kidney Int 2003;63(1):291-7. DOI:
10.1046/].1523-1755.2003.00704 .x

11. Carrero JJ, Johansen KL, Lindholm B, Stenvinkel P, Cuppari L, Avesani CM.
Screening for muscle wasting and dysfunction in patients with chronic kidney
disease. Kidney Int 2016;90(1):53-66. DOI: 10.1016/j.kint.2016.02.025

12. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV,
et al. The loss of skeletal muscle strength, mass, and quality in older adults:
the health, aging and body composition study. J Gerontol A Biol Sci Med Sci
2006;61(10):1059-64. DOI: 10.1093/gerona/61.10.1059

13. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al.
A short physical performance battery assessing lower extremity function: asso-
ciation with self-reported disability and prediction of mortality and nursing home
admission. J Gerontol 1994;49(2):M85-94. DOI: 10.1093/geronj/49.2.m85

14, HaYC, Yoo JI, Park YJ, Lee CH, Park KS. Measurement of Uncertainty Using
Standardized Protocol of Hand Grip Strength Measurement in Patients
with Sarcopenia. J Bone Metab 2018;25(4):243-9. DOI: 10.11005/
jbm.2018.25.4.243

15. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age
Ageing 2019;48(1):16-31. DOI: 10.1093/ageing/afy169

16. Lopez-Alvarenga JC, Reyes-Diaz S, Castillo-Martinez L, Davalos-Ibafiez A,
Gonzalez-Barranco J. Reproducibilidad y sensibilidad de un cuestionario de
actividad fisica en poblacion mexicana [Reproducibility and sensitivity of a
questionnaire on physical activity in a Mexican population]. Salud Publica
Mex 2001;43(4):306-12.



1016

17.

18.

19.

20.

Engelke K, Museyko O, Wang L, Laredo JD. Quantitative analysis of skeletal
muscle by computed tomography imaging-State of the art. J Orthop Translat
2018;15:91-103. DOI: 10.1016/j.jot.2018.10.004

Heymsfield SB, McManus C, Smith J, Stevens V, Nixon DW. Anthropomet-
ric measurement of muscle mass: revised equations for calculating bone-
free arm muscle area. Am J Clin Nutr 1982;36(4):680-90. DOI: 10.1093/
ajcn/36.4.680

Gonzalez-Ortiz AJ, Arce-Santander CV, Vega-Vega O, Correa-Rotter R, Espi-
nosa-Cuevas MDLA. Assessment of the Reliability and Consistency of the
“Malnutrition Inflammation Score” (MIS) in Mexican Adults with Chronic Kid-
ney Disease for Diagnosis of Protein-Energy Wasting Syndrome (PEW). Nutr
Hosp 2014;31:1352-8. DOI: 10.3305/nh.2015.31.3.8173

Sabatino A, D'Alessandro C, Regolisti G, di Mario F, Guglielmi G, Bazzocchi
A, et al. Muscle mass assessment in renal disease: the role of imaging

21.

22.

23.

G. Martin Alemafiy et al.

techniques. Quant Imaging Med Surg 2020;10(8):1672-86. DOI: 10.21037/
qims.2020.03.05

Roshanravan B, Gamboa J, Wilund K. Exercise and CKD: Skeletal Muscle
Dysfunction and Practical Application of Exercise to Prevent and Treat Physical
Impairments in CKD. Am J Kidney Dis 2017;69(6):837-52. DOI: 10.1053/j.
ajkd.2017.01.051

Sostisso CF, Olikszechen M, Sato MN, Oliveira MASC, Karam S. Handgrip
strength as an instrument for assessing the risk of malnutrition and inflam-
mation in hemodialysis patients. J Bras Nefrol 2020;42(4):429-36. DOI:
10.1590/2175-8239-JBN-2019-0177

Hwang SH, Lee DH, Min J, Jeon JY. Handgrip Strength as a Predictor of All-
Cause Mortality in Patients With Chronic Kidney Disease Undergoing Dialysis:
A Meta-Analysis of Prospective Cohort Studies. J Ren Nutr 2019;29(6):471-
9.D0I: 10.1053/j.jrn.2019.01.002

[Nutr Hosp 2024:41(5):1010-1016]





