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ABSTRACT
Background: Myopenia (low skeletal muscle mass) is associated with an increased risk of
complications following colorectal surgery, however, the underlying mechanism is poorly
understood. This study investigates the effect of myopenia on the early postoperative systemic
inflammatory response. Materials and methods: In 78 patients undergoing colorectal surgery, the
presence of myopenia was preoperatively assessed using computed tomography images of the
third lumbar vertebra. Interleukin-8 (IL-8) and soluble tumor necrosis factor receptor-1 (TNFRSF1A)
were measured in plasma before and 4 h after start of surgery as part of a randomized controlled
trial investigating the effect of perioperative gum chewing on the inflammatory response.
Multivariable linear regression analysis was performed to assess the effect of myopenia on
inflammatory markers while correcting for possible confounders. Results: Four hours after start of
surgery, IL-8 was higher in patients with myopenia than in patients without myopenia (352 §
268 vs. 239 § 211 pg/ml, P D 0.048), while TNFRSF1A was similar between groups. After adjusting
for sex and the intervention with perioperative gum chewing, myopenia remained associated with
higher postoperative IL-8 concentrations (P D 0.047). Conclusion: Myopenia may affect IL-8 early
after colorectal surgery. However, more studies are needed to validate these findings.

Introduction

Myopenia indicates the clinically relevant loss of
skeletal muscle mass, and is common in patients with
colorectal cancer (1,2). Myopenia is considered an
indicator of increased vulnerability to stressors, and is
associated with higher complication rates following
colorectal surgery (3–6). Although dietary- and exer-
cise-based strategies may improve skeletal muscle
mass to some extent after some time, these interven-
tions are not always feasible in patients with colorectal
cancer requiring prompt surgical treatment (7–10).
Therefore, rather than by increasing skeletal muscle
mass, postoperative complications in patients with
myopenia may be reduced more effectively by inter-
ventions that target the underlying biological mecha-
nisms that impair postoperative recovery. However,
these biological mechanisms are poorly understood.
To develop effective interventions in the surgical pop-
ulation, it is necessary to understand how myopenia
increases the risk of postoperative complications.

Multiple studies have demonstrated that myopenia is
associated with an increased inflammatory response before
and several days after colorectal surgery (11–14). However,
the effect of myopenia on the early (i.e., within hours)
postoperative systemic inflammatory response is unclear.
Recent studies suggest that the magnitude of the early sys-
temic inflammatory response to surgery is related to the
development of postoperative complications (15–20). In
this light, examining the effect of myopenia on the early
postoperative inflammatory response may help explain the
increased risk of complications. In this study, the effects of
myopenia on the early postoperative systemic inflamma-
tory response and complications are investigated in
patients undergoing colorectal surgery.

Materials and Methods

Study Characteristics

This study was performed with data from a previous
randomized controlled clinical trial that compared
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perioperative gum chewing to placebo in patients
undergoing major colorectal surgery in two large Dutch
tertiary referral hospitals (21). All outcomes except pres-
ence of myopenia were predefined in the original study
protocol (22), which was designed in accordance with
the Declaration of Helsinki and Good Clinical Practice
and was approved by the Medical Ethics Committee of
Catharina Hospital Eindhoven.

Patient Population

Patients were included if aged 18 yr or older and under-
going elective, open colorectal surgery. Patients were
excluded if they suffered from peritoneal carcinomatosis,
inflammatory bowel disease, a history of gastric or esoph-
ageal surgery, a disturbance of acetylcholine metabolism
owing to neurological disease or depression, preexisting
ileostoma, allergy to mint, or if they used agents influenc-
ing gut motility (including opioids) or acetylcholine
metabolism (e.g., parasympatheticomimetics).

A total of 120 patients were previously included and
randomized to the intervention group or the control
group (21). The intervention group was instructed to
chew gum starting 3 h before surgery, and again starting
3 h after surgery until start of oral intake. Alternatively,
the control group received a placebo dermal patch at the
same moments as the intervention group and was
instructed not to chew gum (21).

In the current study, we excluded patients who did
not have a preoperative computed tomography (CT)
scan suitable for myopenia assessment.

Analysis of Skeletal Muscle Mass

The presence of myopenia was determined by two
trained, independent researchers (BS and EH) by means
of preoperative CT image analysis, while blinded for
treatment allocation and postoperative outcomes (23). A
CT scan was deemed suitable for skeletal muscle analysis
if it was performed within 2 mo prior to surgery and if
none of the following conditions were present: abnormal
muscular anatomy (e.g., stoma, abdominal wall hernia),
poor demarcation between different body compartments,
presence of artefacts, or incomplete visualization of the
abdominal wall musculature.

CT image analysis was performed using Slice-O-Matic
V5.0 software (Tomovision, Montreal, Canada) as previ-
ously described.(23) Briefly, total surface area of skeletal
muscle was determined on a single image at the level of
the third lumbar vertebra (L3) using Hounsfield Unit
thresholds of ¡29–150 for skeletal muscle. Skeletal mus-
cle surface area was normalized for height in meters
squared (m2) and reported as lumbar skeletal muscle

index (cm2/m2). The presence of myopenia was deter-
mined in accordance with body mass index- and sex-spe-
cific threshold values as defined by Martin et al. (24).

Measurement of Inflammatory Markers
and Postoperative Complications

Venous blood samples were collected before surgery
and 4 h after start of surgery to measure interleukin 8
(IL-8) and soluble tumor necrosis factor receptor 1
(TNFRSF1A) as specific markers of the innate systemic
inflammatory response. TNFRSF1A is a transmembrane
receptor through which tumor necrosis factor (TNF)-a
exerts its effects, and gives a good representation of
TNF-a plasma concentrations (25). EDTA-treated
plasma was separated by centrifugation and stored at
¡80�C within 30 min until further analysis. Plasma con-
centrations of inflammatory markers were determined in
plasma samples with an enzyme-linked immunosorbent
assay (Hycult Biotech, Uden, The Netherlands). Further-
more, first postoperative C-reactive protein (CRP) levels
were determined in plasma by means of an immunotur-
bodimetric assay (Roche/Hitachi cobas c system, Roche,
Mannheim, Germany) as a part of routine clinical care
on postoperative day 1, 2, or 3.

All postoperative complications were registered pro-
spectively until patient discharge, and were graded
according to the Clavien–Dindo classification (26).

Statistical Analysis

SPSS v22.0 (IBM, Armonk, New York, USA) was used
for statistical analysis. Continuous parameters are pre-
sented as mean § standard deviation or median [inter-
quartile range], and compared between patients with
and without myopenia using the unpaired t-test or
Mann–Whitney U test as appropriate. Categorical var-
iables were compared between groups using the x2 test
or the Fisher’s exact test. The association between
myopenia and inflammatory markers was analyzed by
means of univariable and multivariable linear regres-
sion analysis. In addition to perioperative gum
chewing, other potential confounding factors were
identified by comparing relevant baseline characteris-
tics between patients with vs. without myopenia, and
between patients in whom the postoperative inflamma-
tory response was smaller vs. greater than the overall
median value. To minimize the risk of bias, adjust-
ments were made for gum chewing and for other
potential confounding factors significantly associated
with any inflammatory marker in multivariable linear
regression analysis. Statistical significance was deter-
mined as P < 0.05.
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Results

Patient Characteristics

Out of 120 patients included in the original trial, 8 patients
were excluded after randomization, due to consent with-
drawal (nD 4) and technical reasons (nD 4). No preoper-
ative CT scan was available in 24 patients, and in 10
patients the CT scan was performed more than 2 mo prior
to surgery. Subsequently, a total of 78 patients were
included in the current study. Overall, patients had a
mean skeletal muscle index of 46.6 § 9.0 cm2/m2. Myope-
nia was present in 31 patients (40%). Patients with myope-
nia were more often female (P D 0.012), and were more
likely to have a higher American Society of Anesthesiolo-
gists (ASA) grade (P D 0.035) when compared to patients
without myopenia (Table 1). No other differences in
patient characteristics or surgical details were observed
between patients with vs. without myopenia.

Inflammatory Markers and Complications in Patients
With vs. Without Myopenia

At baseline, four patients with myopenia had detectable
concentrations of IL-8, while IL-8 was not detectable in
patients without myopenia. This resulted in significant
higher preoperative concentrations of IL-8 in patients with
myopenia compared to patients without myopenia (P D
0.011) (Table 2). Baseline concentrations of TNFRSF1A
were similar between groups (P D 0.176).

Surgery induced a marked inflammatory response in all
patients regardless of presence of myopenia. However,

postoperative IL-8 was significantly higher in patients with
myopenia compared to patients without myopenia (P D
0.048). Postoperative TNFRSF1A was similar between
groups (P D 0.296). First postoperative CRP concentra-
tions were similar between patients with and without myo-
penia (PD 0.636).

Myopenia was not associated with an increased risk of
any postoperative complication in this patient cohort.

Identification of Confounders

Sex and ASA grade were identified as potential con-
founders for the postoperative inflammatory response
based on differences in baseline characteristics between
patients with vs. without myopenia. Next, patients were
stratified based on the magnitude of the postoperative
inflammatory response, i.e., smaller vs. greater than the
overall median postoperative concentration of IL-8 (259

Table 1. Baseline characteristics of patients with vs. without myopenia.

Myopenia (N D 31) No myopenia (N D 47) P value

Age (years) 69 § 12 64 § 9 0.058
Sex ratio (M:F) 16:15 37:10 0.012
Height (cm) 172 § 11 172 § 8 0.853
Weight (kg) 72 [64–83] 78 [73–84] 0.077
Body mass index (kg/m2) 25 [23–28] 25 [24–29] 0.189
ASA grade 0.035
1 2 (6) 11 (23)
2 25 (81) 35 (75)
3 4 (13) 1 (2)

Previous abdominal surgery 7 (23) 10 (21) 0.891
Diabetes mellitus 8 (27) 8 (17) 0.625
Smoking 5 (27) 4 (50) 0.233
Duration of surgery (min) 123 [110–205] 130 [110–180] 0.959
Blood loss (ml) 500 [240–1000] 300 [150–725] 0.238
Colostomy required 14 (45) 21 (45) 0.967
Type of operation 0.245
Right hemicolectomy 12 (39) 10 (21)
Left hemicolectomy 9 (29) 18 (39)
Rectal resection 10 (32) 19 (40)

Gum chewing: Control 16:15 20:27 0.432
Skeletal muscle index (cm2/m2) 37.7 [35.3–40.8] 52.2 [46.0–55.9] <0.001

ASA, American Society of Anesthesiologists.
Values are numbers (%) or mean § s.d. or median [interquartile range].

Table 2. Inflammatory parameters at baseline and 4 h after start
of surgery in myopenia vs. no myopenia.

Myopenia (N D 31) No myopenia (N D 47) P value

Baseline
IL-8 (pg/ml)a 0 [0–6.01] 0 [0–0] 0.011
TNFRSF1A (ng/ml)b 0.54 [0.28–1.19] 0.45 [0.25–1.36] 0.176

After surgery
IL-8 (pg/ml)c 352 § 268 239 § 211 0.048
TNFRSF1A (ng/ml)b 0.83 [0.29–2.98] 0.78 [0.29–1.85] 0.296
CRP (mg/l)b 160 [110–270] 153 [90–255] 0.636

CRP, first measured C-reactive protein; IL-8, interleukin-8; TNFRSF1A, soluble
tumor necrosis factor receptor 1.

Values are amedian [range] or bmedian [interquartile range] or cmean § s.d.

462 B. J. J. SMEETS ET AL.



pg/ml), TNFRSF1A (0.79 ng/ml), and CRP (156 mg/l),
and relevant baseline characteristics were compared
between groups (Tables 3A–C). There was a trend
toward a longer duration of surgery in patients with a
higher IL-8 response, however, this was not statistically
significant. Body mass index was greater in patients with
a high postoperative CRP concentration (P D 0.046).
Intraoperative blood loss and type of resection (colon vs.

rectum) were similar in all groups. Based on these find-
ings, body mass index was evaluated as a potential con-
founder in linear regression analysis.

Linear Regression Analysis

In univariable linear regression analysis, myopenia was
associated with increased concentrations of IL-8 at base-
line (P D 0.040) and 4 h after start of surgery (P D
0.048) (Table 4).

In addition to perioperative gum chewing, sex, ASA
grade, and body mass index were evaluated as poten-
tial confounding factors for the association between
myopenia and inflammatory markers. Perioperative
gum chewing was associated with lower concentrations
of IL-8 4 h after start of surgery (P D 0.048). Female
sex was associated with increased concentrations of
TNFRSF1A at baseline (P D 0.041). Body mass index
and ASA grade were not significantly associated with
any inflammatory marker in univariable linear regres-
sion analysis.

Due to the significant association with inflamma-
tory markers in univariable linear regression analysis,
perioperative gum chewing and sex were added as
confounders in multivariable linear regression analy-
sis. After adjusting for the effect of perioperative gum
chewing and sex, myopenia remained associated with
increased concentrations of IL-8 4 h after start of sur-
gery (P D 0.047).

When the four patients that demonstrated detectable
IL-8 concentrations at baseline were excluded from mul-
tivariable linear regression analysis, the association
between myopenia and postoperative IL-8 concentra-
tions was no longer significant (B D 84.183, 95%
CI ¡33.673–202.039, P D 0.158).

Discussion

The current study demonstrates no association between
myopenia and postoperative concentrations of TNFRSF1A
or CRP. Myopenia may be associated with increased

Table 3A. Baseline characteristics in patients with a low (<260
pg/ml) vs. high (�260 pg/ml) postoperative IL-8 response.

Low IL-8 High IL-8 P value

Body mass index (kg/m2) 25 [24–28] 26 [24–28] 0.547
Duration of surgery (min) 120 [101–178] 154 [117–221] 0.050
Blood loss (ml) 300 [100–800] 500 [300–900] 0.101
Type of surgery 0.629
Colon 23 (64) 21 (58)
Rectum 13 (36) 15 (42)

IL-8, interleukin 8.
Values are numbers (%) or median [interquartile range].

Table 3B. Baseline characteristics in patients with a low (<0.79
pg/ml) vs. high (�0.79 pg/ml) postoperative TNFRSF1A response.

Low TNFRSF1A High TNFRSF1A P value

Body mass index (kg/m2) 25 [24–28] 26 [24–29] 0.723
Duration of surgery (min) 128 [102–190] 142 [111–192] 0.313
Blood loss (ml) 300 [175–750] 500 [100–900] 0.665
Type of surgery 0.851
Colon 21 (60) 23 (62)
Rectum 14 (40) 14 (38)

TNFRSF1A, soluble tumor necrosis factor receptor 1.
Values are numbers (%) or median [interquartile range].

Table 3C. Baseline characteristics in patients with a low
(<156 mg/l) vs. high (�156 mg/l) postoperative CRP response.

Low CRP High CRP P value

Body mass index (kg/m2) 25 [24–27] 27 [24–28] 0.046
Duration of surgery (min) 123 [104–173] 148 [112–211] 0.119
Blood loss (ml) 400 [250–840] 300 [100–900] 0.579
Type of surgery 0.929
Colon 23 (62) 24 (63)
Rectum 14 (38) 14 (37)

CRP, first measured C-reactive protein.
Values are numbers (%) or median [interquartile range].

Table 4. Linear regression analyses between myopenia and inflammatory parameters.

Crude model Adjusted modela

B 95% CI P value B 95% CI P value

Baseline
IL-8 0.481 0.22–0.941 0.040 0.503 0.021–0.986 0.041
TNFRSF1A 0.074 ¡0.49–0.198 0.233 0.052 ¡0.072–0.176 0.406

After surgery
IL-8 113.780 1.070–226.490 0.048 116.328 1.470–231.186 0.047
TNFRSF1A 0.142 ¡0.61–0.344 0.167 0.127 ¡0.860–0.340 0.238
CRP 10.001 ¡31.132–51.135 0.629 10.539 ¡32.386–53.464 0.626

CRP, first measured C-reactive protein; IL-8, interleukin-8; TNFRSF1A, soluble tumor necrosis factor receptor 1.
aAdjusted for perioperative gum chewing and sex.
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postoperative concentrations of IL-8. However, this associ-
ation is limited by the presence of confounders.

Previous studies investigating the relation between
myopenia and inflammation mainly focused on the
preoperative inflammatory response. Before surgery,
myopenia was associated with increased markers of
subclinical inflammation, including the neutrophil-
to-lymphocyte ratio (NLR) and the modified Glasgow
Prognostic Score (mGPS) (12,13). In patients with
colorectal cancer, increased NLR- and mGPS-scores
before surgery were associated with higher mortality
rates and more infective complications (27–30). It is
hypothesized that a preoperative state of increased
inflammation, as seen in patients with myopenia,
impairs wound healing and alters the inflammatory
response to surgery (31–33).

The findings of the current study may support the
hypothesis that myopenia alters the postoperative
inflammatory response, as the presence of reduced skele-
tal muscle mass was associated with increased IL-8 con-
centrations early after surgery. However, no effect was
observed on TNFRSF1A or CRP. IL-8 is produced early
in the inflammatory cascade mainly by monocytes and
macrophages following activation by TNF-a (34). IL-8
then induces chemotaxis and activation of neutrophils,
that subsequently secrete other inflammatory mediators
including calprotectin (35). Interestingly, Reisinger et al.
found that reduced skeletal muscle mass in patients
undergoing colorectal surgery was associated with higher
calprotectin concentrations on postoperative days 2–5,
while no effect was seen on IL-6 or CRP (14). Taken
together, we hypothesize that myopenia may augment
the IL-8 response early after start of surgery, which sub-
sequently leads to an increase of other, but not all,
inflammatory markers (e.g., calprotectin) in a later stage.
Postoperative measurements of IL-8 concentrations at
later timepoints could provide more insight in this mat-
ter. However, in the original trial IL-8 was determined
only before and 4 h after surgery.

It is well established that postoperative complications
induce a marked inflammatory response. Vice versa, an
increased early inflammatory response to surgery is
associated with the development of complications later
(15–20). Specifically, an upregulated innate, systemic
inflammatory response can suppress the acquired, cell-
mediated immunity of the host, which increases the risk
of infective complications and may also promote tumor
progression (19, 36). Furthermore, the early postopera-
tive local and systemic inflammatory response is essential
in the development of postoperative ileus, which is
a major contributor to postoperative morbidity (16).
Taken together, an augmented early postoperative
inflammatory response may explain the increased risk of

complications in patients with myopenia as seen in other
studies (3–6).

In contrast to other studies that clearly demonstrate
an increase in complications in patients with the reduced
skeletal muscle mass (3–6), in this study myopenia was
not associated with an effect on postoperative complica-
tions. These differences may be explained by several limi-
tations in the current study. First, myopenia was assessed
in a retrospective manner. This reduced the number of
patients suitable for analysis resulting in a relatively
small patient group when compared to other studies
(3–6). Second, we applied thresholds of myopenia that
were adjusted for sex and body mass index as proposed
by Martin et al. (24). However, specific thresholds to
determine clinically relevant loss of skeletal muscle mass
vary throughout the literature, which limits comparison
of our results with other studies (3). Third, several con-
founders were identified that may have affected the effect
of myopenia on inflammatory markers. However, our
data and other literature (37,38) do not support a strong
effect of sex or ASA grade on the postoperative
inflammatory response. The surgical approach (open vs.
laparoscopic), setting (acute vs. elective), and degree of
surgical trauma may also affect the magnitude of the sur-
gical inflammatory response (39,40). However, in our
study cohort only elective, open surgery was performed,
and no significant differences were observed in amount
of blood loss, or the duration or type of surgery between
patients with vs. without myopenia, or between patients
with a limited vs. substantiated inflammatory response.
Furthermore, multivariable linear regression analysis
was performed to adjust for the effects of potential con-
founders. Fourth, when excluding patients with detect-
able concentrations of IL-8 at baseline, the association
between myopenia and postoperative IL-8 concentra-
tions was no longer significant. As such, an elevated
preoperative inflammatory state may be a confounder
for postoperative IL-8 concentrations. Alternatively, the
smaller cohort size may have decreased statistical power.

Several strategies have been explored to prevent or
reverse skeletal muscle wasting, including physical exer-
cise, dietary supplements, and certain pharmacological
agents (7,8,10,41). However, most pharmaceutical agents
are associated with limited effects on muscle mass and
serious side-effects (7,10,42). Physical exercise in combi-
nation with adequate nutrition is deemed most effective
in increasing skeletal muscle mass after some time, but is
not always feasible in patients with colorectal cancer
requiring prompt surgical treatment (7,10). Instead, a
short intervention that targets the underlying biological
effects of myopenia may be more effective to counter the
increased risk of postoperative complications. In this
light, the anti-inflammatory effect of perioperative gum
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chewing (21) may be interesting; however, more research
is needed to validate our findings and to determine to
what degree inflammation plays a role in the develop-
ment of complications in patients with myopenia.

In conclusion, myopenia was not associated with the
postoperative concentrations of CRP of TNFRSF1A,
while it may affect plasma concentrations of IL-8 early
after colorectal surgery. However, larger studies are
needed to determine the true effect of myopenia on the
postoperative inflammatory response given the presence
of possible confounders and small sample size of our
study cohort.
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