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Background. Infectious complications after hip fracture surgery are common in the elderly. Although experimental studies have
suggested that kampo medicine, Hochu-ekki-to and Juzen-taiho-to, can prevent infectious complications, only a few small clinical
studies have been published to date. Primary Study Objective. The aim of the present study is to investigate the impact of Hochu-
ekki-to or Juzen-taiho-to on postoperative infectious complications in patients undergoing surgery for hip fracture. Methods
and Design. In this retrospective cohort study using a nationwide inpatient database in Japan, we performed propensity score
matching to compare patients who did or did not receive kampo medicine after surgery for hip fracture. Settings. A nationwide
inpatient database. Participants. Patients who did or did not receive kampo medicine after surgery for hip fracture. Intervention.
Kampo medicine after surgery for hip fracture. Primary Outcome Measures. Infectious complications. Results. The proportions
of postoperative infectious complications were not significantly different between the 424 propensity-matched pairs with and
without kampo medicine (11 versus 8, 𝑃 = 0.644). Conclusion. The present study suggests that Hochu-ekki-to or Juzen-taiho-to
postoperatively is not associated with decreased occurrence of infectious complications in patients who underwent surgery for hip
fracture.

1. Introduction

Hip fractures are common in the elderly. With an aging
population, the incidence of hip fractures is increasing [1, 2].
The incidence of hip fractures worldwide is estimated to
be 2.6 million by 2025 and to exceed 7 million by 2050
[3]. Pneumonia and surgical site infections are common
complications after surgery for hip fracture [4, 5]. These
complications have been reported to increase mortality after
surgery for hip fracture [6, 7].

Japanese herbal kampo medicines have become popular
in Japan [8]. Hochu-ekki-to and Juzen-taiho-to are two

major kampo medicines, which are used to treat immuno-
compromised individuals [9, 10]. Experimental studies have
suggested that Hochu-ekki-to and Juzen-taiho-to can pre-
vent infectious diseases through enhancing the immune
system [11–15]. Although Hochu-ekki-to and Juzen-taiho-
to may be promising to prevent infectious diseases, only a
few small clinical studies [16–21] have been published to
date.

The aim of the present study is to investigate the impact of
Hochu-ekki-to or Juzen-taiho-to on postoperative infectious
complications in patients undergoing surgery for hip fracture,
using a nationwide inpatient database in Japan.
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2. Materials and Methods

The Institutional Review Board of the University of Tokyo
approved this study. Informed consent was waived due to the
anonymous nature of the data.

2.1. Data Source. Patient data were extracted from the Diag-
nosis Procedure Combination database, which is a nation-
wide administrative claims database with discharge abstracts
representing approximately 50% of all admissions to acute
care hospitals in Japan [22, 23]. The Diagnosis Procedure
Combination database provides (i) patient demographic data,
(ii) admission-precipitating diagnosis, preexisting comor-
bidities on admission, and complications during hospitaliza-
tion coded with the International Classification of Diseases,
Tenth Revision (ICD-10) codes, (iii) hospital identification
number, (iv) dates of procedures performed and dates of
medications administered, (v) discharge status, and (vi) dates
of hospital or intensive care unit admission and discharge.
Physicians in charge record data for diagnoses, comorbidities,
and discharge status.

2.2. Patients. In the present study, patients were included if
they (i) had a hip fracture (ICD-10 S720, S721, or S722) as the
admission-precipitating diagnosis, (ii) underwent surgery
(open reduction and internal fixation or hemiarthroplasty)
for hip fracture, and (iii) were discharged between July 2010
andMarch 2014. Exclusion criteria included the following: (i)
age < 40 years; (ii) body mass index data being unavailable,
less than 10 kg/m2 or more than 70 kg/m2; (iii) number of
hospital beds being not available.

2.3. Exposure of Interest, Outcomes, and Other Variables. The
exposure of interest was whether patients received Hochu-
ekki-to or Juzen-taiho-to within seven days of surgery. These
patients were defined as the kampo group. Other patients
were defined as the control group.

Assessed outcomes include infectious complications and
in-hospital deaths. Infectious complications include surgical
site infection (SSI, ICD-10, T793, or T814), hospital acquired
pneumonia (J10–18), and sepsis (A40 or A41).

Other variables evaluated include age, gender, body mass
index, comorbidities extracted using algorithms developed
by Quan et al. [24], fracture location, type of surgery, days
between admission and the surgery, treatment year, the vol-
ume of red cell transfusion, and anesthesia time. As an index
for severity, use of mechanical ventilation, administration of
catecholamines, administration of red cell transfusion, renal
replacement therapy, and admission to a high intensity care
unit such as an intensive care unit or high care unit within
seven days of surgery are also extracted.

2.4. Statistical Analysis. Continuous variables are presented
as the average with the standard deviation. Categorical
variables are presented as the number with a percentage.
Differences in the baseline characteristics between the kampo
group and control group are compared using standard-
ized differences. A standardized difference < 10% indicates

a negligible imbalance in baseline characteristics between
groups [25].

To estimate the probability that a patient would receive
Hochu-ekki-to or Juzen-taiho-to medicine, a propensity
score was calculated for each patient using a multivari-
able logistic regression for receiving kampo medicine. As
independent variables, the baseline characteristics shown
in Table 1 are incorporated. Patients who received kampo
medicine were 1-to-1 matched with patients in the control
group on the basis of nearest neighbor matching without
replacement. The caliper was set at 20% of the standard
deviation of the propensity score. Outcomes between the
two groups were compared using Fisher’s exact test. A 𝑃
value < 0.05 is considered statistically significant. Propensity
score matching is performed using “Matching” package of R
version 3.1.3 (The R Foundation, Vienna, Austria). All other
analyses are performed using SPSS version 22 (SPSS Inc.,
Chicago, Illinois, US).

3. Results

After inclusion and exclusion criteria were applied, a total of
201,900 patients were included in the analysis (Figure 1). Of
these, 424 patients received Hochu-ekki-to (259 patients) or
Juzen-taiho-to (165 patients) within seven days of surgery.

Table 1 shows a comparison of baseline characteristics
of patients in the kampo group and the control group
before and after propensity scorematching. Before propensity
score matching, patients in the kampo group were more
likely to have chronic pulmonary disease, peptic ulcer, and
malignancy. Anesthesia time was shorter and the amount of
transfusion was less in the kampo group. After propensity
score matching, baseline characteristics between the two
groups are well balanced.

Table 2 shows outcomes comparing the two groups. After
propensity score matching, neither infectious complications
nor in-hospital death was significantly different between the
groups.

4. Discussion

In this retrospective study using a nationwide administrative
database in Japan, postoperative use of Hochu-ekki-to or
Juzen-taiho-to was not associated with decreased occurrence
of postoperative infectious complications or in-hospital death
for patients undergoing surgery for hip fracture.

Previous animal studies have suggested immunostimu-
lating properties of Hochu-ekki-to and Juzen-taiho-to. How-
ever, only a few small clinical studies have been conducted.
Hochu-ekki-to prevented immunosuppression induced by
surgery [17] or inhibited rhinovirus infection in airway
epithelium [18]. Clinical studies of Juzen-taiho-to have shown
improved host immunity in patients with brain tumors [21]
and a significantly decreased frequency of otitis media was in
children [19, 20].

There are several possible explanations why the results
of the present study failed to show a favorable effect of
the drugs. First, the timing of administration of the kampo
medicine may not be appropriate. In the present study,



Evidence-Based Complementary and Alternative Medicine 3

Ta
bl
e
1:
Ba

se
lin

ec
ha
ra
ct
er
ist
ic
sb

ef
or
ea

nd
aft

er
pr
op

en
sit
y
sc
or
em

at
ch
in
g.

Pr
em

at
ch
in
g
co
ho

rt
Pr
op

en
sit
y
sc
or
e

m
at
ch
ed

co
ho

rt
C
on

tro
l

Ka
m
po

SM
D

C
on

tro
l

Ka
m
po

SM
D

𝑛
=
2
0
1
4
7
6

𝑛
=
4
2
4

𝑛
=
4
2
4

𝑛
=
4
2
4

A
ge
,y
ea
rs
,m

ea
n
(S
D
)

82
.1
(9
.5
)

83
.0
(8
.0
)

0.
11
0

83
.2
(8
.8
)

83
.0
(8
.0
)

0.
02
2

G
en
de
r,
(F
em

al
e)

15
83
27

(7
8.
6)

33
2
(7
8.
3)

0.
00
7

33
4
(7
8.
8)

33
2
(7
8.
3)

0.
01
1

BM
I,
kg
/m

2
,m

ea
n
(S
D
)

20
.6
(3
.6
)

19
.7
(3
.6
)

0.
24
7

19
.6
(3
.4
)

19
.7
(3
.6
)

0.
02
9

Ch
ar
lso

n
co
m
or
bi
di
ty

M
yo
ca
rd
ia
li
nf
ar
ct
io
n

27
02

(1
.3
)

3
(0
.7
)

0.
06
3

8
(1
.9
)

3
(0
.7
)

0.
10
4

C
on

ge
st
iv
eh

ea
rt
di
se
as
e

15
24
6
(7.
6)

30
(7.
1)

0.
01
9

30
(7.
1)

30
(7.
1)

<
0.
00
1

Pe
rip

he
ra
lv
as
cu
la
rd

ise
as
e

27
66

(1
.4
)

10
(2
.4
)

0.
07
3

9
(2
.1)

10
(2
.4
)

0.
01
6

C
er
eb
ro
va
sc
ul
ar

di
se
as
e

20
73
9
(1
0.
3)

34
(8
.0
)

0.
07
9

32
(7.
5)

34
(8
.0
)

0.
01
8

D
em

en
tia

26
86
1(
13
.3
)

62
(14

.6
)

0.
03
7

68
(1
6.
0)

62
(14

.6
)

0.
03
9

Ch
ro
ni
cp

ul
m
on

ar
y
di
se
as
e

83
68

(4
.2
)

35
(8
.3
)

0.
17
1

44
(1
0.
4)

35
(8
.3
)

0.
07
3

Rh
eu
m
at
ic
di
se
as
e

41
94

(2
.1)

10
(2
.4
)

0.
01
9

7
(1
.7
)

10
(2
.4
)

0.
05
0

Pe
pt
ic
ul
ce
r

79
15

(3
.9
)

31
(7.
3)

0.
14
7

31
(7.
3)

31
(7.
3)

<
0.
00
1

Li
ve
rd

ise
as
e

93
24

(4
.6
)

24
(5
.7
)

0.
04
7

31
(7.
3)

24
(5
.7
)

0.
06
7

D
M

w
ith

ou
tc
om

pl
ic
at
io
ns

30
02
8
(14

.9
)

50
(1
1.8

)
0.
09
2

57
(1
3.
4)

50
(1
1.8

)
0.
05
0

D
M

w
ith

co
m
pl
ic
at
io
ns

56
28

(2
.8
)

10
(2
.4
)

0.
02
7

11
(2
.6
)

10
(2
.4
)

0.
01
5

H
em

ip
ar
ap
le
gi
a

96
7
(0
.5
)

0
(0
.0
)

0.
09
8

2
(0
.5
)

0
(0
.0
)

0.
09
7

Re
na
ld

ise
as
e

85
08

(4
.2
)

18
(4
.2
)

0.
00
1

21
(5
.0
)

18
(4
.2
)

0.
03
4

M
al
ig
na
nc
y

84
26

(4
.2
)

37
(8
.7
)

0.
18
6

35
(8
.3
)

37
(8
.7
)

0.
01
7

M
et
as
ta
tic

ca
nc
er

95
3
(0
.5
)

10
(2
.4
)

0.
16
0

8
(1
.9
)

10
(2
.4
)

0.
03
3

A
nt
ib
io
tic

us
ew

ith
in

7
da
ys

of
su
rg
er
y

18
66
99

(9
2.
7)

42
4
(1
00
)

0.
39
8

38
6
(9
1.0

)
42
4
(1
00
)

0.
44

4
M
ec
ha
ni
ca
lv
en
til
at
io
n
w
ith

in
7
da
ys

of
su
rg
er
y

78
4
(0
.4
)

0
(0
.0
)

0.
08
8

1(
0.
2)

0
(0
.0
)

0.
06
9

Ca
te
ch
ol
am

in
eu

se
w
ith

in
7
da
ys

of
su
rg
er
y

11
52
6
(5
.7
)

30
(7.
1)

0.
05
5

26
(6
.1)

30
(7.
1)

0.
03
8

Tr
an
sfu

sio
n
w
ith

in
7
da
ys

of
su
rg
er
y

54
49
4
(2
7.0

)
13
1(
30
.9
)

0.
08
5

13
1(
30
.9
)

13
1(
30
.9
)

<
0.
00
1

Re
na
lr
ep
la
ce
m
en
tt
he
ra
py

w
ith

in
7
da
ys

of
su
rg
er
y

66
1(
0.
3)

1(
0.
2)

0.
01
7

2
(0
.5
)

1(
0.
2)

0.
04

0

H
ig
h
in
te
ns
ity

ca
re

un
it
ad
m
iss

io
n
w
ith

in
7
da
ys

of
su
rg
er
y

84
70

(4
.2
)

14
(3
.3
)

0.
04
7

10
(2
.4
)

14
(3
.3
)

0.
05
7

Fr
ac
tu
re

lo
ca
tio

n
0.
05
9

0.
07
8

N
ec
k

10
43
52

(5
1.8

)
23
2
(5
4.
7)

22
2
(5
2.
4)

23
2
(5
4.
7)

In
te
rt
ro
ch
an
te
ric

92
15
6
(4
5.
7)

18
2
(4
2.
9)

18
7
(4
4.
1)

18
2
(4
2.
9)

Su
bt
ro
ch
an
te
ric

49
68

(2
.5
)

10
(2
.4
)

15
(3
.5
)

10
(2
.4
)



4 Evidence-Based Complementary and Alternative Medicine

Ta
bl
e
1:
C
on

tin
ue
d.

Pr
em

at
ch
in
g
co
ho

rt
Pr
op

en
sit
y
sc
or
e

m
at
ch
ed

co
ho

rt
C
on

tro
l

Ka
m
po

SM
D

C
on

tro
l

Ka
m
po

SM
D

𝑛
=
2
0
1
4
7
6

𝑛
=
4
2
4

𝑛
=
4
2
4

𝑛
=
4
2
4

Ty
pe

of
su
rg
er
y

0.
03
2

0.
04
9

O
pe
n
re
du

ct
io
n
an
d
in
te
rn
al
fix

at
io
n

13
13
93

(6
5.
2)

27
0
(6
3.
7)

28
0
(6
6.
0)

27
0
(6
3.
7)

H
em

ia
rt
hr
op

la
sty

70
08
3
(3
4.
8)

15
4
(3
6.
3)

14
4
(3
4.
0)

15
4
(3
6.
3)

A
ne
st
he
sia

tim
ec

at
eg
or
y,
m
in

0.
11
3

0.
07
8

-1
20

14
03
45

(6
9.7

)
31
0
(7
3.
1)

32
2
(7
5.
9)

31
0
(7
3.
1)

12
1–
18
0

46
83
4
(2
3.
2)

94
(2
2.
2)

81
(19

.1)
94

(2
2.
2)

18
1–
24
0

98
57

(4
.9
)

15
(3
.5
)

15
(3
.5
)

15
(3
.5
)

24
1-

44
40

(2
.2
)

5
(1
.2
)

6
(1
.4
)

5
(1
.2
)

Tr
an
sfu

sio
n
vo
lu
m
ec

at
eg
or
y,
m
L

0.
12
4

0.
09
0

0
12
60

60
(6
2.
6)

24
3
(5
7.3

)
24
0
(5
6.
6)

24
3
(5
7.3

)
1–
20
0

60
90

(3
.0
)

12
(2
.8
)

12
(2
.8
)

12
(2
.8
)

20
1–
40

0
32
74
7
(1
6.
3)

77
(1
8.
2)

88
(2
0.
8)

77
(1
8.
2)

40
1–
60

0
23
75
2
(1
1.8

)
55

(1
3.
0)

55
(1
3.
0)

55
(1
3.
0)

60
1-

12
82
7
(6
.4
)

37
(8
.7
)

29
(6
.8
)

37
(8
.7
)

In
te
rv
al
be
tw
ee
n
ad
m
iss

io
n
an
d
su
rg
er
y,

da
ys
,m

ea
n
(S
D
)

5.
3
(7.
3)

5.
7
(5
.3
)

0.
06

6
5.
7
(4
.7
)

5.
7
(5
.3
)

0.
00

9

H
os
pi
ta
lv
ol
um

eo
fs
ur
ge
ry

fo
rh

ip
fr
ac
tu
re
s/
ye
ar
,m

ea
n
(S
D
)

22
4
(1
35
)

21
5
(1
56
)

0.
06

0
22
0.
8
(1
24
.1)

21
5.
2
(1
56
.1)

0.
04

0

Fi
sc
al
ye
ar

0.
14
7

0.
02
2

20
10

29
85
1(
14
.8
)

70
(1
6.
5)

73
(1
7.2

)
70

(1
6.
5)

20
11

51
84
6
(2
5.
7)

12
1(
28
.5
)

12
0
(2
8.
3)

12
1(
28
.5
)

20
12

61
03
0
(3
0.
3)

10
1(
23
.8
)

10
2
(2
4.
1)

10
1(
23
.8
)

20
13

58
74
9
(2
9.2

)
13
2
(3
1.1
)

12
9
(3
0.
4)

13
2
(3
1.1
)

Ac
ad
em

ic
ho

sp
ita

l
97
66

(4
.8
)

12
(2
.8
)

0.
10
5

10
(2
.4
)

12
(2
.8
)

0.
03
0

Tr
an
sfe

rr
ed

by
am

bu
la
nc
e

10
42
64

(5
1.8

)
21
7
(5
1.2

)
0.
01
1

21
3
(5
0.
2)

21
7
(5
1.2

)
0.
01
9

N
um

be
ro

fb
ed
sc

at
eg
or
ie
s

0.
10
9

0.
07
9

-2
00

27
33
1(
13
.6
)

61
(14

.4
)

61
(14

.4
)

61
(14

.4
)

20
1–
40

0
86
72
3
(4
3.
0)

16
4
(3
8.
7)

16
7
(3
9.4

)
16
4
(3
8.
7)

40
1–
60

0
61
85
5
(3
0.
7)

14
9
(3
5.
1)

15
3
(3
6.
1)

14
9
(3
5.
1)

60
1–
80
0

18
83
5
(9
.3
)

37
(8
.7
)

35
(8
.3
)

37
(8
.7
)

80
1-

67
32

(3
.3
)

13
(3
.1)

8
(1
.9
)

13
(3
.1)

N
um

be
rs
an
d
pe
rc
en
ta
ge
sa

re
pr
es
en
te
d
un

le
ss
ot
he
rw

ise
st
at
ed
.S
D
,s
ta
nd

ar
d
de
vi
at
io
n;

SM
D
,s
ta
nd

ar
di
ze
d
m
ea
n
di
ffe
re
nc
e;
BM

I,
bo

dy
m
as
si
nd

ex
;D

M
,d
ia
be
te
sm

el
lit
us
.



Evidence-Based Complementary and Alternative Medicine 5

Surgery for hip fracture between 2010/07–2014/03 

Exclusion criteria

Propensity score matching

Control group (n = 424)

Kampo group (n = 424) Control group (n = 201,476)

Kampo group (n = 424)

Included in the analysis (n = 201,900)

(n = 228,160)

(iii) Missing bed number (n = 3,379)
(ii) Body mass index <10, >70, or missing (n = 21,775)
(i) <40 years old (n = 1,126)

Figure 1: Study flow diagram.

Table 2: Outcomes before and after propensity score matching.

Prematching cohort Propensity score matched cohort
Control Kampo 𝑃 Control Kampo 𝑃

𝑛 = 201476 𝑛 = 424 𝑛 = 424 𝑛 = 424

In-hospital death, 𝑛 (%) 3552 (1.8) 8 (1.9) 0.852 6 (1.4) 8 (1.9) 0.394
Infectious complications, 𝑛 (%) 4647 (2.3) 12 (2.8) 0.578 6 (1.4) 12 (2.8) 0.234

Hospital-acquired pneumonia, 𝑛 (%) 2830 (1.4) 6 (1.4) 5 (1.2) 6 (1.4)
Surgical site infection, 𝑛 (%) 1239 (0.6) 3 (0.7) 1 (0.2) 3 (0.7)
Sepsis, 𝑛 (%) 710 (0.4) 4 (0.9) 2 (0.5) 4 (0.9)

the kampo group received Hochu-ekki-to or Juzen-taiho-
to within seven days of surgery, whereas patients received
kampo medicine before surgery in a previous study [17].
Postoperative administration of kampo medicine may not
sufficiently reduce postoperative infectious complications
in patients undergoing surgery for hip fracture. Second,
previous studies mainly included infection-prone patients.
Although the patients in the present study were older (mean
agemore than 80 years),most of these patientsmay have been
immunocompetent. Hochu-ekki-to or Juzen-taiho-tomay be
effective in immunocompromised patients. Lastly, the lack of
a significant reduction in infective complications may be due
to type II error. Further study, including larger numbers of
patients, is warranted.

We acknowledge that the present study has several lim-
itations. First, despite the use of propensity score matching,
residual confounding may bias the results because of the
retrospective nature of the study. Second, the study does
not show a preventive effect for infectious complications
of kampo medicine; however, the sample size may not be
sufficiently large to detect a difference between the groups.
Third, the database does not contain information before
admission or after discharge. Patients may have had Hochu-
ekki-to or Juzen-taiho-to before surgery or may have suf-
fered from infectious complications after discharge. Fourth,
patients who received Hochu-ekki-to or Juzen-taiho-to were

from 238 of 1147 hospitals.The fact that patients who received
these kampo medicines were from a relatively small fraction
of hospitals may bias the results. Fifth, antibiotic usage was
not accounted for in estimating the propensity score because
it was difficult to differentiate antibiotics use for prevention
from use for treatment.

In conclusion, postoperative Hochu-ekki-to or Juzen-
taiho-to is not associated with a decrease in the occurrence
of infectious complications after surgery for hip fracture. It
is possible that receiving Hochu-ekki-to or Juzen-taiho-to
only after surgery is not sufficient to prevent postoperative
complications.
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