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Abstract: SARC-F is a screening tool for sarcopenia. We sought to compare the SARC-F scores of
patients with different gastrointestinal diseases (n = 1282 (762 males): upper gastrointestinal disease
(UGD, n = 326), lower gastrointestinal disease (LGD, n = 357), biliary and pancreatic disease (BPD,
n = 416), and liver disease (LD, n = 183)). Factors associated with SARC-F ≥4 points (highly suspicious
of sarcopenia) were also examined. The median age was 71 years. Patients with SARC-F ≥4 points
were found in 197 (15.4%). Advanced cancer was found in 339 patients (26.4%). The proportion of
SARC-F ≥4 points in groups of UGD, LGD, BPD, and LD were 17.5% (57/326) in UGD, 12.0% (43/357)
in LGD, 17.3% (72/416) in BPD, and 13.7% (25/183) in LD, respectively (overall p = 0.1235). In patients
with and without advanced cancer, similar tendencies were observed. In the multivariate analysis,
age (p < 0.0001), gender (p = 0.0011), serum albumin (p < 0.0001), lymphocyte count (p = 0.0019),
C reactive protein (p = 0.0197), and the presence of advanced cancer (p = 0.0424) were significant
factors linked to SARC-F ≥4 points. In patients with advanced cancer, SARC-F scores correlated
well with their Glasgow prognostic scores. In conclusion, sarcopenia in gastrointestinal diseases
may be affected not by disease type (i.e., the primary origin of the disease) but by aging, nutritional
condition, inflammatory condition, and cancer burden.
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1. Introduction

Sarcopenia is a clinical symptom characterized by progressive and generalized loss
of muscle mass and muscle functional weakness that results in frailty, cachexia, severe
infection, osteoporosis, and thereby all-cause mortality [1,2]. Inactivity in daily life, bedrid-
den status, malnutrition, advanced cancer-bearing conditions, and chronic inflammatory
conditions frequently seen in patients with gastrointestinal diseases are typical clinical
features leading to sarcopenia [1–9]. Alterations in nutritional metabolism, nutritional
requirements, and reduced dietary intakes are also often encountered in patients with
gastrointestinal diseases [8], and sarcopenia in patients with gastrointestinal diseases can
be associated with worse patient QOL, poorer prognosis, and more expensive health care
costs [8,10]. Gastrointestinal diseases are representative of secondary sarcopenia caused by
the disease itself [10]. Thus, sarcopenia in gastrointestinal diseases is an increasing problem
in recent years and can be one of the major concerns in clinical settings.

SARC-F is a screening tool for sarcopenia and is a questionnaire consisting of five
questions [11,12]. Patients are asked to rate their Strength (S; weakness), Assistance walking
(A; with or without walking aid), Rising from a chair (R; rising from a chair), Climbing
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stairs (C; climbing stairs), and Falls (F; falling) on a scale of 0 to 2 from “not difficult at all”
to “very difficult,” and the total score (out of 10) is calculated. The recommended cut-off
value of the SARC-F score is 4 points [11]. The SARC-F score is closely associated with grip
strength, physical function, and patient QOL [13,14]. Patients with SARC-F score ≥4 points
are determined to be highly suspicious of sarcopenia [11]. In a recent report, SARC-F has
been found to be useful for detecting frailty as well as sarcopenia in elderly people [15].
Current Asian Working Group for Sarcopenia (AWGS) guidelines and European Working
Group for Sarcopenia in Older People (EWGSOP) guidelines recommend the use of SARC-F
as a first screening tool for sarcopenia [16,17], although its low to moderate sensitivity for
sarcopenia may be a concern [18–20]. A previous meta-analysis reported that the pooled
results of sensitivity and specificity for sarcopenia were 0.21 and 0.90 [12]. One way to
compensate for the low sensitivity of SARC-F is to add the calf circumference [16].

To the best of our knowledge, however, there have been no reports comparing SARC-F
scores by different gastrointestinal diseases (upper gastrointestinal disease (UGD), lower
gastrointestinal disease (LGD), biliary and pancreatic disease (BPD), and liver disease (LD)).
This clinical research question may be important in daily clinical practice. Therefore, in the
current study, we aimed to elucidate these issues.

2. Patients and Methods
2.1. Patients

Our hospital includes one of the leading high-volume centers for gastrointestinal
diseases in Japan. Gastrointestinal diseases considered in this study are UGD, LGD,
BPD, and LD. UGD included patients with early or advanced esophageal cancer, early
or advanced gastric cancer, upper gastrointestinal bleeding, and others. LGD patients
included those with early or advanced colorectal cancer, colon polyp, inflammatory bowel
diseases, lower gastrointestinal bleeding, and others. Patients with BPD included those
with early or advanced hepatobiliary cancer, early or advanced pancreatic cancer, common
bile duct stone, acute or chronic pancreatitis, acute cholecystitis, pancreatic cystic diseases,
and others. LD included patients with early or advanced hepatic cancer, acute hepatitis,
acute liver injury, refractory ascites due to liver diseases, and others. The data for each
patient have been consecutively recorded in our database. In accordance with principle,
all hospitalized patients were asked to fill out the SARC-F questionnaire at the time
of hospitalization, except for those who were unable to fill out the questionnaire due
to dementia or other reasons. Between May 2020 and May 2021, there was a total of
1282 Japanese gastrointestinal disease patients with data for SARC-F scores in our database.
All patients were admitted for the treatment or diagnosis of gastrointestinal diseases.
Baseline variables included were the following: age (years), gender, body mass index (BMI,
kg/m2), serum albumin level (g/dL), total lymphocyte count (/µL), estimated glomerular
filtration rate (eGFR, mL/min/1.73 m2), and C reactive protein (CRP, mg/dL). All personal
information was carefully protected.

2.2. SARC-F Score and Our Analysis

As mentioned earlier, the SARC-F for each patient was calculated. First, SARC-F scores
and the proportion of patients with SARC-F ≥4 points were compared according to patients’
diseases (UGD, LGD, BPD, and LD). Next, factors associated with SARC-F ≥4 points (highly
suspicious of sarcopenia) were examined using univariate and multivariate analyses.
Advanced cancer was determined based on NCCN Clinical Practice Guidelines in Oncology
using radiological findings (TNM stage classification, stage III or VI).

We received ethical approval from the ethics committee of the Osaka Medical and
Pharmaceutical University Hospital (approval number 2021-027). The protocol in this
study strictly followed all regulations of the 1975 Declaration of Helsinki.



J. Clin. Med. 2021, 10, 4099 3 of 12

2.3. Statistical Considerations

In terms of continuous parameters, the Student’s t-test or the Mann–Whitney U test
was applied to perform two-group comparisons as appropriate after the confirmation of
normality, and the ANOVA or the Kruskal–Wallis test was applied to perform multiple-
group comparisons as appropriate after the confirmation of normality. Data for continuous
parameters were presented using their median value (interquartile range, IQR). In terms
of categorical parameters, the Pearson χ2 test was applied to estimate the between-group
differences. Multivariate logistic regression analysis linked to SARC-F ≥4 points was also
performed to identify independent factors. In the multiple comparison, the cutoff point for
statistical significance was set at p = 0.05 using JMP ver. 15 (SAS Institute Inc., Cary, NC,
USA). For the comparisons between each group of two, the Bonferroni correction was used
as a method to adjust for type I error. A total of 6 tests were performed for the comparisons
between each of two groups in the four-group comparison, and thus the significance level
was set at p < 0.05 divided by 6. In the comparisons between each group in the three-group
comparison, p < 0.05 divided by 3 was set as the significance level because the test was
conducted 3 times.

3. Results
3.1. Patient Baseline Characteristics

Baseline characteristics for all cases (n = 1282, 762 males and 520 females, median
(IQR) age = 71 (61–78) years) are presented in Table 1. The median (IQR) BMI was
22.1 (19.6–24.3) kg/m2. The median (IQR) serum albumin level was 3.8 (3.3–4.1) g/dL.
UGD was found in 326 patients (advanced cancer cases of UGD: 108 (33.1%)), LGD in
357 (advanced cancer cases of LGD: 82 (23.0%)), BPD in 416 (advanced cancer cases of
BPD: 93 (22.3%)), and LD in 183 (advanced cancer cases of LD: 56 (30.6%)). Overall, ad-
vanced cancer cases were noted in 339 patients (26.4%). The number of cases according
to the SARC-F scores is shown in Figure 1. Patients’ SARC-F of 0 points were observed
in 784 cases (61.2%), SARC-F of 1 point in 152 (11.9%), SARC-F of 2 points in 88 (6.9%),
SARC-F of 3 points in 61 (4.8%), and SARC-F of ≥4 points in 197 (15.4%).

Table 1. Baseline characteristics (n = 1282).

Number or Median (IQR)

Age (years) 71 (61–78)
Gender, male/female 762/520
Body mass index (kg/m2) 22.1 (19.6–24.3)
Serum albumin (g/dL) 3.8 (3.3–4.1)
Total lymphocyte count (/µL) 1270 (897–1714)
eGFR (ml/min/1.73 m2) 67 (54–81)
C reactive protein (mg/dL) 0.22 (0.06–1.63)
Breakdown of diseases (number and % of advanced cancer)

Upper gastrointestinal disease (UGD) 326 (108, 33.1%)
Lower gastrointestinal disease (LGD) 357 (82, 23.0%)
Biliary and pancreatic disease (BPD) 416 (93, 22.3%)

Liver disease (LD) 183 (56, 30.6%)
eGFR, estimated glomerular filtration rate; IQR, interquartile range.
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3.2. Comparison of Baseline Characteristics among 4 Groups of UGD, LGD, BPD, and LD

The comparisons of baseline characteristics among four groups of UGD, LGD, BPD,
and LD are shown in Table 2. In terms of age (p < 0.0001), gender (p = 0.0004), BMI
(p = 0.0046), and CRP (p = 0.0019), overall differences among the four groups were identified
with significance. Notably, the proportion of males in the UGD group was the highest
among the four groups (68.7%, 224/326), and the median age in the LGD group was the
lowest among the four groups (68 years).

Table 2. A comparison of baseline characteristics among 4 groups of UGD, LGD, BPD, and LD.

UGD (n = 326) LGD (n = 357) BPD (n = 416) LD (n = 183) p Value

Age 72 (64–78) 68 (52–76) 73 (66–80) 72 (65–78) <0.0001
Gender, male (%) 224 (68.7) 189 (52.9) 240 (57.7) 109 (59.6) 0.0004

BMI (kg/m2) 22 (19.5–24.1) 22.1 (19.2–24.5) 21.8 (19.5–24.2) 23.1 (20.3–25.5) 0.0046
Serum albumin (g/dL) 3.8 (3.3–4.1) 3.8 (3.2–4.1) 3.9 (3.4–4.2) 3.7 (3.1–4.1) 0.0662

Total lymphocyte count (/µL) 1269 (932–1752) 1266 (911–1741) 1293 (870–1702) 1224 (787–1576) 0.5622
eGFR (mL/min/1.73 m2) 66 (53–79.3) 69 (54–83.3) 67.5 (55.8–81.3) 67 (54–80) 0.0843

CRP (mg/dL) 0.14 (0.05–0.71) 0.25 (0.06–1.76) 0.27 (0.07–2.4) 0.22 (0.08–1.53) 0.0019

Data are presented as a number or the median value (interquartile range). UGD, upper gastrointestinal disease; LGD, lower gastrointestinal
disease; BPD, biliary and pancreatic disease; LD, liver disease; BMI, body mass index; eGFR, estimated glomerular filtration rate; CRP, C
reactive protein.

3.3. SARC-F Score According to the Diseases (UGD, LGD, BPD, and LD)

The median (IQR) SARC-F scores in the disease groups were the following: 0 (0–2) in
UGD, 0 (0–1) in LGD, 0 (0–2) in BPD, and 0 (0–2) in LD (p values: UGD vs. LGD, p = 0.1047;
UGD vs. BPD, p = 0.9680; UGD vs. LD, p = 0.2428; LGD vs. BPD, p = 0.0778; LGD vs. LD,
p = 0.8566; BPD vs. LD, p = 0.2114; overall p = 0.2066) (Figure 2).

3.4. Proportion of Patients with SARC-F ≥4 Points According to Disease (UGD, LGD, BPD,
and LD)

The proportions of SARC-F ≥4 points in the disease groups were 17.5% (57/326) in
UGD, 12.0% (43/357) in LGD, 17.3% (72/416) in BPD, and 13.7% (25/183) in LD (p values:
UGD vs. LGD, p = 0.0510; UGD vs. BPD, p = 1.000; UGD vs. LD, p = 0.3149; LGD vs. BPD,
p = 0.0429; LGD vs. LD, p = 0.5864; BPD vs. LD, p = 0.2811; overall p = 0.1235) (Figure 3).
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Figure 3. The proportion of patients with SARC-F ≥4 points according to the diseases (UGD, LGD,
BPD, and LD).

3.5. SARC-F Score According to Disease (UGD, LGD, BPD, and LD) in Patients with and
without Advanced Cancer Cases

The median (IQR) SARC-F scores in the groups of UGD, LGD, BPD, and LD patients
with advanced cancer (n = 339) were the following: 1 (0–4) in UGD (n = 108), 0 (0–3) in
LGD (n = 82), 1 (0–4) in BPD (n = 93), and 1 (0–4) in LD (n = 56) (p values: UGD vs. LGD,
p = 0.5576; UGD vs. BPD, p = 0.6380; UGD vs. LD, p = 0.9801; LGD vs. BPD, p = 0.3145;
LGD vs. LD, p = 0.6370; BPD vs. LD, p = 0.6761; overall p = 0.7973) (Figure 4A).
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The median (IQR) SARC-F scores in the groups of UGD, LGD, BPD, and LD patients
without advanced cancer (n = 943) were the following: 0 (0–1) in UGD (n = 218), 0 (0–1) in
LGD (n = 275), 0 (0–1) in BPD (n = 323), and 0 (0–1) in LD (n = 127) (p values: UGD vs. LGD,
p = 0.3474; UGD vs. BPD, p = 0.6224; UGD vs. LD, p = 0.1630; LGD vs. BPD, p = 0.1178;
LGD vs. LD, p = 0.5107; BPD vs. LD, p = 0.0577; overall p = 0.1897) (Figure 4B).

3.6. Proportion of Patients with SARC-F ≥4 Points According to Disease (UGD, LGD, BPD,
and LD) in Patients with and without Advanced Cancer Cases

The proportions of SARC-F ≥4 points in the groups of UGD, LGD, BPD, and LD in
patients with advanced cancer were 26.9% (29/108) in UGD, 20.7% (17/82) in LGD, 26.9%
(25/93) in BPD, and 28.6% (16/56) in LD (p values: UGD vs. LGD, p = 0.3936; UGD vs.
BPD, p = 1.000; UGD vs. LD, p = 0.8546; LGD vs. BPD, p = 0.3787; LGD vs. LD, p = 0.3147;
BPD vs. LD, p = 0.8513; overall p = 0.6948) (Figure 5A).

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 7 of 12 
 

 

 
Figure 5. (A) The proportions of patients with SARC-F ≥4 points according to the diseases (UGD, LGD, BPD, and LD) in 
patients with advanced cancer (n = 339). (B) The proportion of patients with SARC-F ≥4 points according to the diseases 
(UGD, LGD, BPD, and LD) in patients without advanced cancer (n = 943). 

3.7. Univariate and Multivariate Analyses of Factors Associated with SARC-F ≥4 Points 
In the univariate analysis, age (p < 0.0001), gender (p = 0.0074), BMI (p = 0.0103), serum 

albumin (p < 0.0001), total lymphocyte count (p < 0.0001), eGFR (p = 0.0026), CRP (p < 
0.0001), and the presence of advanced cancer (p < 0.0001) were significant factors linked 
to SARC-F ≥4 points (Table 3). Age (p < 0.0001), gender (p = 0.0011), serum albumin (p < 
0.0001), total lymphocyte count (p = 0.0019), CRP (p = 0.0197), and the presence of ad-
vanced cancer (p = 0.0424) were independent factors linked to patients having SARC-F ≥4 
points in the multivariate logistic regression analysis (Table 4). Hazard ratios and 95% 
confidence intervals in each factor are shown in Table 4. 

Table 3. Univariate analysis of factors linked to SARC-F ≥4 points. 

 SARC-F ≥ 4 Points 
(n = 197) 

SARC-F < 4 Points 
(n = 1085) p Value 

Age (years) 78 (72–84) 70 (59–77) <0.0001 
Gender, male/female 100/97 662/423 0.0074 

BMI (kg/m2) 21.4 (19–24.1) 22.1 (19.8–24.5) 0.0103 
Serum albumin (g/dl) 3.3 (2.8–3.7) 3.9 (3.4–4.2) <0.0001 

Lymphocyte count 975 (639–1341) 1329 (944–1778) <0.0001 
eGFR (ml/min/1.73 m2) 59.5 (41–78) 68 (55–81) <0.0001 

CRP (mg/dl) 0.79 (0.17–5.78) 0.17 (0.06–1.15) <0.0001 
Type of disease, UGD/LGD/BPD/LD 57/43/72/25 269/314/344/158 0.1235 

Advanced cancer, yes/no 87/110 252/833 <0.0001 
Data are presented as a number or median the value (IQR). BMI, body mass index; eGFR, esti-
mated glomerular filtration rate; CRP, C reactive protein; UGD, upper gastrointestinal disease; 
LGD, lower gastrointestinal disease; BPD, biliary and pancreatic disease; LD, liver disease. 

Table 4. Multivariate analysis of factors linked to SARC-F ≥4 points. 

 
Multivariate Analysis 

Hazard Ratio 95% CI p Value 
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The proportions of SARC-F ≥4 points in groups of UGD, LGD, BPD, and LD in
patients without advanced cancer were 12.8% (28/218) in UGD, 9.5% (26/275) in LGD,
14.6% (47/323) in BPD, and 7.1% (9/127) in LD (p values: UGD vs. LGD, p = 0.2477; UGD
vs. BPD, p = 0.6135; UGD vs. LD, p = 0.1067; LGD vs. BPD, p = 0.0610; LGD vs. LD,
p = 0.5685; BPD vs. LD, p = 0.0382; overall p = 0.0788) (Figure 5B).

3.7. Univariate and Multivariate Analyses of Factors Associated with SARC-F ≥4 Points

In the univariate analysis, age (p < 0.0001), gender (p = 0.0074), BMI (p = 0.0103),
serum albumin (p < 0.0001), total lymphocyte count (p < 0.0001), eGFR (p = 0.0026), CRP
(p < 0.0001), and the presence of advanced cancer (p < 0.0001) were significant factors
linked to SARC-F ≥4 points (Table 3). Age (p < 0.0001), gender (p = 0.0011), serum
albumin (p < 0.0001), total lymphocyte count (p = 0.0019), CRP (p = 0.0197), and the pres-
ence of advanced cancer (p = 0.0424) were independent factors linked to patients having
SARC-F ≥4 points in the multivariate logistic regression analysis (Table 4). Hazard ratios
and 95% confidence intervals in each factor are shown in Table 4.

Table 3. Univariate analysis of factors linked to SARC-F ≥4 points.

SARC-F ≥ 4 Points (n = 197) SARC-F < 4 Points (n = 1085) p Value

Age (years) 78 (72–84) 70 (59–77) <0.0001
Gender, male/female 100/97 662/423 0.0074

BMI (kg/m2) 21.4 (19–24.1) 22.1 (19.8–24.5) 0.0103
Serum albumin (g/dL) 3.3 (2.8–3.7) 3.9 (3.4–4.2) <0.0001

Lymphocyte count 975 (639–1341) 1329 (944–1778) <0.0001
eGFR (ml/min/1.73 m2) 59.5 (41–78) 68 (55–81) <0.0001

CRP (mg/dL) 0.79 (0.17–5.78) 0.17 (0.06–1.15) <0.0001
Type of disease, UGD/LGD/BPD/LD 57/43/72/25 269/314/344/158 0.1235

Advanced cancer, yes/no 87/110 252/833 <0.0001

Data are presented as a number or median the value (IQR). BMI, body mass index; eGFR, estimated glomerular filtration rate; CRP, C
reactive protein; UGD, upper gastrointestinal disease; LGD, lower gastrointestinal disease; BPD, biliary and pancreatic disease; LD, liver
disease.

Table 4. Multivariate analysis of factors linked to SARC-F ≥4 points.

Multivariate Analysis

Hazard Ratio 95% CI p Value

Age (per one year) 1.067 1.047–1.088 <0.0001
Gender (female) 1.796 1.263–2.553 0.0011
BMI (per one kg/m2) 0.980 0.933–1.028 0.4006
Serum albumin (per one g/dL) 0.416 0.305–0.567 <0.0001
Lymphocyte count (per one /µL) 0.9995 0.9992–0.9998 0.0019
eGFR (per one ml/min/1.73 m2) 0.999 0.992–1.007 0.8807
CRP (per one mg/dL) 1.041 1.007–1.077 0.0197
Advanced cancer 1.481 1.014–2.163 0.0424
Type of disease

UGD 1.400 0.861–2.276 0.1750
LGD 1.000 Reference
BPD 1.082 0.674–1.737 0.7450
LD 1.324 0.724–2.422 0.3626

BMI, body mass index; eGFR, estimated glomerular filtration rate; CRP, C reactive protein; UGD, upper gastrointestinal disease; LGD,
lower gastrointestinal disease; BPD, biliary and pancreatic disease; LD, liver disease; CI, confidence interval.

3.8. Proportion of SARC-F ≥4 Points and SARC-F Score According to Glasgow Prognostic Score
(GPS) in Patients with Advanced Cancer

Serum albumin level and CRP were independent predictors linked to SARC-F ≥4 points.
Thus, we compared the proportion of patients with SARC-F ≥4 points and SARC-F scores
according to GPSs in patients with advanced cancer (n = 338, missing data (n = 1)) [21]. GPS
is determined by serum albumin level (cutoff value = 3.5 g/dL) and CRP level (1.0 mg/dL)
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and is a well-validated prognostic system in patients with advanced cancer [22,23]. There
were 134 patients with GPS 0 (serum albumin ≥ 3.5 g/dL and CRP ≤ 1.0 mg/dL), 69 with
GPS 1 (serum albumin ≥ 3.5 g/dL and CRP > 1.0 mg/dL, or serum albumin < 3.5 g/dL and
CRP ≤ 1.0 mg/dL), and 135 with GPS 2 (serum albumin < 3.5 g/dL and CRP >1.0 mg/dL).
The proportion of patients with SARC-F ≥4 points (11.9% (16/134) in GPS 0, 26.1% (18/69)
in GPS 1, and 38.5% (52/135) in GPS 2) was stratified well by GPSs (p values: GPS 0 vs. 1,
p = 0.0163; GPS 1 vs. 2, p = 0.0768; GPS 0 vs. 2, p < 0.0001; overall p < 0.0001) (Figure 6A).
The median (IQR) SARC-F scores in patients with GPS 0, 1 and 2 were 0 (0–1) in GPS
0, 1 (0–4) in GPS 1, and 2 (0–5) in GPS 2 (p values: GPS 0 vs. 1, p = 0.0004; GPS 1 vs. 2,
p = 0.0471; GPS 0 vs. 2, p < 0.0001; overall p < 0.0001) (Figure 6B).
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4. Discussion

More than three decades have passed since Rosenberg first proposed the concept of
sarcopenia in 1989 [24]. In the field of public health, sarcopenia has been attracting much
caution these days due to its close association with prognosis (e.g., falls, fracture, infection,
frailty and survival) [1–7,10]. To diagnose sarcopenia, it is necessary to assess muscle
mass, but computed tomography and bioelectrical impedance analysis for muscle mass
assessment are often not available in small clinics [16]. Yang et al. reported a very good area
under the receiver-operating characteristic curve of 0.86 and 0.90 for males and females,
respectively, using the recommended cutoff value of SARC-F (i.e., 4 points) for the diagnosis
of sarcopenia [25]. Thus, SARC-F seems to be very useful for the assessment of sarcopenia,
although the sensitivity of SARC-F for sarcopenia is low, and, as described above, the
international guidelines (AWGS guidelines and EWGSOP guidelines) also recommend the
use of SARC-F as the first step of sarcopenia screening [12,16,17,25]. However, as far as we
are aware, no research can be found comparing SARC-F scores grouped by gastrointestinal
diseases. Our study appears to be the first report to elucidate these issues. A large number
of cohorts (n = 1282) is one of the major strengths of this study.

Overall, SARC-F scores and the frequency of patients with SARC-F ≥4 points were
almost similar across the gastrointestinal diseases (UGD, LGD, BPD, and LD), although
the baseline characteristics among the four groups were different in our results. In all
the two-group comparisons (Figures 2–5), no significant differences were found after the
Bonferroni correction. In addition, gastrointestinal disease type was not linked to SARC-F
≥4 points as a significant factor, while age, gender, serum albumin, lymphocyte count, CRP,
and the presence of advanced cancer were significant factors linked to SARC-F ≥4 points
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in the multivariate analysis. Again, disease type was not significant either in the univariate
or multivariate analyses. We could not find sufficient evidence to support the association
between sarcopenia and the anatomical categories of gastrointestinal diseases. Therefore,
while sarcopenia in gastrointestinal diseases may be unaffected by gastrointestinal disease
type (i.e., the primary origin of the disease), it is affected by aging, nutritional condition,
inflammatory condition, and cancer burden. On the other hand, in our study, there
were 197 patients (15.4%) with SARC-F ≥4 points. Patients with SARC-F ≥4 points
are very likely to be diagnosed with sarcopenia [12,19]. In a large survey (n = 4811) of
elderly Japanese subjects, the prevalence of sarcopenia was shown to be 7.5% [26]. The
prevalence of sarcopenia in large studies with more than 1000 subjects is 6–12% [26–28].
The disease burden itself causing secondary sarcopenia may account for the difference
between studies [7].

The proportion of patients with SARC-F ≥4 points in the LGD group was the low-
est (12.0%) among the four groups. This is probably due to the LGD patients having the
youngest ages (median age = 68 years). The LGD group included 66 patients with inflamma-
tory bowel diseases (18.5%), such as ulcerative colitis and Crohn’s disease, the presence of
which corresponded with relatively smaller patient ages. The median (IQR) SARC-F score
in these 66 patients was 0 (0–0), and the proportion of patients with SARC-F ≥4 points was
6.1% (4/66). Sarcopenia contemporaneous with gastrointestinal diseases can be compli-
cated by primary factors due to aging and secondary factors due to the disease burden
itself [2,7,10]. Nutritional aspects and inflammatory aspects are both relevant for the inci-
dence of sarcopenia [29]. Systemic inflammation, as reflected by CRP level, can activate
ubiquitin-proteasome pathways, leading to muscle proteolysis [30]. Inflammatory cy-
tokines such as IL-6 and TNFα can also cause insulin resistance, apoptosis, and dysfunction
of mitochondria, which are involved in energy production, excessive production of reactive
oxygen species, and the acceleration of muscle protein breakdown to eventually result in
sarcopenia [31–37]. Myokines, such as IGF-1, with the role of promoting muscle protein
synthesis, and myostatin, with the role of suppressing muscle protein synthesis, are also
important for muscle protein homeostasis [38–40].

GPS is a widely accepted prognostic system in patients with advanced cancer [22,23].
In our data, GPSs correlated well with SARC-F scores and the proportion of patients with
SARC-F ≥4 points, which indicates the usefulness of reviewing SARC-F scores in patients
with advanced cancer. Cachexia staging scores in patients with advanced cancer reported
by Zhou et al. included SARC-F scores [41]. On the other hand, gender was an independent
factor linked to SARC-F ≥4 points in the multivariate analysis. The median (IQR) SARC-F
scores in males and females were 0 (0–1) and 0 (0–2) (p < 0.0001), respectively. The reason
for these, however, is unclear, and further examinations regarding the impact of gender
difference on SARC-F scores will be required.

Several limitations must be mentioned in the present study. Firstly, our study was a
cross-sectional study at a single institution and was retrospective in nature. Secondly, base-
line characteristics among the four groups were slightly different, potentially creating bias.
Thirdly, our patient population, manifesting malignancies, benign tumors, inflammatory
diseases, and infections, was highly heterogeneous and thus also leads to bias. Fourthly,
SARC-F is a self-reported questionnaire for possible sarcopenia, and data for the number
of patients with definite sarcopenia were not included in our current analysis. Caution
should therefore be paid for the interpretation of our data. Despite the limitations, our
study results demonstrated that not the gastrointestinal disease type, but rather aging,
poorer nutritional condition, a severer inflammatory condition, and cancer status may be
associated with higher SARC-F scores.

In conclusion, there was not sufficient evidence to support the association between
sarcopenia and separate anatomical categories of gastrointestinal disease. Sarcopenia con-
current with gastrointestinal diseases may be affected not by disease type (i.e., the primary
origin of the disease) but rather aging, nutritional condition, inflammatory condition,
and cancer burden.



J. Clin. Med. 2021, 10, 4099 10 of 12

Author Contributions: Data curation, K.U., H.N., M.M., T.O., T.T., M.G., K.K., T.M., S.F., H.O., K.Y.
and H.Y.; Supervision, K.H.; Writing—original draft, K.U. and H.N.; Writing—review and editing,
T.O., T.T., M.G., S.N., K.K., S.F. and A.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Osaka medical and
pharmaceutical university (protocol code: 2021-027, date of approval: 26 July 2021).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of this
study. Instead, an optout method was used.

Data Availability Statement: Data available on request due to restrictions eg privacy or ethical.

Acknowledgments: The authors gratefully thank all medical staff in our department for their help
with data collection.

Conflicts of Interest: None of the authors has any conflicts of interest to declare.

Abbreviations

UGD, upper gastrointestinal disease; LGD, lower gastrointestinal disease; BPD, biliary and pancreatic
disease; LD, liver disease; BMI, body mass index; CRP, C reactive protein; IQR, interquartile range;
eGFR, estimated glomerular filtration rate; AWGS, Asian Working Group for Sarcopenia; EWGSOP,
European Working Group for Sarcopenia in Older People; GPS, Glasgow prognostic score.

References
1. Ganapathy, A.; Nieves, J.W. Nutrition and Sarcopenia-What Do We Know? Nutrients 2020, 12, 1755. [CrossRef]
2. Nishikawa, H.; Fukunishi, S.; Asai, A.; Yokohama, K.; Nishiguchi, S.; Higuchi, K. Pathophysiology and mechanisms of primary

sarcopenia (Review). Int. J. Mol. Med. 2021, 48, 156. [CrossRef] [PubMed]
3. Sieber, C.C. Malnutrition and sarcopenia. Aging Clin. Exp. Res. 2019, 31, 793–798. [CrossRef] [PubMed]
4. Dunne, R.F.; Loh, K.P.; Williams, G.R.; Jatoi, A.; Mustian, K.M.; Mohile, S.G. Cachexia and Sarcopenia in Older Adults with

Cancer: A Comprehensive Review. Cancers 2019, 11, 1861. [CrossRef]
5. Chhetri, J.K.; de Souto Barreto, P.; Fougère, B.; Rolland, Y.; Vellas, B.; Cesari, M. Chronic inflammation and sarcopenia: A

regenerative cell therapy perspective. Exp. Gerontol. 2018, 103, 115–123. [CrossRef] [PubMed]
6. Balestrieri, P.; Ribolsi, M.; Guarino, M.P.L.; Emerenziani, S.; Altomare, A.; Cicala, M. Nutritional Aspects in Inflammatory Bowel

Diseases. Nutrients 2020, 12, 372. [CrossRef]
7. Nishikawa, H.; Shiraki, M.; Hiramatsu, A.; Moriya, K.; Hino, K.; Nishiguchi, S. Japan Society of Hepatology guidelines for

sarcopenia in liver disease (1st edition): Recommendation from the working group for creation of sarcopenia assessment criteria.
Hepatol. Res. 2016, 46, 951–963. [CrossRef]

8. Shaw, C. Management of diet in gastrointestinal cancer. Proc. Nutr. Soc. 2021, 80, 65–72. [CrossRef]
9. Wang, H.; Yang, R.; Xu, J.; Fang, K.; Abdelrahim, M.; Chang, L. Sarcopenia as a predictor of postoperative risk of complications,

mortality and length of stay following gastrointestinal oncological surgery. Ann. R. Coll. Surg. Engl. 2021, online ahead of print.
[CrossRef]

10. Meyer, F.; Valentini, L. Disease-Related Malnutrition and Sarcopenia as Determinants of Clinical Outcome. Visc. Med. 2019, 35,
282–291. [CrossRef]

11. Malmstrom, T.K.; Miller, D.K.; Simonsick, E.M.; Ferrucci, L.; Morley, J.E. SARC-F: A symptom score to predict persons with
sarcopenia at risk for poor functional outcomes. J. Cachexia Sarcopenia Muscle 2016, 7, 28–36. [CrossRef]

12. Ida, S.; Kaneko, R.; Murata, K. SARC-F for Screening of Sarcopenia among Older Adults: A Meta-analysis of Screening Test.
Accuracy 2018, 19, 685–689. [CrossRef]

13. Kim, S.; Kim, M.; Won, C.W. Validation of the Korean Version of the SARC-F Questionnaire to Assess Sarcopenia: Korean Frailty
and Aging Cohort Study. J. Am. Med. Dir. Assoc. 2018, 19, 40–45.e41. [CrossRef]

14. Tanaka, S.; Kamiya, K.; Hamazaki, N.; Matsuzawa, R.; Nozaki, K.; Maekawa, E.; Noda, C.; Yamaoka-Tojo, M.; Matsunaga, A.;
Masuda, T.; et al. Utility of SARC-F for Assessing Physical Function in Elderly Patients With Cardiovascular Disease. J. Am. Med.
Dir. Assoc. 2017, 18, 176–181. [CrossRef]

15. Bahat, G.; Ozkok, S.; Kilic, C.; Karan, M.A. SARC-F Questionnaire Detects Frailty in Older Adults. J. Nutr. Health Aging 2021, 25,
448–453. [CrossRef]

http://doi.org/10.3390/nu12061755
http://doi.org/10.3892/ijmm.2021.4989
http://www.ncbi.nlm.nih.gov/pubmed/34184088
http://doi.org/10.1007/s40520-019-01170-1
http://www.ncbi.nlm.nih.gov/pubmed/31148100
http://doi.org/10.3390/cancers11121861
http://doi.org/10.1016/j.exger.2017.12.023
http://www.ncbi.nlm.nih.gov/pubmed/29331536
http://doi.org/10.3390/nu12020372
http://doi.org/10.1111/hepr.12774
http://doi.org/10.1017/S0029665120007041
http://doi.org/10.1308/rcsann.2021.0082
http://doi.org/10.1159/000502867
http://doi.org/10.1002/jcsm.12048
http://doi.org/10.1016/j.jamda.2018.04.001
http://doi.org/10.1016/j.jamda.2017.07.006
http://doi.org/10.1016/j.jamda.2016.10.019
http://doi.org/10.1007/s12603-020-1543-9


J. Clin. Med. 2021, 10, 4099 11 of 12

16. 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.e2. [CrossRef]

17. 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. Writing Group for the European Working Group on Sarcopenia in Older People 2 (EWGSOP2), and the Extended Group
for EWGSOP2. Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef]
[PubMed]

18. Voelker, S.N.; Michalopoulos, N.; Maier, A.B.; Reijnierse, E.M. Reliability and Concurrent Validity of the SARC-F and Its Modified
Versions: A Systematic Review and Meta-Analysis. J. Am. Med. Dir. Assoc. 2021, 22, 1864–1876.e16. [CrossRef]

19. Kurita, N.; Wakita, T.; Kamitani, T.; Wada, O.; Mizuno, K. SARC-F Validation and SARC-F + EBM Derivation in Musculoskeletal
Disease: The SPSS-OK Study. J. Nutr. Health Aging 2019, 23, 732–738. [CrossRef] [PubMed]

20. Barbosa-Silva, T.G.; Menezes, A.M.; Bielemann, R.M.; Malmstrom, T.K.; Gonzalez, M.C.; Grupo de Estudos em Composição
Corporal e Nutrição (COCONUT). Enhancing SARC-F: Improving Sarcopenia Screening in the Clinical Practice. J. Am. Med. Dir.
Assoc. 2016, 17, 1136–1141. [CrossRef] [PubMed]

21. McMillan, D.C. The systemic inflammation-based Glasgow Prognostic Score: A decade of experience in patients with cancer.
Cancer Treat. Rev. 2013, 39, 534–540. [CrossRef] [PubMed]

22. Hui, D.; Paiva, C.E.; Del Fabbro, E.G.; Steer, C.; Naberhuis, J.; van de Wetering, M.; Fernández-Ortega, P.; Morita, T.; Suh, S.Y.;
Bruera, E.; et al. Prognostication in advanced cancer: Update and directions for future research. Support. Care Cancer 2019, 27,
1973–1984. [CrossRef]

23. Simmons, C.P.L.; McMillan, D.C.; McWilliams, K.; Sande, T.A.; Fearon, K.C.; Tuck, S.; Fallon, M.T.; Laird, B.J. Prognostic Tools in
Patients With Advanced Cancer: A Systematic Review. J. Pain Symptom Manag. 2017, 53, 962–970.e10. [CrossRef] [PubMed]

24. Rosenberg, I.H. Summary comments. Am. J. Clin. Nutr. 1989, 50, 1231–1233. [CrossRef]
25. Yang, M.; Hu, X.; Xie, L.; Zhang, L.; Zhou, J.; Lin, J.; Wang, Y.; Li, Y.; Han, Z.; Zhang, D.; et al. Comparing Mini Sarcopenia Risk

Assessment with SARC-F for Screening Sarcopenia in Community-Dwelling Older Adults. J. Am. Med. Dir. Assoc. 2018, 20, 53–57.
[CrossRef]

26. Yoshida, D.; Suzuki, T.; Shimada, H.; Park, H.; Makizako, H.; Doi, T.; Anan, Y.; Tsutsumimoto, K.; Uemura, K.; Ito, T.; et al. Using
two different algorithms to determine the prevalence of sarcopenia. Geriatr. Gerontol. Int. 2014, 14 (Suppl. S1), 46–51. [CrossRef]
[PubMed]

27. Janssen, I.; Heymsfield, S.B.; Ross, R. Low relative skeletal muscle mass (sarcopenia) in older persons is associated with functional
impairment and physical disability. J. Am. Geriatr. Soc. 2002, 50, 889–896. [CrossRef]

28. Castillo, E.M.; Goodman-Gruen, D.; Kritz-Silverstein, D.; Morton, D.J.; Wingard, D.L.; Barrett-Connor, E. Sarcopenia in elderly
men and women: The Rancho Bernardo study. Am. J. Prev. Med. 2003, 25, 226–231. [CrossRef]

29. Nishikawa, H.; Enomoto, H.; Nishiguchi, S.; Iijima, H. Liver Cirrhosis and Sarcopenia from the Viewpoint of Dysbiosis. Int. J.
Mol. Sci. 2020, 21, 5254. [CrossRef]

30. Lee, J.H.; Jeon, J.H.; Lee, M.J. Docosahexaenoic Acid, a Potential Treatment for Sarcopenia, Modulates the Ubiquitin-Proteasome
and the Autophagy-Lysosome Systems. Nutrients 2020, 12, 2597. [CrossRef]

31. Baylis, D.; Bartlett, D.B.; Patel, H.P.; Roberts, H.C. Understanding how we age: Insights into inflammaging. Longev. Healthspan
2013, 2, 8. [CrossRef] [PubMed]

32. Goodman, M.N. Tumor necrosis factor induces skeletal muscle protein breakdown in rats. Am. J. Physiol. 1991, 260, E727–E730.
[CrossRef] [PubMed]

33. Goodman, M.N. Interleukin-6 induces skeletal muscle protein breakdown in rats. Proc. Soc. Exp. Biol. Med. 1994, 205, 182–185.
[CrossRef] [PubMed]

34. Ko, F.; Abadir, P.; Marx, R.; Westbrook, R.; Cooke, C.; Yang, H.; Walston, J. Impaired mitochondrial degradation by autophagy in
the skeletal muscle of the aged female interleukin 10 null mouse. Exp. Gerontol. 2016, 73, 23–27. [CrossRef] [PubMed]

35. Correia-Melo, C.; Marques, F.D.; Anderson, R.; Hewitt, G.; Hewitt, R.; Cole, J.; Carroll, B.M.; Miwa, S.; Birch, J.; Merz, A.; et al.
Mitochondria are required for pro-ageing features of the senescent phenotype. EMBO J. 2016, 35, 724–742. [CrossRef] [PubMed]

36. Sriram, S.; Subramanian, S.; Sathiakumar, D.; Venkatesh, R.; Salerno, M.S.; McFarlane, C.D.; Kambadur, R.; Sharma, M. Modulation
of reactive oxygen species in skeletal muscle by myostatin is mediated through NF-κB. Aging Cell 2011, 10, 931–948. [CrossRef]
[PubMed]

37. Tang, H.; Inoki, K.; Brooks, S.V.; Okazawa, H.; Lee, M.; Wang, J.; Kim, M.; Kennedy, C.L.; Macpherson, P.C.D.; Ji, X.; et al. mTORC1
underlies age-related muscle fiber damage and loss by inducing oxidative stress and catabolism. Aging Cell 2019, 18, e12943.
[CrossRef]

38. Lu, Y.; Bradley, J.S.; McCoski, S.R.; Gonzalez, J.M.; Ealy, A.D.; Johnson, S.E. Reduced skeletal muscle fiber size following caloric
restriction is associated with calpainmediated proteolysis and attenuation of IGF-1 signaling. Am. J. Physiol. Regul. Integr. Comp.
Physiol. 2017, 312, R806–R815. [CrossRef]

39. Matheny, R.W., Jr.; Carrigan, C.T.; Abdalla, M.N.; Geddis, A.V.; Leandry, L.A.; Aguilar, C.A.; Hobbs, S.S.; Urso, M.L. RNA
transcript expression of IGF-I/PI3K pathway components in regenerating skeletal muscle is sensitive to initial injury intensity.
Growth Horm. IGF Res. 2017, 32, 14–21. [CrossRef]

http://doi.org/10.1016/j.jamda.2019.12.012
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1016/j.jamda.2021.05.011
http://doi.org/10.1007/s12603-019-1222-x
http://www.ncbi.nlm.nih.gov/pubmed/31560031
http://doi.org/10.1016/j.jamda.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/27650212
http://doi.org/10.1016/j.ctrv.2012.08.003
http://www.ncbi.nlm.nih.gov/pubmed/22995477
http://doi.org/10.1007/s00520-019-04727-y
http://doi.org/10.1016/j.jpainsymman.2016.12.330
http://www.ncbi.nlm.nih.gov/pubmed/28062344
http://doi.org/10.1093/ajcn/50.5.1231
http://doi.org/10.1016/j.jamda.2018.04.012
http://doi.org/10.1111/ggi.12210
http://www.ncbi.nlm.nih.gov/pubmed/24450560
http://doi.org/10.1046/j.1532-5415.2002.50216.x
http://doi.org/10.1016/S0749-3797(03)00197-1
http://doi.org/10.3390/ijms21155254
http://doi.org/10.3390/nu12092597
http://doi.org/10.1186/2046-2395-2-8
http://www.ncbi.nlm.nih.gov/pubmed/24472098
http://doi.org/10.1152/ajpendo.1991.260.5.E727
http://www.ncbi.nlm.nih.gov/pubmed/2035628
http://doi.org/10.3181/00379727-205-43695
http://www.ncbi.nlm.nih.gov/pubmed/8108469
http://doi.org/10.1016/j.exger.2015.11.010
http://www.ncbi.nlm.nih.gov/pubmed/26596403
http://doi.org/10.15252/embj.201592862
http://www.ncbi.nlm.nih.gov/pubmed/26848154
http://doi.org/10.1111/j.1474-9726.2011.00734.x
http://www.ncbi.nlm.nih.gov/pubmed/21771249
http://doi.org/10.1111/acel.12943
http://doi.org/10.1152/ajpregu.00400.2016
http://doi.org/10.1016/j.ghir.2016.09.002


J. Clin. Med. 2021, 10, 4099 12 of 12

40. Mafi, F.; Biglari, S.; Ghardashi Afousi, A.; Gaeini, A.A. Improvement in Skeletal Muscle Strength and Plasma Levels of Follistatin
and Myostatin Induced by an 8-Week Resistance Training and Epicatechin Supplementation in Sarcopenic Older Adults. J. Aging
Phys. Act. 2019, 27, 384–391. [CrossRef]

41. Zhou, T.; Wang, B.; Liu, H.; Yang, K.; Thapa, S.; Zhang, H.; Li, L.; Yu, S. Development and validation of a clinically applicable
score to classify cachexia stages in advanced cancer patients. J. Cachexia Sarcopenia Muscle 2018, 9, 306–314. [CrossRef] [PubMed]

http://doi.org/10.1123/japa.2017-0389
http://doi.org/10.1002/jcsm.12275
http://www.ncbi.nlm.nih.gov/pubmed/29372594

	Introduction 
	Patients and Methods 
	Patients 
	SARC-F Score and Our Analysis 
	Statistical Considerations 

	Results 
	Patient Baseline Characteristics 
	Comparison of Baseline Characteristics among 4 Groups of UGD, LGD, BPD, and LD 
	SARC-F Score According to the Diseases (UGD, LGD, BPD, and LD) 
	Proportion of Patients with SARC-F 4 Points According to Disease (UGD, LGD, BPD, and LD) 
	SARC-F Score According to Disease (UGD, LGD, BPD, and LD) in Patients with and without Advanced Cancer Cases 
	Proportion of Patients with SARC-F 4 Points According to Disease (UGD, LGD, BPD, and LD) in Patients with and without Advanced Cancer Cases 
	Univariate and Multivariate Analyses of Factors Associated with SARC-F 4 Points 
	Proportion of SARC-F 4 Points and SARC-F Score According to Glasgow Prognostic Score (GPS) in Patients with Advanced Cancer 

	Discussion 
	References

