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Abstract

Aims Previous studies have shown that patients with stress (Takotsubo) cardiomyopathy (SC) and cancer have higher
in-hospital mortality than patients with SC alone. No studies have examined outcomes in patients with active cancer and
SC compared to patients with active cancer without SC. We aimed to assess the potential association between primary
malignancy type and SC and their shared interaction with inpatient mortality.
Methods and results We analysed SC by primary malignancy type with propensity score adjusted multivariable regression
and machine learning analysis using the 2016 United States National Inpatient Sample. Of 30 195 722 adult hospitalized
patients, 4 719 591 had active cancer, of whom 568 239 had SC. The mean age of patients with cancer and SC was 69.1, of
which 74.7% were women. Among patients with cancer, those with SC were more likely to be female and have white race,
Medicare insurance, hypertension, heart failure with reduced ejection fraction, obesity, cerebrovascular disease, anaemia,
and chronic obstructive pulmonary disease (P < 0.003 for all). In machine learning-augmented, propensity score multivariable
regression adjusted for age, race, and income, only lung cancer [OR 1.25; 95% CI: 1.08–1.46; P = 0.003] and breast cancer
[OR 1.81; 95% CI: 1.62–2.02; P < 0.001] were associated with a significantly increased likelihood of SC. Neither SC alone
nor having both SC and cancer was significantly associated with in-hospital mortality. The presence of concomitant SC and
breast cancer was significantly associated with reduced mortality (OR 0.48; 95% CI: 0.25–0.94; P = 0.032).
Conclusions This analysis demonstrates that primary malignancy type influences the likelihood of developing SC. Further
studies will be necessary to delineate characteristics in patients with lung cancer and breast cancer which contribute to
development of SC. Additional investigation should confirm lower mortality in patients with SC and breast cancer and
determine possible explanations and protective factors.
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Introduction

Although cardiovascular disease and cancer remain the
top two causes of death worldwide, novel therapeutic

interventions have resulted in a decreased mortality rate in
both groups. As a result of the increased recognition and
earlier detection of cancer and simultaneous improvement
of cardiac catheterization techniques, there has been a
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heightened awareness of patients with cancer experiencing
Takotsubo, or stress cardiomyopathy (SC).1,2 These patients
experience a unique clinical course in which the physical
and emotional stress of cancer is compounded by the exter-
nal stress of treatments such as surgery, chemotherapy,
immunotherapy, and radiotherapy, in addition to the possible
presence of internal paraneoplastic syndromes. Previous
studies have shown that SC in patients with cancer is associ-
ated with higher odds of in-hospital mortality and long-term
mortality when compared with patients with SC alone.1,2

However, no studies have focused on the differences
between patients with active cancer and SC versus patients
with active cancer without SC. The association of SC with
certain types of cancer and the factors predisposing patients
with cancer and SC to higher mortality rates have not been
well-studied. In an effort to resolve this gap in the literature,
we used a large, public U.S. database of hospitalized patients
to analyse demographics, clinical outcomes, and mortality
stratified by specific cancer in patients with cancer and SC.
Our aim was to explore the unique impact that a diagnosis
of SC has on patients with specific types of cancer, so that
clinicians may recognize these phenomena and hopefully
reduce the morbidity associated with these diseases.

Methods

Data source

The data source for this study was the 2016 National Inpa-
tient Sample (NIS) for hospital discharges. The NIS is the larg-
est all-payer inpatient dataset in the USA and is sponsored by
the US Department of Health and Human Services Agency for
Healthcare Research and Quality and maintained within the
Healthcare Cost and Utilization Project (HCUP). In 2016, NIS
data coding adopted the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10). The
NIS currently accounts for approximately 1 in 5 discharges
from all community hospitals in the USA. The sampling
strategy has been modified in the most recent data to reduce
sampling bias and produce results more generalizable to all
inpatient discharges in the country. This study used
de-identified data and was therefore exempt from the M.D.
Anderson Institutional Review Board review. The investiga-
tion conforms with the principles outlined in the Declaration
of Helsinki.

Study design

We performed a nationally representative multicentre
analysis of inpatient mortality by SC and primary malignancy,
including overall and comparatively by primary organ site.
The 2016 NIS dataset was selected because it is the first

edition using ICD-10 codes and thus reflects current clinical
trends. Study inclusion criteria included all NIS hospitaliza-
tions for adults aged 18 years or older during 2016. ICD-10
codes were used to identify demographics, co-morbidities,
and outcomes. HCUP tools such as the Clinical Classification
Software, which had been used prior to the NIS 2016 dataset
for such purposes as classifying cancer, were not used in
this study because they were found by HCUP as a beta
version to be unreliable when applied to the 2016 dataset’s
ICD-10 data.

Statistical analysis

Descriptive statistics for demographics and co-morbidities
were performed for the full sample. Co-morbidities were
selected for analysis based on clinical and statistical signifi-
cance in terms of existing literature. The co-morbidities
included in this study were diabetes, hypertension, periph-
eral vascular disease, hyperlipidaemia, smoking, obesity,
stroke, heart failure with reduced ejection fraction (HFrEF),
cardiac arrest, human immunodeficiency virus (HIV), alcohol
abuse, anaemia, chronic obstructive pulmonary disease
(COPD), coagulopathy, chronic kidney disease (CKD), end
stage renal disease (ESRD), and malignancy (overall and by
primary malignancy type).

Bivariable analysis was then conducted among all patients
according to the presence of SC (yes/no) and then among
patients with active cancer and SC (yes/no). For continuous
variables, independent sample t-tests were performed to
compare means and Wilcoxon rank-sum tests were per-
formed for medians. For categorical variables, Pearson’s χ2

tests or Fisher exact tests were performed to compare pro-
portions. Variables found to be statistically significant in the
bivariable analysis were then included in forward and back-
ward stepwise regression to augment decision-making on
which variables should be included in the final multivariable
regression models. This regression analysis was conducted
to assess the following outcomes: presence of SC and inpa-
tient mortality. The regression models separately assessed
these outcomes according to the following major predictors:
malignancy, any type (yes/no), and primary malignancy each
by specific type, including brain and nervous system, head
or neck, thyroid, breast, lung, oesophagus, stomach, pan-
creas, liver or bile system, rectum or anus, colon, peritoneum,
bone or connective tissue system, Hodgkin lymphoma,
non-Hodgkin lymphoma, leukaemia, multiple myeloma, skin,
uterus, cervix, ovarian, prostate, testes, bladder, and renal.
These models featured the interaction between SC and
malignancy when the outcome tested was mortality, while
controlling for age, race, income, and mortality risk by diag-
nosis related group (DRG). Other variables were excluded
based upon the below machine learning analysis and
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diagnostic testing to produce the most clinically and statisti-
cally justifiable models.

Next, machine learning backed propensity score–adjusted
multivariable regression was conducted for mortality and
controlled for age, race, income, and mortality risk by DRG
in addition to the likelihood of undergoing percutaneous cor-
onary intervention (PCI) and the NIS weights accounting for
the cluster sample data structure. The propensity score was
created for the likelihood of undergoing PCI (the treatment),
balance was confirmed among blocks, and then the propen-
sity score was included in the final regression models as an
adjusted variable. This causal inference approach (propensity
score adjustment) was chosen because it is a widely accepted
method to reduce selection bias and the effect of confound-
ing variables. Competing causal inference approaches such as
fixed, random, and mixed effects were not appropriate, be-
cause the dataset lacked adequate repeated hospitalizations
from the same subjects. Propensity score adjustment was
used rather than covariate adjustment without propensity
score, in order to be able to test interactions and higher order

terms to produce the most robust estimated probability of
treatment assignment. Finally, propensity score adjustment
rather than competing propensity score techniques was used
because of its superior performance in the appropriate
context, confirmed by current statistical theory and adequate
diagnostic quantitative testing of the final models in cardio-
vascular studies.3,4

The utility of this above hybrid analytic approach, which in-
tegrates the traditional statistical method of frequentist-
based multivariable regression (supported by propensity
score-based causal inference analysis) and supervised
learning-based machine learning has been previously demon-
strated. In this approach, causal inference results which are
more familiar to medical science audiences can be confirmed
and replicated automatically through machine learning, while
producing more rapid and accurate results compared with
traditional statistics.5–9

To modify the final models until optimal performance
was achieved, performance was first assessed relative to
results from backward propagation neural network machine

Table 1 Characteristics of patients with cancer and stress cardiomyopathy

Characteristic All hospitalizations Patients with cancer Patients with cancer and SC P value

Demographics
Age, years, mean ± SD 57.51 ± 20.33 65.07 69.09 <0.001
Female 58.15 48.86 74.76 <0.001
Race
White 67.79 71.07 80.45 <0.001
Black 15.14 13.49 8.64 <0.001
Hispanic 15.14 8.75 3.91 <0.001
Asian 2.69 3.16 3.50 <0.001
Native American 0.62 0.45 0.21 <0.001
Other 2.93 3.08 3.29

Insurance
All groups <0.001
Commercial 27.63 28.46 22.33
Medicare 46.92 55.29 69.13
Medicaid 18.62 11.63 6.41
VA 2.95 2.60 1.17
None 3.88 2.03 0.97

Medical history
Diabetes 18.88 19.14 15.31 <0.027
Hypertension 54.33 58.05 64.73 0.002
Hyperlipidaemia 31.49 31.83 41.09 <0.001
Obesity 14.57 10.30 5.04 <0.001
CVA/TIA 4.29 3.06 5.43 0.002
HFrEF 2.54 2.25 8.53 <0.001
Cardiac arrest 0.79 0.90 3.29 <0.001
Smoking 2.23 1.23 0.58 0.183
HIV 0.40 0.55 0.00 0.091
Anaemia 20.36 36.20 43.99 0.001
Thrombocytopenia 4.54 8.94 10.66 0.171
COPD 16.32 19.15 29.26 <0.001
Coagulation disorder 6.26 11.51 15.50 0.004
Cirrhosis 2.27 3.00 3.68 0.361
CKD 3–5 11.35 10.25 11.43 0.377
ESRD 3.58 2.33 2.33 0.992

Except age, all numbers are percentages.
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; ESRD, end stage renal disease;
HFrEF, heart failure with reduced ejection fraction; HIV, human immunodeficiency virus; SD, standard deviation; TIA, transient ischaemic
attack; VA, veterans affairs.
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learning to ensure comparability by root mean squared
error and accuracy. Regression model performance was
additionally assessed with correlation matrix, area under
the curve, Hosmer–Lemeshow goodness-of-fit test, Akaike
and Schwarz Bayesian information criterion, variance
inflation factor, and tolerance, multicollinearity, and specifi-
cation error. An academic physician-data scientist and
biostatistician confirmed that the final regression models
were sufficiently supported by the existing literature and
clinical and statistical theory. Fully adjusted regression re-
sults were reported with 95% confidence intervals (CIs)
with statistical significance set at a 2-tailed P-value of
<0.05. Statistical analysis was performed with STATA 14.2

(STATA Corp, College Station, Texas, USA), and machine
learning analysis was performed with Java 9 (Oracle,
Redwood Chores, California, USA).

Results

Of 30 195 722 adults admitted to US hospitals in 2016,
4 719 591 (15.6%) had active cancer, of whom 568 239
(12.0%) had SC. Baseline demographics are outlined in Table 1.
Among patients with active cancer, those with SC were more
likely to be female (74.7% vs. 48.8%, P < 0.001), white

Table 2 Machine learning-augmented propensity score-adjusted multivariable regression among all adult hospitalizations

Outcome Predictor of outcome Odds ratio with 95% CI P value

SC Cancer 1.05 (0.98–1.12) 0.185
Metastatic cancer 0.94 (0.82–1.08) 0.398
Breast cancer 1.81 (1.62–2.02) <0.001
Lung cancer 1.25 (1.08–1.46) 0.003
Skin cancer 0.92 (0.78–1.08) 0.298
Colon cancer 1.02 (0.85–1.22) 0.823
Leukaemia 1.17 (0.93–1.47) 0.171

Mortality SC 0.93 (0.82–1.05) 0.216
SC with cancer 0.92 (0.71–1.19) 0.523
SC with metastatic cancer 0.75 (0.49–1.15) 0.191
SC with breast cancer 0.48 (0.25–0.94) 0.032
SC with lung cancer 0.97 (0.58–1.59) 0.895
SC with skin cancer 1.57 (0.72–3.40) 0.256
SC with colon cancer 0.80 (0.37–1.73) 0.579
SC with leukaemia 0.92 (0.41–2.04) 0.831

CI, confidence interval; SC, stress cardiomyopathy.

Figure 1 Prevalence (percentage) of primary malignancy status by stress cardiomyopathy among malignancies with highest stress cardiomyopathy
prevalence. *Statistically significant versus not, P < 0.05. The primary malignancies with the highest proportion or prevalence of SC within each
primary are represented in Figure 1, which demonstrates that SC was generally more prevalent for patients with historical rather than active disease
and metastatic rather than non-metastatic disease.
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(80.4% vs. 71.0%, P< 0.001), and have Medicare as insurance
(69.1% vs. 55.2%, P < 0.001) compared with patients without
SC. Patients with active cancer and SC were more likely to
have a history of hypertension (64.7% vs. 58.0%, P = 0.002),
hyperlipidaemia (41.09% vs. 31.83%, P < 0.001), HFrEF
(2.2% vs. 8.5%, P < 0.001), obesity (10.3% vs. 5.0%,
P < 0.001), cerebrovascular accident and/or transient ischae-
mic attack (5.4% vs. 3.0%, P = 0.002), anaemia (43.9% vs.
36.2%, P < 0.001), coagulation disorder (15.5% vs. 11.5%,
P = 0.004), cardiac arrest (3.3% vs. 0.9%, P< 0.001), and COPD
(29.3% vs. 19.2%), compared with those with cancer without
SC. In patients with active cancer, patients with SC were less
likely to have a history of diabetes mellitus (15.3% vs. 19.1%,
P < 0.027) compared with those without SC. There were no
significant differences between the two groups in terms of
history of smoking, CKD, ESRD, HIV, and cirrhosis. The five
most common primary malignancies in patients with SC were
breast (13.3%), lung (10.2%), skin (9.5%), colon (8.0%) cancer,
and leukaemia (4.7%) (Table 2). The primary malignancies
with the highest proportion of SC within each primary are
represented in Figure 1.

Among all adult hospitalized patients in propensity score
adjusted multivariable regression analysis controlling for
age, race, income, mortality risk by NIS-calculated diagnosis-
related group, and likelihood of undergoing PCI, the only
primary malignancies that significantly increased the likeli-
hood of SC were lung cancer [odds ratio (OR) 1.25; 95% CI
(confidence interval): 1.08–1.46; P = 0.003] and breast cancer
[OR 1.81; 95% CI: 1.62–2.02; P < 0.001] (Table 2) (Figure 2).
Neither a diagnosis of cancer [OR 1.05; 95% CI: 0.98–1.12;
P = 0.185] nor metastatic cancer [OR 0.75; 95% CI: 0.49–

1.15; P = 0.398] was significantly associated with the
presence of SC. In separate regression, neither the presence
of SC, nor SC with cancer, nor SC with metastatic cancer
was significantly associated with mortality (Table 2). The
concomitant diagnosis of SC and breast cancer, in contrast
to other primary malignancies, was associated with signifi-
cantly reduced mortality (OR 0.48; 95% CI: 0.25–0.94;
P = 0.032) compared with patients without SC or breast
cancer (Table 2).

Discussion

There is a paucity of data in patients with SC and cancer.
Although previous studies have evaluated patients with SC
versus patients with SC and cancer, ours is the first to our
knowledge, to analyse patients with cancer and SC versus pa-
tients with cancer and no SC. In addition, previous studies
have not assessed specific cancer types in patients with SC.
In our study, we placed special focus on patients with cancer
in general, from the perspective of internists, cardiologists,
and oncologists who regularly encounter a patient population
with malignancy. Despite our specific focus, we were still able
to demonstrate significant findings related to previous
studies.

Several important findings were observed in our analysis
of more than 500 000 patients with active cancer and SC.
First, SC is relatively common in patients with cancer,
affecting more than 1 in every 10 patients. Certain demo-
graphic groups in hospitalized patients with cancer

Figure 2 Graphic depicting central findings. This illustration demonstrates the key findings of our analysis.
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disproportionately developed SC, including women, white
patients, and those with Medicare as insurance. Specific
conditions in the medical history of patients with cancer con-
tributed to the development of SC, including hypertension,
HFrEF, obesity, cerebrovascular disease, anaemia, coagulation
disorder, cardiac arrest, and COPD. The five most common
malignancies in this cohort were breast, lung, skin, and colon
cancer, followed by leukaemia. SC was generally more preva-
lent for patients with historical rather than active disease and
metastatic rather than non-metastatic disease. Cancers, in
general, did not increase the likelihood of developing SC in
the hospital, while lung cancer and breast cancer did. Lastly,
having SC and cancer generally was not associated with
in-hospital mortality, regardless of cancer type, and having
breast cancer with SC reduced the likelihood of mortality.

The term Takotsubo cardiomyopathy initially appeared in
the literature in 1990, although similar descriptions of this
disease state were previously described.10 Studies have
shown an increase in incidence and hospitalization for SC
over time,11,12 which is likely due to improved recognition
of the disease and greater availability of coronary angiogra-
phy. Concurrently, with advancements in research, there has
been a rapid development of new drugs and treatment
regimens for cancer. In the USA from 2010 to 2018, 27% of
all new FDA drug approvals were for cancer.13 In 2020 alone,
at least 20 new cancer drugs were approved for use as a new
agent or for a new indication.14 Immunotherapy, radiother-
apy, and chemotherapy continue to rapidly evolve every
year.15–17 These novel therapies have contributed toward a
consistently declining mortality rate in multiple types of
cancer.18 The increase in diagnosis of SC, coupled with the
decreasing mortality rate in cancer has led to greater interest
in patients with cancer experiencing SC. Although newer
therapies have been beneficial for patients with cancer, many
of them have been implicated in causing SC. Several drugs
have been cited, most commonly 5-fluorouracil.19 Others in-
clude bevacizumab, capecitabine, combretastatin, rituximab,
tyrosine kinase inhibitors, vascular endothelial growth factor
inhibitors, other angiogenesis inhibitors, and taxols.19 Case
reports have shown an association between radiotherapy
and SC.20,21 A study of hospitalized patients from 2007 to
2014 showed that patients with prior intrathoracic or medias-
tinal cancer and radiation therapy had higher odds of hospi-
talization and in-hospital mortality in admissions for SC.22

Stress cardiomyopathy and cancer share many risk factors,
and this was confirmed in our analysis. In our cohort of
patients with cancer, anaemia was significantly higher in
patients with SC. Anaemia is a common finding in patients
with cancer which occurs due to chronic inflammation, as
well as the toxic effect of various treatment modalities, which
can damage red blood cells. Greater than 30% of patients
present with cancer-related anaemia even before starting
antineoplastic treatments, and this number rises to approxi-
mately 67% once treatment is initiated.23 In patients with

cancer, anaemia is associated with a lower quality of life.24

A recent analysis of hospitalized patients from 2016 to 2018
showed that in patients with SC, anaemia was associated
with worse outcomes compared with patients without
anaemia.25 Patients with both SC and anaemia had signifi-
cantly higher rates of cardiogenic shock, ventricular arrhyth-
mia, acute kidney injury, acute respiratory failure, as well as
longer length of hospital stay, and higher total charges.25

Our results, in conjunction with other studies, demonstrate
that anaemia is a significant finding in patients with cancer
and should be viewed as a strong risk factor for SC.

Stress cardiomyopathy is predominantly prevalent in older
women,26,27 partly due to increased sympathetic drive and
endothelial dysfunction in this population, which predisposes
to microvascular dysfunction.28 Additionally, increased oxida-
tive stress, greater anxiety, depression, and sleep distur-
bances may play a role.28 These same risk factors are
shared by patients with malignancy due to the mental and
physical stress associated with the diagnosis itself as well as
the related treatments. In our cohort, the average age of
patients with cancer and SC was 69 and the percentage of
women was 74.7%, while the group of those with cancer
without SC had an average age of 65, with women accounting
for 48.9%.

Recent large cohorts have shown that SC is significantly
more prevalent in white patients compared with patients of
other races, which is also true of our co.2,29 A greater propor-
tion of patients with SC and cancer in our study were also
found to have Medicare insurance, which is intuitively logical,
as SC tends to affect older patients.29 In our cohort, patients
with cancer and SC had a lower prevalence of diabetes
mellitus, smoking, CKD, ESRD, and HIV compared with those
without SC. There has been conflicting evidence regarding
the prevalence of diabetes in SC. In one review of 959 studies
with 33 894 patients, diabetes was found to be much less
prevalent in SC when compared with national data on
diabetes.30 In another recent study, the prevalence was
found to be higher than expected when controlled for age
and sex.31

Chronic obstructive pulmonary disease is not classically
discussed as linked with SC; however, recent evidence is
demonstrating an association. A NIS analysis of 3129 patients
hospitalized for SC from 2016 to 2017 showed that patients
with concomitant COPD had higher rates of inpatient mortal-
ity, acute respiratory failure, cardiogenic shock, longer length
of stay, and higher charges of stay.32 At the same time, many
patients with lung cancer suffer from COPD due to the shared
risk factor of smoking. Elevated catecholamine levels have
been known to play a role in development of SC.33 The
common use of beta agonists by COPD patients may also
explain the elevated prevalence of SC in our cohort of
patients with SC and cancer.

Stress cardiomyopathy was far more prevalent in our study
in patients with historical, rather than active disease. This
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could possibly be due to multiple stressors of accumulated
therapy over time. The finding that SC was more prevalent
in metastatic disease is expected, considering the mental
and physical burden that this diagnosis incurs. These findings
are an important guide to clinicians in terms of determining
which patients are more likely to suffer from SC when they
are admitted to the hospital.

A noteworthy finding in our study was that, despite all the
related treatments known to cause physical and emotional
stress and cardiotoxicity, the only malignancies significantly
associated with developing SC were breast and lung cancer.
Anthracyclines and anti-HER2 therapies for breast cancer
are notorious for causing cardiotoxicity. SC has long been
known to preferentially affect postmenopausal women and
evidence shows that the association in this population may
be due to oestrogen deprivation.33 Patients with breast
cancer often undergo anti-oestrogen therapy, which can lead
to decreased oestrogen levels. Additionally, breast cancer is
most prevalent in older women. These factors may explain
the association with SC in our cohort. Most literature regard-
ing lung cancer in SC involves case reports in the setting of
cardiotoxic therapies. Further investigation will be necessary
to establish a possible link between lung cancer and SC and
determine why other malignancies did not increase the odds
of developing SC.

In our analysis, the presence of concomitant SC and cancer
was not associated with increased in-hospital mortality when
compared with all other hospitalized patients. Although this
specific comparison has not been studied in a large cohort,
the finding contrasts significantly with previous studies in
patients with SC. In a 2019 study of 1604 patients from the
International Takotsubo Registry, malignancy was observed
in 267 patients (16.6%).1 Patients with SC and malignancy
had a higher in-hospital mortality (6.7% vs. 3.4%, P = 0.010)
when compared with SC patients without malignancy.
Long-term mortality was higher in patients with malignancy
over a period of 5 years (P < 0.001), while 30-day mortality
did not differ significantly (P = 0.17). A large study of out-
comes in hospitalized patients with SC from 2007 to 2013
identified 122 855 adults with SC, of which 8089 had cancer
(6.6%). In this cohort, in-hospital mortality in SC patients with
cancer was significantly higher when compared with SC
patients without cancer (12.8 vs. 3.8, P < 0.050).

In our study, breast cancer in the setting of SC was associ-
ated with significantly reduced mortality when compared
with all hospitalized patients. This finding is consistent with
trends in patients with breast cancer and cardiovascular
disease found in previous studies. A large study of NIS
patients in 2018 showed that the diagnosis of breast cancer
in patients undergoing PCI was not significantly associated
with either in-hospital mortality or any of the complications
studied.34 A more recent 2021 study showed that women
with breast cancer developing heart failure (HF) after
trastuzumab-based chemotherapy had a lower risk of HF

hospital presentations than patients with HF and no cancer.35

This result was likely driven by the fact that the cohort of
patients with breast cancer had fewer co-morbidities despite
a diagnosis of malignancy. Moreover, in our study, in patients
with breast cancer and SC, a historical diagnosis of breast
cancer was far more prevalent than a diagnosis of active
cancer (Figure 1). Therefore, the likely explanation for
patients with SC and breast cancer having reduced mortality,
is that these patients have fewer co-morbidities and are
generally less frail compared with other hospitalized patients,
especially those undergoing ongoing treatment for cancer.

Additional data over a span of multiple years will be neces-
sary to verify results and identify trends. As long-term follow-
up cannot be assessed in the NIS sample, it is possible that
patients in our cohort may have had increased mortality if
their progress was followed post- discharge over a period of
months to years. However, our findings remain valuable from
the perspective of risk stratifying patients during inpatient
admissions. Our findings require further investigation in
longer prospective studies.

Limitations

The findings of our study should be interpreted within the
context of certain limitations. The study is observational,
retrospective, and not randomized and hence subject to
selection bias and confounding factors. In NIS data, it is not
possible to differentiate between the effect of presence of
cancer versus specific cancer treatments. The stage and
treatment of specific cancers are not available but are major
determinants of mortality. Additionally, the administrative
dataset design relies on user entry of ICD-10 coding which
is susceptible to variability in diagnosis. This limitation is
counterbalanced by our robust causal inference analysis, as
well as the large number of subjects from multiple hospitals
throughout the nation.

Conclusions

Among a large, nationally representative cohort of patients
hospitalized with active cancer, SC was not associated with
in-hospital mortality. SC was more prevalent in those with
historical cancer compared with active cancer. In addition,
patients with both SC and breast cancer had significantly
reduced mortality when compared with all patients with
cancer. Further controlled and prospective studies will be
necessary to confirm these findings, evaluate trends over
time, and determine the possible protective factors in pa-
tients with breast cancer and SC. Clinicians should be aware,
early during hospitalization, of the increased likelihood of SC
in patients with lung and breast cancer, historical versus
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active disease, and metastatic versus non-metastatic disease,
in order to reduce morbidity associated with these diagnoses.

Acknowledgement

We thank Mr. Soheb Javaid for his work on the illustration for
Figure 2.

Conflict of interest

None declared.

References

1. Cammann VL, Sarcon A, Ding KJ,
Seifert B, Kato K, di Vece D, Szawan
KA, Gili S, Jurisic S, Bacchi B. Clinical
features and outcomes of patients with
malignancy and takotsubo syndrome:
observations from the international
Takotsubo registry. J Am Heart Assoc
2019; 8: e010881.

2. Joy PS, Guddati AK, Shapira I. Outcomes
of Takotsubo cardiomyopathy in
hospitalized cancer patients. J Cancer
Res Clin Oncol 2018; 144: 1539–1545.

3. D’Agostino RB Jr. Propensity score
methods for bias reduction in the
comparison of a treatment to a
non-randomized control group. Stat
Med 1998; 17: 2265–2281.

4. Elze MC, Gregson J, Baber U,
Williamson E, Sartori S, Mehran R,
Nichols M, Stone GW, Pocock SJ. Com-
parison of propensity score methods
and covariate adjustment: evaluation in
4 cardiovascular studies. J Am Coll
Cardiol 2017; 69: 345–357.

5. Anaissie JE, Monlezun DJ, Siegler JE,
Waring ED, Dowell LN, Samai AA,
George AJ, Kimbrough T, Berthaud J,
Martin-Schild S. Intravenous tissue
plasminogen activator for wake-up
stroke: a propensity score-matched anal-
ysis. J Stroke Cerebrovasc Dis 2016; 25:
2603–2609.

6. Chen JH, Asch SM. Machine learning
and prediction in medicine—beyond
the peak of inflated expectations. N Engl
J Med 2017; 376: 2507–2509.

7. Dvorin EL, Lamb MC, Monlezun DJ,
Boese AC, Bazzano LA, Price-Haywood
EG. High frequency of systemic cortico-
steroid use for acute respiratory tract
illnesses in ambulatory settings. JAMA
Intern Med 2018; 178: 852–854.

8. Johnson KW, Torres Soto J, Glicksberg
BS, Shameer K, Miotto R, Ali M, Ashley
E, Dudley JT. Artificial intelligence in
cardiology. J Am Coll Cardiol 2018; 71:
2668–2679.

9. Obermeyer Z, Emanuel EJ. Predicting
the future—big data, machine learning,
and clinical medicine. N Engl J Med
2016; 375: 1216–1219.

10. Shams Y, Yamasaki K. History of
Takotsubo syndrome: is the syndrome
really described as a disease entity first

in 1990? Some inaccuracies. Int J
Cardiol 2013; 166: 736–737.

11. Minhas AS, Hughey AB, Kolias TJ.
Nationwide trends in reported incidence
of Takotsubo cardiomyopathy from
2006 to 2012. Am J Cardiol 2015; 116:
1128–1131.

12. Murugiah K, Wang Y, Desai NR, Spatz
ES, Nuti SV, Dreyer RP, Krumholz HM.
Trends in short-and long-term outcomes
for Takotsubo cardiomyopathy among
Medicare fee-for-service beneficiaries,
2007 to 2012. JACC: Heart Failure
2016; 4: 197–205.

13. Cancer drug approvals grew from 4% of
U.S. total in the 1980s to 27% in 2010–
18 Tufts Impact Report 2019;21.

14. 2020 FDA Approvals of Drugs for Cancer
Treatment. 2020.

15. Duma N, Santana-Davila R, Molina JR.
Non–small cell lung cancer: epidemiol-
ogy, screening, diagnosis, and treat-
ment. In Mayo Clinic Proceedings. 2019:
Abstract 94. Elsevier. p 1623–1640.

16. Haussmann J, Corradini S, Nestle-
Kraemling C, Bölke E, Njanang FJD,
Tamaskovics B, Orth K, Ruckhaeberle E,
Fehm T, Mohrmann S. Recent advances
in radiotherapy of breast cancer. Radiat
Oncol 2020; 15: 1–10.

17. van den Bulk J, Verdegaal EM, de
Miranda NF. Cancer immunotherapy:
broadening the scope of targetable
tumours. Open Biol 2018; 8: 180037.

18. Henley SJ, Ward EM, Scott S, Ma J,
Anderson RN, Firth AU, Thomas CC,
Islami F, Weir HK, Lewis DR. Annual
report to the nation on the status of
cancer, part I: national cancer statistics.
Cancer 2020; 126: 2225–2249.

19. Desai A, Noor A, Joshi S, Kim AS.
Takotsubo cardiomyopathy in cancer
patients. Cardio-Oncol 2019; 5: 1–16.

20. Giyanani N, Som S. When too many hits
breaks the heart: a case of radiation
induced Takotsubo cardiomyopathy.
Am J Med Sci 2021; 362: 215–219.

21. Kim L, Karas M, Wong SC. Chemother-
apy-induced Takotsubo cardiomyopathy.
J Invasive Cardiol 2008; 20: 338–340.

22. Desai R, Desai A, Abbas SA, Patel U,
Bansod S, Damarlapally N, Doshi R,
Savani S, Gangani K, Sachdeva R.
National prevalence, trends and

outcomes of Takotsubo syndrome in
hospitalizations with prior history of
mediastinal/intrathoracic cancer and
radiation therapy. Int J Cardiol 2020;
309: 14–18.

23. Madeddu C, Gramignano G, Astara G,
Demontis R, Sanna E, Atzeni V, Macciò
A. Pathogenesis and treatment options
of cancer related anemia: perspective
for a targeted mechanism-based
approach. Front Physiol 2018; 9: 1294.

24. Abdel-Razeq H, Hashem H. Recent up-
date in the pathogenesis and treatment
of chemotherapy and cancer induced
anemia. Crit Rev Oncol Hematol 2020;
145: 102837.

25. Lu X, Li P, Teng C, Cai P, Wang B.
Anemia is associated with poor clinical
outcomes in hospitalized patients with
Takotsubo cardiomyopathy. Angiology
2021:0003319721999492: 842–849.

26. Murakami T, Yoshikawa T, Maekawa Y,
Ueda T, Isogai T, Sakata K, Nagao K,
Yamamoto T, Takayama M. Gender
differences in patients with takotsubo
cardiomyopathy: multi-center registry
from Tokyo CCU network. PloS one
2015; 10: e0136655.

27. Templin C, Ghadri JR, Diekmann J, Napp
LC, Bataiosu DR, Jaguszewski M,
Cammann VL, Sarcon A, Geyer V,
Neumann CA. Clinical features and out-
comes of Takotsubo (stress) cardiomyop-
athy. New England J Med 2015; 373:
929–938.

28. Medina de Chazal H, Del Buono MG,
Keyser-Marcus L, Ma L, Moeller FG,
Berrocal D, Abbate A. Stress cardiomy-
opathy diagnosis and treatment: JACC
state-of-the-art review. J Am Coll Cardiol
2018; 72: 1955–1971.

29. Vallabhajosyula S, Barsness GW,
Herrmann J, Anavekar NS, Gulati R,
Prasad A. Comparison of complications
and in-hospital mortality in Takotsubo
(apical ballooning/stress) cardiomyopa-
thy versus acute myocardial infarction.
Am J Cardiol 2020; 132: 29–35.

30. Madias JE. Low prevalence of diabetes
mellitus in patients with Takotsubo
syndrome: a plausible ‘protective’effect
with pathophysiologic connotations.
Eur Heart J Acute Cardiovasc Care 2016;
5: 164–170.

Stress cardiomyopathy in hospitalized patients with cancer: Analysis by primary malignancy type 4633

ESC Heart Failure 2021; 8: 4626–4634
DOI: 10.1002/ehf2.13647



31. Stiermaier T, Santoro F, El-Battrawy I,
Möller C, Graf T, Novo G, Santangelo
A, Mariano E, Romeo F, Caldarola P.
Prevalence and prognostic impact of dia-
betes in Takotsubo syndrome: insights
from the international, multicenter
GEIST registry. Diabetes Care 2018; 41:
1084–1088.

32. Li P, Lu X, Teng C, Cai P, Kranis M, Dai Q,
Wang B. The impact of COPD on
in-hospital outcomes in patients with
takotsubo cardiomyopathy. Int J Chron

Obstruct Pulmon Dis 2020; 15:
2333–2341.

33. Pelliccia F, Kaski JC, Crea F, Camici PG.
Pathophysiology of Takotsubo
syndrome. Circulation 2017; 135:
2426–2441.

34. Potts JE, Iliescu CA, Lopez Mattei JC,
Martinez SC, Holmvang L, Ludman P,
De Belder MA, Kwok CS, Rashid M,
Fischman DL. Percutaneous coronary
intervention in cancer patients: a report
of the prevalence and outcomes in the

United States. Eur Heart J 2019; 40:
1790–1800.

35. Abdel-Qadir H, Tai F, Croxford R,
Austin PC, Amir E, Calvillo-Argüelles O,
Ross H, Lee DS, Thavendiranathan P.
Characteristics and outcomes of
women developing heart failure after
early stage breast cancer chemotherapy:
a population-based matched cohort
study. Circ: Heart Fail 2021
CIRCHEARTFAILURE. 120.008110.

4634 A.I. Javaid et al.

ESC Heart Failure 2021; 8: 4626–4634
DOI: 10.1002/ehf2.13647


