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IMPORTANCE Sarcopenia (low muscle mass), poor muscle quality (low muscle radiodensity),
and excess adiposity derived from computed tomography (CT) has been related to higher
mortality in patients with metastatic breast cancer, but the association with prognosis in
patients with nonmetastatic breast cancer is unknown.

OBJECTIVE To evaluate associations of all 3 body composition measures, derived from
clinically acquired CT at diagnosis, with overall mortality in nonmetastatic breast cancer.

DESIGN, SETTING, AND PARTICIPANTS This observational study included 3241 women from
Kaiser Permanente of Northern California and Dana Farber Cancer Institute diagnosed from
January 2000 to December 2013 with stages II or III breast cancer. We calculated hazard
ratios (HRs) to evaluate the associations of all-cause mortality with sarcopenia, low muscle
radiodensity, and total adipose tissue (TAT). Models were adjusted for sociodemographics,
tumor characteristics, treatment, body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared), and other body composition measures. We also
evaluated the cross-classification of categories of sarcopenia (yes/no) and tertiles of TAT,
with outcomes.

MAIN OUTCOMES AND MEASURES Overall survival time and all-cause mortality.

RESULTS Median (range) age of 3241 women included in this study was 54 (18-80) years, and
median follow-up was 6.0 years; 1086 patients (34%) presented with sarcopenia, and 1199
patients (37%) had low muscle radiodensity. Among patients with nonmetastatic breast
cancer, those with sarcopenia showed higher overall mortality (HR, 1.41; 95% CI, 1.18-1.69)
compared with those without sarcopenia. Patients in the highest tertile of TAT also showed
higher overall mortality (HR, 1.35; 95% CI, 1.08-1.69) compared with those in the lowest
tertile. Low radiodensity was not associated with survival. In analyses of sarcopenia and TAT,
highest mortality was seen in patients with sarcopenia and high TAT (HR, 1.89; 95% CI,
1.30-2.73); BMI alone was not significantly related to overall mortality and did not
appropriately identify patients at risk of death owing to their body composition.

CONCLUSIONS AND RELEVANCE Sarcopenia is underrecognized in nonmetastatic breast
cancer and occurs in over one-third of newly diagnosed patients. Measures of both
sarcopenia and adiposity from clinically acquired CT scans in nonmetastatic patients provide
significant prognostic information that outperform BMI and will help to guide interventions to
optimize survival outcomes.
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T he importance of body size on cancer outcomes is of
great clinical interest.1 Measures of body composition
that can distinguish adipose tissue distribution, as well

as the quantity and quality of muscle, can help refine our un-
derstanding of body size to cancer survival. Previously, DEXA
(dual-energy radiograph absorptiometry) scanning was the
main tool to assess body composition. In recent years, soft-
ware has been developed to use clinically acquired com-
puted tomography (CT) images to estimate body composi-
tion. This advancement allows body composition assessment
in large populations and facilitates measurement as part of rou-
tine clinical care.

Body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared) is the most common mea-
sure of body size, and the relationship between obesity and
breast cancer survival has been widely studied.2-4 Data de-
rived from clinical trials, pooling projects, and meta-analyses
have consistently shown that class 2 or 3 obesity (BMI, >35) was
associated with worse survival,2 but studies have shown mixed
associations with overweight2,4 or lower levels of obesity.2 One
reason may be that BMI scales weight to height without dis-
tinguishing between muscle and adipose tissue, components
of weight with differing associations with survival. Further-
more, low BMI can mask excess adiposity while high BMI can
mask low muscularity. Few studies, mainly conducted in
women with breast cancer with small sample sizes, have ex-
amined measures of body composition in women with breast
cancer.5-10 Most found sarcopenia (low skeletal muscle mass)
increased risk of death. One study8 found low muscle radioden-
sity (a measure of muscle quality indicative of adipose tissue
deposition into muscle fibers and reduced function) in-
creased risk of death. That we know of, our study is the first
large-scale investigation to use clinically acquired CT scans to
investigate measures of body composition in patients with non-
metastatic breast cancer. Our goal was to examine associa-
tions between measures of body composition, including
sarcopenia, adiposity, and muscle radiodensity and overall
mortality.

Methods
Cohort and End Points
This retrospective cohort study included clinically collected
medical record data from all female patients aged 18 to 80 years
diagnosed at Kaiser Permanente Northern California (KPNC)
between January 2005 and December 2013, as well as at Dana
Farber Cancer Institute (DFCI) between January 2000 and De-
cember 2012, with stage II or III invasive breast cancer who also
underwent an abdominal or pelvic CT scan (includes posi-
tron emission tomography–CT scans) at the time of diagnosis
(n = 3706). Because CT scans are not routinely performed for
patients with stage I breast cancer, the study was limited to
women with stage II (n = 6724) and III (n = 1768) breast can-
cer, among whom 29% and 73% received CT scans, respec-
tively. Additional exclusions were lack of a valid weight at time
of CT scan (n = 303); BMI less than 18.5 at the time of CT scan
(n = 42); and unavailable and/or unreadable scans (n = 120).

This left 3241 patients for analysis. The study was approved
by the KPNC and DFCI institutional review boards, and in-
formed consent was not required because patient informa-
tion was taken from medical records.

Deaths of patients diagnosed at KPNC were collected from
mortality files that combine internal data, California state death
data, and Social Security Administration data. Deaths of pa-
tients diagnosed at DFCI were collected from the electronic
medical record and the National Death Index.

Body Composition Assessment and/or CT Image Analysis
Muscle area, muscle radiodensity, and adiposity were mea-
sured from CT scans within 6 months of diagnosis and before
chemotherapy or radiation (median [range], 1.2 [−5.9 to 5.9]
months after diagnosis). Two centrally trained researchers
(T.A.O.) quantified the cross-sectional area of muscle and adi-
pose tissue in centimeters squared at the third lumbar verte-
bra (L3), discriminating components by tissue-specific Houns-
field units (HU) ranges using SliceOmatic Software version 5.0
(TomoVision).11 Single-slice abdominal cross-sectional areas
at the L3 vertebra are strongly correlated with whole body vol-
umes of muscle and adipose tissue and have been used in many
prior studies.12 The skeletal muscle index (SMI) was defined
as muscle area at L3 in cm2 divided by height in meters squared.
Skeletal muscle radiodensity (SMD) represents muscle qual-
ity and was measured using the average radiation attenua-
tion of tissue in Hounsfield Units. Visceral (intra-abdominal)
adipose tissue (VAT); subcutaneous adipose tissue (SAT); and
intramuscular adipose tissue (IMAT) were all quantified sepa-
rately. Total adiposity (TAT) was the sum of VAT, SAT, and IMAT.
To assess interrater reliability, 30 images were randomly se-
lected to be analyzed by both readers. The coefficients of varia-
tion (CV%) were 0.66 for muscle and 1.59 for TAT.

Definition of Sarcopenia and Low Muscle Density
We treated muscle and TAT area, as well as SMI and SMD, con-
tinuously, per standard deviation, as well as categorically. To
derive the cut points for sarcopenia and low muscle density,
we used optimal stratification,13 a widely used approach14,15

that selects a cut point for a continuous covariate by comput-
ing the log-rank statistic testing the between-group differ-
ence in overall survival. We used the SMI cut point that had

Key Points
Question Are sarcopenia, poor muscle quality, and excess
adiposity at diagnosis associated with overall mortality in patients
with nonmetastatic breast cancer?

Findings In this observational study of 3241 patients with breast
cancer, more than one-third presented with sarcopenia at
diagnosis, and those women had a significantly increased risk of
death compared with patients without sarcopenia. Poor muscle
quality was not associated with survival, and highest mortality was
in patients with sarcopenia and high total adipose tissue.

Meaning Measures of sarcopenia provide significant prognostic
information in nonmetastatic breast cancer and will help to
identify high-risk groups and guide interventions to optimize
survival outcomes.
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the maximum absolute value of the log-rank statistic16 for es-
tablishing the presence of sarcopenia (<40 SMI) and low SMD
(<37.8 HU).

Covariate Assessment
The KPNC and DFCI electronic data sources, including pa-
tients’ electronic medical record (EMR) and the Cancer Reg-
istry, provided information on height, weight, disease stage,
tumor characteristics, demographics, smoking history, and can-
cer treatment, including surgery type (none, mastectomy or
lumpectomy), and receipt of chemotherapy and/or radiation.
Height and weight measured at a clinical visit close to the CT
scan (mean [range], 0.0 [−5.8 to 3.3] months) were used to cal-
culate BMI.17

Statistical Analysis
Follow-up began at the CT scan date and continued until death,
last contact, or July 31, 2016, for the KPNC cohort or October
30, 2016, for DFCI. Time to failure by categories of sarcopenia
(yes/no), SMD (yes/no), and TAT (tertiles) was evaluated using
Kaplan-Meier survival curves and log-rank tests. Multivariable-
adjusted hazard ratios (HRs) and corresponding 95% CIs for
risk of mortality associated with sarcopenia, SMD, TAT, and BMI
both continuously per standard deviation, as well as categori-
cally, were estimated using Cox proportional hazards mod-
els. Covariates were chosen a priori based on previous re-
search. We first adjusted for age at diagnosis, and then for
covariates including race/ethnicity, stage, grade, smoking, sur-
gery type, receipt of chemotherapy, and estrogen receptor (ER)
and/or HER2 receptor status. Models were then simultane-
ously adjusted for muscle, TAT, and partitioned BMI (defined
as BMI with weight from muscle and adipose tissue re-
moved). We also assessed effect modification of the associa-
tions between body composition measures and survival by the
following covariates: age at diagnosis (<55 and ≥55 years); BMI
category (18.5 to <25, 25 to <30, and ≥30); cancer stage (II/III);
and ER status (negative/positive); P values for the correspond-
ing Wald tests of the interaction terms are reported.

We tested for multiplicative interactions between TAT and
sarcopenia on survival using cross-product terms. We also ex-
amined additive effects by categorizing patients into 6 mutu-
ally exclusive categories based on sarcopenia and TAT status
and assessed joint associations with sarcopenia and adipos-
ity with time to event to evaluate associations with specific phe-
notypes. Normal weight (BMI 18.5-25) and lowest tertile of TAT
served as the reference phenotype. All statistical analyses were
performed using SAS version 9.3 (SAS Institute Inc). Statisti-
cal significance was established with 2-sided tests with α = .05.

Results
Median follow-up time was 6.0 years during which there were
619 deaths among 3241 patients. As shown in eTable 1 in the
Supplement, at diagnosis of their primary breast cancer, 1086
patients (34%) had sarcopenia and 1193 (37%) had low muscle
radiodensity. Those with sarcopenia and low SMD (ie, muscle
quality) were older (57.0 vs 52.7 and 60.6 vs 50.3 years, re-

spectively) and less likely to receive chemotherapy. Women
with sarcopenia (n = 1086) vs without sarcopenia (n = 2155)
were more frequently white (74.4% vs 67.8%) and Asian (15.3%
vs 11.2%) and less frequently black (3.1% vs 9.3%) and His-
panic (5.3% vs 10.5%) (eTable 1 in the Supplement). In con-
trast, women who were low SMD (n = 1193) versus normal
(n = 2048) were more frequently white (76.4% vs 66.8%) and
less frequently Asian (7.1% vs 15.8%). Body mass index was dif-
ferentially associated with body composition measures: sar-
copenia was associated with a lower mean BMI (24.7 vs 30.0)
than those without sarcopenia, while low SMD was associ-
ated with a higher mean BMI (31.1 vs 26.6) than those with low
SMD (eTable 1 in the Supplement). eTable 2 in the Supplement
presents distributions of body composition measures by sar-
copenia and low SMD cut points.

Kaplan-Meier curves demonstrate that patients with sar-
copenia (Figure, A), low SMD (Figure, B), and medium or high
total adiposity (Figure, C) had worse overall survival than those
without sarcopenia (log-rank P < .001), low SMD (log-rank
P < .001), or low adiposity (log-rank P < .001). In multivari-
able Cox proportional hazards models (Table 1), sarcopenia was
associated with a 41% (HR, 1.41; 95% CI, 1.18-1.69) greater risk
of dying compared with those without sarcopenia. Similarly,
an increase in 1 standard deviation of SMI (7.2) or absolute
muscle area (19.9 cm2) was associated with a 13% and 10% de-
creased risk of death. In contrast, skeletal muscle density was
not significantly associated with overall survival. The asso-
ciation of sarcopenia or low SMD with survival was similar
across strata defined by age, BMI, cancer stage, or ER status
(eTable 2 in the Supplement).

To examine the robustness of our results, we also con-
ducted a sensitivity analysis using previously published
cut points to examine effects of both sarcopenia and low
radiodensity14 on survival. Estimates for survival were simi-
lar to those reported using our own cut points (HR, 1.24; 95%
CI, 1.03-1.51 for sarcopenia [yes/no]) and low SMD (HR, 0.95;
95% CI, 0.79-1.15 [yes/no]).

We also conducted a sensitivity analyses removing pa-
tients who died less than 1 year from breast cancer diagnosis.
Again, results were similar to when those patients were in-
cluded (HR, 1.37; 95% CI, 1.14-1.65 for sarcopenia [yes/no]), and
low SMD (HR, 0.95; 95% CI, 0.78-1.17 [yes/no]). Compared with
the nonsignificant associations of BMI with mortality after mul-
tivariable adjustment, results for total adiposity and the com-
bined effects of adiposity and sarcopenia with survival (Table 2)
were stronger and statistically significant. Compared with pa-
tients with normal weight (BMI 18.5 to <25), patients who were
overweight (BMI 25 to <30) had a similar risk of death; pa-
tients who were obese (BMI ≥30) had an elevated risk of death,
but this was not statistically significant. In contrast, those in
the highest tertile of adiposity had a significantly greater risk
of death (HR, 1.35; 95% CI, 1.08-1.69) compared with those in
the lowest. The association of adiposity with mortality did not
vary significantly by age, BMI, cancer stage, or ER status (eTable
2 in the Supplement).

We then cross-classified adiposity and sarcopenia to
understand the differential effects of each. Among those
without sarcopenia, only those in the high tertile of TAT had
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a significant increased risk of death (HR, 1.40; 95% CI, 1.04-
1.88) compared with those with low TAT and without sarco-
penia. However, among those with sarcopenia, there was an
increased risk of death, regardless of level of total adiposity
compared with the reference group (no sarcopenia, low
TAT). We found no evidence of a statistical multiplicative
interaction. Thus, the increased risk for those with sarcope-
nia with higher TAT can be attributed to an additive effect of
the 2 risk factors.

Among patients who were overweight (BMI, 25-30), the
majority (n = 673 [66%]) fell into the middle tertile of TAT. Only
189 patients (18%) were in the high tertile of TAT, and 160 (16%)
fell into the low tertile of TAT. Among patients with class 1 obe-
sity (BMI 30-35), the majority (n = 440 [73%]) fell into the high
tertile of TAT, but 162 (27%) still fell into the middle or low TAT
tertile. It is not until women reach class 2 obesity or greater
(BMI >35) that almost all the women were classified into the
high tertile of TAT.

Discussion
To our knowledge, this is the largest study to date of patients
with nonmetastatic breast cancer, and we demonstrate that sar-
copenia is underrecognized, highly prevalent, and is associ-
ated with a significant increased risk of death. We also estab-
lish that muscle and fat mass assessed from clinically acquired
CT scans are more strongly associated with survival than BMI,
suggesting these would be more useful in identifying women
at risk of poor survival due to adiposity. Furthermore, we also
show that sarcopenia (eg, muscle mass) and adiposity (fat mass)
are both important risk factors and should be considered to-
gether when assessing risk. These prognostic measures can be
easily integrated into routine clinical care using new soft-
ware to generate highly accurate measures of body composi-
tion from clinically collected CT scans.

This is the first large-scale study that we know of to
establish sarcopenia cut points derived from a population-
based sample that can be applied to other patients newly
diagnosed with nonmetastatic breast cancer. Furthermore,
our findings were robust using cut points derived from
other populations. Only 5 previous studies have been pub-
lished on the association between muscle and survival in
patients with breast cancer,5,7-10 3 in patients with metastatic
disease,7-9 and 2 in patients with nonmetastatic disease.5,10

All but 1 study demonstrated an increased risk of death asso-
ciated with low muscle area or sarcopenia.9 The largest to
date (n = 471) in patients with nonmetastatic breast cancer
(stage I-IIIA)10 showed that sarcopenia measured by DEXA
was associated with overall mortality (HR, 2.86; 95% CI,
1.67-4.89) but had only a small number of events (n = 92)
and the muscle measurement was taken after chemotherapy
treatment. In contrast, among patients with metastatic dis-
ease, Rier et al8 (n = 166), showed that low muscle radioden-
sity (HR, 1.72; 95% CI, 1.14-2.62), but not sarcopenia, was
associated with a significant increased risk of overall mortal-
ity. Our study, with many events, enabled us to demonstrate
effects of muscle were consistent across age, BMI, and can-

cer stage. Our results and others demonstrate that muscle
characteristics are important predictors of survival in both
nonmetastatic and metastatic breast cancer.

Figure. Patient Survival
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Our findings demonstrating the importance of muscle and
adiposity are consistent with the current interest in inflam-
matory and immune pathways and cancer survival. Recent
evidence in our cohort of survivors of nonmetastatic colorec-

tal cancer (n = 3262), and another similar cohort of patients
with nonmetastatic colorectal cancer (n = 763) demonstrated
that lower levels of muscle mass18,19 and low radiodensity20

were both significantly associated with high neutrophil-to-

Table 2. Multivariable Models for Total Adiposity and Sarcopenia

Characteristic
Patients at
Risk, No.

Events,
No.

Model A Model Bb,c Model Cd

Age Adjusted,
HR (95% CI)

Multivariable Without Muscle,
HR (95% CI)

Multivariable With Muscle,
HR (95% CI)

BMIa at scan, categories

Normal, 18.5 to <25 1163 199 1 [Reference] 1 [Reference] 1 [Reference]

Overweight, 25 to <30 1022 195 1.06 (0.87-1.29) 0.96 (0.79-1.18) 1.01 (0.82-1.24)

Obese, ≥30 1056 225 1.22 (1.00-1.48) 1.10 (0.89-1.36) 1.22 (0.96-1.55)

BMI at scan

Continuously, per 1 SD (6.3) 3241 619 1.08 (1.00-1.16) 1.03 (0.94-1.13) 1.10 (0.98-1.22)

Total adiposity, cm2

Low (tertile 1) 1080 174 1 [Reference] 1 [Reference] 1 [Reference]

Middle (tertile 2) 1081 214 1.21 (0.99-1.48) 1.15 (0.94-1.41) 1.21 (0.98-1.48)

High (tertile 3) 1080 231 1.29 (1.05-1.57) 1.22 (0.99-1.50) 1.35 (1.08-1.69)

Total adiposity, cm2

Continuously, per 1 SD (20.0) 3241 619 1.11 (1.03-1.20) 1.07 (0.99-1.17) 1.13 (1.03-1.24)

Sarcopenia and total adipositye

Nonsarcopenic, low TAT 537 66 1 [Reference] 1 [Reference] NA

Nonsarcopenic, mid TAT 729 126 1.28 (0.95-1.73) 1.22 (0.90-1.65) NA

Nonsarcopenic, high TAT 889 173 1.45 (1.08-1.94) 1.40 (1.04-1.88) NA

Sarcopenic, Low TAT 543 108 1.35 (0.99-1.85) 1.41 (1.03-1.92) NA

Sarcopenic, Mid TAT 352 88 1.83 (1.32-2.54) 1.81 (1.30-2.52) NA

Sarcopenic, High TAT 191 58 2.05 (1.42-2.96) 1.89 (1.30-2.73) NA

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); Muscle, muscle area in cm2; NA, not applicable;
TAT, Total adipose tissue.
a BMI models do not include adjustment for partitioned BMI.
b Model B is adjusted for age at diagnosis (continuous), race (reference = white),

stage (reference = II), grade (reference = well differentiated), surgery type
(reference = none), chemotherapy (reference = no), smoking
(reference = never), estrogen receptor (reference = negative), human

epidermal growth factor receptor 2 (reference = negative), and partitioned
BMI (continuous).

c The P value for interaction was .90.
d Model C is adjusted for covariates in Model B, plus muscle area in cm2

(continuous).
e Sarcopenia and total adiposity model is not additionally adjusted for muscle

area.

Table 1. Multivariable Models for Skeletal Muscle Index, Muscle Area, and Muscle Radiodensity

Characteristic

Patients
at Risk,
No.

Events,
No.

Model A Model Ba Model Cb

Age Adjusted,
HR (95% CI)

Multivariable Without TAT,
HR (95% CI)

Multivariable With TAT,
HR (95% CI)

Sarcopenia
(SMI < 40.0)

Nonsarcopenic 2155 365 1 [Reference] 1 [Reference] 1 [Reference]

Sarcopenic 1086 254 1.25 (1.06-1.47) 1.30 (1.10-1.54) 1.41 (1.18-1.69)

SMI

Continuously,
per 1 SD (7.2)

3241 619 0.96 (0.89-1.05) 0.92 (0.85-1.00) 0.87 (0.79-0.96)

Muscle area, cm2

Continuously,
per 1 SD (19.9)

3241 619 1.01 (0.93-1.10) 0.95 (0.87-1.04) 0.90 (0.82-0.99)

Muscle radiodensity
(HU < 37.8)

Normal radiodensity 2048 355 1 [Reference] 1 [Reference] 1 [Reference]

Low radiodensity 1193 264 1.08 (0.91-1.29) 1.02 (0.85-1.22) 0.95 (0.78-1.16)

Muscle radiodensity,
HU

Continuously,
per 1 SD (9.7)

3241 619 0.96 (0.87-1.05) 0.98 (0.90-1.08) 1.03 (0.93-1.15)

Abbreviations: HU, Hounsfield units;
SMI, skeletal muscle index; TAT, total
adipose tissue.
a Model B is adjusted for age at

diagnosis (continuous),
race (reference = white),
stage (reference = II),
grade (reference = Well),
surgery type (reference = none),
chemotherapy (reference = no),
smoking (reference = never),
estrogen receptor
(reference = negative),
human epidermal growth factor
receptor 2 (reference = negative),
and partitioned body mass index
(continuous).

b Model C adjusted for covariates in
Model B plus total adiposity in cm2

(continuous).
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lymphocyte ratios, markers of systemic inflammation, and de-
creased survival. Another smaller study19 in patients with non-
metastatic colorectal cancer (n = 116) demonstrated that low
radiodensity was related to a high cell density of chemokine-
receptor-7 (CCR7), a measure of local inflammation. Further-
more, those with high CCR7 had shorter overall and disease-
free survival. The local immune response of the host may
initially drive lipid deposition in the muscle, leading to in-
creased muscle breakdown, and, ultimately, cause systemic in-
flammation and increased tumor growth. Furthermore, in
breast cancer, the presence of crown-like structures, a histo-
logical marker of local inflammation in adipose tissue directly
adjacent to the tumor, is associated with tumor growth, pro-
viding additional evidence of the importance of the tumor mi-
croenvironment, in addition to systemic inflammation.21

Although our study of patients with nonmetastatic dis-
ease did not find a relationship of survival with SMD (a surro-
gate of muscle quality), 1 previous study of metastatic pa-
tients did report a relationship.8 However, in their study, the
mean radiodensity (33.4 HU) was much lower, indicating more
fatty infiltration than in the patients with nonmetastatic dis-
ease in our study (40.6 HU), and prevalence of low radioden-
sity (59.6%) was much higher in patients in the previous study
than in our study (37%). This suggests that fatty infiltration into
muscle could be a hallmark of more advanced cancer but is not
as prevalent in earlier stage disease, so consequently a less im-
portant prognostic indicator for patients with nonmetastatic
disease. Our findings on adiposity are consistent with the 2
other studies of patients with nonmetastatic breast cancer5,6

examining measures of adiposity with survival. Both found that
among patients with locally advanced breast cancer, high vis-
ceral adiposity decreased distant disease-free survival (DDFS)6

and increased death5.
Our results from the cross-classification of BMI with total

adiposity suggest why prior studies on BMI and survival yielded
inconsistent results. When a direct measure of adiposity is used,
only those in the highest tertile of TAT are at increased mor-
tality risk; yet, when classified by BMI, only 18% of women who
are overweight (BMI 25-30) and 73% of women who are class
1 obese (BMI 30-35) women fall into the highest adiposity cat-
egory. Misclassification in the overweight and class 1 obese
categories could explain why prior studies did not always find
significant associations between BMI and survival for women
with BMI less than 35.

Limitations
Several limitations must be noted. First, as in all observa-
tional studies, causal relationships cannot be determined, and

unmeasured confounding is possible. However, we tried to
minimize this with our use of a well-characterized data set with
data on patient and tumor characteristics and treatment. Sec-
ond, reverse causality (sarcopenia as a consequence of can-
cer progression rather than a cause) may explain some of our
observed associations. However, results were similar when we
excluded patients with breast cancer who died within the first
year or with BMI less than 18.5 at diagnosis, which mitigates,
though does not eliminate, the influence of reverse causality.
In addition, we demonstrated consistent associations of sar-
copenia with survival across stage at diagnosis, all of the above
making reverse causality a less likely explanation. Third, se-
lection bias may affect the generalizability of the results be-
cause only 29% of women with stage II disease received CT
scans. Women with stage II disease with CT scans were slightly
younger, more likely to have higher-grade and ER-negative tu-
mors, and thus more likely to receive chemotherapy. Thus, it
is possible that the relationship of body composition to sur-
vival in this subset of women is not generalizable to all women
with stage II disease. Lastly, while we use a data-driven ap-
proach to define sarcopenia at a single time point based on
survival outcomes, this approach has been widely used in many
studies with remarkably similar cut points for sarcopenia
across various populations. Additionally, in a sensitivity analy-
sis using previously published cut points, we observed simi-
lar estimates for the effects of sarcopenia and low radioden-
sity on survival.

Conclusions
We demonstrate that sarcopenia is not a condition restricted
to patients with later-stage disease but rather is highly preva-
lent among patients with nonmetastatic disease across all lev-
els of BMI. Our findings are likely generalizable across many
other nonmetastatic cancers because the associations with
muscle and improved survival for those with metastatic can-
cer has been observed across a variety of solid tumors. Addi-
tionally, information on muscle quantity and adiposity from
clinically acquired CT scans provide significant prognostic in-
formation that outperforms BMI.21 Both muscle and adipos-
ity represent modifiable risk factors in patients with breast
cancer. In addition to weight loss, we should also consider in-
terventions to improve muscle mass, such as resistance train-
ing or protein supplementation.22 In the era of precision medi-
cine, the direct measurement of muscle and adiposity will help
to guide treatment plans and interventions to optimize sur-
vival outcomes.
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Invited Commentary

Obesity, Body Composition, and Breast Cancer
An Evolving Science
Elisa V. Bandera, MD, PhD; Esther M. John, PhD

The role of obesity in breast cancer development has been
known for decades, but better and larger studies over time
have uncovered more details about the complex association.
There is strong evidence that obesity and weight gain during

adulthood are associated with
increased risk of postmeno-
pausal breast cancer, particu-
larly among women not using

menopausal hormone therapy.1 On the other hand, obesity dur-
ing adolescence and young adulthood is associated with re-
duced premenopausal breast cancer risk.1 Over time we also
learned that what we have historically known about these as-
sociations only applies to hormone receptor–positive tumors
(ie, estrogen receptor [ER]-positive and/or progesterone re-
ceptor–positive tumors).1 The literature on obesity and breast
cancer prognosis is more recent and smaller, but currently an
active research area. There is growing evidence that obesity
is associated with higher breast cancer–specific and overall
mortality in both women who are premenopausal and
postmenopausal,2 with associations stronger among those with
morbid obesity (body mass index [BMI; calculated as weight

in kilograms divided by height in meters squared] ≥40). Fur-
thermore, associations may vary by race/ethnicity, depend-
ing on the adiposity measure used. Fewer studies have evalu-
ated associations by hormone receptor status, and most had
limited statistical power, particularly for estrogen receptor (ER)-
negative tumors. Overall, the evidence for higher mortality as-
sociated with obesity tends to be consistent for ER-positive tu-
mors, but inconsistent for ER-negative and triple-negative
breast cancer.3

The current evidence for the effect of obesity on breast
cancer risk and survival after diagnosis is largely based on
studies using BMI as a marker of adiposity. Body mass index
is commonly used in epidemiologic studies because it is rela-
tively easy to collect in large studies, but it is also well known
to be an imperfect measure of body composition, unable to dif-
ferentiate between fat mass, and muscle mass or to character-
ize the distribution of adipose tissue. In this issue of JAMA
Oncology, Caan et al4 report important findings clarifying the
role of body composition in survival after a breast cancer di-
agnosis. Using clinically acquired computed tomography (CT)
scans around the time of diagnosis and before treatment from
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