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Introduction: sarcopenia is considered a risk factor for cancer patients, as it increases mortality and post-surgical complications, and reduces
response to treatment and quality of life.
Objective: to identify the risk of sarcopenia by SARC-CalF, as well as the factors associated with this outcome in patients with cancer of the
gastrointestinal tract (GIT) and adnexal glands.
Methods: this cross-sectional study included patients with cancer of the GIT and adnexal glands, without edema or ascites, of both sexes and
aged ≥ 20 years. Conventional anthropometric variables and handgrip strength (HGS) were measured. The risk of sarcopenia was assessed
through the SARC-CalF questionnaire, and nutritional status by the Patient-Generated Subjective Global Assessment (PG-SGA). The data analysis
was performed using the SPSS® software, 22.0, with a significance of 5 %.
Results: seventy patients took part in the study. Of these, 55.7 % were female, 52.9 % were aged over 60 years, and 64.3 % were non-white.
PG-SGA identified 50.0 % of patients as well-nourished and 50.0 % as having some degree of malnutrition. The prevalence of risk of sarcopenia
was 28.6 %. There were different correlations between the SARC-CalF score and anthropometric variables (p < 0.05) according to life stage (adults
and elderly). After a linear regression analysis the measures that most influenced the SARC-CalF score were arm circumference (AC) and adductor
pollicis muscle thickness in the dominant hand (DAPMT) for adults, while for the elderly current weight and DAPTM (p < 0.05) were more relevant.
Conclusion: SARC-CalF identified 28.6 % of patients at risk for sarcopenia and was associated with body weight and anthropometric variables
indicative of muscle reserve in adults and the elderly.
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Introducción: se considera la sarcopenia un factor de riesgo, especialmente para los pacientes con cáncer, ya que aumenta la mortalidad y las
complicaciones posquirúrgicas, reduciendo la respuesta al tratamiento y la calidad de vida.
Objetivo: identificar el riesgo de sarcopenia por el SARC-CalF y los factores asociados en pacientes con cáncer del tracto gastrointestinal (TGI)
y las glándulas anexas.
Métodos: estudio transversal descriptivo. Se incluyeron pacientes con cáncer del TGI y glándulas anexas, sin edema o ascitis, de ambos sexos
y de edad ≥ 20 años. Se midieron las variables antropométricas convencionales y la fuerza de presión manual (FPM). El riesgo de sarcopenia
se obtuvo mediante el cuestionario SARC-CalF y el estado nutricional mediante la valoración global subjetiva generada por el propio paciente
(VGS-GP). El análisis de los datos se realizó con el software SPSS®, versión 22.0, con una significancia del 5 %.
Resultados: participaron 70 pacientes. De estos, el 55,7 % eran mujeres, el 52,9 % eran mayores de 60 años y el 64,3 % eran de etnia no
caucásica (64,3 %). La VGS-GP identificó un 50,0 % de pacientes bien alimentados y un 50,0 % con algún grado de desnutrición. El riesgo
de sarcopenia fue del 28,6 %. Hubo diferentes correlaciones entre el puntaje SARC-CalF y las variables antropométricas (p < 0,05) según la
etapa de la vida (adultos y ancianos). Después del análisis de regresión lineal, las medidas que más influyeron en el puntaje SARC-CalF fueron
la circunferencia muscular del brazo (CMB) y el espesor del músculo aductor del pulgar de la mano dominante (EMAPD) en los adultos, mientras
que en los ancianos fueron el peso actual y elEMAPD (p < 0,05).
Conclusión: el SARC-CalF identificó al 28,6 % de los pacientes con riesgo de sarcopenia y se asoció con el peso corporal y las variables
antropométricas indicativas de reserva muscular en adultos y ancianos.
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INTRODUCTION
Cancer is the second leading cause of death in the world. The
latest worldwide estimate, conducted in 2018, reported 9.6 million
deaths due to cancer. And for each year of the 2020-2022 triennium, 625 thousand new cases are expected to occur (1).
Among the various complications triggered by cancer, malnutrition is one of the most prevalent, with a significant impact
on response to treatment, length of hospital stay, hospital costs,
increased risk of infections, reduced physical conditioning, worsened prognosis, and mortality (2,3).
Malnutrition affects on average 50.0 % of patients with cancer
of the gastrointestinal tract (GIT) and adnexal glands (4). Planas
et al. (5) observed nutritional risk in 47.9 % of patients with upper
GIT cancer, in 39.1 % of those with lower GIT cancer, and of
45.0 % in patients with adnexal gland cancer.
Malnutrition is often associated with significant levels of skeletal
muscle depletion, with progressive loss of strength, function, and
muscle mass, which is commonly known as sarcopenia (6,7). The
prevalence of sarcopenia in cancer patients is reported to be around
15.1 % (8), it being higher in those with GIT tumors (57.7 %) (9).
Sarcopenia can compromise health status, reduce quality of
life, and increase mortality and treatment costs, especially when
associated with malnutrition. However, its diagnosis requires
expensive equipment that is not always available or accessible
in clinical practice (6).
In this context, the SARC-F questionnaire is the first tool validated and accepted by the European Working Group on Sarcopenia
in Older People (EWGSOP2) (6) as a test to assess the risk of
sarcopenia, and consists of short, objective questions that assess
muscle function and performance (10,11).
In order to improve the effectiveness of this tool, Barbosa-Silva
et al. (12) suggested the inclusion of CalF circumference (CC)
to SARC-F, for it is an indicator of muscle mass reserve. This
adjustment improved the diagnostic accuracy and sensitivity of the
instrument, increasing its ability to identify the risk of sarcopenia
from 33.3 % to 66.7 % in the evaluated group. From then on, the
instrument started to be called the SARC-CalF (12).
Given the negative impact of sarcopenia on cancer patients
and the need to investigate the tools available for its screening
and diagnosis, this study hypothesized that SARC-CalF is an instrument capable of identifying risk of sarcopenia in patients with
cancer of the GIT and its adnexal glands, associated with the
measures used in clinical practice to assess nutritional status.
The aim of this study was to identify the risk of sarcopenia by
SARC-CalF as well as the factors associated with this outcome in
patients with cancer of the GIT and its adnexal glands.
MATERIAL AND METHODS
SAMPLE AND STUDY DESIGN
This cross-sectional, observational study was carried out in
Vitória (ES), Brazil, from May 2018 to December 2019.
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Patients aged 20 years or older, of both sexes, with a confirmed
diagnosis of cancer of the GIT or its adnexal glands, were recruited, admitted to the General Surgery Unit for surgical treatment,
and evaluated within the first 48 hours of hospital admission.
Individuals with cognitive dysfunction reported in medical records,
in respiratory isolation, in palliative care, or with edema and/or
ascites were excluded.
This study was approved by the Research Ethics Committee
of the Federal University of Espirito Santo (UFES), CAAE number
69321717.1.0000.5060. Patients volunteered for the study and
provided their written informed consent.
CLINICAL AND SOCIODEMOGRAPHIC
VARIABLES
Specific protocols were applied in order to collect sociodemographic information (age, sex, race/self-reported color). Clinical
data such as tumor location and length of hospital stay were
collected from the medical records. Tumor location was grouped
into upper GIT, lower GIT, and adnexal glands (bile ducts, liver,
and pancreas).
ANTHROPOMETRIC VARIABLES
For the present study, anthropometric variables were measured
according to standardized protocols (13,14). Body mass (kg), height (m), arm circumference (AC) (cm), tricipital skinfold (TSF) (mm),
CalF circumference (CC) (cm), and adductor pollicis muscle thickness (APMT) (mm) were measured.
Body mass index (BMI) was calculated by dividing current body
mass (kg) by height in meters squared. Arm muscle circumference
(AMC) and corrected arm muscle area (CAMA) were calculated
according to validated equations (15).
APMT was measured according to the technique proposed
by Lameu et al. (16). The procedure was performed three times
in each hand, and the mean value obtained was considered for
analysis. Cut-off points for malnutrition were considered to be
< 13.4 mm for adductor pollicis muscle thickness in the dominant hand (DAPMT), and < 13.1 mm for adductor pollicis muscle
thickness in the non-dominant hand (NDAPMT) (17). These measurements were not taken in patients with disabled hands.
HAND GRIP STRENGTH (HGS)
For the evaluation of handgrip strength we used the Jamar
Hydraulic Hand Dynamometer® in both hands. The test was
carried out according to the methodology recommended by the
American Hand Therapy Association (ASHT) (18). The procedure
was performed 3 times in the dominant hand (DHGS) and 3 times
in the non-dominant hand (NDHSG), with maximum effort for about
5 seconds, with an interval of 1 minute between measurements.
The test was not performed if the participant had undergone hand,
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arm, or forearm surgery less than 60 days before the procedure
and/or had a venous access or edema of the upper limbs. Therefore, the HGS analysis was conducted with a reduced sample.
The cutoff points were the ones defined by the European Working
Group on Sarcopenia in Older People (EWGSOP2): < 16.0 kg for
women and < 27.0 kg for men (6).
PATIENT-GENERATED SUBJECTIVE GLOBAL
ASSESSMENT (PG-SGA)
Nutritional status was assessed using the PG-SGA. For this
study, the validated version translated to Brazilian Portuguese (19)
was used with permission from the PG-SGA/Pt-Global Platform
(www.pt-global.org).
This version is divided into two parts. The first part evaluates
issues related to the symptoms of nutritional risk, such as functional deficit, changes in weight, dietary changes and depression.
The second part assesses questions based on factors associated
with the presence of metabolic stress, percentage of weight loss
in 1 month or 6 months, and the presence of other factors related
to one’s health condition such as cancer, pulmonary or cardiac
cachexia, decubitus ulcer, trauma, age over 65, and acquired
immunodeficiency syndrome (AIDS). In this study, the evaluators
assisted by reading the questionnaire and helping the patient to
understand it. Nutritional status is classified into three categories:
well nourished (A), suspected malnourishment or moderately malnourished (B), and/or severely malnourished (C).
This instrument also allows one to assess the need for nutritional intervention through the sum of scores at four levels:
0-1 points: without need for nutritional intervention; 2-3 points:
nutritional education of the patient and his/her family should be
provided; 4-8 points: need for nutritional intervention, and ≥ 9
points: critical need for nutritional intervention and symptom
improvement. In the present study, we employed a global classification of well-nourished (A) and malnourished (B + C). The
PG-SGA score was grouped into two categories: 0-3 points: no
need for nutritional intervention or requires nutritional education
provided to the patient and their family, and ≥ 4 points: requires
nutritional intervention and symptoms control.
SARC-CalF
The risk of sarcopenia was assessed by through the SARC-CalF
as validated for the Brazilian population (12). This instrument is
structured into six components that assess difficulties related to
strength aspects, use of walking aid, getting up from the chair,
climbing stairs, number of falls, and finally the CC measurement.
At the end of the evaluation a score ranging from 0 to 20 points is
produced. Values between 0 and 10 are not suggestive of sarcopenia; values between 11 and 20 are suggestive of sarcopenia (12).
CC was measured at the point of greatest horizontal protuberance in the right CalF using an inextensible measuring tape.
The patient was advised to stand up, with legs relaxed and feet
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20 cm apart, according to the recommendation by Barbosa-Silva
et al. The cut-off point used in the SARC-CalF, which considers
the reduction in muscle mass, was a CC value below 34 cm for
men and 33 cm for women (12).
In order to better assess the efficiency of the SARC-CalF – an
instrument validated for elderly Brazilians – in detecting the risk
of sarcopenia in this population, considering that this study is
composed of individuals aged 20 years or older, data analyses
were divided according to the classification of life stages used in
Brazil: < 60 years for adults and > 60 years for the elderly.
STATISTICAL ANALYSIS
A descriptive analysis was performed expressed as means,
medians, standard deviations, and minimum and maximum to
describe continuous variables, and as percentage for categorical
variables. The Kolmogorov-Smirnov test was used to verify the
normality of quantitative variables. Length of stay, PG-SGA score,
and SARC-CalF did not present a normal distribution. For the
analysis and distribution of SARC-CalF mean scores according
to categorical variables the Man-Whitney and Kruskal-Wallis
tests were used. The correlation between SARC-CalF scores and
continuous variables was analyzed using Spearman’s correlation according to stage of life. Correlation coefficients can vary
from -1 to +1, being categorized as weak (r = < 0.3), moderate
(r = 0.3-0.7) or strong (r = > 0.7) (20). A multivariate linear
regression analysis (stepwise method) was applied to determine
the influence of independent variables on the SARC-CalF score
(dependent variable) according to stage of life. All variables that
showed significance in the correlation test were included. Data
were analyzed using the SPSS 22.0 software. The level of significance adopted for all tests was 5 %.
RESULTS
Seventy patients aged on average 58.2 ± 13.2 years were
evaluated. Among these, there was a higher proportion of elderly
(52.9 %), women (55.7 %), and non-whites (64.3 %). Tumors in
the lower GIT were most prevalent, and were identified in 38.6 %
of the subjects. All patients at this time received only surgical
treatment (Table I).
Table II presents the nutritional diagnosis, risk of sarcopenia,
HGS, and need for nutritional intervention of the patients evaluated here. According to the PG-SGA, 50.0 % of the patients had
some degree of malnutrition (B + C), while SARC-CalF pointed
to 28.6 % of the sample being at risk for sarcopenia. There was
a predominance of adequacy for DHGS (78.8 %) and NDHGS
(73.0 %) for both hands. Regarding APTM, malnutrition values
were observed for DAPTM (59 %) and NDAPMT (59.7 %). The
PG-SGA® score revealed that 90 % of the patients needed a nutritional intervention. The median PG-SGA score was 10, indicating
a need for nutritional intervention, while the SARC-CalF was 6.50,
indicating absence of sarcopenia.
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Table I. Demographic and clinical
characteristics of the sample
Age (mean ± SD)
Min – Max
Variables
Stage of life
   Adult (< 60 years)
   Elderly (≥ 60 years)
Sex
  Female
  Male
Ethnicity
  White
  Non-White
Tumor location
   Low gastrointestinal tract
   Adnexal glands
   Upper gastrointestinal tract

58.2 ± 13.2 years
22 - 84 years
n (%)
33 (47.1)
37 (52.9)
39 (55.7)
31 (44.3)
25 (35.7)
45 (64.3)

Table III. Correlation between SARC-CalF
score and age, anthropometric variables,
handgrip strength, body mass index, and
PG-SGA score of cancer inpatients

27 (38.6)
25 (35.7)
18 (25.7)

Table II. Nutritional status, risk
of sarcopenia, handgrip strength,
and need for nutritional intervention
in cancer patients
Variables
PG-SGA
   Well nourished (A)
   Malnourished (B + C)
SARC-CalF
   With risk of sarcopenia
   Without risk of sarcopenia
DHSG1
  Normal
  Reduced
NDHSG2
  Normal
  Reduced
DAPMT3
  Normal
  Reduced
NDAPMT4
  Normal
  Reduced
Nutritional intervention
  No need
  Need
PG-SGA score
SARC-CalF score

n

%

35
35

50.0
50.0

20
50

28.6
71.4

52
14

78.8
21.2

46
17

73.0
27.0

27
39

41.0
59.0

25
37

40.3
59.7

07
63
Median
10.0
6.50

10.0
90.0
Min-Max
1.0 - 32.0
0.0 - 18.0

: n = 66; 2: n = 63; 3: n = 66; 4: n = 62; PG-SGA: Patient-Generated Subjective
Global Assessment; DAPMT: adductor pollicis muscle thickness in dominant
hand; NDAPMT: adductor pollicis muscle thickness in non-dominant hand; DHGS:
dominant handgrip strength; NDHGS: non-dominant handgrip strength.

1

Table III shows the correlations of the SARC-CalF score with age,
anthropometric variables, and PG-SGA score according to stage of
life. In adults (< 60 years) significant and moderate correlations
were found between the SARC-CalF score and current weight, AC,
AMC, CAMA, DAPMT, NDAPMT, DHSG, NDHSG, BMI, and PG-SGA
score. In the elderly (≥ 60 years), significant and moderate correlations were observed with current weight and DAPMT.
Table IV shows the multivariate linear regression analysis considering the SARC-CalF score as dependent variable. For adults, it
remained in the final AMC and DAPMT model, explaining 53.0 %
of the SARC-CalF score. DAPMT was the variable that most influ-

Variables
Age (years)
Current weight (kg)
AC (cm)
TSF (mm)
AMC (cm)
CAMA (cm2)
DAPMT (mm)
NDAPMT (mm)
DHSG (kg)
NDHSG (kg)
BMI (kg/m2)
PG-SGA score

Adult
r
p-value
0.024
0.894
-0.683† < 0,001
-0.626† < 0,001
-0.021
0.906
†
< 0,001
-0.608
-0.413†
0.017
0.002
-0.531†
0.002
-0.535†
0.004
-0.497†
0.002
-0.545†
†
-0.530
0,002
0.002
0.523†

Elderly
r
p-value
0.084
0.621
-0.336*
0.042
-0.219
0.193
-0.212
0.207
-0.199
0.239
-0.162
0.339
-0.433†
0.009
-0.274
0.129
-0.204
0.248
-0.194
0.280
-0.286
0.086
0.170
0.314

Sperman’s correlation. *: < 0.05; †: < 0.001; AC: arm circumference; TSF:
tricipital skinfold; AMC: arm muscle circumference; CAMA: corrected arm
muscle area; BMI: body mass index; DAPMT: adductor pollicis muscle thickness
in dominant hand; NDAPMT: adductor pollicis muscle thickness in non-dominant
hand; DHGS: dominant handgrip strength; NDHGS: non-dominant handgrip
strength; PG-SGA: Patient-Generated Subjective Global Assessment.

Table IV. Variables associated with the
SARC-CalF score in cancer patients after
a multivariate linear regression analysis
according to stage of life
95% CI
Adult
-0.840 - -0.136
-1.375 - -0.285
Elderly

p-value

R2

0.008
0.004

53.0 %

-0.206

-0.328 - -0.08 + 4

0.002

-0.574

-1.082 - -0.067

0.029

Variables

β

AMC (cm)
DAPMT (mm)

-0.488
- 0.830

Actual
weight (kg)
DAPMT (mm)

38.6 %

AMC: arm muscle circumference; DAPMT: adductor pollicis muscle thickness
in dominant hand.
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enced the SARC-CalF score, reducing it by 0.830 points for each
mm of measurement. In the elderly, the variables current weight
and DAPMT remained in the final model, explaining 38.6 % of the
SARC-CalF score. DAPMT was the variable that most influenced
the SARC-CalF score also in this age group, reducing it by 0.574
points for each mm of measurement.
DISCUSSION
This study showed that approximately one third of the evaluated
patients were classified as being at risk for sarcopenia by the
SARC-CalF tool. Cancer has been considered one of the main
causes of secondary sarcopenia, associated with an increase in
infectious complications, and a higher incidence of malnutrition
and immunosuppression (6,8).
A study carried out with 77 individuals of both sexes, with different types of cancer, concluded that the risk of sarcopenia in this
population predicts a worsening of 49.0 % in nutritional status
and 29.0 % of comorbidities (21).
The presence of preoperative sarcopenia in patients with GIT
cancer has been shown to be an important risk factor for postoperative complications (22). Among sarcopenic patients who
underwent gastric cancer surgery, 43.8 % had postoperative
complications (23). Thus, identifying pre-sarcopenia and performing an adequate, individualized nutritional management is one
of the strategies that can reduce postoperative complications and
negative clinical outcomes (24).
In sarcopenic patients, the amount of available amino acids is
insufficient for tissue repair, which leads to delayed healing and,
consequently, infectious complications (22,25). With the reduction of skeletal muscle mass and increase in adipose tissue, a
process known as myosteatosis, an imbalance in the production
of anti-inflammatory and pro-inflammatory cytokines is triggered, resulting in a pro-inflammatory state with weakening of the
immune system (22,25).
The high prevalence of malnutrition and the need for nutritional intervention demonstrate the vulnerability of cancer patients,
especially those with GIT cancer. These conditions may be related
to inadequate intake and absorption of nutrients, anorexia, and
other symptoms of nutritional impact, which are very common in
these patients (26,27). Early diagnosis of the risk of sarcopenia
and of nutritional status with appropriate tools can reduce problems and consequently improve patient prognosis.
Among the correlations we found here, it was possible to observe that the SARC-CalF score in adults was associated with HSG
and most anthropometric variables, especially those indicative of
muscle reserve, whereas in the elderly correlations with current
weight and DATPM were detected.
After a regression analysis, AMC and ATPMD were found to
be the variables that most influenced SARC-CalF score in adults.
Besides being indicative of muscle mass reserve, AMC can reveal
the presence of nutritional risk, as shown by previous studies in
which it identified a higher percentage of malnutrition in individuals with cancer of the GIT and its attached glands (28,29).
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Regardless of the stage of life, ATPMD was the variable that
most influenced the SARC-CalF score, with ATPM having been
identified as a promising measure, as a result of it being capable
of revealing changes in body muscle composition by indicating
early changes related to malnutrition and recovery of nutritional
status (29-31). In this study, ATPM was associated with the SARCCalF score, strengthening its association with the reduction of
muscle mass, thus working as a predictor of sarcopenia.
Although SARC-CalF is a screening tool based on self-reporting,
having been validated in the elderly population, its use proved to
be viable when diagnosing the risk of sarcopenia in both adults
and the elderly, as it was associated with sensitive anthropometric
measures while measuring muscle mass and impaired nutritional
status (12,29,32).
However, these results were not compared with advanced tests
such as full-body X-ray densitometry (DEXA) or computed tomography, tests that are considered the gold standard to quantitatively and qualitatively identify changes in muscle mass (33), which
limits some statements about the results.
Another limitation is the absence of tumor staging, as the hospital at which the investigation took place specializes in surgical
rather than antineoplastic treatment. This fact makes this information not a priority for this type of treatment.
To our knowledge, this is the first Brazilian study that assesses
risk of sarcopenia and associated factors in patients with GIT
cancer. SARC-CalF was presented as an alternative, practical, and
low-cost tool that can be used by health professionals to identify
risk of sarcopenia in cancer patients.
CONCLUSION
SARC-CalF identified 28.6 % of patients at risk for sarcopenia and was associated with anthropometric variables indicative
of muscle reserve and current body weight. This is a promising
instrument for the investigation of sarcopenia risk both in adults
and the elderly.
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