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Effects of Clinical Trial or Research Program 
Participation Status on In- Hospital Mortality 
After Transcatheter Aortic Valve Implantation
Tadao Aikawa , MD, PhD; Toshiki Kuno , MD, PhD; Jef Van den Eynde , BSc;  
Alexandros Briasoulis , MD, PhD; Aaqib H. Malik, MD, MPH

The development of novel devices and the favorable 
results of several randomized clinical trials have 
allowed for the rapid expansion of transcatheter 

aortic valve implantation (TAVI) to elderly patients with 
aortic stenosis across all risk categories1; however, the 
highly selected populations that are typically enrolled 
in randomized clinical trials may limit generalizability of 
the results to the real- world population with aortic ste-
nosis. Furthermore, clinical trial or research program 
participation itself can facilitate behavior change in 
patients and health care providers and may contrib-
ute to improved patient outcomes, which is known 
as the “Hawthorne effect.”2 Previous studies reported 
that research participation was associated with better 
survival in patients with acute coronary syndrome.3,4 
Given the lack of data exploring the effect of research 
participation on outcomes after TAVI, we compared the 
short- term survival after TAVI between clinical research 
participants and nonparticipants using the Nationwide 
Inpatient Sample.

The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. The Nationwide Inpatient Sample is 
the largest publicly available all- payer inpatient health 
care database in the United States and did not require 
ethical approval. All patients who underwent TAVI be-
tween 2013 and 2019 (n=56 648) were identified from 

the Nationwide Inpatient Sample using the following 
International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD- 10- CM) codes: 02RF37H, 
02RF37Z, 02RF38H, 02RF38Z, 02RF3JH, 02RF3JZ, 
02RF3KH, and 02RF3KZ. Patients with age ≤18 years 
(n=22), cirrhosis (n=760), end- stage renal disease 
(n=2136), do- not- resuscitate status or palliative care in-
volvement (n=383), and cancer (n=1952) were excluded 
with reference to previous trials. Patients with missing 
data (n=12) were also excluded. Research participation 
status was identified using ICD- 10- CM code Z00.6,4 
which was restricted to code as the primary diagnosis 
or first secondary diagnosis to avoid overcapturing.

The primary outcome in this study was in- hospital 
mortality. A multilevel logistic regression analysis ac-
counting for strata and hospital clustering was per-
formed to examine the association between clinical 
research participation status and in- hospital mortal-
ity. A sensitivity analysis was performed in the pro-
pensity score- matched cohort, which was generated 
by 1:1 nearest- neighbor matching using a caliper 
width of 0.01 adjusting for baseline characteristics. 
Variables for these analyses were chosen on the 
basis of clinical relevance and the previous work4 
and were included if they were significantly different 
in the baseline  characteristics Table. Difference be-
tween groups were tested by 1- way ANOVA and the 

Correspondence to: Tadao Aikawa, MD, PhD, Department of Cardiology, Hokkaido Cardiovascular Hospital, 1- 30, Minami- 27, Nishi- 13, Chuo- ku, Sapporo 
064- 8622, Japan. Email: tadao.aikawa@jichi.ac.jp

This paper was sent to John S. Ikonomidis, Guest Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 6.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited. 

JAHA is available at: www.ahajournals.org/journal/jaha

Key Words: clinical research participation ■ in- hospital mortality ■ transcatheter aortic valve implantation

https://orcid.org/0000-0002-1786-0176
mailto:
https://orcid.org/0000-0002-2487-8366
https://orcid.org/0000-0002-5606-376X
https://orcid.org/0000-0002-5740-9670
mailto:tadao.aikawa@jichi.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2022;11:e025920. DOI: 10.1161/JAHA.121.025920 2

Aikawa et al Research Participation and Mortality After TAVI

Ta
b

le
 . 

B
as

el
in

e 
C

h
a

ra
c

te
ri

st
ic

s 
a

n
d

 In
- H

o
sp

it
a

l O
u

tc
o

m
es

 in
 C

lin
ic

a
l R

es
ea

rc
h 

P
a

rt
ic

ip
a

n
ts

 a
n

d
 N

o
n

p
a

rt
ic

ip
a

n
ts

 U
n

d
e

rg
o

in
g

 T
ra

n
sc

at
h

et
e

r 
A

o
rt

ic
 V

a
lv

e 
Im

p
la

n
ta

ti
o

n

C
h

ar
ac

te
ri

st
ic

s

B
ef

o
re

 m
at

ch
in

g
A

ft
er

 p
ro

p
en

si
ty

 s
co

re
 m

at
ch

in
g

R
es

ea
rc

h 
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

31
1)

N
o

n
p

ar
ti

ci
p

an
ts

 
(n

=
37

 0
72

)
O

ve
ra

ll 
 

(n
=

51
 3

83
)

P
 v

al
u

e

R
es

ea
rc

h 
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

30
1)

N
o

n
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

30
1)

O
ve

ra
ll 

 
(n

=
28

 6
02

)
P

 v
al

u
e

A
ge

, y
80

.0
±7

.9
80

.0
±

8.
4

80
.0

±
8.

3
0.

73
6

80
.0

±7
.9

80
.1

±
8.

5
80

.1
±

8.
2

0.
34

4

Fe
m

al
e 

se
x

46
.0

%
46

.9
%

46
.6

%
0.

07
5

49
.7

%
50

.3
%

50
.1

%
0.

28
1

R
ac

e 
or

 e
th

ni
ci

ty
<

0.
00

1
<

0.
00

1

W
hi

te
88

.7
%

87
.7

%
88

.0
%

89
.5

%
88

.1
%

88
.8

%

B
la

ck
3.

1%
3.

9%
3.

7%
2.

9%
3.

6%
3.

2%

H
is

pa
ni

c
4.

2%
4.

5%
4.

4%
3.

9%
4.

2%
4.

1%

A
si

an
1.

3%
1.

2%
1.

2%
1.

2%
1.

2%
1.

2%

N
at

iv
e 

A
m

er
ic

an
0.

3%
0.

2%
0.

3%
0.

3%
0.

2%
0.

3%

N
on

e 
of

 th
e 

ab
ov

e
2.

4%
2.

5%
2.

4%
2.

2%
2.

8%
2.

5%

In
su

ra
nc

e
<

0.
00

1
<

0.
00

1

M
ed

ic
ar

e
90

.9
%

89
.2

%
89

.6
%

90
.9

%
89

.3
%

90
.1

%

M
ed

ic
ai

d
0.

8%
1.

3%
1.

2%
0.

8%
1.

2%
1.

0%

P
riv

at
e

6.
6%

7.
3%

7.
1%

6.
6%

7.
4%

7.
0%

S
el

f-
 pa

y
0.

5%
0.

4%
0.

5%
0.

5%
0.

5%
0.

5%

N
on

e 
of

 th
e 

ab
ov

e
1.

2%
1.

8%
1.

6%
1.

2%
1.

6%
1.

4%

M
ed

ia
n 

ho
us

eh
ol

d 
in

co
m

e
<

0.
00

1
<

0.
00

1

$1
– $

38
 9

99
18

.7
%

22
.1

%
21

.1
%

18
.7

%
20

.6
%

19
.7

%

$3
9 

00
0

– $
47

 9
99

26
.8

%
25

.0
%

25
.5

%
26

.8
%

24
.7

%
25

.8
%

$4
8 

00
0

– $
62

 9
99

28
.9

%
25

.9
%

26
.7

%
28

.9
%

25
.9

%
27

.4
%

$6
3 

00
0 

or
 m

or
e

25
.6

%
27

.1
%

26
.7

%
25

.6
%

28
.8

%
27

.2
%

C
om

or
b

id
iti

es

E
lix

ha
us

er
 

co
m

or
b

id
ity

 s
co

re
<

0.
00

1
0.

97
5

0
0.

03
%

0.
02

%
0.

02
%

0.
3%

0.
3%

0.
3%

1–
 3

15
.3

%
12

.1
%

13
.0

%
15

.3
%

15
.2

%
15

.2
%

4
– 5

38
.5

%
36

.4
%

37
.0

%
38

.5
%

38
.8

%
38

.6
%

6 
or

 m
or

e
46

.2
%

51
.5

%
50

.0
%

46
.2

%
46

.0
%

46
.1

%

H
yp

er
te

ns
io

n
88

.5
%

88
.2

%
88

.3
%

0.
40

0
88

.5
%

88
.8

%
88

.7
%

0.
40

1

D
ia

b
et

es
35

.6
%

36
.6

%
36

.4
%

0.
03

7
35

.6
%

35
.3

%
35

.5
%

0.
57

8

O
b

es
e

18
.6

%
18

.6
%

18
.6

%
0.

94
7

18
.6

%
18

.0
%

18
.3

%
0.

24
5

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2022;11:e025920. DOI: 10.1161/JAHA.121.025920 3

Aikawa et al Research Participation and Mortality After TAVI

C
h

ar
ac

te
ri

st
ic

s

B
ef

o
re

 m
at

ch
in

g
A

ft
er

 p
ro

p
en

si
ty

 s
co

re
 m

at
ch

in
g

R
es

ea
rc

h 
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

31
1)

N
o

n
p

ar
ti

ci
p

an
ts

 
(n

=
37

 0
72

)
O

ve
ra

ll 
 

(n
=

51
 3

83
)

P
 v

al
u

e

R
es

ea
rc

h 
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

30
1)

N
o

n
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

30
1)

O
ve

ra
ll 

 
(n

=
28

 6
02

)
P

 v
al

u
e

C
hr

on
ic

 k
id

ne
y 

d
is

ea
se

 w
ith

ou
t 

en
d-

 st
ag

e 
re

na
l 

d
is

ea
se

33
.5

%
32

.9
%

33
.1

%
0.

24
6

33
.5

%
32

.6
%

33
.0

%
0.

10
5

A
ne

m
ia

4.
5%

4.
9%

4.
8%

0.
07

7
4.

6%
4.

3%
4.

4%
0.

26
1

A
tr

ia
l f

ib
ril

la
tio

n
37

.6
%

40
.1

%
39

.4
%

<
0.

00
1

37
.6

%
38

.1
%

37
.9

%
0.

38
0

C
on

ge
st

iv
e 

he
ar

t 
fa

ilu
re

71
.2

%
74

.9
%

73
.9

%
<

0.
00

1
71

.3
%

72
.0

%
71

.7
%

0.
14

2

A
rr

hy
th

m
ia

55
.0

%
58

.6
%

57
.6

%
<

0.
00

1
55

.1
%

55
.2

%
55

.1
%

0.
83

1

P
rio

r 
st

ro
ke

14
.1

%
14

.3
%

14
.2

%
0.

53
7

14
.1

%
13

.3
%

13
.7

%
0.

05
6

P
rio

r 
m

yo
ca

rd
ia

l 
in

fa
rc

tio
n

11
.9

%
13

.1
%

12
.8

%
<

0.
00

1
11

.9
%

11
.0

%
11

.5
%

0.
02

5

P
rio

r 
p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 
in

te
rv

en
tio

n

21
.6

%
22

.1
%

21
.9

%
0.

26
2

21
.6

%
20

.7
%

21
.2

%
0.

06
6

P
rio

r 
co

ro
na

ry
 

ar
te

ry
 b

yp
as

s 
gr

af
t

17
.0

%
18

.6
%

18
.2

%
<

0.
00

1
17

.0
%

16
.0

%
16

.5
%

0.
02

3

P
rio

r 
P

P
M

9.
7%

10
.1

%
10

.0
%

0.
24

0
9.

7%
9.

3%
9.

5%
0.

21
9

C
hr

on
ic

 p
ul

m
on

ar
y 

d
is

ea
se

28
.4

%
32

.8
%

31
.6

%
<

0.
00

1
28

.4
%

28
.3

%
28

.3
%

0.
77

3

P
ul

m
on

ar
y 

ci
rc

ul
at

io
n 

d
is

or
d

er
s

16
.7

%
18

.3
%

17
.9

%
<

0.
00

1
16

.7
%

16
.3

%
16

.5
%

0.
43

5

P
er

ip
he

ra
l v

as
cu

la
r 

d
is

ea
se

22
.2

%
24

.7
%

24
.0

%
<

0.
00

1
22

.2
%

22
.0

%
22

.1
%

0.
73

2

Li
ve

r 
d

is
ea

se
 

w
ith

ou
t c

irr
ho

si
s

1.
8%

1.
9%

1.
9%

0.
54

3
1.

8%
1.

5%
1.

6%
0.

05
1

H
yp

ot
hy

ro
id

is
m

19
.6

%
20

.5
%

20
.2

%
0.

02
4

19
.6

%
19

.2
%

19
.4

%
0.

36
2

H
os

p
ita

l c
ha

ra
ct

er
is

tic
s

H
os

p
ita

l b
ed

 s
iz

e
<

0.
00

1
<

0.
00

1

S
m

al
l

7.
4%

6.
4%

6.
6%

7.
4%

5.
9%

6.
7%

M
ed

iu
m

19
.0

%
20

.4
%

20
.0

%
19

.0
%

20
.5

%
19

.7
%

La
rg

e
73

.6
%

73
.2

%
73

.3
%

73
.6

%
73

.6
%

73
.6

%

H
os

p
ita

l r
eg

io
n

<
0.

00
1

<
0.

00
1

N
or

th
ea

st
19

.7
%

25
.4

%
23

.8
%

19
.7

%
30

.0
%

24
.8

%

Ta
b

le
 . 

C
o

n
ti

n
u

e
d

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2022;11:e025920. DOI: 10.1161/JAHA.121.025920 4

Aikawa et al Research Participation and Mortality After TAVI

C
h

ar
ac

te
ri

st
ic

s

B
ef

o
re

 m
at

ch
in

g
A

ft
er

 p
ro

p
en

si
ty

 s
co

re
 m

at
ch

in
g

R
es

ea
rc

h 
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

31
1)

N
o

n
p

ar
ti

ci
p

an
ts

 
(n

=
37

 0
72

)
O

ve
ra

ll 
 

(n
=

51
 3

83
)

P
 v

al
u

e

R
es

ea
rc

h 
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

30
1)

N
o

n
p

ar
ti

ci
p

an
ts

 
(n

=1
4 

30
1)

O
ve

ra
ll 

 
(n

=
28

 6
02

)
P

 v
al

u
e

M
id

w
es

t
24

.4
%

22
.3

%
22

.9
%

24
.4

%
23

.6
%

24
.0

%

S
ou

th
29

.8
%

35
.2

%
33

.7
%

29
.8

%
32

.4
%

31
.1

%

W
es

t
26

.0
%

17
.1

%
19

.6
%

26
.0

%
14

.1
%

20
.1

%

H
os

p
ita

l l
oc

at
io

n/
te

ac
hi

ng
 s

ta
tu

s
<

0.
00

1
<

0.
00

1

R
ur

al
0.

4%
1.

2%
1.

0%
0.

4%
1.

3%
0.

8%

U
rb

an
 

no
nt

ea
ch

in
g

10
.5

%
8.

9%
9.

3%
10

.5
%

8.
3%

9.
4%

U
rb

an
 te

ac
hi

ng
89

.1
%

89
.9

%
89

.7
%

89
.1

%
90

.4
%

89
.8

%

In
- h

os
p

ita
l o

ut
co

m
es

A
ll-

 ca
us

e 
m

or
ta

lit
y

1.
0%

1.
5%

1.
3%

<
0.

00
1

1.
0%

1.
4%

1.
2%

0.
00

2

H
os

p
ita

l d
is

ch
ar

ge
<

0.
00

1
<

0.
00

1

R
ou

tin
e

68
.4

%
58

.2
%

61
.1

%
68

.3
%

58
.7

%
63

.5
%

Tr
an

sf
er

 to
 s

ho
rt

- 
te

rm
 h

os
p

ita
l

0.
2%

0.
5%

0.
4%

0.
2%

0.
5%

0.
4%

S
ki

ll 
nu

rs
in

g 
fa

ci
lit

y
12

.5
%

16
.3

%
15

.2
%

12
.5

%
15

.6
%

14
.1

%

H
om

e 
he

al
th

 
ca

re
17

.9
%

23
.5

%
22

.0
%

17
.9

%
23

.7
%

20
.8

%

P
P

M
 im

p
la

nt
at

io
n

8.
8%

10
.6

%
10

.1
%

<
0.

00
1

8.
8%

10
.4

%
9.

6%
<

0.
00

1

A
cu

te
 m

yo
ca

rd
ia

l 
in

fa
rc

tio
n

1.
7%

1.
8%

1.
8%

0.
31

0
1.

7%
1.

8%
1.

7%
0.

55
6

C
ar

d
ia

c 
ar

re
st

0.
9%

1.
4%

1.
2%

<
0.

00
1

0.
9%

1.
2%

1.
1%

0.
00

9

C
ar

d
io

ge
ni

c 
sh

oc
k

1.
7%

2.
0%

1.
9%

0.
01

2
1.

7%
1.

7%
1.

7%
0.

85
3

Ve
nt

ric
ul

ar
 

ta
ch

yc
ar

d
ia

3.
1%

3.
4%

3.
3%

0.
06

2
3.

1%
3.

1%
3.

1%
0.

97
3

A
K

I
9.

9%
12

.1
%

11
.5

%
<

0.
00

1
9.

9%
11

.6
%

10
.8

%
<

0.
00

1

A
K

I l
ea

d
in

g 
to

 
d

ia
ly

si
s

0.
5%

0.
5%

0.
5%

0.
49

5
0.

5%
0.

5%
0.

5%
0.

67
9

R
es

p
ira

to
ry

 fa
ilu

re
1.

8%
3.

8%
3.

2%
<

0.
00

1
1.

3%
2.

2%
1.

7%
<

0.
00

1

Va
so

p
re

ss
or

 u
se

1.
9%

2.
3%

2.
2%

0.
00

7
1.

9%
2.

3%
2.

1%
0.

01
4

In
tr

a-
 ao

rt
ic

 b
al

lo
on

 
p

um
p

0.
5%

0.
7%

0.
6%

0.
02

0
0.

5%
0.

6%
0.

5%
0.

28
6

Ta
b

le
 . 

C
o

n
ti

n
u

e
d

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2022;11:e025920. DOI: 10.1161/JAHA.121.025920 5

Aikawa et al Research Participation and Mortality After TAVI

chi- square test, as appropriate. Statistical analysis 
was performed using Stata 16.1 (StataCorp) and R 
(R Foundation).

Between 2013 and 2019, 51 383 patients under-
going TAVI met the inclusion criteria: 14 311 (28%) re-
search participants and 37 072 (72%) nonparticipants. 
Baseline patient characteristics are shown in Table. 
Compared with nonparticipants, research participants 
were less likely to have atrial fibrillation, chronic pul-
monary disease, history of myocardial infarction, and a 
higher Elixhauser comorbidity score.

Crude in- hospital mortality after TAVI was lower in 
research participants than in nonparticipants (1.0% 
versus 1.5%, P<0.001). Regarding TAVI- related com-
plications, permanent pacemaker implantation, car-
diac arrest, cardiogenic shock, acute kidney injury, 
respiratory failure, vasopressor requirement, and re-
quiring mechanical circulatory support were less fre-
quent in research participants than in nonparticipants. 
Furthermore, research participants had higher total in-
flation adjusted costs than nonparticipants.

Crude in- hospital mortality after TAVI in research 
participants decreased from 4.4% in 2013 to 0.6% 
in 2019 (Cochran- Armitage trend P<0.001). In non-
participants, crude in- hospital mortality after TAVI 
also decreased from 3.6% in 2013 to 1.0% in 2019 
(Cochran- Armitage trend P<0.001).

After adjustment for baseline characteristics, ad-
justed odds ratio of in- hospital death was significantly 
lower in research participants than nonparticipants 
(odds ratio, 0.72; 95% CI, 0.60– 0.88; P<0.001). The 
propensity score- matched cohort gave similar results 
in terms of in- hospital outcomes (Table).

There are several possible explanations for the 
significant relationship between research participa-
tion status and in- hospital mortality after TAVI in this 
study. First, physicians or hospitals participating in 
clinical research may have high- level experience and 
provide cutting- edge care. Previous studies demon-
strated an inverse volume- outcome relationship of 
TAVI.5 High- volume hospitals seem to offer more 
opportunity for research participation, which may 
result in better outcomes. Second, behavior change 
in operators and postoperative care attributable to 
research participation may contribute to differences 
in patient outcomes, that is, the Hawthorne effect.2 
Third, high frailty scores associated with an increased 
risk of adverse outcomes may preclude research 
participation.

Several limitations should be acknowledged. First, 
details on individual trials were lacking, such as in-
clusion and exclusion criteria and the reason for re-
search participation. The interest of researchers 
may not be limited to TAVI. Second, the Nationwide 
Inpatient Sample database did not contain information 
regarding echocardiographic parameters, the Society C
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of Thoracic Surgeons risk scores, frailty scores, and 
medication use. The impact of research participation 
status on outcomes should be further evaluated in pa-
tients with similar risk scores and frailty.

In conclusion, although our findings are subject to 
unmeasured confounders and selection bias for pa-
tients with favorable characteristics,3 research partic-
ipation could be a determinant of better short- term 
outcomes after TAVI. Further studies are needed to 
investigate the effect of research participation on long- 
term outcomes after TAVI.
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