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ABSTRACT

Background Takotsubo cardiomyopathy (TCM), defined by transient left ventricular dysfunction, is commonly triggered by
acute emotional/ physical stress. It is recognized as a cause of acute coronary syndrome, particularly in the elderly population, as
they are vulnerable due to multiple comorbidities, including frailty, a condition marked by reduced functional reserve and in-
creased susceptibility to stressors.

Methods A retrospective analysis of the National Inpatient Sample (2016-2021) was performed to identify patients aged 65 and
older hospitalized with TCM using ICD-10-CM codes. Patients were classified based on frailty, defined by Johns Hopkins ACG
frailty-defining diagnoses. Multivariable mixed-effects logistic regression was used to identify independent predictors of in-hos-
pital outcomes and compare the groups. Propensity score matching was applied to 736 pairs to control for confounders and as-
sess outcomes.

Results  Frail patients had significantly high in-patient mortality (5.71 vs. 1.09%, P < 0.001), cardiogenic shock (8.47 vs. 4.70%, P=
0.003), sudden cardiac arrest (3.12 vs. 1.49%, P = 0.037), sepsis (2.85 vs. 0.95%, P = 0.008), and major adverse cardiac events (22.55
vs. 18.21%, P = 0.038). There was no significant difference in acute stroke, pulmonary embolism, mechanical circulatory support
utilization, cardiac arrhythmias, acute kidney injury, pacemaker insertion, and length of stay between the two groups.

Conclusion Frailty is associated with an increased in-hospital mortality among elderly patients with TCM. Understanding the
importance of frailty in elderly population with TCM helps us in optimizing management strategies and improving patient out-
comes.

akotsubo cardiomyopathy (TCM), oftenre-  condition. This unique morphology results from apical
ferred to as “broken heart syndrome,” was first

described in Japan in 1990." It is a temporary

wall dysfunction, causing ballooning of the left ventri-
cle’s apex during systole. Despite its dramatic onset,

and reversible form of left ventricular dysfunction that
closely mimics myocardial infarction, presenting similar
electrocardiographic abnormalities, elevated cardiac bio-
markers, and echocardiographic findings. TCM is typic-
ally triggered by acute emotional or physical stress. The
term “Takotsubo” is derived from a Japanese octopus
trap, characterized by a narrow neck and rounded bot-
tom, which reflects the heart’s altered shape during this
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most TCM cases resolve within days to weeks, with pa-
tients returning to their baseline systolic function.

While initially considered rare, TCM is now recog-
nized as a cause of acute coronary syndrome, account-
ing for approximately 2% of patients presenting with
acute coronary symptoms.” It is particularly preval-
ent among older adults, especially women, who are
more susceptible due to multiple comorbidities, in-
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cluding frailty. Data from the International Takot-
subo Registry —a multicenter consortium of 26 insti-
tutions across Europe and the United States —re-
vealed that among 1,750 patients with TCM, 89.9%
were women, with a mean age of 66.4 years.”

Frailty is conceptually defined as a clinically recogniz-
able state in older adults characterized by increased vul-
nerability, resulting from age-associated declines in
physiologic reserve and function across multiple organ
systems. This decline compromises their ability to cope
with every day or acute stressors.! Multiple indices exist
to assess frailty, which has been associated with in-
creased hospital mortality, prolonged hospital stays, and
a higher likelihood of institutionalization.”” Among pa-
tients with cardiac disease, previous meta-analyses have
shown that frailty significantly predicts adverse clinical
outcomes following invasive procedures, such as tran-
scatheter aortic valve implantation and percutaneous
coronary intervention.”!

However, the impact of frailty on in-hospital out-
comes for elderly patients with Takotsubo cardiomy-
opathy has not been thoroughly explored. This study
aims to provide valuable insights by identifying the role
of frailty in TCM, potentially guiding clinical manage-
ment and improving outcomes for this vulnerable popu-
lation.

METHODS

Data Source

Data were drawn from the National Inpatient Sample
(NIS) database, which is part of the Healthcare Cost and
Utilization Project (HCUP), sponsored by the Agency for
Healthcare Research and Quality (AHRQ), the largest
publicly available all-payer inpatient healthcare data-
base in the United States, providing nationally repres-
entative estimates of inpatient utilization, access, out-
comes, cost, and quality.”? A 20% random sample of pa-
tients within each stratum is selected, and their demo-
graphic information, diagnoses, and resource utilization
are entered into the database. Each discharge is then
weighted (weight = total number of discharges from all
U.S. acute care hospitals/number of discharges in the
20% sample) to ensure the NIS is nationally representat-
ive. The NIS is the most comprehensive hospital data-
base in the country, allowing researchers to investigate
healthcare delivery and outcomes. Data were queried
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from the years of 2016 to 2021. Our study follows the
methodological design checklist proposed by Khera, et
al"” to address common study design errors in NIS-
based research. Since the NIS is a publicly available, an-
onymized national database with prior ethical approval
from the AHRQ, our study was exempt from Institu-
tional Review Board (IRB) approval.

Study Population

Elderly patients (= 65 years of age) who were admit-
ted to the hospital with a principal diagnosis of TCM
between January 1% 2016, and December 31%, 2021, were
included in the study. TCM was defined using the ICD-
10-CM code “I5181”. Patients were divided into two
groups based on the presence of frailty. Frailty was
defined using the Johns Hopkins Adjusted Clinical
Groups (ACG) frailty-defining diagnoses indicator,
which is an instrument based on 10 clusters of frailty-de-
fining diagnoses, including malnutrition, impaired vis-
ion, dementia, urinary incontinence, weight loss, decu-
bitus ulcer, barriers to healthcare access, poverty, walk-
ing difficulty, and falls. This binary indicator identifies
frailty by the presence of > 1 diagnostic cluster that has
been designed and validated for research on frailty-re-
lated outcomes and resource use using administrative
data.""! Johns Hopkins ACG’s definition of frailty has
been employed in previous NIS studies."*"" The list of
ICD-10 codes for frailty-defining diagnosis is demon-
strated in Supplementary Tables 1, 2, and 3. The ICD-10-
CM codes were validated through an independent re-
view by two authors with minimal interobserver variab-
ility (< 5%), and discrepancies were resolved through
consultation with a third author and further code itera-
tion as needed.

Definitions and Outcomes

The primary outcome was in-hospital all-cause mor-
tality. Secondary outcomes were: morbidity as meas-
ured by the development of acute stroke, cardiogenic
shock, sudden cardiac arrest (SCA), need for percu-
taneous coronary intervention (PCI), mechanical circu-
latory support (MCS) utilization, need for pacemaker in-
sertion and defibrillation, sepsis, myocardial infarction,
major adverse cardiac and cerebrovascular events
(MACCE), and acute kidney injury (AKI); resource util-
ization as measured by LOS and total hospitalization
charges and costs (Supplementary Table 4). All the
abovementioned outcomes were identified using ICD-10-
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CM diagnoses and procedure codes (Supplementary Ta-
ble 1). Patients” demographics, LOS, and total hospital-
ization charges were directly obtained from the NIS
database. Total hospital charges reflect the amount a pa-
tient was billed for the entire hospital stay, but they do
not reflect the actual cost of care. The HCUP provides
data with hospital-specific cost-to-charge ratios based on
inpatient costs across all payers."” Using this informa-
tion, total hospital costs were calculated by multiplying
the hospital charges by the corresponding cost-to-charge
ratio. All hospitalization costs and charges were adjus-
ted for inflation over time using the hospital services part
of the consumer price index and are represented in 2021
US dollars." Patient demographics included age (in
years), sex, race (categorized as Caucasian, Black, His-
panic, Asian or Pacific Islander, Native American, and
other), primary expected payer (Medicare, Medicaid,
private insurance, and uninsured), hospital bedside
(small, medium, and large), teaching status, hospital re-
gion (Northeast, Midwest, South, and West), and urban
location."” The comorbidity burden was assessed using
Claims-based Disease-specific refinements, Matching
translation to the ICD-10, and Flexibility (CDMF-CCI)
model."”

Statistical Analysis

Continuous variables were compared using the Stu-
dent’s t-test in the unadjusted analyses and are presen-
ted as mean + SD. Continuous variables were tested for
normality of distribution using the Shapiro-Wilk test and
reported as means with SD or medians with interquart-
ile ranges (IQR), depending on their distribution. Cat-
egorical variables were compared with the chi-square
test for unadjusted analyses and are presented as fre-
quencies and percentages.

The NIS is built on a complex sampling design that in-
corporates stratification, clustering, and weighting.
STATA software enables analysis to generate nationally
representative, unbiased results, along with variance es-
timates and Pvalues. All analyses utilized weighted NIS
data in compliance with the HCUP guidelines."" Each
hospital admission was assigned a discharge weight to
estimate national in-hospital outcomes to account for
clustering, weighting, and stratification to represent the
broader United States population accurately. The fol-
lowing variables had missing data: race, insurance status,
month of admission day and month of admission, and
elective versus non-elective admission. These missing
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data were addressed and treated using multiple imputa-
tions by predictive mean matching, preserving the dis-
tribution and variability of the observed data while in-
corporating the relationships among variables."*”!

Trends in TCM hospitalizations, mortality, and study
outcomes over time were analyzed using Jonckheere-
Terpstra and Cuzick’s trend tests. A two-staged mul-
tivariable mixed-effects logistic regression analysis was
employed to identify independent predictors of study
outcomes and in-hospital complications. The analysis in-
corporated patient-level variables such as age, sex, race,
medical comorbidities, and socioeconomic status, as well
as hospital-level variables such as size, type, location,
nature, and day of admission.

Propensity score matching was performed to further
adjust for confounders. Propensity scores were gener-
ated from a multivariable logistic regression model that
included covariates such as age, race, primary payer,
type of admission (elective versus nonelective), hospital
bed size, region, teaching status, and existing comorbid-
ities, allowing a more accurate and unbiased estimation
of the impact of frailty on outcomes in patients with
TCM. A 1:1 matching algorithm was used with a caliper
width of 0.2 times the SD of the logit of the propensity
score.”!

We conducted two secondary analyses. First, we com-
pared the prognostic impact of frailty on TCM vs. other
cardiac conditions, including ST-elevation myocardial
infarction (STEMI), non-ST-elevation myocardial infarc-
tion (NSTEMI), acute heart failure, valvular heart dis-
ease, dilated cardiomyopathy, acute pericarditis, endo-
carditis, atrial fibrillation, and ventricular tachycardia
(VT) using multivariable logistic regression models.
Second, we performed a sex-based subgroup analysis to
assess frailty’s impact on TCM outcomes separately in
males and females. Statistical significance was set at P <
0.05, and interaction terms were examined. All statistical
analyses were performed using STATA statistical soft-
ware version 18 (Stata Corp LLC, College Station, TX),
with a two-sided Pvalue < 0.05 considered statistically

significant.
RESULTS

Patient and Hospital Characteristics

A total of 29,595 patients with TCM were included in
the study, of which 3,915 (13.2%) were classified as frail,
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and 25,680 (86.8%) were not frail (Figure 1). The mean
age of frail patients was significantly higher than that of
non-frail patients (78.12 £ 7.46 vs. 75.19 £ 7.08 years)
(Supplementary Figure 1). Female patients predomin-
ated in both the frail and non-frail groups (90.3% and
91.2%, respectively). Most patients were White, with no
significant differences in racial distribution between the
groups.

Frail patients exhibited a higher prevalence of pul-
monary disease (30.1% vs. 18.9%, P < 0.001), protein-en-
ergy malnutrition (PEM) (34.7% vs. 1.6%, P < 0.001),
complicated diabetes (14.9% vs. 10.2%, P < 0.001), an-
emia (6.1% vs. 3.3%, P < 0.001), renal failure (18.6% vs.
13.1%, P<0.001), depression (22.4% vs. 17.2%, P= 0.001),
complicated hypertension (36.7% vs. 29.1%, P < 0.001),
and fluid and electrolyte disorders (45% vs. 27.3%, P<
0.001). Conversely, obesity (10.5% vs. 6.64%, P=0.001)
and dyslipidemia (56.1% vs. 51.1%, P= 0.01) were more
common in non-frail patients. The frequency of smoking
was similar between the two groups.

Both frail and non-frail patients predominantly had
Medicare as their primary insurance (94.1% and 90.8%, P
= 0.02). Most admissions occurred in urban teaching
hospitals for both groups, with no significant differences
in hospital bed size, location, or teaching status. Week-

Total patients with takotsubo cardiomyopathy from
20162021 (n = 29,595)
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Figure1l Flow diagram of included study population.

end admissions were slightly more common among frail
patients (28.5% vs. 24.7%, P= 0.022). Table 1 shows the
baseline characteristics of patients with TCM with and
without frailty.

Crude and Adjusted Outcomes

Univariate analysis revealed that frailty was signific-
antly associated with worse in-hospital outcomes. Frail
patients had higher odds of in-hospital mortality (UOR:

Table1 Baseline characteristics of patients with takotsubo syndrome with and without frailty.

No-frailty (n = 25,680) Frailty (n = 3,915) P-value

Mean age, yrs 75.19 +7.08 7812+ 7.46 0.028
Male 2,265 (8.8%) 380 (9.7%) 0.430
Female 23,415 (91.2%) 3,535 (90.3%) 0.430
Race 0.053
White 21,385 (87.6%) 3,210 (86.2%)

Black 1,270 (5.2%) 285 (7.7%)

Hispanic 1,220 (5%) 160 (4.3%)

Asian/PI 420 (1.7%) 65 (1.7%)

Native American 120 (0.5%) 5(0.1%)

Payer type 0.020
Medicare 23,065 (90.8%) 3,650 (94.1%)

Medicaid 235 (0.9%) 30 (0.8%)

Private 1,970 (7.8%) 180 (4.6%)

Self-pay 140 (0.6%) 20 (0.5%)

Non-elective 24,595 (95.9%) 3,765 (96.3%) 0.624
Elective 1,045 (4.1%) 145 (3.7%) 0.624
Hospital Bed Size 0.156
Small 4,245 (16.5%) 635 (16.2%)

Medium 6,875 (26.8%) 1,175 (30%)

Large 14,560 (56.7%) 2,105 (53.8%)
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No-frailty (n = 25,680) Frailty (n = 3,915) P-value

Hospital Location and teaching status 0.742
Rural 1,495 (5.8%) 255 (6.5%)

Urban non-teaching 5,095 (19.8%) 765 (19.5%)

Urban teaching 19,090 (74.3%) 2,895 (73.9%)

Hospital region 0.638
Northeast 4,995 (19.5%) 840 (21.5%)

Midwest 6,480 (25.2%) 970 (24.8%)

South 8,065 (31.4%) 1,200 (30.7%)

West 6,140 (23.9%) 905 (23.1%)

Admission day 0.022
Mon-Fri 19,335 (75.3%) 2,800 (71.5%)

Sat/Sun 6,345 (24.7%) 1,115 (28.5%)

Obesity 2,705 (10.5%) 260 (6.64%) 0.001
Hypertension 18,840 (73.4%) 2,895 (73.9%) 0.731
Dyslipidemia 14,400 (56.1%) 2,000 (51.1%) 0.010
Smoking 8,080 (31.5%) 1,110 (28.4%) 0.076
Pulmonary disease 4,855 (18.9%) 1,180 (30.1%) <0.001
Prior MI 2,450 (9.5%) 455 (11.6%) 0.075
Prior PCI 1,355 (5.3%) 215 (5.5%) 0.803
Prior CABG 450 (1.7%) 55 (1.4%) 0.483
OSA 1,555 (6.1%) 175 (4.5%) 0.075
Immunocompromised 10 (0.04%) 5 (0.12%) 0.304
Hypothyroidism 5,685 (22.1%) 855 (21.8%) 0.852
Anemia 835 (3.3%) 240 (6.1%) <0.001
Liver disease 355 (1.4%) 90 (2.3%) 0.051
Valvular disease 3,826 (14.9%) 544 (13.9%) 0.490
Diabetes Mellitus 2,619 (10.2%) 583 (14.9%) <0.001
Renal failure 3,364 (13.1%) 728 (18.6%) <0.001
Peptic ulcer disease 128 (0.5%) 39 (1%) 0.061
Fluid and electrolyte disorder 7,011 (27.3%) 1762 (45%) <0.001
Alcohol abuse 642 (2.5%) 121 (3.1%) 0.319
Drug abuse 616 (2.4%) 141 (3.6%) 0.060
Depression 4,417 (17.2%) 873 (22.3%) 0.001

Data are presented as mean + SD or n (%).

3.58, 95% CI: 2.47-5.18, P < 0.001), cardiogenic shock
(uOR: 1.79, 95% CI: 1.35-2.38, P< 0.001), sudden cardiac
arrest (uUOR: 1.81, 95% CI: 1.15-2.87, P=0.011), and sepsis
(uOR: 2.94, 95% CI:1.77-4.88, P < 0.001). Additionally,
frailty was associated with increased odds of acute stroke
(uOR: 2.58, 95% CI: 1.19-5.62, P= 0.016) and acute kid-
ney injury (AKI) (uOR: 2.07, 95% CI: 1.71-2.50, P< 0.001).

After adjusting for confounders in the multivariate
analysis, frailty remained an independent predictor of in-
hospital mortality (aOR: 2.44, 95% CI: 1.45-4.12, P <
0.001). However, the association between frailty and oth-
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er outcomes, such as cardiogenic shock (aOR: 1.10, 95%
CI: 0.74-1.64, P=0.627), sudden cardiac arrest (aOR: 1.58,
95% CI: 0.91-2.74, P=0.105), sepsis (aOR: 1.00, 95% CI:
0.48-2.07, P=0.997), and acute stroke (aOR: 1.58, 95% CI:
0.367-3.74, P=0.997), was attenuated and no longer stat-
istically significant (Supplementary Table 5). Table 2
compares univariate and multivariate regression ana-
lyses of outcomes in patients with TCM based on frailty
status.

There was no statistically significant association in
outcomes such as pulmonary embolism (aOR: 1.23, 95%
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Table 2 Univariate and multivariate regression analyses of outcomes in patients with takotsubo cardiomyopathy based on frailty

status.
Unadjusted OR Adjusted OR

Outcomes

OR 95% CI P-value OR 95% CI P-value
Mortality 3.58 2.47-518 <0.001 2.44 1.45-4.12 <0.001
MACCE 1.85 1.12-3.58 0.04 212 1.25-4.56 0.01
PCI 1.80 0.86-3.76 0.119 2.04 0.70-5.96 0.19
Acute stroke 2.58 1.19-5.62 0.016 1.58 0.67-3.74 0.3
Cardiogenic shock 1.79 1.35-2.38 <0.001 1.10 0.74-1.64 0.627
SCA 1.81 1.15-2.87 0.011 1.58 0.91-2.74 0.105
Pulmonary embolism 1.65 0.79-3.44 0.183 1.23 0.46-3.33 0.678
MCS 1.32 0.73-2.38 0.363 0.57 0.23-1.43 0.231
Cardiac arrhythmias 1.36 1.17-1.59 <0.001 1.03 0.85-1.25 0.73
Sepsis 2.94 1.77-4.88 <0.001 1.00 0.48-2.07 0.997
AKI 2.07 1.71-2.50 <0.001 1.25 0.96-1.62 0.099
PMI 1.83 0.68-4.94 0.235 2.38 0.75-7.62 0.143
Defibrillator 141 0.41-4.88 0.590 3.14 0.93-10.66 0.066

AKT: acute kidney injury; MCS: mechanical circulatory support; PCI: percutaneous coronary artery intervention; SCA: sudden cardiac

arrest; PMI: pacemaker insertion.

CI: 0.46-3.33, P= 0.678) and mechanical circulatory sup-
port utilization (aOR: 0.57, 95% CI: 0.23-1.43, P= 0.231)
between the two groups.

Propensity-Matched Outcomes

After propensity-score matching, 736 pairs of frail and
non-frail patients were selected for analysis. Frailty was
associated with significantly worse outcomes. In-hospit-
al mortality was higher in frail patients (5.71% vs. 1.09%,
P <0.001). Similarly, frail patients had increased rates of
cardiogenic shock (8.47% vs. 4.70%, P = 0.003), sudden
cardiac arrest (3.12% vs. 1.49%, P = 0.037), and sepsis
(2.85% vs. 0.95%, P= 0.008). The incidence of major ad-
verse cardiac and cardiovascular events (MACCE) was
also greater in frail patients (22.55% vs. 18.21%, P =
0.038).

There were no significant differences in the incidence
of pulmonary embolism (P = 1.000), acute stroke (P=
0.403), or mechanical circulatory support utilization (P=
0.692). Table 3 summarizes propensity-matched out-
comes in patients with TCM with and without frailty
(Supplementary Table 6, Supplementary Figure 2).

Comparing Prognostic Impact of Frailty Across Car-
diac Conditions

A comparative analysis of frailty’s effect across differ-
ent cardiac conditions revealed that frailty had the
highest prognostic impact on mortality in STEMI pa-
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tients (aOR: 3.52, 95% CI: 2.90—4.20, P < 0.001), followed
by ventricular tachycardia (aOR: 3.15, 95% CI: 2.75-5.32,
P<0.001), and TTS (aOR: 2.44, 95% CI: 1.45-4.12, P<
0.001). Frailty was also significantly associated with
higher mortality in endocarditis (aOR: 2.86, 95% CI: 2.40-
3.50, P<0.001), dilated cardiomyopathy (aOR: 2.20, 95%
CI: 1.80-2.70, P< 0.001), and valvular heart disease (aOR:
1.95, 95% CI: 1.50-2.30, P< 0.001). In contrast, the effect of
frailty on mortality was comparatively weaker in
NSTEMI (aOR: 1.74, 95% CI: 1.10-3.56, P= 0.012) and at-
rial fibrillation (aOR: 1.65, 95% CI: 1.12-3.45, P= 0.025).
The lowest impact was observed in acute pericarditis
(@OR: 1.32, 95% CI: 0.97-4.15, P=0.079). These findings
highlight the variability in frailty’s impact across differ-
ent cardiovascular conditions (Figure 2).

Sex-based Subgroup Analysis of Frailty in TTS

Among female patients with TTS, frailty was signific-
antly associated with increased in-hospital mortality
(@OR: 3.07, 95% CI: 1.81-5.18, P=0.001), cardiogenic
shock (aOR: 2.11, 95% CI: 1.09-4.68, P= 0.044), sudden
cardiac arrest (SCA) (aOR: 1.98, 95% CI: 1.12-3.26, P=
0.025), and MACCE (aOR: 2.23, 95% CI: 1.19-3.65, P=
0.012). In contrast, among male patients, frailty was sig-
nificantly associated with in-hospital mortality (aOR:
1.20, 95% CI: 1.09-3.59, P= 0.041), percutaneous coron-
ary intervention (PCI) utilization (aOR: 2.34, 95% CI:
1.08-5.24, P=0.032), and sepsis (aOR: 2.10, 95% CI:
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Table 3 Propensity-matched outcomes in patients with TCM with and without frailty.

Outcomes No-frailty (n = 736) Frailty (n = 736) P-value
In-hospital mortality 8 (1.09%) 42 (5.71%) < 0.001
MACCE 134 (18.21%) 166 (22.55%) 0.038
PCI 4 (0.54%) 9 (1.22%) 0.164
Acute stroke 5 (0.68%) 8 (1.09%) 0.403
Cardiogenic shock 35 (4.70%) 63 (8.47%) 0.003
SCA 11 (1.49%) 23 (3.12%) 0.037
Pulmonary embolism 7 (0.95%) 7 (0.95%) 1.000
MCS 14 (1.90%) 12 (1.63%) 0.692
Cardiac arrhythmias 274 (37.23%) 299 (40.62%) 0.181
Sepsis 7 (0.95%) 21 (2.85%) 0.008
AKI 135 (18.34%) 158 (21.47%) 0.133
PMI 1(0.14%) 5 (0.68%) 0.102
Defibrillator 1(0.14%) 3 (0.41%) 0.317
LOS 3.43+3.23 5.61 +5.69

TOTCHG 53201.43 +51517.84 70001.02 + 78173.43

Data are presented as mean + SD or n (%). AKI: acute kidney injury; HF: heart failure; LOS: length of stay; MCS: mechanical circulatory
support; PCIL: percutaneous coronary artery intervention; PMI: pacemaker insertion; SCA: sudden cardiac arrest; TCM: takotsubo
cardiomyopathy; TOTCHG: adjusted total hospital charges.
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Figure 2 Impact of frailty on in-hospital mortality across cardiovascular conditions. Forest plot showing the aOR and 95% Cls for
the impact of frailty on in-hospital mortality across cardiovascular conditions. Black dots represent aORs, and green lines indicate 95%
Cls. The red dashed vertical line at OR = 1 denotes no effect. STEMI and VT had the highest frailty-associated risk, followed by TTS
and endocarditis, while Afib and acute pericarditis had weaker associations. Statistical significance was set at P <0.05. Afib: atrial fibril-
lation; aOR: adjusted odds ratios; STEMI: ST-elevation myocardial infarction; TTS: Takotsubo cardiomyopathy; VT: ventricular tachy-
cardia.
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1.21-3.22, P=0.020). Notably, mechanical circulatory
support (MCS) utilization was significantly lower among
frail males (aOR: 0.12, 95% CI: 0.01-0.92, P= 0.046), while
it showed no significant difference in frail females (P=
0.481). Other outcomes, including acute stroke, ar-
rhythmias, and acute kidney injury (AKI), were not sig-
nificantly associated with frailty in either gender sub-

group (Table 4).
Resource Utilization

The length of stay (LOS) was significantly longer for
frail patients with an average LOS of 5.61 days as com-
pared to non-frail patients with an LOS of 3.43 days.
Similarly, total adjusted hospital charges were higher in
frail patients, with a mean of $70,001, as compared to non-
frail patients, which was $53,201.

Trends in Outcomes Over Time

As shown in Supplementary Table 7, trends from 2016
to 2021 showed no significant changes in mortality for
either group (P-value > 0.05). However, the incidence of
MACCE, as seen in Supplementary Table 8, increased
significantly among frail patients over time (P= 0.011)
but not among non-frail patients (P= 0.537).

DISCUSSION

Takotsubo cardiomyopathy, also referred to as
“Broken Heart Syndrome”, is characterized by transient
left ventricular dysfunction typically precipitated by

acute emotional or physical stress. The condition is
thought to result from a surge in catecholamines, lead-
ing to myocardial stunning and impaired contractility.
TCM accounts for approximately 1%-2% of all patients
presenting with symptoms suggestive of acute coronary
syndrome.””*! However, recent studies suggest that this
condition may be more common than previously
thought, as increased awareness and advanced dia-
gnostic capabilities improve its identification. While
earlier research suggested that TCM is more prevalent in
postmenopausal women, recent studies have been in-
vestigating the potential association between TCM and
frailty ! Despite these developments, studies exploring
the relationship between frailty, TCM, and various clin-
ical outcomes remain limited. Previous studies have es-
tablished the association between frailty and adverse
outcomes in patients with TCM.””! However, our study
extends these findings by focusing specifically on elderly
patients (= 65 years) and providing a comprehensive as-
sessment of a wide range of clinical outcomes. Moreover,
we employed rigorous propensity score matching to
minimize confounding and provide a more accurate es-
timate of the independent impact of frailty on outcomes.
To the best of our knowledge and review of prior stud-
ies, our study is the first one to compare a multitude of
clinical outcomes in frail elderly patients with TCM. Fur-
thermore, to our knowledge, this is the first study to
compare frailty’s impact across multiple cardiovascular
conditions, highlighting its disease-specific prognostic
variability.

Table4 Sex-based subgroup analysis of frailty in patients with TCM.

Female Male
Outcomes
aOR (95% CI) P-value aOR (95% CI) P-value

Mortality 3.07 (1.81-5.18) 0.001 1.20 (1.09-3.59) 0.041
PCI 1.88 (0.95-3.86) 0.088 2.34 (1.08-5.24) 0.032
Acute Stroke 1.21 (0.43-3.40) 0.716 1.65 (0.92-2.78) 0.615
Cardiogenic Shock 2.11 (1.09-4.68) 0.044 1.12 (0.32-3.87) 0.853
SCA 1.98 (1.12-3.26) 0.025 1.23 (0.81-2.75) 0.54
MACCE 2.23 (1.19-3.65) 0.012 1.98 (1.1-3.56) 0.025
Pulmonary embolism 1.33 (0.48-3.66) 0.579 1.2 (0.86-2.13) 0.08
MCS Utilization 0.71 (0.28-1.82) 0.481 0.12 (0.01-0.92) 0.046
Arrhythmias 1.02 (0.83-1.25) 0.817 1.09 (0.58-2.07) 0.76
Sepsis 1.12 (0.51-2.45) 0.774 2.1 (1.21-3.22) 0.02
AKI 1.02 (0.45-3.12) 0.26 3.34 (0.8-6.15) 0.42
PMI 0.92 (0.36-2.32) 0.65 1.54 (0.86-4.42) 0.36

AKTI: acute kidney injury; MACCE: major adverse cardiac and cardiovascular events; MCS: mechanical circulatory support; PCI:
percutaneous coronary intervention; SCA: sudden cardiac arrest; TCM: takotsubo cardiomyopathy; PMI: pacemaker insertion.
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The main findings of our analysis, which included pa-
tients aged 65 and older hospitalized with TCM, were as
follows: (1) Frail individuals with TCM experienced sig-
nificantly worse outcomes, including higher in-hospital
mortality, cardiogenic shock, sudden cardiac arrest,
sepsis, and major adverse cardiac and cerebrovascular
events. (2) Frail patients also had longer hospital stays
and higher total adjusted hospital charges. (3) Our study
highlights the heterogeneous impact of frailty across car-
diac conditions, with the strongest association in STEMI
and VT, followed by TCM.

Our study demonstrates that frail individuals with
TCM experienced significantly higher in-hospital mor-
tality, consistent with prior research. A comparative
study by Biccire, et al™ highlighted frailty as an import-
ant precipitating trigger for TCM. Similarly, a study by
Brinjikji, et al"”’ reported an in-hospital mortality rate of
4.2% for TCM patients, with higher mortality in frail or
critically ill patients. Complications such as renal failure,
sepsis, and respiratory issues were more common
among frail patients, significantly increasing their mor-
tality risk (12.1% vs. 1.1% in non-frail patients).

A study conducted by Agarwal et al. demonstrated
that frailty is an independent predictor of adverse in-
hospital outcomes among patients with Takotsubo car-
diomyopathy. The findings revealed that frail patients
were more likely to develop cardiogenic shock and had
longer hospital stays compared to non-frail individu-
als.” These findings corroborate our observations. Frail
older adults have a 1.6 times higher likelihood of experi-
encing orthostatic hypotension, indicating a link between
autonomic dysfunction and frailty. Specific autonomic
function alterations, such as reduced orthostatic heart
rate increase and heart rate variability, are more com-
mon in frail older adults, highlighting the association
between autonomic dysfunction and frailty. Further-
more, Takotsubo cardiomyopathy has been linked to ex-
cessive catecholamine release during acute stress, lead-
ing to myocardial stunning and transient left ventricular
dysfunction. The pathophysiological role of excess cat-
echolamine in TCM is well-documented, highlighting
the impact of heightened sympathetic activity on cardiac
function.”” Considering these findings, the impaired
autonomic regulation observed in frail individuals may
result in heightened sympathetic activity, increasing their
vulnerability to stress-induced myocardial dysfunction
such as TCM. A large Japanese registry study by Arao, et
al™ found that in-hospital mortality in TCM patients
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was notably influenced by factors associated with frailty,
including low body mass index and elevated C-reactive
protein levels. Despite TCM being considered transient,
these findings highlight that frailty-related characterist-
ics can significantly worsen short-term outcomes, rein-
forcing the importance of early risk stratification in vul-
nerable elderly populations. Importantly, low BMI was
associated with increased short- and long-term mortality,
supporting the role of frailty in adverse outcomes. The
authors also noted a lower prevalence of obesity and
diabetes in patients with TCM, raising the possibility of a
protective effect from these conditions.”! Complement-
ing these findings, hypoalbuminemia, a surrogate of
frailty, has been shown to be independently associated
with increased in-hospital mortality in patients with
TCM

Our study also revealed that acute heart failure, acute
stroke, cardiac arrhythmias, and acute kidney injury
were more prevalent in frail individuals. Although stud-
ies exploring acute heart failure in frail individuals with
TCM are limited, prior research has shown a strong as-
sociation between frailty and heart failure. For instance, a
prospective study by Pascual et al. in Spain found that
frailty was associated with increased risks of 1-year mor-
tality, hospital readmissions, and functional decline
among older ambulatory patients with heart failure."

The development of acute kidney injury (AKI) in frail
TCM patients may be attributed to significant cat-
echolamine surges and prolonged hemodynamic in-
stability, leading to renal hypoperfusion. This mechan-
ism makes frail individuals particularly vulnerable to
AKI. A study conducted by Boyd et al. provides further
support for this explanation.”” While our study focused
on in-hospital outcomes, it is important to acknowledge
that frailty is a chronic and progressive condition with
significant implications beyond the index hospitalization.
Although Takotsubo cardiomyopathy is characterized
by transient myocardial dysfunction, recurrence and
long-term mortality remain important clinical concerns,
particularly in elderly and vulnerable populations. Re-
cent evidence by Hiruma, et al”! demonstrated that
qualitatively assessed frailty, even using simple patient
photographs, was independently associated with in-
creased long-term all-cause mortality following tran-
scatheter aortic valve replacement (TAVR), highlighting
the persistent and cumulative impact of frailty on cardi-
ovascular prognosis. These findings underscore the need
for future prospective studies to evaluate whether frailty
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similarly contributes to adverse long-term outcomes in
TCM, and to guide post-discharge risk stratification and
care planning in this growing patient population.

Our findings align with prior research indicating that
frailty worsens outcomes in cardiovascular disease, but
its severity varies by disease-specific pathophysiology
and compensatory mechanisms."”*! This suggests that
frailty’s prognostic influence is modulated by the under-
lying cardiovascular pathology. The greater impact of
STEMI may stem from acute hemodynamic stress and
rapid circulatory collapse, which demand strong
physiological reserves. STEMI, caused by complete
coronary occlusion, leads to sudden ischemia, requiring
robust cardiac compensation that frail patients often lack
due to sarcopenia and autonomic dysfunction."”” Simil-
arly, VT, characterized by life-threatening arrhythmias,
can cause sudden circulatory failure, further exacerbat-
ing frailty’s detrimental effects.” This underscores the
need for condition-specific frailty assessments to im-
prove risk stratification and personalized management
in elderly patients.

Our sex-based analysis revealed that frailty had a
stronger association with mortality, cardiogenic shock,
and MACCE in women with TTS, whereas in men,
frailty was linked to higher PCI utilization and sepsis but
not cardiogenic shock or sudden cardiac arrest. This
aligns with prior studies suggesting that frail women
with cardiovascular disease experience greater adverse
outcomes due to lower muscle mass, autonomic dysreg-
ulation, and differences in inflammatory response,
whereas men may receive more aggressive interven-
tions despite similar risk profiles."”

Limitations

Our study has several limitations inherent to its retro-
spective design, including the potential for selection bias.
The data were obtained from the NIS, an administrative
database that may be subject to coding inaccuracies and
missing clinical details such as symptom severity, frailty
scores, or echocardiographic findings."”’ Additionally, the
NIS lacks longitudinal follow-up, limiting our analysis to
short-term, in-hospital outcomes and precluding assess-
ment of long-term prognosis, recurrence, or post-dis-
charge mortality. Lastly, unmeasured confounders, such
as the severity of frailty or functional status, could not be
accounted for, which may influence the observed associ-
ations. Given the chronic and progressive nature of
frailty, future studies incorporating longitudinal data are

A | http://www jgc301.com; jgc@jgc301.com

needed to fully understand its impact on long-term pro-
gnosis in patients with Takotsubo cardiomyopathy.

Conclusion

Our study highlights frailty as a significant and often
underrecognized risk factor in patients with TCM. Giv-
en the heightened vulnerability of this population, early
identification of frailty, particularly following acute
physical or emotional stress, may facilitate timely recog-
nition and management of TCM. Raising clinical aware-
ness of this association may help reduce adverse out-
comes through targeted interventions. Incorporating
stress-reduction strategies, such as psychological coun-
seling and relaxation therapies, could mitigate excessive
catecholamine release and potentially lower the risk of
TCM episodes in frail individuals. Future prospective
and multicenter studies are warranted to better define
the prognostic significance of frailty in TCM and to de-
termine whether its impact differs compared to other
cardiovascular conditions. Such efforts may inform more
personalized approaches to risk stratification and care in
this growing patient population.
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