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HF.8,9 However, there is still unmet need in the complete 
management of HF, so the role of complementary and 
alternative medicine, such as traditional herbal medicines, 
has been attracting attention.10

Constipation is a common health issue in the older 
population,11 and is more prevalent in patients with HF 
than in those with other diseases,12 with an incidence of 
20–30%.13,14 There are several possible reasons for this high 
prevalence in patients with HF, such as decreased intestinal 
peristalsis with mucosal edema, diuretic use with restricted 
body fluid intake, and limited physical activity.15 Further-
more, excretion can trigger acute decompensation of 
HF.16 Notably, constipation is a risk factor associated with 

I n the context of the globally increased aging population, 
a “heart failure (HF) pandemic” has arisen, whereby 
the numbers of patients suffering from HF have been 

increasing annually.1–3 In Japan, the proportion of the 
older population aged ≥65 years reached 29% in the early 
2020s, with >0.35 million new-onset HF cases every year.2 
Therefore, it is essential to take measures to prevent 
repeated HF hospitalizations in patients with HF, because 
of the socioeconomic burden.4–7 Several novel medications, 
such as angiotensin-receptor–neprilysin inhibitors and 
sodium-glucose cotransporter 2 inhibitors, have been 
introduced into routine clinical practice over the past 
decade and have improved the prognosis of patients with 
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Background:  Constipation commonly coexists with heart failure (HF) and can increase blood pressure because of straining during 
defecation and accompanying mental stress. Daikenchuto, a Japanese herbal medicine to ameliorate gastrointestinal motility, may 
be effective as a complement to laxatives in improving outcomes in patients with HF and constipation.

Methods and Results:  We used the Diagnosis Procedure Combination database to identify patients aged ≥65 years who were 
admitted for HF, had constipation, and were discharged alive between April 2016 and March 2022. We divided the 115,544 eligible 
patients into 2 groups according to the prescription of Daikenchuto in addition to laxatives at discharge and compared the incidence 
of 1-year HF readmission using 1 : 4 propensity score matching. Daikenchuto was prescribed at discharge in 3,315 (2.9%) patients. 
In the unmatched cohort, patients treated with Daikenchuto were more often male and had a higher prevalence of malignancy than 
those treated without Daikenchuto. In the 1 : 4 propensity score-matched cohort (3,311 and 13,243 patients with and without 
Daikenchuto, respectively), no significant difference was noted in 1-year HF readmission between the groups (22.2% vs. 21.9%; 
hazard ratio=1.02, 95% confidence interval=0.94–1.11). This result was consistent across clinically relevant subgroups except for 
renal disease.

Conclusions:  Complementary use of Daikenchuto in combination with laxatives was not associated with a lower incidence of HF 
readmission in patients with HF and constipation.
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index hospitalization; and (9) prescription of Mashiningan 
(a Kampo medicine with possible laxative effects) at 
discharge. The present study included patients with coronary 
artery disease or bradyarrhythmia (without acute coronary 
syndrome) who underwent percutaneous coronary inter-
vention or permanent pacemaker implantation without 
cardiac resynchronization function.

Exposure
The exposure of interest was the prescription of Daikenchuto 
at discharge. We divided the eligible patients with HF 
and constipation into 2 groups: received Daikenchuto in 
addition to laxatives (Daikenchuto group) or received 
laxatives alone (no-Daikenchuto group).

Patients’ Characteristics
We identified 70 variables for covariates as potential 
confounders from the DPC database, based on current 
guidelines,8,36,37 previous administrative claims database 
studies,38,39 and clinical relevance in the field of HF (details 
in Supplementary Methods): age, sex, ambulance use for 
admission, body mass index, cognitive function, systolic 
blood pressure at admission, cardiac diseases, Charlson 
Comorbidity Index, specific comorbidities (Supplementary 
Table 1), in-hospital management for HF, laxatives and 
HF/other medications at discharge, discharge status 
(Supplementary Table 2), hospital characteristics, and fiscal 
year of discharge. In the Daikenchuto group, the exact 
discharge dose was unavailable in the database, but the 
approximate daily dose was calculated by dividing the total 
Daikenchuto dose by the total days of use during hospital-
ization, serving as a proxy for the daily dose after discharge.

End Points
The primary end point was HF readmission within 1 year 
after discharge from the index HF hospitalization. The 
major secondary end point was a composite of HF read-
mission and death during any-cause readmission within 1 
year after discharge. Other secondary end points were all-
cause death during any-cause readmission, hospitalization 
for dehydration, and hospitalization for acute kidney 
injury (AKI). The end points of dehydration and AKI were 
examined because these events may occur more frequently 
as adverse events resulting from diarrhea, possibly caused 
by Daikenchuto in combination with laxatives. In the DPC 
database, we were able to detect readmissions to the index 
hospital (where a patient had been initially admitted for 
HF) and deaths occurring during the readmission using a 
unique identifier assigned to each patient at each hospital. 
However, we were unable to identify readmissions if a 
patient was readmitted to a different hospital. The follow-up 
period for each patient was until 1 year after discharge, 
death during any-cause readmission, or the last date of 
follow-up, whichever came first (Supplementary Methods).

Persistence of Constipation and Continued Use of 
Daikenchuto
Data on post-discharge constipation or medication 
continuation were unavailable. Instead, we extracted data 
on in-hospital medications during readmission for HF. In 
patients readmitted for HF, the use of laxatives during 
readmission was regarded as a proxy for persistent 
constipation. In the Daikenchuto group, the use of 
Daikenchuto during readmission was regarded as a proxy 
for its continued use.

incident HF readmission,13,14 presumably because consti-
pation induces increased blood pressure variability owing 
to straining during defecation,15,17 as well as mental stress, 
resulting in increased sympathetic nervous activity.18 
Because straining to defecate increases blood pressure, 
the Japanese Society of Hypertension Guidelines for the 
Management of Hypertension has recommended that 
guidance for the prevention of constipation should be 
given, and, if necessary, laxatives should be administered.19

Daikenchuto is a traditional Japanese herbal medicine 
composed of dried Japanese pepper, processed ginger, 
ginseng radix, and maltose powder and is commonly used 
in patients with HF in Japan,20 as well as in the general 
population.21 Although its exact mechanisms in the gastro-
intestinal system remain unknown, randomized trials have 
indicated that Daikenchuto is effective in improving 
gastrointestinal motility and constipation.22–24 Constipation 
may induce an imbalance in intestinal microbiota that 
leads to the progression of atherosclerosis.25 Research 
using experimental models suggests that Daikenchuto may 
improve the status of intestinal microbiota.26–28 Therefore, 
we hypothesized that Daikenchuto may decrease the risk 
of HF readmission through its effect on the gastrointestinal 
system among older patients with HF and constipation. 
The present study examined whether complementary use 
of Daikenchuto in addition to laxatives was associated 
with a lower risk of HF readmission in these patients.

Methods
Study Design
This was a retrospective cohort analysis using the Diagnosis 
Procedure Combination (DPC) database managed by the 
DPC Study Group, one of the largest healthcare databases 
in Japan (Supplementary Methods).29,30 The diagnoses and 
procedures in the DPC database have been well validated 
with high accuracy.31,32 This study was approved by the 
Institutional Review Board of The University of Tokyo 
(approval number: 3501-[5]), and the requirement for 
informed consent from each patient was waived owing to 
the anonymized and de-identified nature of the data.

Study Participants
The present study included patients aged ≥65 years who 
were admitted with the primary diagnosis of HF, had 
constipation, and were discharged alive between April 1, 
2016 and March 31, 2022. The first hospitalization for 
HF during the study period was used as the index 
hospitalization. Constipation at discharge was defined by 
the prescription of laxatives (magnesium oxide, sennoside, 
picosulfate, bisacodyl, lubiprostone, linaclotide, elobixibat, 
polyethylene glycol, lactulose, and dioctyl sodium sulfos-
uccinate33), similar to the definition used in previous 
studies.13,34 The exclusion criteria were set with reference to 
an ongoing randomized trial of Kampo medication for 
HF:35 (1) receipt of coronary artery bypass grafting, valve 
surgery/intervention (e.g., surgical or transcatheter valve 
replacement or repair), or cardiac resynchronization 
therapy within 90 days prior to or during index hospital-
ization; (2) ventricular assist device recipient; (3) heart 
transplantation recipient; (4) congenital heart/vascular 
disease; (5) acute coronary syndrome; (6) end-stage renal 
failure; (7) receipt of mechanical circulatory support 
during index hospitalization (Supplementary Table 1); (8) 
receipt of palliative care within 90 days prior to or during 
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score matching at a variable ratio (maximum 1 : 4) to balance 
patient characteristics between the Daikenchuto and 
no-Daikenchuto groups.40 We estimated propensity scores 
in a multivariable logistic regression model including the 
70 variables as covariates (Table 1). Each patient in the 
Daikenchuto group was matched with a maximum of 4 
patients in the no-Daikenchuto group, with replacement 
using the nearest neighbor method with a caliper width set 
at ≤0.2 of the pooled SD of logits of the propensity scores. 
This variable ratio-matching method is recommended 

Statistical Analysis
Categorical variables are presented as numbers and percent-
ages. Continuous variables are presented as mean and 
standard deviation (SD) or median and interquartile range 
(IQR). Kaplan-Meier curves are presented to describe the 
cumulative incidence of end points with the log-rank test. 
We set a two-sided significance level of 0.05 and conducted 
all statistical analyses using Stata, version 18 (StataCorp, 
College Station, TX, USA).

Propensity Score Matching    We conducted propensity 

Table 1.  Characteristics of Patients With and Without Complementary Daikenchuto Use for Constipation

Unmatched cohort 1 : 4 propensity score-matched cohort

Daikenchuto 
(n=3,315)

No-Daikenchuto 
(n=112,229) SMD Daikenchuto 

(n=3,311)
No-Daikenchuto 

(n=13,243) SMD

Age, years, mean (SD) 84.2 (7.3)　   84.3 (7.6) −0.011 84.2 (7.3)　 84.2 (7.5)　   0.002

Male 1,693 (51.1)　 50,776 (45.2)   0.117 1,689 (51.0)　 6,779 (51.2)　 −0.004

Ambulance use for admission 1,174 (35.4)　 40,930 (36.5) −0.022 1,173 (35.4)　 4,796 (36.2)　 −0.016

BMI, kg/m2

    <18.5   609 (18.4) 17,545 (15.6) 0.073   608 (18.4) 2,440 (18.4)　 −0.002

    18.5–24.9 1,819 (54.9)　 61,207 (54.5) 0.007 1,817 (54.9)　 7,300 (55.1)　 −0.005

    25.0–29.9   532 (16.0) 19,705 (17.6) −0.040　　   532 (16.1) 2,138 (16.1)　 −0.002

    ≥30 125 (3.8) 5,257 (4.7) −0.045　　 124 (3.7) 488 (3.7)   0.003

    Missing data 230 (6.9) 8,515 (7.6) −0.025　　 230 (6.9) 877 (6.6)   0.013

Cognitive function

    Normal 2,044 (61.7)　 68,362 (60.9)   0.015 2,040 (61.6)　 8,163 (61.6)　 −0.001

    Mild dysfunction   851 (25.7) 28,365 (25.3)   0.009   851 (25.7) 3,498 (26.4)　 −0.016

    Moderate/severe dysfunction   420 (12.7) 15,502 (13.8) −0.034   420 (12.7) 1,582 (11.9)　   0.022

Systolic BP at admission, mmHg

    >140   958 (28.9) 35,095 (31.3) −0.052   958 (28.9) 3,899 (29.4)　 −0.011

    100–140 1,506 (45.4)　 48,367 (43.1)   0.047 1,503 (45.4)　 5,943 (44.9)　   0.010

    <100 270 (8.1) 8,677 (7.7)   0.015 270 (8.2) 1,132 (8.5)　　　 −0.014

    Missing data   581 (17.5) 20,090 (17.9) −0.010   580 (17.5) 2,269 (17.1)　   0.010

Cardiac disease

    Atrial fibrillation 1,314 (39.6)　 45,449 (40.5) −0.018 1,313 (39.7)　 5,279 (39.9)　 −0.004

    CAD   905 (27.3) 32,914 (29.3) −0.045   904 (27.3) 3,520 (26.6)　   0.016

    DCM   49 (1.5) 1,710 (1.5) −0.004   49 (1.5) 206 (1.6) −0.006

    MR 171 (5.2) 6,049 (5.4) −0.010 170 (5.1) 711 (5.4) −0.011

    AS 158 (4.8) 5,977 (5.3) −0.026 158 (4.8) 636 (4.8) −0.001

    AR 107 (3.2) 2,850 (2.5)   0.041 106 (3.2) 422 (3.2)   0.001

    Complete AV block   50 (1.5) 1,707 (1.5) −0.001   50 (1.5) 184 (1.4)   0.010

    VT   49 (1.5) 2,250 (2.0) −0.040   49 (1.5) 193 (1.5)   0.002

Comorbidity

    Charlson Comorbidity Index

        1   964 (29.1) 34,234 (30.5) −0.031   963 (29.1) 3,956 (29.9)　 −0.017

        2   902 (27.2) 32,101 (28.6) −0.031   901 (27.2) 3,556 (26.9)　   0.008

        3   713 (21.5) 23,651 (21.1)   0.011   712 (21.5) 2,817 (21.3)　   0.006

        ≥4   736 (22.2) 22,243 (19.8)   0.059   735 (22.2) 2,914 (22.0)　   0.005

    Hypertension 2,007 (60.5) 70,131 (62.5) −0.040 2,006 (60.6)　 8,015 (60.5)　   0.001

    Diabetes   916 (27.6) 31,556 (28.1) −0.011   915 (27.6) 3,758 (28.4)　 −0.017

    Dyslipidemia   871 (26.3) 31,635 (28.2) −0.043   870 (26.3) 3,454 (26.1)　   0.004

    Prior stroke 257 (7.8) 9,043 (8.1) −0.011 257 (7.8) 1,042 (7.9)　　　 −0.004

    Renal disease   532 (16.0) 17,034 (15.2)   0.024   532 (16.1) 2,026 (15.3)　   0.021

    Liver disease   84 (2.5) 3,434 (3.1) −0.032   84 (2.5) 303 (2.3)   0.016

    Chronic pulmonary disease   397 (12.0) 12,662 (11.3)   0.022   397 (12.0) 1,592 (12.0)　 −0.001

    Malignancy   376 (11.3) 8,327 (7.4)   0.135   374 (11.3) 1,456 (11.0)　   0.010

    Anemia   643 (19.4) 18,900 (16.8)   0.066   643 (19.4) 2,519 (19.0)　   0.010

(Table 1 continued the next page.)
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Unmatched cohort 1 : 4 propensity score-matched cohort

Daikenchuto 
(n=3,315)

No-Daikenchuto 
(n=112,229) SMD Daikenchuto 

(n=3,311)
No-Daikenchuto 

(n=13,243) SMD

In-hospital management

    ICU admission 199 (6.0) 5,849 (5.2)   0.034 199 (6.0) 829 (6.3) −0.010

    HCU admission 285 (8.6) 9,533 (8.5)   0.004 285 (8.6) 1,152 (8.7)　　　 −0.003

    Dobutamine 312 (9.4) 9,830 (8.8)   0.023 312 (9.4) 1,257 (9.5)　　　 −0.002

    Dopamine 152 (4.6) 4,710 (4.2)   0.019 152 (4.6) 592 (4.5)   0.006

    Noradrenaline 115 (3.5) 2,784 (2.5)   0.058 115 (3.5) 452 (3.4)   0.003

    PDE III inhibitor   23 (0.7)    824 (0.7) −0.005   23 (0.7)   90 (0.7)   0.002

    Carperitide   732 (22.1) 26,406 (23.5) −0.034   732 (22.1) 2,858 (21.6)　   0.013

    Intravenous nitrate   795 (24.0) 28,147 (25.1) −0.026   793 (24.0) 3,215 (24.3)　 −0.008

    PCI   75 (2.3) 3,154 (2.8) −0.035   75 (2.3) 312 (2.4) −0.006

    PPM/ICD implantation   41 (1.2) 1,484 (1.3) −0.008   41 (1.2) 163 (1.2)   0.001

    Red cell transfusion 320 (9.7) 8,812 (7.9)   0.064 320 (9.7) 1,266 (9.6)　　　   0.004

    Cardiac rehabilitation 1,691 (51.0) 58,052 (51.7) −0.014 1,689 (51.0)　 6,831 (51.6)　 −0.011

Concomitant laxatives at discharge

    Magnesium oxide 2,151 (64.9)　 71,119 (63.4)   0.032 2,149 (64.9)　 8,651 (65.3)　 −0.009

    Sennoside 1,331 (40.2)　 42,024 (37.4)   0.056 1,328 (40.1)　 5,347 (40.4)　 −0.005

    Lubiprostone   582 (17.6) 11,331 (10.1)   0.217   579 (17.5) 2,260 (17.1)　   0.011

    Picosulfate 250 (7.5) 4,205 (3.7)   0.165 247 (7.5) 981 (7.4)   0.002

    Lactulose   77 (2.3) 1,630 (1.5)   0.064   77 (2.3) 282 (2.1)   0.013

    Linaclotide   89 (2.7) 1,622 (1.4)   0.087   87 (2.6) 394 (3.0) −0.021

    Elobixibat   95 (2.9) 1,416 (1.3)   0.113   92 (2.8) 343 (2.6)   0.012

    Bisacodyl   37 (1.1) 1,061 (0.9)   0.017   37 (1.1) 151 (1.1) −0.002

    PEG   40 (1.2)    593 (0.5)   0.073   38 (1.1) 151 (1.1)   0.001

    DSS   12 (0.4)    494 (0.4) −0.012   12 (0.4)   51 (0.4) −0.004

HF and other medications at discharge

    ACE-I/ARB 1,475 (44.5)　 53,392 (47.6) −0.062 1,474 (44.5)　 5,927 (44.8)　 −0.005

    ARNI   50 (1.5) 1,933 (1.7) −0.017   50 (1.5) 197 (1.5)   0.002

    MRA 1,300 (39.2)　 44,558 (39.7) −0.010 1,296 (39.1)　 5,124 (38.7)　   0.009

    β-blocker 1,592 (48.0)　 56,467 (50.3) −0.046 1,589 (48.0)　 6,374 (48.1)　 −0.003

    SGLT2 inhibitor 203 (6.1) 6,863 (6.1)   0.000 202 (6.1) 795 (6.0)   0.004

    Loop diuretic 2,716 (81.9)　 92,288 (82.2) −0.008 2,712 (81.9)　 10,795 (81.5)　　　   0.010

    Thiazide 185 (5.6) 5,690 (5.1)   0.023 185 (5.6) 706 (5.3)   0.011

    Tolvaptan   882 (26.6) 26,869 (23.9)   0.061   881 (26.6) 3,417 (25.8)　   0.018

    Digitalis 132 (4.0) 5,168 (4.6) −0.031 132 (4.0) 499 (3.8)   0.011

    Ivabradine     2 (0.1)    118 (0.1) −0.016     2 (0.1)     8 (0.1)   0.000

    Amiodarone 187 (5.6) 5,678 (5.1)   0.026 186 (5.6) 763 (5.8) −0.006

    Calcium-channel blocker 1,232 (37.2)　 41,018 (36.5)   0.013 1,232 (37.2)　 4,960 (37.5)　 −0.005

    DOAC 1,087 (32.8)　 36,048 (32.1)   0.014 1,085 (32.8)　 4,414 (33.3)　 −0.012

    Warfarin   497 (15.0) 17,134 (15.3) −0.008   497 (15.0) 1,988 (15.0)　   0.000

    Aspirin   754 (22.7) 27,056 (24.1) −0.032   752 (22.7) 2,998 (22.6)　   0.002

    P2Y12 inhibitor   416 (12.5) 13,659 (12.2)   0.011   415 (12.5) 1,657 (12.5)　   0.001

    Statin   907 (27.4) 33,184 (29.6) −0.049   904 (27.3) 3,591 (27.1)　   0.004

Discharge status

    ADL at discharge

        Independence 1,198 (36.1)　 41,851 (37.3) −0.024 1,197 (36.2)　 4,764 (36.0)　   0.004

        Partial dependence 1,311 (39.5)　 42,460 (37.8)   0.035 1,309 (39.5)　 5,195 (39.2)　   0.006

        Total dependence   427 (12.9) 15,132 (13.5) −0.018   427 (12.9) 1,760 (13.3)　 −0.012

        Missing data   379 (11.4) 12,786 (11.4)   0.001   378 (11.4) 1,524 (11.5)　 −0.003

  �  Length of hospital stay, days, 
median (IQR)

21.0 (14.0–34.0) 20.0 (14.0–31.0)   0.057 21.0 (14.0–34.0) 21.0 (14.0–32.0)   0.008

    Discharge home 2,615 (78.9)　 89,904 (80.1) −0.030 2,611 (78.9)　 10,388 (78.4)　　　   0.010

    Home medical care after discharge

        No 2,808 (84.7)　 96,434 (85.9) −0.034 2,804 (84.7)　 11,246 (84.9)　　　 −0.006

        Yes   471 (14.2) 14,693 (13.1)   0.033   471 (14.2) 1,852 (14.0)　   0.007

        Missing data   36 (1.1) 1,102 (1.0)   0.010   36 (1.1) 145 (1.1) −0.001

(Table 1 continued the next page.)
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Unmatched cohort 1 : 4 propensity score-matched cohort

Daikenchuto 
(n=3,315)

No-Daikenchuto 
(n=112,229) SMD Daikenchuto 

(n=3,311)
No-Daikenchuto 

(n=13,243) SMD

Hospital characteristics

    University hospital 328 (9.9) 7,689 (6.9)   0.110 324 (9.8) 1,303 (9.8)　　　 −0.002

  �  Annualized hospital volume of 
eligible older patients with HF  
and constipation (cases/year)

        Low (≤17) 1,039 (31.3)　 36,727 (32.7) −0.030 1,039 (31.4)　 4,097 (30.9)　   0.010

        Intermediate (18–28) 1,164 (35.1)　 37,387 (33.3)   0.038 1,162 (35.1)　 4,646 (35.1)　   0.000

        High (≥29) 1,112 (33.5)　 38,115 (34.0) −0.009 1,110 (33.5)　 4,500 (34.0)　 −0.010

Fiscal year

    2016   637 (19.2) 23,236 (20.7) −0.037   637 (19.2) 2,466 (18.6)　   0.016

    2017   604 (18.2) 19,730 (17.6)   0.017   604 (18.2) 2,436 (18.4)　 −0.004

    2018   613 (18.5) 18,647 (16.6)   0.049   613 (18.5) 2,444 (18.5)　   0.002

    2019   449 (13.5) 16,573 (14.8) −0.035   447 (13.5) 1,806 (13.6)　 −0.004

    2020   509 (15.4) 17,746 (15.8) −0.013   508 (15.3) 2,061 (15.6)　 −0.006

    2021   503 (15.2) 16,297 (14.5)   0.018   502 (15.2) 2,030 (15.3)　 −0.005

Data are presented as n (%) unless indicated otherwise. ACE-I, angiotensin-converting enzyme inhibitor; ADL, activities of daily living; AR, 
aortic regurgitation; ARB, angiotensin-receptor blocker; ARNI, angiotensin-receptor-neprilysin inhibitor; AS, aortic stenosis; AV, atrioventricular; 
BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; DCM, dilated cardiomyopathy; DOAC, direct oral anticoagulant; 
DSS, dioctyl sodium sulfosuccinate; HCU, high care unit; ICD, implantable cardioverter defibrillator; ICU, intensive care unit; IQR, interquartile 
range; MR, mitral regurgitation; MRA, mineralocorticoid receptor antagonist; PCI, percutaneous coronary intervention; PDE, phosphodiesterase; 
PEG, polyethylene glycol; PPM, permanent pacemaker; SD, standard deviation; SGLT2, sodium-glucose cotransporter 2; SMD, standardized 
mean difference; VT, ventricular tachycardia.

Figure 1.    Flowchart of patient selection. CABG, coronary artery bypass grafting; CRT, cardiac resynchronization therapy; HF, 
heart failure; VAD, ventricular assist device.
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hazard model was applied to estimate the hazard ratios 
(HRs) and 95% CIs of complementary Daikenchuto use 
for the end points. Moreover, a Fine-Gray subdistribution 
hazard model was applied to account for a competing 
risk of death against HF readmission and other end points 
and estimate subdistribution HRs and 95% CIs.44

Subgroup Analysis    Effect modifications were examined 
in the following clinically relevant subgroups of the 

when applicable in the statistical literature because it allows 
for higher precision (i.e., narrower confidence intervals 
[CIs]) than 1 : 1 matching, at the cost of a slight increase in 
bias.41,42 The covariate balance between the groups before 
and after propensity score matching was assessed using 
standardized mean difference, of which the absolute value 
<0.1 indicated a negligible difference between 2 groups.43 
In the propensity score-matched cohort, a Cox proportional 

Figure 2.    Primary and secondary end points between the Daikenchuto and no-Daikenchuto groups in the propensity score-matched 
cohort of older patients with heart failure (HF) and constipation. (A) HF readmission, (B) composite end point of HF readmission 
and death during any-cause readmission, (C) death during any-cause readmission, (D) hospitalization for dehydration, and (E) 
hospitalization for acute kidney injury (AKI). CI, confidence interval; HR, hazard ratio.
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Results
Study Participants
A total of 115,544 eligible patients (mean age 84.3 [SD 7.6] 
years; 45.4% male) were admitted for HF, had constipation, 
and were discharged alive (Figure 1). Among them, 3,315 
(2.9%) patients received Daikenchuto in addition to 
laxatives (Daikenchuto group) and 112,229 (97.1%) received 
laxatives alone at discharge (no-Daikenchuto group). In 
3,315 patients in the Daikenchuto group, the median dose 
of Daikenchuto during hospitalization was 7.50 (IQR 
7.50–8.75) g/day. Patients in the Daikenchuto group were 
more often male (51.1% vs. 45.2%), had a higher prevalence 
of malignancy (11.3% vs. 7.4%), and were more likely to be 
treated at a university hospital (9.9% vs. 6.9%) than those 
in the no-Daikenchuto group (Table 1). There were no 
significant differences between the groups in terms of age 
(mean, 84.2 [SD 7.3] vs. 84.3 [SD 7.6] years), body mass 
index, cognitive dysfunction, systolic blood pressure at 
admission, and cardiac and non-cardiac comorbidities.

In-hospital management for HF, such as the use of 
catecholamines, vasodilators, and invasive procedures, did 
not differ between the groups. Regarding the concomitant 
use of laxatives at discharge, patients in the Daikenchuto 
group received lubiprostone (17.6% vs. 10.1%), picosulfate 
(7.5% vs. 3.7%), and elobixibat (2.9% vs. 1.3%) more 
frequently than those in the no-Daikenchuto group. No 
significant differences were observed in HF and other 
medications at discharge between the groups. Moreover, 
discharge status, such as ADL and home medical care after 
discharge, did not differ between the groups.

The propensity score matching created a cohort of 3,311 
and 13,243 patients with and without Daikenchuto, respec-
tively, where the patient characteristics were well-balanced 

propensity score-matched cohort: age, sex, systolic blood 
pressure at admission, atrial fibrillation, hypertension, and 
renal disease.

Sensitivity Analyses    Three sensitivity analyses were 
performed. First, falsification end points were used to assess 
potential residual confounding. We selected hospitalizations 
for hip fracture and those for gastrointestinal bleeding 
(Supplementary Table 1), which are unlikely to be affected 
by Daikenchuto use and thus can serve as negative control 
events in the absence of residual confounding.

Second, E-values were calculated for the association 
between Daikenchuto use and 1-year HF readmission in the 
propensity score-matched cohort (Supplementary Methods).45 
Although we performed propensity score matching to 
eliminate confounding bias from the measured factors, the 
analysis did not adjust for unmeasured confounding, 
which may have biased the estimates towards the null 
association in our main analysis for the primary end point 
in the propensity score-matched cohort. In other words, 
such unmeasured confounding may have masked the 
association between Daikenchuto use and a lower incidence 
of 1-year HF readmission. An E-value is defined as the 
minimum strength of association that an unmeasured 
confounder must have with both a treatment and end point 
to fully explain the association between the treatment and 
end point, conditional on the measured covariates.46,47

Lastly, a complete case analysis was conducted in 
patients without missing data to confirm the robustness 
of the results from our main analysis, where the category 
of “missing” was used for missing data in the following 
categorical variables: body mass index, systolic blood 
pressure at admission, activities of daily living (ADL) at 
discharge, and home medical care after discharge.

Table 2.  1-Year Outcomes in Patients With and Without Complementary Daikenchuto Use for Constipation

Unmatched cohort 1 : 4 propensity score-
matched cohort Cox model Fine–Gray model

Daikenchuto 
(n=3,315)

No- 
Daikenchuto 
(n=112,229)

Daikenchuto 
(n=3,311)

No- 
Daikenchuto 
(n=13,243)

HR  
(95 CI) P value sHR  

(95 CI) P value

Primary end point

    HF readmission 736 (22.2) 25,158 (22.4) 736 (22.2) 2,895 (21.9) 1.02  
(0.94–1.11)

0.62 1.02  
(0.94–1.11)

0.64 

�Major secondary end 
point

  �  Composite end  
point

845 (25.5) 28,473 (25.4) 845 (25.5) 3,323 (25.1) 1.02  
(0.95–1.10)

0.59 NA

�Other secondary end 
points

  �  Death during any-
cause readmission

259 (7.8)　　 8,458 (7.5) 259 (7.8)　　 1,019 (7.7)　　 1.01  
(0.89–1.16)

0.83 NA

  �  Hospitalization for 
dehydration

117 (3.5)　　 3,031 (2.7) 117 (3.5)　　  380 (2.9) 1.23  
(1.00–1.51)

  0.049 1.23  
(1.00–1.51)

  0.049 

  �  Hospitalization for 
AKI

28 (0.8)    919 (0.8) 28 (0.8)  103 (0.8) 1.09  
(0.71–1.65)

0.70 1.09  
(0.71–1.65)

0.70 

Falsification end points

  �  Hospitalization for  
hip fracture

21 (0.6)    785 (0.7) 21 (0.6)    90 (0.7) 0.93  
(0.58–1.50)

0.77 0.93  
(0.58–1.50)

0.77 

  �  Hospitalization for  
GI bleeding

34 (1.0)    900 (0.8) 33 (1.0)  108 (0.8) 1.22  
(0.83–1.80)

0.31 1.22  
(0.83–1.80)

0.31 

Data are presented as n (%) unless indicated otherwise. AKI, acute kidney injury; CI, confidence interval; GI, gastrointestinal; HF, heart failure; 
HR, hazard ratio; NA, not applicable; sHR, subdistribution hazard ratio.
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Subgroup Analysis
Subgroup analyses demonstrated no effect modifications 
in the association between Daikenchuto and HF readmission 
in the subgroups stratified by age, sex, systolic blood 
pressure at admission, atrial fibrillation, and hypertension, 
except for renal disease (P for interaction=0.031; Figure 3); 
Daikenchuto was associated with a numerically lower 
incidence of HF readmission among patients with renal 
disease, though the difference was not statistically significant 
(24.6% vs. 28.3%, HR=0.84, 95% CI=0.70–1.02).

Sensitivity Analyses
The falsification end points of hip fracture and gastroin-
testinal bleeding demonstrated no significant difference 
between the 2 groups (Table 2). E-values were calculated 
under the assumption that the true HR of Daikenchuto use 
on a lower incidence of 1-year HF readmission ranged 
from 0.6 to 0.9 (Table 3). The smallest E-value to explain 
the null association between Daikenchuto use and 1-year 
HF readmission was 1.40. Such an unmeasured factor, so 
strongly associated with both Daikenchuto use and 1-year 
HF readmission, would be unlikely to exist in the propensity 

between the two groups (Table 1).

End Points
In the propensity score-matched cohort, there were no 
significant differences between the Daikenchuto and no-
Daikenchuto groups in terms of HF readmission (22.2% 
vs. 21.9%; HR=1.02, 95% CI=0.94–1.11) or the composite 
end point (25.5% vs. 25.1%; HR=1.02, 95% CI=0.95–1.10) 
(Figure 2, Table 2). Consistent results were observed in the 
Fine-Gray model accounting for competing risk of death. 
Daikenchuto use was significantly associated with a 
slightly higher incidence of hospitalization for dehydration, 
with no significant association with the other secondary 
end points.

In the propensity score-matched cohort, 3,631 (21.9%) 
patients were readmitted for HF within 1 year (n=736 in 
the Daikenchuto group; n=2,895 in the No-Daikenchuto 
group; Table 2). During readmission, 88.8% of patients 
received laxatives (91.4% in the Daikenchuto group; 88.2% 
in the No-Daikenchuto group). In the Daikenchuto group, 
75.5% of those readmitted for HF received Daikenchuto 
during readmission.

Figure 3.    Subgroup analysis of Daikenchuto use for heart failure readmission in the propensity score-matched cohort. BP, blood 
pressure; CI, confidence interval; HR, hazard ratio.

Table 3.  E-Value Analyses for the Association Between Daikenchuto Use and 1-Year HF Readmission

Hypothetical estimates for possible true association between 
Daikenchuto use and 1-year HF readmission

HR=0.6 HR=0.7 HR=0.8 HR=0.9

E-value for point estimates 2.24 1.92 1.65 1.40

E-value for confidence interval 2.07 1.75 1.48 1.21

The smallest E-value is 1.40, indicating that an unmeasured confounder has to be associated with both Daikenchuto 
use and 1-year HF readmission by 1.40-fold when the true HR of Daikenchuto use on the incidence of 1-year HF 
readmission is 0.9. HF, heart failure; HR, hazard ratio.
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between Daikenchuto use and a slightly higher risk of 
dehydration. Although data on the occurrence of diarrhea 
were unavailable, some patients may have developed 
dehydration associated with diarrhea (the most common 
adverse event in Daikenchuto users51) because of the 
excessive gastrointestinal motility induced by Daikenchuto. 
Nonetheless, given the potential effect of Daikenchuto on 
gastrointestinal symptoms and the large number of patients 
with HF and constipation, further studies are needed to 
examine the effectiveness of Daikenchuto on patient-
reported outcomes (e.g., constipation-related symptoms) 
in patients with HF and constipation.

Study Limitations
First, the present study may be subject to inherent biases 
related to the retrospective study design using an adminis-
trative claims database. The diagnoses may have been 
affected by misclassification bias. Clinical information, 
such as patient’s past history, symptoms, laboratory and 
imaging findings, was unavailable in the DPC database, 
similar to other administrative databases. A history of 
laparotomy or ileus was not available in the database, 
which may have affected the choice of Daikenchuto use 
and its effect. Moreover, the absence of left ventricular 
ejection fraction data poses a considerable limitation in 
administrative database studies, including the present 
and previous studies.38,39 Although our propensity score-
matched analysis adjusted for measured confounders to 
balance the patient status and severity of HF between the 
groups, the results may be affected by unmeasured 
confounders. However, our sensitivity analyses demon-
strated that an unmeasured confounder would be unlikely 
to mask the association between Daikenchuto use and 
1-year HF readmission. Second, this study lacked data on 
constipation status, such as the frequency of defecations, 
straining during defecation, and stool characteristics. As a 
result, constipation was defined by the prescription of 
laxatives at discharge. This definition excluded patients 
who may have had constipation but did not receive a 
laxative prescription upon discharge. It is reasonable to 
assume that these patients would likely have experienced 
relatively mild or transient constipation. Third, although 
we assessed the continuation of laxative use among patients 
readmitted for HF, the DPC database did not enable us to 
determine whether the overall study population continued 
to have constipation during the follow-up period. We also 
could not capture data on medication continuation, 
discontinuation, and adherence after discharge. Fourth, 
this study did not identify minor Kampo medicines other 
than Daikenchuto and Mashiningan that possibly affect 
the gastrointestinal system because we do not believe that 
they were confounders due to their infrequent use (e.g., 
Goresain used in <1% of the study patients) and the lack 
of evidence of effectiveness.52 Fifth, there may have been 
residual biases related to missing data because missing data 
were handled by creating a “missing” category in the main 
analysis. Nonetheless, the results were consistent with 
those of the complete case analysis. Finally, there may 
have been some patients who were readmitted for HF to 
hospitals that were different from the index hospital or did 
not participate in the database, resulting in the underesti-
mation of readmissions. However, this underestimation 
would be unlikely to bias our results because we do not 
think that such readmissions would be more likely to occur 
in either group.

score-matched cohort. The complete case analysis demon-
strated results consistent with those of the main analysis 
(Supplementary Tables 3,4; Supplementary Figure).

Discussion
In the present nationwide study, complementary use of 
Daikenchuto was not significantly associated with a lower 
incidence of HF readmission within 1 year after the first 
episode of HF hospitalization. This association was 
consistent across clinically relevant subgroups, except for 
those with or without renal disease. Daikenchuto was 
significantly associated with a slightly higher incidence of 
hospitalization for dehydration.

In Japan, Daikenchuto use is covered by the national 
health insurance to treat constipation and gastrointestinal 
symptoms (e.g., abdominal bloating) in both outpatient21 
and inpatient20 settings. A recent experimental study found 
that Daikenchuto enhanced colonic transit activity through 
its possible propulsive motor effect.48 Moreover, a recent 
randomized, placebo-controlled trial demonstrated that 
Daikenchuto significantly improved stool consistency 
and reduced gastrointestinal symptoms in patients with 
constipation.24 These effects may be helpful to promote 
gastrointestinal motility and prevent straining for defecation 
among patients with HF and constipation.15 However, the 
present study found that the prevalence of Daikenchuto 
use in patients with HF and constipation receiving laxatives 
was only 2.9%, suggesting that Daikenchuto is not 
commonly used in this patient group. This infrequent use 
of Daikenchuto may be due to the lack of evidence of a 
prognostic effect of Daikenchuto in patients with HF and 
coexistent constipation. Among patients readmitted for 
HF, approximately 90% received laxatives during readmis-
sion, suggesting that most continued to have constipation. 
Moreover, in the Daikenchuto group, three-quarters of 
patients readmitted for HF received Daikenchuto during 
readmission, suggesting that Daikenchuto was frequently 
continued after discharge from the index hospitalization.

To the best of our knowledge, this is the first study to 
assess the association between the complementary use of 
Daikenchuto and the incidence of 1-year HF readmission. 
Our results found no association between Daikenchuto use 
and the incidence of 1-year HF readmission. This finding 
does not seem to be explainable by potentially unmeasured 
confounding in light of our falsification end points and 
E-value analyses. Although constipation is reportedly 
associated with an increased risk of death, cardiovascular 
events, and chronic kidney disease,34,49 no evidence to our 
knowledge is available regarding the beneficial effects of 
laxative use on prognosis in patients with constipation. 
Rather, a recent observational study reported that laxative 
use was associated with increased deaths from cardio-
vascular disease.50 In this context, it may be reasonable 
that Daikenchuto, an agent affecting the gastrointestinal 
system, had no or little effect on reducing the risk of HF 
readmission. Interestingly, an effect modification was 
observed for the association between Daikenchuto and HF 
readmission in the subgroups stratified by renal disease, 
where Daikenchuto use was associated with a numerically 
(although not statistically significantly) lower incidence of 
HF readmission in patients with renal disease. The mecha-
nism for the association in patients with HF, renal disease, 
and constipation is unclear, warranting further studies.

The present study also demonstrated an association 



Circulation Reports  Vol.7,  February  2025

95Daikenchuto and HF Readmission

  8.	 Tsutsui H, Ide T, Ito H, Kihara Y, Kinugawa K, Kinugawa S, et 
al. JCS/JHFS 2021 guideline focused update on diagnosis and 
treatment of acute and chronic heart failure. Circ J 2021; 85: 
2252 – 2291.

  9.	 Kanaoka K, Iwanaga Y, Sumita Y, Nakai M, Miyamoto Y. 
Management and outcomes of acute heart failure hospitalizations 
in Japan. Circ J 2024; 88: 1265 – 1273.

10.	 Chow SL, Bozkurt B, Baker WL, Bleske BE, Breathett K, 
Fonarow GC, et al. Complementary and alternative medicines in 
the management of heart failure: A Scientific Statement from the 
American Heart Association. Circulation 2023; 147: e4 – e30.

11.	 Minister of Health, Labour and Welfare, Japan. Summary Report 
of Comprehensive Survey of Living Conditions 2019. https://www.
mhlw.go.jp/english/database/db-hss/dl/report_gaikyo_2019.pdf 
(accessed September 23, 2024).

12.	 Al Nou’mani J, Al Alawi AM, Al-Maqbali JS, Al Abri N, Al 
Sabbri M. Prevalence, recognition, and risk factors of constipation 
among medically hospitalized patients: A cohort prospective 
study. Medicina (Kaunas) 2023; 59: 1347.

13.	 Namiuchi S, Tanita A, Sunamura S, Onodera K, Ogata T, Noda 
K, et al. Effect of constipation on readmission for heart failure in 
patients with acute heart failure. ESC Heart Fail 2024; 11: 
819 – 825.

14.	 Isogai T, Morita K, Michihata N, Okada A, Matsui H, 
Miyawaki A, et al. Association between coexisting constipation 
and heart failure readmission in patients with heart failure: A 
nationwide database study. Circ Rep 2024; 6: 529 – 535.

15.	 Ishiyama Y, Hoshide S, Mizuno H, Kario K. Constipation-
induced pressor effects as triggers for cardiovascular events. J 
Clin Hypertens 2019; 21: 421 – 425.

16.	 Shiraishi Y, Kohsaka S, Abe T, Harada K, Miyazaki T, 
Miyamoto T, et al. Impact of triggering events on outcomes of 
acute heart failure. Am J Med 2018; 131: 156 – 164.e152.

17.	 Kubozono T, Akasaki Y, Kawasoe S, Ojima S, Yamaguchi S, 
Kuwahata S, et al. Relationship between defecation status and 
blood pressure level or blood pressure variability. Hypertens Res 
2024; 47: 128 – 136.

18.	 Merkel IS, Locher J, Burgio K, Towers A, Wald A. Physiologic 
and psychologic characteristics of an elderly population with 
chronic constipation. Am J Gastroenterol 1993; 88: 1854 – 1859.

19.	 Umemura S, Arima H, Arima S, Asayama K, Dohi Y, Hirooka 
Y, et al. The Japanese Society of Hypertension guidelines for the 
management of hypertension (JSH 2019). Hypertens Res 2019; 
42: 1235 – 1481.

20.	 Isogai T, Michihata N, Okada A, Morita K, Matsui H, 
Miyawaki A, et al. Use of Japanese herbal Kampo medicine in 
patients with acute cardiovascular disease: A 12-year nationwide 
cohort analysis. Circ J 2024; 88: 1322 – 1331.

21.	 Yamana H, Ono S, Michihata N, Jo T, Yasunaga H. Outpatient 
prescriptions of Kampo formulations in Japan. Intern Med 2020; 
59: 2863 – 2869.

22.	 Manabe N, Camilleri M, Rao A, Wong BS, Burton D, Busciglio 
I, et al. Effect of daikenchuto (TU-100) on gastrointestinal and 
colonic transit in humans. Am J Physiol Gastrointest Liver 
Physiol 2010; 298: G970 – G975.

23.	 Horiuchi A, Nakayama Y, Tanaka N. Effect of traditional 
Japanese medicine, Daikenchuto (TJ-100) in patients with 
chronic constipation. Gastroenterol Res 2010; 3: 151 – 155.

24.	 Manabe N, Nakajima A, Odaka T, Haruma K. Daikenchuto 
significantly improves stool consistency and lower gastrointestinal 
symptoms in patients with chronic constipation. JGH Open 2023; 
7: 182 – 189.

25.	 Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, 
et al. Intestinal microbiota metabolism of L-carnitine, a nutrient 
in red meat, promotes atherosclerosis. Nat Med 2013; 19: 
576 – 585.

26.	 Li P, Inoue Y, Miyamoto D, Adachi T, Okada S, Adachi T, et 
al. Therapeutic effect and mechanism of Daikenchuto in a model 
of methotrexate-induced acute small intestinal mucositis. PLoS 
One 2023; 18: e0283626.

27.	 Shi Z, Takeuchi T, Nakanishi Y, Kato T, Beck K, Nagata R, et al. 
A Japanese Herbal formula, Daikenchuto, alleviates experimental 
colitis by reshaping microbial profiles and enhancing group 3 
innate lymphoid cells. Front Immunol 2022; 13: 903459.

28.	 Hasebe T, Ueno N, Musch MW, Nadimpalli A, Kaneko A, 
Kaifuchi N, et al. Daikenchuto (TU-100) shapes gut microbiota 
architecture and increases the production of ginsenoside metabolite 
compound K. Pharmacol Res Perspect 2016; 4: e00215.

29.	 Yasunaga H. Real world data in Japan: Chapter II the Diagnosis 
Procedure Combination Database. Ann Clin Epidemiol 2019; 1: 

Conclusions
This nationwide cohort study demonstrated that 
Daikenchuto, a potential complement to laxatives, was 
not associated with a lower incidence of 1-year HF read-
mission in older patients with HF and constipation. Further 
investigations are warranted to explore the possibility of 
the benefits of gastrointestinal medications on the improve-
ment of constipation-related adverse events in patients 
with HF.
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