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Transcatheter aortic valve implantation (TAVI) is emerging as the default strategy for
older patients with severe, symptomatic, and trileaflet aortic stenosis. Increased body-
mass index (BMI) is associated with a protective effect in patients undergoing percutane-
ous coronary intervention. We assessed whether elevated BMI was associated with a simi-
lar association in TAVI. We evaluated prospectively collected data from 634 patients who
underwent TAVI at 2 centers from August 2008 to April 2019. Patients were stratified as
normal weight (BMI 18.5 to 24.9 kg/m2, n = 214), overweight (25 to 29.9 kg/m2, n = 234),
and obese (>30 kg/m2, n = 185). Outcomes were reported according to VARC-2 criteria.
Mortality was assessed using Cox proportional hazards regression analysis (median fol-
low-up 2 years). Kaplan-Meier analysis was used to estimate cumulative mortality. Base-
line differences were seen in age (85 vs 84 vs 82, p <0.001), STS-PROM score (4.3 vs 3.4 vs
3.6, p <0.001), sex (50% vs 36% vs 55% female, p <0.001), clinical frailty score (p = 0.02),
diabetes (21% vs 29% vs 40%, p <0.001), and presence of chronic obstructive pulmonary
disease (COPD) (13% vs 13% vs 23%, p = 0.009). On multivariable analysis there was no
mortality difference between normal and obese patients (hazard ratio [HR] 0.70, confi-
dence interval [CI] 0.46 to 1.1 p = 0.11), however overweight patients had significantly
lower mortality (HR 0.56 CI 0.38 to 0.85, p = 0.006). Variables independently associ-
ated with increased mortality were increasing age, male sex, COPD, previous balloon
valvuloplasty, and higher STS-PROM. In conclusion, overweight patients have lower
long-term mortality when compared with normal weight and obese patients undergo-
ing TAVI. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;137:77−82)
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Transcatheter aortic valve implantation (TAVI) has
become an important treatment for severe aortic stenosis.
Recent studies comparing surgical aortic valve replacement
and TAVI1−4 have suggested that preintervention assess-
ment should focus less on predicted mortality and more on
patient-related and anatomical factors to determine which
treatment is most appropriate for individual patients.
Increased body mass index (BMI) has long been associated
with increased all-cause and cardiovascular mortality.5

However, an “obesity paradox” has been observed in
patients undergoing percutaneous coronary intervention.6−8

Furthermore, increased BMI in the elderly, the predominant
population undergoing TAVI, has been associated with
reduced mortality.9 Indeed, studies show the obesity
paradox may extend to patients undergoing TAVI.10−12

Frailty scores are of increasing interest in patients undergo-
ing TAVI as a way to better stratify those at increased pro-
cedural risk.13,14 Older adults with low-normal BMI9 have
elevated baseline mortality and frailty may act as a con-
founder in this group. This study aimed to investigate long-
term outcomes according to BMI from a multicenter TAVI
registry, and sought to elicit whether increased BMI is asso-
ciated with improved outcomes following TAVI. Further-
more, we sought to establish whether the presence of frailty
in patients with normal or low-normal BMI could, in part,
contribute to this phenomenon.
Methods

Between August 2008 and April 2019, 634 consecutive
patients undergoing TAVI for severe, symptomatic aortic
stenosis were included in a prospective multicenter registry.
All patients who underwent TAVI for severe, symptomatic
AS in 2 experienced centers in Melbourne, Australia with
the CoreValve and Evolut R/PRO (Medtronic Inc., MN),
Edwards Sapien XT, Sapien 3 and Centera (Edwards Life-
sciences, CA) or Portico (Abbott, IL) bioprostheses were
included in the registry. Access was via the femoral, subcla-
vian, apical or direct aortic route as determined by
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preprocedural computed tomography, angiography, and
transthoracic and/or transesophageal echocardiography.
The study was approved by the local ethics committee.

AS was considered severe by at least 1 out of 2 criteria
assessed by transthoracic echocardiogram (TTE): Aortic
valve area <1 cm2 or aortic valve mean pressure gradient
(MPG) >40 mm Hg. Symptoms of dyspnea were graded
using the New York Heart Association classification. All
patients were reviewed by the multidisciplinary “Heart
Team” to decide on final suitability for TAVI. Consider-
ation was also given to the STS-PROM score, co-morbid-
ities, frailty indices and results of anatomical assessment,
including angiography and CT.

Study end-points were defined according to Valve Aca-
demic Research Consortium 2 (VARC-2) criteria15 whereas
in-hospital, after 30-days, 1-year, and then annually. These
included myocardial infarction, cerebrovascular event
(stroke or transient ischemic attack), major bleeding (3a, 3b
or 5 according to the Bleeding Academic Research Consor-
tium classification16), acute kidney injury stage 2 or 3, vas-
cular complications (major and minor), as well as major
adverse cardiovascular events, aortic valve failure requiring
reintervention, device success, and mortality. Baseline vari-
ables were chosen based on previous studies and available
data. Clinical and echocardiographic data were entered pro-
spectively. Echocardiographic data was obtained from pre-
procedural visits, TAVI work up, procedural reports, and
30-day follow-up. Patients were stratified according to BMI
as normal weight (BMI 18.5 to 24.9 kg/m2, n = 214), over-
weight (25 to 29.9 kg/m2, n = 234), and obese (>30 kg/m2,
n = 185). Patients with BMI <18.5 kg/m2 were excluded
due to small sample size (n = 15).

Comparison between the 3 BMI categories was per-
formed using Pearson chi-square test for categorical varia-
bles and analysis of variance for continuous variables.
Categorical variables are presented as number (percent),
continuous variables are represented as mean § standard
deviation, or median with interquartile range as appropriate.
Kaplan-Meier survival analysis with log-rank test was used
to estimate cumulative mortality. Multivariable Cox pro-
portional hazards regression analysis was performed to
investigate the relationship between BMI category and
long-term mortality. Proportional Hazards assumption was
checked for each covariate using both Schoenfeld residuals
and inclusion of interaction with time. Variables were
included in the multivariable model if found to have a p
value of <0.20 on univariable analysis. Variables included
in the final multivariable model included: BMI category,
age, sex, hypertension, chronic obstructive pulmonary dis-
ease (COPD), preprocedure balloon aortic valvuloplasty,
and STS-PROM score. All statistical analyses were per-
formed using Stata 15.0 (Stata-Corp LP, College Station,
Texas) and R 3.6.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria). A 2-sided p-value of <0.05 was con-
sidered statistically significant.
Results

We evaluated data from 632 patients who underwent
TAVI and had baseline BMI data available from August
2008 to November 2019. Mean age of the cohort was 82.7
§ 6.7 years and 46% (292) of patients were female. Median
STS-PROM score was 3.6 (IQR 2.7 to 5.6) and mean BMI
was 27.5 § 5.0 kg/m2. Baseline clinical characteristics
according to BMI are shown in Table 1. When stratified by
BMI, 214 (34%) patients were normal weight, 234 (37%)
overweight and 185 (29%) obese. Compared with those
with normal BMI, overweight and obese patients were on
average 1 to 3 years younger (p <0.001) and tended to have
lower STS-PROM scores (p <0.002). Overweight patients
were more likely be male whilst obese patients were more
likely to be female (p = 0.005). With regard to premorbid
conditions, both diabetes (p <0.001) and COPD (p = 0.009)
were more prevalent with increased BMI. Proportions of
patients with previous coronary artery disease or coronary
intervention did not differ, nor did rates of stroke, hyperten-
sion, or atrial fibrillation. Median frailty score, as measured
by the clinical frailty scale, was higher in obese patients
(p = 0.02). Medtronic Evolut R (42%) and Medtronic Core-
Valve ‘Classic’ (25%) valves were the most commonly
used valves. There was no difference in valve type used
across BMI groups. Access was predominantly transfe-
moral (95%) with no differences in access site seen between
groups.

Preprocedural echocardiographic measures differed mar-
ginally. Normal BMI patients were more likely to have
moderate or severe aortic regurgitation (p = 0.02) and a
smaller aortic valve area (p = 0.003), however there was no
difference in mean pressure gradient or left ventricular ejec-
tion fraction (Table 1).

There was no difference in in-hospital and 30-day proce-
dural complications of bleeding or vascular access between
groups (Table 2). There was no difference in early postpro-
cedural rates of death, myocardial infarction, stroke, or
need for permanent pacemaker insertion.

Aortic valve MPG was the only echocardiographic mea-
sure to differ postprocedurally between BMI groups. Over-
weight and obese patients had higher MPGs at both 1- (p
<0.001) and 2-years (p = 0.003) following TAVI (Table 3).
There was no difference in the proportion of patients with
moderate or severe paravalvular aortic regurgitation
between the groups at either 1- or 2-year postprocedure.

One- and 2-year mortality differed significantly between
groups, with those in the overweight BMI group having the
lowest mortality compared with normal BMI and obese
BMI groups (p = 0.03 and 0.02 respectively) (Table 2).
Kaplan-Meier survival analysis demonstrated early separa-
tion of curves (Figure 1) which was maintained out to 24
months (log rank p = 0.02).

On multivariable analysis, obese patients had similar
long-term mortality to those with normal BMI. Whereas
overweight BMI was independently associated with signifi-
cantly lower long-term mortality (hazard ratio [HR] 0.56
95% confidence interval [CI] 0.38 to 0.85, p = 0.006) as
compared with normal BMI, with a median follow up of
2 years (Table 4). Other variables independently associated
with increased mortality on multivariable analysis included
increasing age, male sex, co-morbid COPD, previous bal-
loon aortic valvuloplasty, and increasing STS-PROM score.
Frailty was not significantly associated with mortality in the
univariate analysis so was not included in the multivariate
model.
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Table 2

Short-term outcomes according to BMI, represented as number (percentage)

Body mass index (kg/m2)

Outcome 18.5−24.9 (n = 214) 25.0−29.9 (n = 234) >30.0 (n = 185) p Value

Vascular access complication 15 (7.9%) 15 (7.2%) 16 (9.7%) 0.67

Bleeding complication 6 (3.2%) 9 (4.3%) 3 (1.9%) 0.43

Myocardial infarction at 30 days 3 (1.5%) 1 (0.5%) 2 (1.2%) 0.59

Stroke at 30 days 3 (1.5%) 4 (1.7%) 4 (2.2%) 0.54

New pacemaker insertion at 30 days 44 (21.4%) 43 (18.9%) 40 (22.6%) 0.76

All-cause mortality 30 days 4 (2.1%) 2 (0.9%) 2 (1.2%) 0.656

All-cause mortality 1 year 15 (9.8%) 5 (3%) 6 (4.7%) 0.029

All-cause mortality 2 years 23 (19.3%) 9 (7.2%) 16 (15.2%) 0.019

Table 1

Baseline characteristics for patients by BMI category; represented as mean (§ standard deviation), median (IQR) or number (percentage)

Body mass index (kg/m2)

Variable 18.5−24.9 (n = 214) 25.0−29.9 (n = 234) >30.0 (n = 185) p Value

Age (years) 84.0 (§ 7.6) 82.7 (§ 6.2) 81.3 (§ 6.1) <0.001
STS-PROM 4.3% (3.0-6.0) 3.4% (2.4-4.8) 3.6% (2.5-5.5) <0.002
Women 106 (49.5%) 85 (36.3%) 101 (54.6%) 0.005

BMI (kg/m2) 22.5 (§ 1.6) 27.2 (§ 1.4) 33.8 (§ 3.5) <0.001
Coronary artery disease 93 (43.4%) 116 (49.8%) 88 (47.8%) 0.40

Prior coronary procedure 0.32

- Bypass surgery 31(14.5%) 51 (21.9%) 36 (19.6%)

- Percutaneous intervention 35 (16.4%) 40 (17.2%) 32 (17.4%)

Prior balloon aortic valvuloplasty 45 (21.7%) 43 (19.2%) 42 (23.7%) 0.54

Atrial fibrillation 70 (32.7%) 74 (31.6%) 61 (33.2%) 0.94

Cerebrovascular disease 25 (11.7%) 42 (17.9%) 26 (14.1%) 0.17

Hypertension 138 (64.5%) 166 (70.9%) 136 (73.5%) 0.12

Diabetes mellitus 45 (21.0%) 68 (29.1%) 74 (40.0%) <0.001
Peripheral vascular disease 33 (15.6%) 37 (15.9%) 29 (16%) 0.99

Chronic obstructive pulmonary disease 28 (13.4%) 29 (12.7%) 41 (23%) 0.009

Estimated glomerular filtration rate (ml/min/1.73m2) 59.1 (§ 20.8) 60.0 (§ 18.7) 57.5 (§19.6) 0.421

Frailty score 4 (3-4) 4 (3-4) 4 (4-5) 0.02

Aortic regurgitation 0.018

- Moderate 24 (12.2%) 17 (7.8%) 6 (3.7%)

- Severe 2 (1.01%) 1 (0.5%) 1 (0.6%)

Mean pressure gradient (mm Hg) 47.4 (§16) 47.1 (§13.8) 45.9 (§12.3) 0.559

Aortic valve area (cm2) 0.71 (§0.2) 0.77 (§0.2) 0.77 (§0.2) 0.003

Left ventricular ejection fraction (%) 56.8 (§11.7) 57.4 (§11.1) 57.8 (§10.2) 0.66

Vascular access route

- Transfemoral 200 (93.9%) 223 (95.3%) 175 (95.1%)

- Subclavian 9 (4.2%) 4 (1.7%) 3 (1.6%)

- Direct aortic 3 (1.4%) 2 (0.9%) 5 (2.7%)

- Transapical 0 (0%) 2 (0.9%) 0 (0%)

- Subclavian and transfemoral 1 (0.5%) 3 (1.3%) 1 (0.5%) 0.31

Valve type 0.22

- Corevalve 53 (25%) 56 (23.9%) 51 (28%)

- Evolut R 84 (39.6%) 106 (45.3%) 71 (39%)

- Evolut Pro 14 (6.6%) 5 (2.1%) 4 (2.2%)

- Sapien 3 36 (17%) 48 (20.5%) 35 (19.2%)

- Sapien XT 12 (5.7%) 11 (4.7%) 13 (7.1%)

- Portico 13 (6.1%) 8 (3.4%) 8 (4.4%)

Year of implantation 0.67

2008-2010 16 (7.5%) 16 (6.8%) 13 (7.0%)

2011-2013 25 (11.7%) 29 (12.4%) 16 (8.6%)

2014-2016 60 (28.2%) 57 (24.4%) 59 (31.9%)

2017-2019 112 (52.6%) 132 (56.4%) 97 (52.4%)
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Table 3

Post-TAVI echocardiographic measures at 1 and 2 years, represented as mean (§ standard deviation) or number (percentage)

Body mass index (kg/m2)

Variable 18.5−24.9 (n = 214) 25.0−29.9 (n = 234) >30.0 (n = 185) p Value

1-year post-TAVI

Paravalvular aortic regurgitation 0.67

- Moderate 6 (4.8%) 6 (4.2%) 2 (1.8%)

- Severe 0 (0%) 0 (0%) 0 (0%)

Mean pressure gradient (mm Hg) 8.92 (§4.6) 10.9 (§4.8) 11.0 (§4.5) <0.001
Aortic valve area (cm2) 1.66 (§0.4) 1.79 (§0.5) 1.63 (§0.5) 0.16

2-years post-TAVI

Paravalvular aortic regurgitation 0.36

- Moderate 1 (1.2%) 5 (5.8%) 3 (3.5%)

- Severe 0 (0%) 0 (0%) 1 (1.2%)

Mean pressure gradient (mm Hg) 8.9 (§3.7) 11.1 (§4.3) 10.8 (§4.6) 0.003

Aortic valve area (cm2) 1.68 (§0.41) 1.60 (§0.29) 1.60 (§0.61) 0.73

Figure 1. Cumulative all-cause mortality over 2 years stratified by body-mass index.
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Discussion

From this multicenter registry, we have demonstrated
that patients who are overweight (BMI 25 to 29.9 kg/m2)
Table 4

Multivariate analysis of factors affecting all-cause mortality, median

follow-up 2 years; represented as hazard ratios (confidence interval)

Variable Hazard

ratio

Confidence

interval

p Value

BMI Category (kg/m2)

18.5−24.9 1.00

25.0−29.9 0.56 0.38−0.85 0.006

>30 0.71 0.46−1.08 0.11

Age 1.03 1.01−1.07 0.009

Men 1.68 1.17−2.42 0.005

STS-PROM 1.07 1.02−1.12 0.006

Chronic obstructive pulmonary disease 1.50 1.01−2.24 0.04

Prior balloon aortic valvuloplasty 2.00 1.38−2.91 <0.001

BMI = Body mass index (kg/m2).
have reduced long-term mortality compared with patients
with normal BMI. This was confirmed by demonstrating
that being overweight was independently associated with
lower long-term mortality on multivariable analysis.

The present study reported a “J-shaped” curve which has
been previously found in a study by Gonz�alez-Ferreiro
et al.12 They reported similar baseline characteristics in a
cohort of 770 Spanish patients undergoing TAVI with a
CoreValve prosthesis. When compared with normal weight,
overweight BMI was independently associated with
reduced mortality (HR 0.64 CI 0.42 to 0.99, p = 0.048)
whilst obese weight was not (HR 0.76 CI 0.49 to 1.17,
p = 0.211). When stratified by BMI group there was a dif-
ference in baseline brain natriuretic peptide levels. The
investigators noted this may represent a higher proportion
of end-stage heart failure and therefore cardiac cachexia
among normal weight patients. However, the proportion of
patients with ejection fraction less than 50% also differed
which stands in contrast to the present study where mean
ejection fraction was not different between groups.
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Previous studies have supported the finding of an obesity
paradox in TAVI11,17,18 and indeed in cardiovascular proce-
dures more broadly.6−8 The largest of these studies reported
on the outcomes of 32,000 patients in the STS/ACC TVT
registry. They were stratified into normal weight, over-
weight, and obesity classes I (BMI, 30.0 to 34.9 kg/m2), II
(BMI, 35.0 to 39.9 kg/m2), and III (BMI, >40 kg/m2). The
proportions of patients in each weight category were similar
to the present study reflecting the societal parallels between
Australia and the United States. Baseline characteristics
such as age, sex and STS-PROM score were comparable to
the present study. Sharma et al found class I and II obesity
were independently associated with decreased mortality in
addition to overweight BMI when compared with normal
weight; however, class III obesity was associated with
increased mortality at 1 year.

Contrary to our hypothesis, obese patients were more
frail than overweight and normal weight patients as deter-
mined by the clinical frailty score. Rogers et al examined
the relationship between frailty and outcomes following
TAVI and found no difference in mean BMI when groups
were dichotomized into frail and nonfrail.13 The STS/ACC
TVT registry data did not report an overall frailty score but
found that 5-meter walk times were longer in obese
patients, suggesting increased frailty in the higher BMI
cohort. In that study, improved outcomes were attributed to
earlier onset of symptoms, increased muscular strength and
higher metabolic reserve.

Attention should be paid to the utility of BMI in older
populations compared with young- or middle-aged adults.
Meta-analyses have shown that increased BMI is associated
with reduced mortality in the elderly.9,19 Winter et al found
that mortality increased at a BMI less than 23 kg/m2 with
an ideal weight range for those older than 65 being between
24.0 kg/m2 and 39.0 kg/m2. It should be noted that BMI,
whilst a useful and accessible measure of body mass, is rel-
atively crude and does not assess body composition. Waist-
hip ratio has been studied as an adjunct to BMI in coronary
disease.20 Patients with normal BMI and increased waist-
to-hip ratio had the highest mortality in a large cohort of
patients with coronary artery disease when compared with
those of high BMI without elevated waist-hip ratio. Similar
results have been seen in the general elderly population. A
large UK study demonstrated that waist-hip ratio positively
correlates with all-cause and circulatory-specific mortality
whereas increased BMI showed a negative association with
circulatory mortality in women and no association in
men.21 Given that TAVI is predominantly carried out in the
elderly, the findings of the present study may simply be
reflective of overall population trends. As such, the notion
of a paradox should be re-examined. The underlying mech-
anisms of these findings remain controversial, but it is clear
that patient context is important to the interpretation of
BMI. Traditional negative views of increased BMI in car-
diovascular medicine may need some readjustment in the
both the elderly and the periprocedural populations.

There are some important limitations to the current
study. Given this study was performed across 2 centers with
a majority Caucasian population, we cannot assume gener-
alizability to other ethnic groups. The Clinical Frailty Score
is an easy-to-use clinical assessment, however does not
include physiological measures of frailty such as walk
speed and grip strength. Our study did not measure any
alternate measures of body composition such as body fat
percentage or waist-hip ratio. We do not collect data on co-
morbid rheumatologic conditions or steroid use. These fac-
tors have been shown to influence bleeding risk and may
confound our findings. The observational nature of this
study means it may be influenced by other unmeasured con-
founders. Finally, studies observing the influence of a single
risk factor in a population with a particular disease are at
risk of a type of systematic bias known as collider stratifica-
tion. This occurs where a single causative risk factor for a
disease is analyzed according to outcomes. It may reveal
that the subsequent disease phenotype associated with
this risk factor is less malignant and therefore appears to
demonstrate improved outcomes associated with the risk
factor.

Our study details a multicenter Australian experience of
TAVI assessing outcomes by BMI. The results are consis-
tent with previous international data on this subject dem-
onstrating that patients who are overweight (BMI 25 to
29.9 kg/m2) have reduced long-term mortality compared
with patients with normal BMI. Furthermore, this adds to
the developing weight of evidence relating to improved
outcomes in overweight and obese patients in numerous
aspects of cardiovascular medicine and suggests clinicians
need to remain open-minded to the impact of BMI given
its traditional association with increased cardiovascular
risk.
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