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Abstract

Background: Increasing evidence indicates that loss of muscle mass is associated with adverse outcomes in metastatic
colorectal cancer. Here, we investigate which demographic, lifestyle- (smoking), tumor-, and treatment-related factors are as-
sociated with muscle loss in patients with metastatic colorectal cancer during first-line palliative systemic treatment.
Methods: Data from 300 patients with computed tomography scans both at start and after six initial cycles of capecitabine
plus oxaliplatin and bevacizumab was used (CAIRO3). From computed tomography, muscle mass normalized for stature
(skeletal muscle index [SMI]) was calculated. A priori-selected variables were tested using multivariable linear regression
models (P values �.05). Two models were developed: Model 1 contained variables measured at start and Model 2 contained
variables assessed after initial therapy.
Results: In Model 1, loss of SMI was statistically significantly associated with a higher initial SMI (�0.32%, 95% confidence
interval [CI] ¼ �0.45% to �0.19% per unit increase in initial SMI), smoking status (�2.74%, 95% CI ¼ �5.29% to �0.19% for
smokers), and interval of metastases (�3.02%, 95% CI ¼ �5.50% to �0.53%) for metachronous vs synchronous metastases),
and primary tumor resection was statistically significantly associated with a gain in SMI (2.17%, 95% CI ¼ 0.13% to 4.21% for
resection vs no resection). In Model 2, loss of SMI was statistically significantly associated with response to capecitabine plus
oxaliplatin and bevacizumab (�2.48%, 95% CI ¼ �4.33% to �0.62% for stable disease vs partial/complete response).
Conclusions: Our results highlight, given the association of sarcopenia and survival, that patients with higher SMI should not
be ignored. In addition, smoking is a potentially modifiable factor associated with muscle loss. The association between
smoking and muscle loss might relate to worse clinical outcomes in smokers with metastatic colorectal cancer.

Skeletal muscle loss, one of the main characteristics of sarcope-
nia (1) and a diagnostic criterion for cancer cachexia (2), is a
common, albeit occult, phenomenon in many cancer types, in-
cluding colorectal cancer (CRC). A recent meta-analysis found
that the overall prevalence of sarcopenia in patients with differ-
ent primary tumors exceeded 40%, including CRC with preva-
lence varying from 19% to 71% (3). Depletion of muscle mass
has shown to be associated with poor clinical outcomes such as
reduced responsiveness and tolerability to cancer treatment,

quality of life, and survival (3–8). Although several studies in-
vestigated the associations between skeletal muscle loss and
disease outcomes (3), only a few studies have investigated
which characteristics are related to skeletal muscle loss in can-
cer patients.

We previously found that muscle loss is reversible, is more
likely to occur during periods of systemic treatment, and may
be influenced by the intensity of treatment regimens (9). Other
studies investigating which factors modulate muscle mass in
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patients with cancer described that skeletal muscle loss is more
prevalent during periods of progressive disease (7) and at the
end of life (7,10,11). One study specifically focused on palliative
patients during the last phase of life, and found that patients
with male sex and increased systemic inflammation marker
lost more muscle mass in the last 24 months of life compared
with their counterparts (12). Recently, a study in non-small cell
lung cancer patients found that a higher initial body mass index
(BMI) and higher initial skeletal muscle mass (SMM) were fac-
tors related to more loss of muscle mass (13). Lastly, one study
that included CRC patients who underwent elective surgery
reported that loss of SMM was statistically significantly associ-
ated with type of surgical approach (higher in open vs laparo-
scopic) and tumor stage (higher in stage III–IV vs I–II) (10). To
date, no studies of a comparable nature have been conducted in
patients with metastatic colorectal cancer (mCRC).

Despite the evidence on the reversibility of SMM loss in
patients with mCRC (9) and increasing knowledge on potential
strategies to reverse sarcopenia (3), recent data suggest that
most patients with CRC, particularly those with advanced
tumors, are not able to maintain SMM during systemic treat-
ment (7,9,11). Understanding the determinants that are associ-
ated with SMM loss during treatment will help to better identify
patients who are at risk of losing muscle mass and may contrib-
ute to the development of interventions that aim to avoid mus-
cle mass loss. Therefore, the aim of our study was to investigate
which demographic, lifestyle-, tumor-, and treatment-related
factors are associated with loss of muscle mass in mCRC
patients during first-line palliative systemic treatment.

Methods

Patient Population

For the current analysis, we used data from the CAIRO3 study
(ClinicalTrials.gov number NCT00442637) (14). CAIRO3 is a ran-
domized controlled phase III trial of the Dutch Colorectal
Cancer Group on the effect of maintenance treatment with
capecitabine plus bevacizumab vs observation in previously
untreated mCRC patients who responded with stable disease
or better (partial response [PR] or complete response [CR]) af-
ter six initial cycles with capecitabine plus oxaliplatin and
bevacizumab (CAPOX-B). The main eligibility criteria for ran-
domization in CAIRO3 were histological proof of CRC, unre-
sectable metastatic disease, and World Health Organization
performance status 0 or 1. For the current analyses, we used
data from the first six cycles with CAPOX-B (later called
“initial therapy”) to exclude the possible effect of disease pro-
gression on change in SMM. Patients with available computed
tomography (CT) scans both at start and after six cycles of ini-
tial therapy were included. Primary approval for the CAIRO3
study was given by the Medical Ethical Committee Arnhem-
Nijmegen and by local institutional review boards. Written in-
formed consent was obtained from all participants, and re-
search was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and
its later amendments.

Skeletal Muscle Measurements

Skeletal muscle area was measured on abdominal CT scans that
were routinely performed at the start and after six cycles of ini-
tial therapy. For the quantification of SMM, CT scans were

acquired and analyzed by trained analysts using the software
tool Slice-o-matic (version 5.0; Tomovision). Skeletal muscle
area was measured on a single slice at the level of the third ver-
tebra (L3), which is shown to highly correlate with total body
SMM (r2 ¼ 0.86) (15). Prespecified thresholds in Hounsfield units
(�29 to 150) were used to identify the different muscle compart-
ments (16,17). To reduce measurement error due to variation in
the positioning of patients between consecutive CT scans, each
second scan was rotated and fused with a rigid fusion method
and L3 of the first scan as a bony landmark. To calculate the
skeletal muscle index (SMI), the generally accepted regression
equation below was used (15,18,19):

SMI ¼ ðskeletal muscle area at L3 in cm2Þ=
ðsquared height in m2Þ

Data Collection

Data managers of The Netherlands Comprehensive Cancer
Organisation collected sociodemographic and clinical data from
medical records. To collect additional data from the initial treat-
ment phase, medical records were reviewed to retrieve data on
initial body weight and levels of leukocytes, thrombocytes, C-re-
active protein (CRP), lactate dehydrogenase (LDH), and albumin.
For this study, empirically selected variables collected at the
start of initial therapy were sex, age, active smoking (yes vs no),
primary tumor sidedness (left vs right), interval of metastases
(metachronous vs synchronous), primary tumor resection (yes
vs no), and prior adjuvant therapy (yes vs no). In addition, two
variables that were assessed after initial therapy were selected,
namely the occurrence of dose reductions during initial therapy
(yes vs no) and the patient’s response to initial therapy (stable
disease vs CR or PR). The presence of sarcopenia was deter-
mined by previously suggested sex-specific cutoff points, which
were SMI less than 43 cm2/m2 for men with a BMI lower than
25 kg/m2, SMI less than 53 cm2/m2 for men with a BMI greater
than 25 kg/m2, and SMI less than 41 cm2/m2 for women with
any BMI (19). For the interval of metastases, we distinguished
between synchronous and metachronous, with synchronous
metastases being defined as distant metastases occurring
within 6 months after diagnosis of the primary tumor and
metachronous metastases occurring later than 6 months after
diagnosis of the primary tumor.

Statistical Analysis

All characteristics were described as mean (SD) or median with
interquartile range. To meet model assumptions, logarithmic
transformations were applied on the initial blood values of leu-
kocytes, thrombocytes, CRP, and LDH. Missing data (varying be-
tween 0 and 15% per variable, except for laboratory measures
because these were not measured for the study and retrieved
retrospectively) were imputed using the R-package Multiple
Imputation by Chained Equations (20) when appropriate, result-
ing in multiple (n¼ 20) imputed datasets. All empirically se-
lected factors were tested on their univariate association with
change in SMI (%) and subsequently analyzed using multivari-
able linear regression models. Models were fitted on each im-
puted dataset, and Rubin’s rules were used to subsequently
pool the estimates from each model into a single estimate (21).
Finally, to distinguish between associations at start and after
initial therapy, two multivariable models were created. Model 1
contained only variables measured at the start of initial therapy
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and shows how they are related to changes in muscle mass dur-
ing initial therapy, and Model 2 contained variables measured
after initial therapy and shows the cross-sectional associations
with muscle mass changes at that time. Sex was included in
both models given the increasing evidence on sex-specific dif-
ferences in cancer-induced muscle wasting (22,23). The variable
“initial presence of sarcopenia” was not included in the models
because of multicollinearity, and “initial level of CRP” was not
included because of the presence of selective missing values.
All statistical tests were two sided, and significance of the
results was interpreted based on confidence intervals (P � .05).
All analyses were performed in R studio version 1.0.143.

Results

The flowchart of the selection of individuals for the current
analyses is shown in Figure 1. In total, 557 patients from 64 par-
ticipating hospitals in the Netherlands were originally included
in the CAIRO3 study. Of the 450 patients for whom CT scans
were available, 300 (66.7%) had evaluable CT scans both at start
and after six cycles of initial therapy with CAPOX-B that were
used for skeletal muscle measurements.

Patient Population

Patient characteristics of our study population before and dur-
ing initial therapy are shown in Table 1. A total of 63.0% were
male and the mean age was 63.5 (8.7) years. Mean BMI at start
of initial therapy was 25.9 (4.1) kg/m2 and mean initial SMI
was higher in male patients compared with female patients
(49.5 [7.9] cm2/m2 and 40.9 [6.8] cm2/m2, respectively). On aver-
age, patients lost 1.17% SMI during initial therapy.
Furthermore, 16.8% were active smokers, which is slightly
lower than the Dutch general population at that time because
the proportion of smokers older than 16 years in 2007–2012 de-
creased from 30% to 25% (24). Regarding tumor and
treatment-related characteristics, 74.9% had a primary tumor

located at the left side of the colon, and 24.3% had metachro-
nous metastases. Primary tumor resection before inclusion in
the study had been performed in 59.3% of the patients, 34.0%
received prior adjuvant chemotherapy, 33.0% responded with
stable disease, and 47.0% received dose reductions during ini-
tial therapy.

Characteristics Associated with SMI Change

In univariate linear regression analyses (Table 2), factors sta-
tistically significantly associated with SMI change were initial
BMI, initial SMI, smoking status, initial level of thrombocytes,
interval of metastases, and patients’ response to initial ther-
apy. Of these six variables, a higher (log-transformed) initial
level of thrombocytes was statistically significantly associated
with increased SMI, meaning that a 1% increase in initial
thrombocyte levels was associated with a 0.09% (95% confi-
dence interval [CI] ¼ 0.03% to 0.15%) gain in SMI. For the other
five statistically significantly associated variables, we found
mean changes in SMI of �0.38% (95% CI ¼ �0.60% to �0.17%)
per unit increase in initial BMI, �0.32% (95% CI ¼ �0.42% to
�0.22%) per unit increase in initial SMI, �2.64% (95% CI ¼
�5.17% to �0.12%) for active smokers, �3.61% (95% CI ¼
�5.64% to �1.58%) for patients with metachronous metasta-
ses, and �2.56% (95% CI ¼ �4.43% to �0.69%) for patients with
stable disease during initial therapy.

In multivariable adjusted linear regression models with
all factors measured at the start of initial therapy (Table 2,
Model 1), we found that initial SMI, smoking status, and in-
terval of metastases were still statistically significantly asso-
ciated with SMI loss. The effect sizes remained comparable
to univariate analyses because we found mean changes in
SMI of �0.32% (95% CI ¼ �0.45% to �0.19%) per unit increase
in initial SMI, of �2.74% (95% CI ¼ �5.29% to �0.19%) for ac-
tive smokers, and �3.02% (95% CI ¼ �5.50% to �0.53%) for
patients with metachronous metastases. Primary tumor re-
section was statistically significantly associated with a 2.17%

CT scans available during initial therapy (n=450)

CT collection

Study sample (n=557) *

CAIRO3 

CT scans available for current analyses (n=300)

CT evaluability

Missing (n=107) 
†

Non evaluable (n=109)
‡

Non evaluable (n=81)
§

Figure 1. Flowchart of the selection of patients for the current analyses. *One participating patient revoked informed consent. †No CT scans available from nine partici-

pating hospitals because of logistic reasons. ‡CT scan at start of initial therapy nonevaluable. Reasons: no CT abdomen available, incomplete depiction of skeletal mus-

cle at L3, stoma through muscle layer at L3, scan of insufficient quality. §CT scan at randomization nonevaluable. Reasons: no CT abdomen available, incomplete

depiction of skeletal muscle at L3, stoma through muscle layer at L3, scan of insufficient quality. CAIRO3 = Maintenance Treatment Versus Observation After Induction

in Advanced Colorectal Carcinoma; CT = computed tomography.
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(95% CI ¼ 0.13% to 4.21%) gain in SMI. In multivariable analy-
sis, no statistically significant associations were found for
initial level of thrombocytes and initial BMI.

When additional variables assessed after the course of initial
therapy were studied in a multivariable model (Table 2, Model
2), we found that response to initial therapy was statistically
significantly associated with SMI loss: Patients with a stable dis-
ease during initial therapy lost 2.48% (95% CI ¼ �4.33% to
�0.62%) more SMI compared with patients responding with a PR
or CR.

Discussion

In this study, we investigated possible associations between de-
mographic, lifestyle- (ie, smoking), tumor-, and treatment-
related factors and changes in muscle mass during six cycles of
first-line palliative systemic treatment in mCRC patients. Our
main findings were that a higher initial SMI, active smoking at
start of initial therapy, and metachronous metastases were fac-
tors independently associated with SMI loss, whereas having
had a primary tumor resection before initial therapy was statis-
tically significantly associated with a gain in SMI. The tumor’s
response to treatment also appeared to be a factor statistically
significantly associated with SMI loss, because patients with a
stable disease lost statistically significantly more SMI compared
with patients responding with PR or CR.

The observed association between higher initial levels of
SMI and SMI loss during first-line palliative systemic treatment
is in line with a previous study conducted in patients with ad-
vanced non-small cell lung cancer (13). This study aimed to
identify (non-tumor-related) factors that modulate changes in
body composition and found that SMM deterioration during an-
ticancer treatment occurred in patients with a higher BMI and
greater SMM. Interestingly, in our analysis we found that initial
level of BMI, when adjusted for initial SMI, was not indepen-
dently associated with SMI loss during treatment. The univari-
ate association between initial BMI and SMI loss seems to be
explained by initial SMI, because in Model 1—including both ini-
tial BMI and SMI—only the initial level of SMI remains statisti-
cally significantly associated with SMI loss. Because higher SMI
at start of initial therapy was associated with increased muscle
loss, we emphasize that in clinical practice, attention should
also be given to patients presenting with a higher SMI and inter-
ventions should not be offered only to sarcopenic patients.

Regarding tumor-related factors, we found that patients
with metachronous metastases lost on average 3.0% more mus-
cle mass during initial therapy compared with patients with
synchronous metastases. This might be explained by prolonged
exposure to tumor-induced metabolic changes that contribute
to muscle wasting before start of palliative systemic treatment
(25). Moreover, we found that patients responding with a stable
disease lost on average 2.5% more muscle mass compared with
patients who achieved a PR or CR. This finding adds to a previ-
ous study in which progression of disease was associated with
increased muscle wasting (7) by showing that patients, next to a
survival benefit, may also physically benefit from a good re-
sponse to treatment. This consolidates the potential role of tu-
mor load on cancer-related muscle wasting. However, causal
inferences on treatment-related variables remain elusive be-
cause we cannot exclude the possibility of reversed causality in
our analysis.

Although smoking has been established as a risk factor for
the development of sarcopenia (26), previous studies did not in-
clude smoking status in their analyses, which is likely because
of poor data collection on smoking behavior in clinical settings,
including trials. In CAIRO3, smoking status was known for
85.3% of the patients, allowing us to include this factor in our
models. Indeed, we found that active tobacco smokers lost on
average 2.7% more SMI during initial therapy compared with
nonsmokers. Potential molecular mechanisms involved in mus-
cle wasting due to smoking are thought to be induced by partic-
ular free radicals and carcinogenic components of tobacco
smoke (ie, aldehydes, reactive oxygen species and reactive ni-
trogen species) (26,27). A recent meta-analysis including 62 278
CRC patients showed that smoking at the time of diagnosis and,

Table 1. Patient characteristics during initial therapy (n¼ 300)*

Characteristic No. Missing Descriptives†

Demographics
Sex 300 0%

Male 189 (63.0%)
Female 111 (37.0%)

Age, y 300 0% 63.5 (8.7)
Initial BMI, kg/m2 287 4.3% 25.9 (4.1)
Initial SMI, cm2/m2 300 0%
Total group 46.3 (8.6)

Male 49.5 (7.9)
Female 40.9 (6.8)

Initial presence of sarcopenia‡ 294 2.0%
Yes 149 (50.7%)
No 145 (49.3%)

Smoking status 256 14.7%
Yes 43 (16.8%)
No 213 (83.2%)

Initial level of leukocytes, 109/L 198 34.0% 8.4 [6.9–10.3]
Initial level of thrombocytes,

103/mm3

271 9.7% 339.0 [259.5–435.0]

Initial level of CRP, mg/L 77 74.3% 17.0 [6.0–58.0]
Initial level of LDH, U/L 212 29.3% 308.0 [197.8–487.0]
Initial level of albumin, g/L 158 47.3% 39.6 [37.0–43.0]

Tumor characteristics
Primary tumor sidedness 299 0.3%

Left 224 (74.9%)
Right 75 (25.1%)

Interval of metastases 300 0%
Metachronous 73 (24.3%)
Synchronous 227 (75.7%)

Treatment-related characteristics
Primary tumor resection 300 0%

Yes 178 (59.3%)
No 122 (40.7%)

Prior adjuvant therapy 300 0%
Yes 102 (34.0%)
No 198 (66.0%)

Best response to initial therapy 300 0%
Stable disease 99 (33.0%)
Complete or partial response 201 (67.0%)

Dose reduction during initial
therapy

300 0%

Yes 141 (47.0%)
No 159 (53.0%)

*Descriptives are presented as count (percentage), mean (SD), or median [inter-

quartile range]. BMI ¼ body mass index; CRP ¼ C-reactive protein; LDH ¼ lactate

dehydrogenase; SMI ¼ skeletal muscle index.

†In case of missing data, the descriptive statistics of complete cases are

presented.

‡Sarcopenic status based on sex-specific cutoff points described by Martin et al.

(19).
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to a lesser extent former smoking, is associated with a poorer
survival compared with never smokers (28). In addition, it is
known that smoking cessation has a positive impact on CRC
prognosis (29). Here we show, for the first time to our knowl-
edge, that smoking at the start of first-line systemic treatment
is associated with increased SMI loss in mCRC patients, suggest-
ing that SMI might be a mediator in the association between
smoking and survival. Future research should investigate
whether quitting smoking after diagnosis is positively associ-
ated with muscle mass. A recent perspective noted that, despite
existing recommendations to offer effective evidence-based
cessation treatment to all patients with cancer who smoke,
clinicians often ignore these cessation treatments (30). To im-
prove future cessation support for cancer patients, it should be-
come an integrated component in cancer care, and resources to
refer patients for such support as well as clinician education
should be enhanced (30,31).

To maintain muscle mass in patients with higher initial SMI
and to potentially improve muscle mass in patients with lower
initial levels of SMI, various interventions have been described
(3,32). It has been shown that physical activity interventions have
the potential to reverse sarcopenia in cancer patients (33).
Current interventions are mainly focused on improving dietary
intake and increasing physical activity to counteract muscle pro-
tein catabolism. Additionally, several pharmacologic approaches
are being studied, of which orexigenic agents such as ghrelin and
anamorelin hold the most evidence (34). However, it is suggested
that a multimodal approach including both nutritional support
(high energy, high protein, and omega-3 fatty acids) and exercise
programs will synergistically contribute to preservation of mus-
cle mass and possibly lead to improved outcomes (3,35).

This analysis also has a number of limitations. Because sys-
temic inflammation is a process that plays a statistically signifi-
cant role in cancer cachexia (36,37), it is of interest when studying
factors related to muscle wasting. In previous studies conducted

in patients with CRC, elevated initial CRP levels and neutrophil to
lymphocyte ratios were associated with skeletal muscle loss
(10,12,38). Because CRP levels were determined only by clinical in-
dication, we could not impute missing values and did not include
this variable in our models. Unfortunately, other markers for in-
flammation, as well as data on nutritional intake, alcohol con-
sumption, physical activity levels, corticosteroid use (eg,
dexamethasone), and comorbidities were not available at the start
of initial therapy, and thus residual confounding cannot be ruled
out.

This observational study was performed in a large homoge-
nous group of mCRC patients with stable disease or a better re-
sponse during initial therapy. The exclusion of patients with
progression of disease removed the possible effect of disease
progression on change in SMI from our analysis and allowed us
to investigate which other factors play a role in muscle wasting.
Another strength of this study was that the data originated
from a Dutch nationwide randomized clinical trial in which
high-quality data on patient-, tumor-, and treatment-related
characteristics were available. Lastly, the use of abdominal CT
scans is a well-acknowledged, accurate, and precise quantifica-
tion method to measure body composition (15,19), which is fa-
vorable when comparing results to the current literature.

To conclude, our data indicate that SMI loss during first-line
palliative systemic treatment for mCRC was associated with
lifestyle-related as well as tumor- and treatment-related fac-
tors. We found that higher initial levels of SMI, active smoking,
metachronous metastases, and treatment response with stable
disease were associated with SMI loss, whereas the absence of
the primary tumor is associated with a gain in SMI. We specu-
late that muscle mass might be a mediator in the association
between active smoking and poor survival. Hence, our results
further support efforts of oncologists and supportive care
nurses to facilitate in smoking cessation to improve outcomes
including, but not limited to, muscle mass preservation.

Table 2. Factors associated with changes in SMI during initial therapy

Variables
Univariate analysis Multivariable model 1 Multivariable model 2

b 95% CI b 95% CI b 95% CI

Measured at start of initial therapy
Sex, female vs male 1.67 �0.16 to 3.50 �1.52 �3.60 to 0.57 1.75 �0.06 to 3.57
Age, y �0.02 �0.12 to 0.08 �0.05 �0.15 to 0.06 — —
Initial BMI, kg/m2 �0.38 * �0.60 to �0.17 �0.05 �0.29 to 0.19 — —
Initial SMI, cm2/m2 �0.32 * �0.42 to �0.22 �0.32 * �0.45 to �0.19 — —
Smoking status, yes vs no �2.64 * �5.17 to �0.12 �2.74 * �5.29 to �0.19 — —
Initial level of leukocytes,*†109/L 0.06 �0.01 to 0.12 0.03 �0.05 to 0.11 — —
Initial level of thrombocytes,† *103/mm3 0.09 * 0.03 to 0.15 0.03 �0.05 to 0.11 — —
Initial level of LDH,† U/L 0.003 �0.03 to 0.04 �0.01 �0.05 to 0.02 — —
Initial level of albumin, g/L 0.01 �0.23 to 0.24 0.10 �0.19 to 0.40 — —
Primary tumor sidedness, left vs right 0.34 �1.71 to 2.39 1.09 �0.93 to 3.11 — —
Interval of metastases, metachronous vs synchronous �3.61 * �5.64 to �1.58 �3.02 * �5.50 to �0.53 — —
Primary tumor resection, yes vs no 0.23 �1.58 to 2.04 2.17 * 0.13 to 4.21 — —
Prior adjuvant therapy, yes vs no �0.43 �2.31 to 1.44 0.06 �1.79 to 1.91 — —

Measured after initial therapy
Best response to initial therapy, stable disease vs CR or PR �2.56 * �4.43 to �0.69 — — �2.48 * �4.33 to �0.62
Dose reduction during initial therapy, yes vs no �0.92 �2.69 to 0.86 — — �0.95 �2.71 to 0.81

*Statistically significant association (P� .05). Results are presented as regression coefficients (b), representing the average percentage change in SMI during initial treat-

ment per unit (or per percentage for leukocytes, thrombocytes, and LDH) increase of the corresponding variable, including 95% confidence intervals (95% CI). Model 1

contains only variables measured at start of initial therapy, and model 2 contains variables measured after initial therapy. BMI ¼ body mass index; CR ¼ complete re-

sponse; LDH ¼ lactate dehydrogenase; PR ¼ partial response; SMI ¼ skeletal muscle index.

†Analyzed as log-transformed variable.
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