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Abstract

Sarcopenia is a syndrome characterized by progressive loss of skeletal muscle mass, strength and function, which is one
of the most important clinical features of cancer malnutrition, representing a poor prognostic indicator in oncology. Sar-
copenia is commonly assessed by measuring the skeletal muscle index (SMI) of the third lumbar spine (L3) using com-
puted tomography (CT). The primary aim of this meta-analysis was to study the association between low SMI and com-
prehensive clinicopathological characteristics as well as prognosis in patients with ovarian cancer. Data were searched
in PubMed, EMBASE and Cochrane databases from inception to 10 June 2022. Studies evaluating the prognostic effect
of SMI on ovarian cancer survival or chemotherapy-related side effects were included. The risk of bias and study quality
were assessed via the Newcastle–Ottawa Scale (NOS). The search strategy yielded 1286 hits in all three databases com-
bined. Thirteen studies were included for qualitative and quantitative analysis, comprising 1814 patients. Our
meta-analysis revealed the significant association between low SMI and progression-free survival (PFS) [P= 0.02; haz-
ard ratio (HR): 1.40, 95% confidence interval (CI): 1.06–1.85], as well as 5-year overall survival (OS) [P = 0.02; odds
ratio (OR): 1.35, 95% CI: 1.05–1.74]. Low SMI was also obviously associated with body mass index (BMI) < 25
(P < 0.00001; OR: 5.08, 95% CI: 3.54–7.30), FIGO stage (P = 0.02; OR: 1.62, 95% CI: 1.06–2.45) and R0
cytoreduction (P = 0.04;OR: 1.34, 95% CI: 1.01–1.79). There was no correlation between low SMI and histological
types, pathological grades and chemotherapy-related toxicity. The quality of the evidence was relatively high according
to NOS. Our meta-analysis indicated that sarcopenia assessed by SMI was associated with poor clinical characteristics
and adverse prognosis in patients with ovarian cancer. Consensus should be reached on standardized cut-off values for
defining sarcopenia in patients with ovarian cancer.
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Introduction

Among gynaecological malignancies, ovarian cancer is one of
the most prominent and leading causes of female mortality

worldwide. Over the past 25 years, only few improvements
have been made in long-term survival rates.1 Owing to the
lack of specific symptoms and effective screening modalities,
the majority of patients are diagnosed at advanced stage with
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large tumours and ascites. Therefore, patients with ovarian
cancer often appear malnourished at the presentation time.2

Sarcopenia is one of the most important clinical features of
cancer malnutrition, which is a complex syndrome character-
ized by progressive decreases in skeletal muscle mass,
strength and function.3 Computed tomography (CT) has been
used to image tumours and respond to treatment of patients
with cancer and could be used to assess skeletal muscle
mass. CT scan assessment of skeletal muscle index (SMI) is
significantly correlated with whole-body muscle mass and is
the most commonly used method for defining sarcopenia.3,4

A systematic review that included 35 articles involving 6894
patients showed that the prevalence of pre-therapeutic
sarcopenia was 38.6% in cancer patients. Meanwhile,
pre-therapeutic sarcopenia was significantly and indepen-
dently associated with postoperative complications,
chemotherapy-induced toxicity and poor survival.5

There was limited information on impact of SMI on ovarian
cancer. One systematic review with meta-analysis published
in 2019 revealed a significant association between SMI and
overall survival (OS),1 and another meta-analysis published
in 2020 indicated that there was no correlation,6 which
means there was no definitive conclusions of the impact of
SMI on the prognosis of ovarian cancer can be drawn. The
current study aimed to perform a systematic review and
meta-analysis of the association between low L3 SMI and
clinicopathological features as well as adverse outcomes in
patients with ovarian cancer. To our knowledge, this is the
first meta-analysis to comprehensively assess the relationship
between low SMI and clinicopathological features, chemo-
therapy sensitivity and prognosis in ovarian cancer.

Methods

Search strategy

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-analyses and registered with the PROSPERO Interna-
tional Prospective Register of Systematic Reviews (CRD).7 A
systematic literature search was conducted using PubMed,
EMBASE and Cochrane databases on 10 June 2022. The fol-
lowing terms were used in the search strategy: ‘sarcopenia’,
‘skeletal muscle’, ‘cachexia’, ‘ovarian cancer’, ‘ovarian tu-
mour’ and ‘ovarian malignancy’.

Eligibility criteria

Studies were included based on predefined inclusion criteria
and were limited to English language studies describing hu-
man subjects with ovarian cancer undergoing treatment.
Studies must have assessed body composition with CT,

described sarcopenia in the context of SMI, with PFS or OS
or chemotherapy-related toxicity as the reported outcomes,
and the association between clinicopathologic variables and
SMI should be described. Studies were limited to those with
SMI measurements of total skeletal muscle area, including
the psoas, erector spinae, quadratus lumborum, transversus
abdominis, external and internal obliques and rectus
abdominis muscles. Studies using CT analysis of psoas muscle
only were excluded. Studies were excluded if they were con-
ference abstracts, review articles or case reports or reported
on cohorts of less than five patients or where data were un-
available or not interpretable.

Data extraction

Data extraction was performed by one author (N. Zhang), and
the data were independently checked by two authors (Y. Jin
and X. Ma). The following data were extracted from included
articles: author, year, study/cohort, country/region, demo-
graphical information [sample size, age (mean/median)],
body composition assessment methods and definitions and
survival outcomes.

Methodological quality assessment

Two researchers (X. Ma and Z. Yang) independently assessed
the methodological quality of the included studies via the
Newcastle–Ottawa Scale (NOS). We assigned tailored qual-
ity-related criteria to the domains: patient selection, study
comparability and study endpoints, resulting in a maximum
score of nine. The high quality was defined as a score greater
than 7, whereas moderate quality was described as a score
between 5 and 7. Studies that earned scores of less than 5
were considered low quality.8

Data synthesis and analysis

We estimated the odds ratio (OR) or hazard ratio (HR) for
clinicopathologic variables (FIGO III–IV vs. FIGO I–II; Grade 3
or Grade 2 vs. Grade 1), chemotherapy-related toxicity, PFS
and 5-year OS. Statistical heterogeneity assumption among
studies was checked using the χ2-based Q-test. When I2 was
less than 50%, pooled odds ratios, relative risk and 95% con-
fidence intervals (CIs) were calculated using Mantel–Haenszel
method with fixed effects models. Where significant hetero-
geneity among the studies was detected (I2 > 50%), a
random-effect model was adopted. If necessary, a sensitivity
analysis was also performed to evaluate the influence of indi-
vidual studies on the final effect. All P values were two sided.
A P value <0.05 was considered significant. All the statistical
analyses were performed using RevMan 5.0 software (The
Cochrane Collaboration, Oxford, UK).
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Results

Search results and included studies

A comprehensive search of three databases resulted in the
identification of 1286 studies. After the automatic removal
of 876 duplicates, 410 titles and abstracts were screened
by two independent researchers (N. Zhang and X. Ma).
Abstracts and titles were screened, and consensus was
reached. Total 81 full-text articles were considered for in-
clusion. After full-text review of these 81 articles, 13 stud-
ies met the inclusion criteria and were included in the
meta-analysis.2,9–20 The selection process and reasons for
exclusion were illustrated in Figure 1. The studies identified
were all retrospective studies published between 2015 and
2022. The main characteristics of the included studies were
summarized in Table 1.

Patient characteristics

The sample size of included studies ranged from 69 to 323
women, comprising a total of 1814 patients. All studies used
SMI in L3 to assess sarcopenia, and the cut-off used to define
sarcopenia ranged from 38.5 to 41.5 cm2/m2. Owing to the
different SMI cut-offs for assessing sarcopenia, sarcopenia
prevalence estimated by SMI in the included studies of our
meta-analysis of ovarian cancer cases had a wide range from
11.4% to 63.7%. The patient’s mean age ranged from
54.5 ± 10.5 to 66.5 ± 0.8 years, whereas median age ranged
from 52 to 67 years. The mean BMI ranged from 22.3 ± 3.3

to 25.9 ± 0.5 kg/m2, and the median BMI ranged from 22.5
to 26.9 kg/m2. All patients underwent primary or interval
debulking surgery combined with adjuvant or neoadjuvant
chemotherapy. FIGO (International Federation for Gyneco-
logic Oncology) stage across all studies ranged from I to IV.
The distribution of patients according to the FIGO stage was
as follows: I–II, n = 216(12%); III–IV, n = 1598 (88%). The
European Working Group on Sarcopenia in Older People
(EWGSOP) made a major change to the definition of sarcope-
nia in 2018; it added muscle function to former definitions
based only on detection of low muscle mass.3 Because mus-
cle strength was not measured in the articles included in
our meta-analysis, we defined the patients in our analysis
as ovarian cancer patients with low SMI and analysed the as-
sociation between low SMI and clinicopathological features
of patients with ovarian cancer.

Low SMI and BMI

Five studies were included in the meta-analysis to assess the
effect of SMI-assessed sarcopenia on BMI,11,15–17,20 depicted
in Figure 2. According to the data from the studies, patients
with low SMI and those with high SMI were divided into
two groups, respectively, BMI less than 25 kg/m2 and BMI
more than 25 kg/m2. The correlation between low SMI and
BMI was significant (P < 0.00001; OR:5.08, 95% CI:3.54–
7.30), which means that patients with low SMI usually had
lower BMI. Again, the fixed effects model was chosen. A χ2-
test P value of 1.00 and an I2 of 0% indicated methodological
homogeneity between studies.

Figure 1 Flowchart of study selection. Thirteen independent studies were included in the final review. BCM, body composition measurement.
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Low SMI and Clinicopathological features

The meta-analysis of the association between SMI-assessed
sarcopenia and clinicopathological features, including FIGO
stage, pathological types, grades of pathology and intraoper-
ative R0 cytoreduction, which were shown in Figure 3. There
were 127 patients in stages I–II and 638 patients in stages
III–IV in the four studies included in the meta-
analysis.12,15,18,20 The correlation between low SMI and FIGO
stage was significant (P = 0.02; OR: 1.62, 95% CI:1.06–2.45).
A χ2-test P-value of 0.38 and an I2 of 4% indicated method-
ological homogeneity between studies. Six studies were in-
cluded to analyse the relationship between low SMI and R0
cytoreduction.2,11,13,15,17,18 A total of 421 patients achieved
R0 cytoreduction, including 174 patients with low SMI. A total
of 457 patients did not achieve R0 cytoreduction, including
174 patients with low SMI, indicating a significant correlation
between low SMI and R0 cytoreduction (P = 0.04; OR: 1.34,
95% CI:1.01–1.79), a χ2-test P value of 0.95 and an I2 of 0%.
These findings confirmed that low SMI might be associated
with advanced stage, and it was more challenging to achieve
R0 cytoreduction in ovarian cancer patients with low SMI.
Six2,11,13,17,18,20 and five2,12,13,17,20 articles were included re-
spectively to analyse the correlation between low SMI and
pathological grades as well as pathological types of ovarian

cancer patients, but the results were negative, which were
depicted in Figures S1 and S2, respectively.

Low SMI and chemotherapy-related toxicity

In terms of chemotherapy-related toxicity, according to the
analysis of the three included studies,12,14,20 there was no as-
sociation between low SMI and delays of chemotherapy and
reduction of chemotherapy drugs. Two studies were included
in the meta-analysis about the effect of low SMI on platinum
sensitivity.12,16 Obviously, no association was found between
low SMI and platinum sensitivity, as depicted in Figure 4.

Low SMI and PFS

Three studies involving 424 patients were included into the
meta-analysis of the multivariate data on the influence of sar-
copenia assessed by SMI on PFS,10,11,16 which was depicted in
Figure 5. The overall effect of low SMI on PFS was significant
(P = 0.02; HR: 1.40, 95% CI:1.06–1.85). Statistical consistency
between the compared HRs and 95% CIs was evaluated with
the χ2 and I2 tests, which returned a χ2-test P-value of 0.34
and an I2 of 9%, indicating methodological homogeneity

Figure 2 Forest plot assessing the correlation between low SMI and BMI. CI, confidence interval; df, degrees of freedom; M-H, Mantel–Haenszel; SE,
standard error.

Figure 3 The correlation between low SMI and clinicopathological features. (A) Forest plot assessing the correlation between low SMI and FIGO stage.
(B) Forest plot assessing the correlation between low SMI and R0 cytoreduction. CI, confidence interval; df, degrees of freedom; M-H, Mantel–
Haenszel; SE, standard error.
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between studies. The fixed effects model was deliberately cho-
sen because the methodologies for measuring SMI and its as-
sociation with PFS used in the studies were homogeneous.

Low SMI and OS

Eight studies involving 1356 patients were included in the
meta-analysis for 5-year survival rate,2,9,11,14–16,18,19 which
was depicted in Figure 6. The result confirmed that low SMI

might have an appreciable impact on poor 5-year survival
rate (P = 0.02; OR: 1.35, 95% CI:1.05–1.74). A χ2-test P-value
of 0.08 and an I2 of 45% indicated consistency between
studies for this association.

Discussion

The purpose of this meta-analysis was to summarize the
relationship between CT-defined SMI at L3 and the clinical

Figure 4 The correlation between low SMI and chemotherapy-related toxicity. (A) Forest plot assessing the correlation between low SMI and delays of
chemotherapy. (B) Forest plot assessing the correlation between low SMI and reduction of chemotherapy. (C) Forest plot assessing the correlation
between low SMI and platinum sensitivity. CI, confidence interval; df, degrees of freedom; M-H, Mantel–Haenszel; SE, standard error.

Figure 5 Forest plot assessing the correlation between low SMI and PFS. CI, confidence interval; df, degrees of freedom; IV, inverse variance; SE, stan-
dard error.

Figure 6 Forest plot assessing the correlation between low SMI and 5-year overall survival rate. CI, confidence interval; df, degrees of freedom; M-H,
Mantel–Haenszel; SE, standard error.
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characteristics as well as prognosis of the patients with ovar-
ian cancer. We found evidence from 13 studies that low
SMI-assessed sarcopenia might be significantly associated
with poorer PFS and 5-year OS in patients with ovarian can-
cer, as well as with BMI, FIGO stage and R0 cytoreduction,
which means ovarian cancer patients with low SMI assessed
sarcopenia had lower BMI and advanced FIGO stage and
were less likely to achieve R0 cytoreduction at the time of
surgery. However, low SMI assessed sarcopenia was not asso-
ciated with histological types, pathological grades and
chemotherapy-related toxicity.

SMI assessed by CT at the L3 vertebra level is significantly
correlated with total body muscle measurements and an im-
portant indicator of the diagnosis of sarcopenia.3 Although
38.5 and 41 cm2/m2 were the most widely used SMI
cut-offs for the diagnosis of sarcopenia for women with
respiratory and gastrointestinal cancers,21 there were no uni-
form SMI cut-offs used in ovarian cancer studies. The SMI
cut-off used to define sarcopenia will directly influence the
outcomes of associations made between SMI and the clinical
characteristics or prognosis, and significant heterogeneity in
cut-offs for sarcopenia may lead to difficulty in interpreting
the data. In the current cohort, the cut-off used for defining
sarcopenia in ovarian cancer patients ranged from 38.5 to
41 cm2/m2. Ubachs et al. observed that studies with
cut-offs between 38.5 and 38.73 cm2/m2 were more likely
to report a prognostic effect of sarcopenia and proposed
the use of lower cut-off (<38.5 cm2/m2) to distinguish
sarcopenic from non-sarcopenic patients.1 However, among
the 13 studies included in our analysis, four studies demon-
strated that sarcopenia assessed by low SMI was associated
with poorer outcomes in patients with ovarian cancer and
the SMI cut-offs used to define sarcopenia were 38.5,
38.73, 39 and 39.1 cm2/m2, respectively. The lower cut-off
(<38.5 cm2/m2) might miss some patients (38.5–39.1 cm2/
m2) with poor prognosis associated with low SMI. Further-
more, none of the studies included in our analysis with SMI
cut-off greater than 39.1 cm2/m2 drew the conclusion that
sarcopenia assessed by low SMI was related to OS.2,11,13,17

Therefore, we believed that the SMI cut-off value less than
39.1 cm2/m2 could strike a balance between drawing mean-
ingful conclusions and diagnosing more ovarian cancer pa-
tients with sarcopenia.

Our meta-analysis demonstrated a few noteworthy as-
pects. Our study first found that low SMI was significantly as-
sociated with BMI, FIGO stage and R0 cytoreduction. This
could be explained to an extent by the fact that women with
low BMI, advanced FIGO stage and no R0 cytoreduction were
usually characterized by extensive disease, poor nutritional
and performance status, which were also correlated with sar-
copenia. Nonetheless, in light of the high heterogeneity ob-
served, these findings should be interpreted with caution.
Body composition has been an increasingly important prog-
nostic factor in malignant tumours.4 Previous publications

mainly focused on the correlation between sarcopenia and
overall survival in patients with ovarian cancer. One system-
atic review with meta-analysis published in 2019 revealed a
significant association between the SMI and OS no matter
univariate analysis included six studies involving 1203 pa-
tients (P = 0.007, HR: 1.11, 95% CI:1.03–1.20) or multivariate
Cox regression analysis included three studies involving 461
patients (P = 0.02, HR: 1.17, 95% CI: 1.03–1.33),1 which were
consistent with our research. However, another
meta-analysis published in 2020 indicated that there was no
correlation between sarcopenia and 5-year OS (P = 0.07,
OR:1.8, 95% CI 1.0–3.2) in patients with epithelial ovarian
cancer (EOC), which included four studies involving 790 pa-
tients published before 2018.6 Our meta-analysis included
eight studies involving 1356 patients suggested that low
SMI was significantly associated with 5-year survival rate;
four studies were published between 2020 and 2022, which
might contribute to the different results. The direct causality
of low SMI on survival remains unclear. Sarcopenia assessed
by SMI represents one of the hallmarks of cancer cachexia.22

The catabolic and inflammatory changes associated with ca-
chexia could partially explain the shorter OS.3 It is notewor-
thy that low SMI also had a significant effect on PFS. Hence,
it is possible that low SMI has an adverse impact not only
on overall health and ability to tolerate treatment but also
on disease course.

The present meta-analysis reported a quantitative assess-
ment of low SMI and its correlation with clinicopathological
features and clinical outcomes of ovarian cancer patients.
The strength of this meta-analysis was that only ovarian can-
cer patients whose SMI was assessed with total skeletal
muscle in the third lumbar evaluated by CT scan were in-
cluded, and this condition created a homogeneous cohort
study. The limitations of this meta-analysis were that the
studies included in this analysis were all retrospective. In ad-
dition, the reported prevalence of sarcopenia in ovarian can-
cer is heterogeneous due to the different SMI cut-off points
that defined sarcopenia. A clear understanding of the corre-
lation between sarcopenia and clinicopathology might be
helpful for precise treatment, such as whether to choose
primary debulking surgery or neoadjuvant chemotherapy.
Variations in diagnostic criteria of sarcopenia represent a
barrier to develop guideline to improve clinical practice. Of
note, the EWSOP recommend incorporating both low muscle
mass and low muscle function into the definition of
sarcopenia.3 The wide use of CT scanning provides investiga-
tors useful tool to further explore the causes and definitions
of sarcopenia and its association with treatment outcomes.
Increased understanding of sarcopenia in patients with ovar-
ian cancer is necessary to better develop interventions and
treatment strategy. Larger prospective studies on the inter-
ventions to reverse sarcopenia and how such interventions
might improve outcomes in patients with ovarian cancer
are needed.
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Conclusions
Our findings suggested that the SMI assessed sarcopenia eval-
uated by CT at L3 was seemingly prevalent in patients with
ovarian cancer, especially among patients with
advanced-stage disease. Low SMI in ovarian cancer patients
might be not only associated with poor PFS and 5-year OS
but also associated with low BMI and advanced FIGO stage.
It is worth noting that ovarian cancer patients with low SMI
were more difficult to achieve R0 cytoreduction, and com-
plete cytoreduction was one of the most important prognostic
factors for patients with ovarian cancer. The correlation be-
tween low SMI and pathological grade and pathological type,
as well as chemotherapy toxicity in ovarian cancer patients
cannot be clarified. Although sarcopenia appears to be associ-
ated with poorer outcome in patients with ovarian cancer, the
lack of standardized SMI cut-offs for assessing the prevalence
of sarcopenia hampers the interpretation of this association
and its strength. A consensus on standardized cut-off values
to define sarcopenia in patients with ovarian cancer needs
to be found. Information on muscle strength and nutritional
assessments should be incorporated in the future studies.
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