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Aims Hypertension is a strong risk factor for heart failure with preserved ejection fraction. Curcumin has p300-specific histone
acetyltransferase inhibitory activity, suppresses cardiomyocyte hypertrophy and fibrosis, and significantly reduces myocar-
dial brain natriuretic peptide (BNP) expression without altering blood pressure in a rat model of hypertensive heart disease.
This double-blind, placebo-controlled, randomized study, for the first time, aimed to examine the efficacy of a high-absorp-
tion curcumin for the prevention of hypertensive heart disease in humans.

Methods Patients exhibiting initial signs of hypertensive heart disease with left ventricular ejection fraction >60% and stable blood
and results pressure <140/90 mmHg orally took a double-blinded capsule (either a 90 mg curcumin capsule or placebo) twice daily
for 24 weeks. The primary endpoint was per cent changes in left ventricular diastolic function (E/E’) from baseline to 6
months after administration. The secondary endpoint was the per cent change in plasma BNP levels. The E/E' ratio per
cent change from baseline to 6 months after administration was similar between the placebo (n=69) and the curcumin
(n=73) groups. The per cent change in plasma BNP levels was significantly lower in the curcumin group than in the placebo
group. In patients <65 years, BNP per cent changes were significantly lower in the curcumin group than in the placebo group,
but similar between groups in >65 years (<65 vs. >65 years: P for interaction =0.011).

Conclusions A high-absorption curcumin agent did not affect the E/E’ ratio, rather it significantly inhibited the increase in plasma BNP
levels in patients with initial signs of hypertensive heart disease.
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Introduction

The first-line drugs used in pharmacotherapy of heart failure with re-
duced ejection fraction (EF) are angiotensin-converting enzyme inhibitors
(ACE-Is), angiotensin receptor-neprilysin inhibitors, B-receptor blocking
agents, mineralocorticoid receptor antagonists, and SGLT2 inhibitors.
Previously, pharmacotherapy for heart failure targeted extracellular
neuronal/humoral factors activated in patients with heart failure. The sig-
nalling pathways of cardiomyocytes finally reach a common pathway in
the nucleus, but no treatment technique targeting such an area has
been developed. This study showed that cooperation between p300,
which possesses endogenous Histone Acetyltransferase (HAT) activity,
and GATA transcription factors (the p300/GATA pathway) is particularly
important for regulating gene expression in myeloid cells in patients with
heart failure.>* Analyses of genetically modified animals have shown that
p300-HAT activation is a target for heart failure treatment. Curcumin, a
polyphenol compound derived from the natural herb turmeric, possesses
bioactive effects including anti-inflammatory and antioxidant effects. This
compound is a p300-specific HAT inhibitor.> Curcumin inhibits the onset
of systolic dysfunction attributable to compensatory hypertrophy of the
left ventricle (LV) in rat models of hypertensive heart failure and myocar-
dial infarction.® Furthermore, curcumin administration before the onset
of cardiac hypertrophy in rat models of hypertensive heart failure signifi-
cantly reduced the increase in myocardial cell diameter, perivascular

Placebo

Curcumin

fibrosis, and activation of hypertrophic-responsive transcription genes,
as well as an increase in plasma brain natriuretic peptide (BNP) levels
and the LV mass index. Such positive effects were achieved without influ-
encing blood pressure.” Therefore, curcumin might be effective in pre-
venting the development of heart failure with preserved EF (HFpEF).
Curcumin has an additive effect on the ACE-1 inhibitor (enalapril), com-
monly used as a standard treatment for heart failure in clinical practice.®
The absorption efficiency of natural curcumin in aqueous solutions is ex-
tremely low because it forms very large granules. We enhanced the ab-
sorption efficiency of curcumin in the intestine using a drug delivery
system and developed a high-absorption curcumin drug with the aim
of clinical application. In the high-absorption curcumin agent, the particle
size of curcumin became extremely small after extreme miniaturization
and surface processing. Such characteristics enabled stable dispersion in
aqueous solutions, resulting in a ~27-fold increase in the absorption of
curcumin in the intestine.” Even at extremely low doses, this high-
absorption curcumin agent improved cardiac function in rats with heart
failure following myocardial infarction. '

PARAGON-HF'" and EMPEROR-Preserved'? trials failed to show
significant differences in cardiovascular death rates and hospitalization
rates in patients with an LV EF>62.5%" or those with an LVEF >
65%." Therefore, no effective drug treatment has been found for pa-
tients with HFpEF and normal LVEF. Hypertension constitutes a major
risk factor for HFpEF."® Beta-blockers have been reported to be
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relatively less effective in reducing the LV mass index among anti-
hypertensive drugs.'® Although there may be differences depending
on the type of anti-hypertensive drug, control of blood pressure is
widely accepted as essential to preventing the future development of
HFpEF. Curcumin suppresses cardiomyocyte hypertrophy and fibrosis
and significantly reduces myocardial BNP expression without altering
blood pressure in a rat model of hypertensive heart disease.
However, there have been no clinical trials examining the effects of cur-
cumin on cardiac hypertrophy/heart failure or its biomarkers in hu-
mans. We hypothesized that oral administration of high-absorption
curcumin in addition to blood pressure control may be a strategy to
prevent future development of HFpEF in patients with a history of
hypertension and initial signs of hypertensive heart disease. This
double-blind, placebo-controlled, randomized study aimed to deter-
mine whether a high-absorption curcumin agent possesses beneficial
effects in patients who exhibit initial sings of hypertensive heart disease
and have normal EF (>60%) and stable blood pressure (<140/
90 mmHg).

Methods

Study design, ethics approval, and consent

This study was approved by the Institutional Review Board of the National
Hospital Organization Kyoto Medical Center (approval number: 13-86).
Subsequently, it was registered with the University Hospital Medical
Information Network: UMIN000014232 https:/centeré.umin.ac.jp/cgi-
open-bin/ctr/ctr.cgi’function=brows&action=brows&type=summary&
language=)&recptno=R000016575. The study investigator or subinvesti-
gator explained the details on the informed consent form to the patients.
Sufficient time was given for the patients to understand what the study en-
tailed, after which, their participation in the study was requested. Patients
who consented to participate in the study provided their signatures for
the consent form. The enrolment period was May 2015 to March 2019.
This was a multicentre, double-blind, placebo-controlled, randomized
study, and the observation period was from ‘the start of the study sample
administration’ to ‘the end of the 6-month administration’. The study data
were centrally assessed. Using a table of random numbers, the patients
were randomized to receive either a high-absorption curcumin agent
(Theracurmin®) or placebo. The study statisticians numbered the test
meals before initiating the study. The numbered test meals, whose appear-
ances were identical, were prepared according to the planned study parti-
cipations and distributed to each study facility. After obtaining approval
from the patients and upon completion of the study enrolment, the inves-
tigator assigned the test meals to each patient according to the number de-
scribed on the test foods. The investigator instructed the patients to orally
take a double-blinded capsule (either a placebo capsule or that containing
90 mg curcumin) twice daily for 24 weeks. If patients were receiving diure-
tics, inotropic agents (digitalis, etc.), vasodilators (ACE-Is, calcium channel
blockers, angiotensin receptor blockers, and others), or antiarrhythmic
drugs as basic underlying therapies, it was confirmed that these patients
are in stable conditions for >3 months prior to the study sample adminis-
tration. Changes or new additions to the underlying therapeutic agents
were not made during the administration of the study sample. The primary
endpoint was % changes in LV diastolic function (E/E') from baseline to
Week 24, which was evaluated using Doppler echocardiography. The sec-
ondary endpoint was the % change in plasma BNP level from baseline to
Week 24. The safety outcome was the onset of adverse events.

Patients
The inclusion criteria were as follows:

(1) Underlying disease: stable patients (i.e. blood pressure <140/
90 mmHg for 3 months before initiating this study) with cardiac
hypertrophy and moderate LV diastolic dysfunction attributable to
hypertension.

(2) Patients with cardiac hypertrophy and moderate LV diastolic dys-
function attributable to hypertension. This consists of those with a

history of blood pressure >135/85 who met the following criteria
on echocardiography: (i) an interventricular septum (IVS) thickness
or LV posterior wall thickness (PWT) >11 mm, (i) a LVEF >60%,
and (iii) a mitral septal E/E’ ratio >10 and a deceleration time (DT)
of >140 ms (i.e. differences between ‘the E/E’ values obtained during
the period from 8 to 24 weeks before initiating this study’ and ‘the E/E’
values obtained just before initiating the study’ were within 20%).

(3) Male and female patients aged >20 and <80 years at the time of pro-
viding informed consent.

(4) Patients (or legally acceptable representatives) who provided in-
formed consent.

(5) Patients using an antiplatelet agent must undergo head magnetic res-
onance imaging within 5 years before providing informed consent
because they may meet the exclusion criteria (3).

Patients who used multiple antithrombotic drugs experienced gastro-
intestinal bleeding in a previous study that used this high-absorption curcu-
min agent; thus, the following exclusion criteria were set.)”’

(1) Patients with chronic atrial fibrillation.

(2) Patients who used two or more antiplatelet agents or concomitant
use of one antiplatelet agent and antithrombotic drugs (e.g. anticoa-
gulants, EPA (eicosapentaenoic acid) agents, and prostacyclin agents).

(3) Patients with a history of cerebral haemorrhage (including slight
bleeding) who used antiplatelet agents.
Patients with unstable angina, acute myocardial infarction, or severe
coronary artery disease (at the left main coronary trunk or three-
vessel coronary artery disease). This included patients who experi-
enced acute myocardial infarction within 3 months before providing
informed consent; patients with unstable angina, vasospastic angina,
or angina at rest; patients who underwent coronary artery bypass
graft or percutaneous coronary intervention within 3 months be-
fore providing informed consent; and patients who were scheduled
to undergo the above procedure.

(5) Patients with severe arrhythmia (e.g. sustained ventricular tachycar-

dia and ventricular fibrillation or bradycardia indicated for an im-

planted pacemaker) and those with an implanted pacemaker.

Patients with valve stenosis or severe valve regurgitation.

Patients with cardiomyopathy (e.g. hypertrophic cardiomyopathy,

dilated cardiomyopathy, or arrhythmogenic right ventricular car-

diomyopathy) or progressive myocarditis.
(8) Patients with serious respiratory illnesses (e.g. chronic obstructive
pulmonary disease [V).
(9) Cardiogenic shock or systolic blood pressure <80 mmHg.

(10) Severe hepatic dysfunction/cirrhosis (Child Classification C).

(11) Patients with severe renal dysfunction (i.e. serum creatinine

>3.0 mg/dL) or those on dialysis.

Patients who experienced cerebrovascular disease (e.g. cerebral

bleeding, subarachnoid haemorrhage, or cerebral infarction) within

3 months before providing informed consent.

(13) Patients with malignant tumours.

(14) Diabetic patients with poor glycaemic control (persistently high

HbA1c despite treatment, i.e. HbA1c >10.0).

(15) Patients with persistent anaemia (haemoglobin <8.0 mg/dL).

(16) Patients who used or injected steroids regularly.

(17) Patients with a history of allergy against the test meals.

(18) Lactating and pregnant women or women desiring to become preg-

nant within 6 months after providing informed consent.

(19) Any patient otherwise deemed unfit as a subject by the attending

physician.

(20) Patients who regularly consumed healthy foods with curcumin.
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Rationale for inclusion criteria

At the beginning of the formation of LV hypertrophy caused by hyperten-
sion, the systolic function is maintained, while the diastolic function is
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impaired. Redfield et al."® defined moderate/severe diastolic dysfunction as
a mitral septal E/E’ ratio >10, moderate diastolic dysfunction as an E-wave
DT >140 ms, and severe diastolic dysfunction as an E-wave DT <140 ms.
This study included patients with hypertensive cardiac hypertrophy who
had LV hypertrophy and moderate LV diastolic dysfunction, although their
systolic function was maintained. Specifically, moderate LV diastolic dys-
function was defined as an E-wave DT >140 ms and a mitral septal E/E’ ratio
>10. Moderate systolic function was defined as an LVEF (%EF) >60% (i.e.
normal value), a representative index used for systolic function assessment.
The onset of remarkable cardiac hypertrophy is rare at the beginning of LV
hypertrophy. The presence or absence of ventricular hypertrophy was de-
termined based on the upper limit of the normal range, that is, IVS thickness
or LV PWT >11 mm (10.5 mm). Venous blood in a fasting state was col-
lected from the cutaneous vein of the forearm by the investigator before,
12 weeks after, and 24 weeks after administration of the test meals.

Rationale for the target sample size

According to a previous study that used 180 mg of a high-absorption cur-
cumin and met the inclusion criteria for this study, changes in septal E/E’
from baseline to 6 months after initiating treatment were —1.37 +1.76
[mean + standard deviation (SD), n=15]. Furthermore, a previous study
that met the inclusion criteria for this study showed that changes in septal
E/E’ from baseline to 6 months after initiating treatment were —0.08 + 3.37
(mean +SD, n=15) in the placebo group. Based on these data, we hy-
pothesized the following values as a conservative estimate of changes in sep-
tal E/E’ from baseline to 6 months after initiating treatment. Specifically, the
lower limit of the one-sided confidence interval (Cl; confidence coefficient:
0.70) would be —1.13 in the high-absorption curcumin 180 mg group, and
no such changes would be observed in the placebo group. The upper limit
of the one-sided Cl (confidence coefficient: 0.70) would be 2.93, which
would be used as a conservative estimate of the SD for differences between
the two groups. We estimated that we would need to enrol 107 patients in
the high-absorption curcumin group and placebo group to have 0.80 power
at a one-sided significance level of 0.05 to detect differences in mean
changes. We then included 230 patients (115 patients in each group) to ac-
count for the dropout rate.

Statistical analysis

For continuous data, parametric and non-parametric data were repre-
sented as mean = SD and median (minimum and maximum values), respect-
ively. Comparing data between the two groups, parametric and
non-parametric data were analysed using the non-paired t-test and
Mann-Whitney U test, respectively. Regarding the percentage change in
each parameter from baseline to 6 months after initiating treatment in
the placebo group and high-absorption curcumin group, the mean differ-
ence (high-absorption curcumin group — placebo group), 95% CI, and
Cohen’s d effect size were calculated. Absolute values in each parameter
at baseline and 6 months after initiating treatment were compared using
the paired t-test for parametric data and Wilcoxon signed-rank test for
non-parametric data. Change of the values of E/E’, blood BNP level, and sys-
tolic blood pressure from baseline to 6 months were compared between
the placebo and curcumin groups using the two-way analysis of variance
for the interaction. All statistical analyses were performed using SPSS ver-
sion 22.0 for Windows (IBM Japan, Ltd, Tokyo, Japan).

Results

Patient enrolment for the study was concluded in March 2019. Even
though the target patient sample size was not achieved, the study per-
iod was not extended. This was a result of a delay in patient enrolment
and limitations of the research grant. Of the 153 patients enrolled, the
following patients were excluded: six patients in the placebo group
[withdrawal of consent (five patients) and discontinuation of treatment
by themselves (one patient)] and three patients in the high-absorption
curcumin group [discontinuation of treatment by themselves (two pa-
tients) and deemed unfit as a subject by the primary physician (one pa-
tient)]. Therefore, a total of 144 patients were included in this study.
During the follow-up period, 2 patients in the high-absorption curcumin

group discontinued treatment because of adverse events; therefore, 142
patients completed the follow-up period (Figure 7). Echocardiography
data and plasma BNP levels were obtained 6 months after study entry,
and analyses were performed. There were 69 patients in the placebo
group [56 male and 13 female patients with a mean age of 66.0 years
(59.5, 73.0)] and 73 patients in the high-absorption curcumin group
[58 men and 15 women with a mean age of 67.0 years (59.0, 73.8)].
Table 1 shows the baseline patient characteristics of the two groups.
No differences in the following parameters were observed between
the two groups: sex, age, body mass index (BMI), systolic blood pressure,
diastolic blood pressure, pulse, plasma BNP levels, echocardiography (e.g.
left axis deviation, LV end-diastolic diameter, EF, IVS, and PWT), and
Doppler echocardiography (e.g. E/A, DcT, and septal E/E"). As shown
in Supplementary material online, Table S1, E/E" did not significantly
change from baseline to 6 months after administration in either the pla-
cebo or curcumin groups. Blood BNP levels were significantly increased
in the placebo group (P=0.028) but not in the curcumin group. Systolic
blood pressure significantly decreased in the curcumin group (P=0.038)
but not in the placebo group (P=0.432).

Table 2 shows the percentage change in each parameter from base-
line to 6 months after treatment initiation in the two groups. The per-
centage change in systolic blood pressure was significantly lower in the
high-absorption curcumin group than in the placebo group. The per-
centage change in plasma BNP levels was significantly lower in the high-
absorption curcumin group than in the placebo group. No significant
difference was observed in the percentage change in septal E/E' be-
tween the two groups.

The percentage change in plasma BNP levels from baseline to 6
months after initiating treatment was stratified according to plasma
BNP levels (<18.4 and >18.4 pg/mL), systolic blood pressure (<130
and >130 mmHg), and BMI (<25 and >25 kg/mz; Table 3). After strati-
fication, no significant difference was found in the per cent change in the
plasma BNP levels between the placebo and high-absorption groups. In
addition, no significant difference was noted in the effects of increased
absorption of curcumin between the two groups. In patients aged <65
years, the percentage change in plasma BNP levels from baseline to
6 months after initiating treatment was significantly lower in the high-
absorption curcumin group than in the placebo group; whereas, in
patients aged >65 years, no significant difference was observed in the
percentage change in plasma BNP levels between the two groups
from baseline to 6 months after initiating treatment. The effects of high-
absorption curcumin on BNP levels showed a significant interaction in
the above two age groups (P for interaction =0.011, Figure 2).

Supplementary material online, Table S2 shows the baseline data for the
placebo group and high-absorption curcumin groups after stratification. In
patients aged >65 years, plasma BNP levels were higher, and E/A was low-
er in the high-absorption curcumin and placebo groups. These results are
consistent with those of a previous study that reported that E/A decreased
with age due to the progression of LV diastolic dysfunction.'

Supplementary material online, Table S3 compares the percentage
change in each parameter from baseline to 6 months after initiating
treatment between the placebo group and the high-absorption curcu-
min group in patients aged <65 years. The per cent changes in plasma
BNP levels and systolic blood pressure were significantly lower in the
high-absorption curcumin group than in the placebo group. As shown
in Supplementary material online, Table $4, in patients aged <65 years,
E/E’ did not significantly change from baseline to 6 months after admin-
istration in both the placebo and curcumin groups. Blood BNP levels
were significantly increased in the placebo group (P=0.004) but not
in the curcumin group (placebo vs. curcumin: P for interaction =
0.001). Systolic blood pressure significantly decreased in the curcumin
group (P=10.023) but not in the placebo group (placebo vs. curcumin: P
for interaction = 0.029).

On the other hand, in patients aged >65 years, no significant differ-
ence was observed in the percentage change of each parameter
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Figure 1 Clinical trial flow chart.

between the placebo group and the high-absorption curcumin group
(Supplementary material online, Table S5). E/E', blood BNP level, and
systolic blood pressure did not change from baseline to 6 months after
administration in both the placebo and curcumin groups
(Supplementary material online, Table S6).

Two patients in the high-absorption curcumin group discontinued
the treatment because of adverse events. Specifically, one patient was
hospitalized due to epididymitis, but the patient had a history of this dis-
ease; thus, this adverse event was assessed as unrelated to the study
meal. The other patient discontinued treatment because of mild ad-
verse events (soft stools and heartburn). The relationship between
these adverse events and study meal (high-absorption curcumin) was
unknown. However, this patient likely had diarrhoea as blood test re-
sults, including liver enzymes, renal function, and blood cells, were
unremarkable.

Discussion

In this study, the subjects were patients exhibiting initial signs of hyper-
tensive heart disease with LVEF >60%, stable blood pressure <140/
90 mmHg, and mild LV hypertrophy with a interventricular septum
(IVS) or LV posterior wall (PWd) >11 mm. This study aimed to exam-
ine whether a high-absorption curcumin agent possesses preventable
effects in addition to blood pressure control. The percentage change
in plasma BNP levels from baseline to 6 months after initiating treat-
ment was significantly lower in the high-absorption curcumin group
than in the placebo group. Furthermore, in patients aged <65 years,
the percentage change in plasma BNP levels was considerably lower
in the high-absorption curcumin group than in the placebo group, but
it was similar between the two groups in patients aged >65 years,
showing a significant interaction between patients aged <65 and >65
years. Blood pressure control is the first priority to prevent the future

development of HFpEF in patients with hypertension. The results of this
study might provide a novel strategy in addition to blood pressure con-
trol for the prevention of HFpEF development in the future. However,
long-term studies are needed to examine this hypothesis.

Brain natriuretic peptide is a hormone secreted primarily by the LV in
response to increased cardiac wall stretching and stress. Blood BNP le-
vels increase sharply when a load is exerted on the LV. Due to these
characteristics, BNP levels have been widely used as indicators for heart
failure diagnosis. Blood BNP levels are higher in women than in men and
they spontaneously increase with age (~2 pg/mL/year).”° Testosterone
deficiency may be associated with age- and sex-related differences in
BNP levels." Young men with high testosterone levels tend to have
lower blood BNP levels.?*? This study showed a 5% increase in blood
BNP levels from baseline to 6 months after initiating treatment in the
placebo group. This increase may be attributed to the presence of
hypertensive cardiac hypertrophy and spontaneous increase with age.
However, the percentage change in plasma BNP levels from baseline
to 6 months after initiating treatment was 0% in the high-absorption
curcumin group. Curcumin has been reported to exhibit vasodilating ef-
fects through the following possible mechanisms: (i) inhibition of
angiotensin-converting enzyme via nuclear factor-kappa B activation
and (i) nitric oxide production via endothelial nitric oxide synthase
activation.”* The percentage change in systolic blood pressure from
baseline to 6 months after initiating treatment was lower in the high-
absorption curcumin group than in the placebo group (P=0.026).
Therefore, the improvement in peripheral circulation by curcumin
may be associated with the inhibition of an increase in BNP levels in pa-
tients with hypertension. However, this study failed to show a signifi-
cant association between the percentage change in plasma BNP
levels and that of systolic blood pressure (r=0.049, P=0.596). In con-
trast, there was a significant association between the percentage change
in plasma BNP levels and that of left atrial dimensions (r=0.293,
P=0.001), suggesting that a decrease in blood BNP levels reflects a

€20z 1snBny 20 uo Jasn Aieiqi Alsiaaiun ewiysnyo | Aq 68£5699//500e00/G/z/e[onie/uadolya/woo dno-olwapeoe//:sdiy Wwoij papeojuMo(]


http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac057#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac057#supplementary-data

M. Funamoto et al.

Table 1 Baseline characteristics of the participants in the placebo and curcumin groups

Placebo

n Data
Sex (M/F) 69 56/13
Age, years old 69 66.0 (59.5-73.0)
BMI, kg/m2 68 26.2 (23.8-28.8)
SBP, mmHg 68 1315 (119.3-141.0)
DBP, mmHg 68 75.0 (69.0-81.0)
Pulse, b.p.m. 68 733+11.8
Cre, mg/dL 65 0.85 (0.80-0.98)
BNP, pg/mL 64 10.9 (6.1-35.5)
LAD, mm 69 388+5.1
LVDd, mm 69 47.3+43
EF, % 69 67.0 (63.5-69.0)
IVS, mm 69 11.0 (11.0-11.5)
PWT, mm 69 11.0 (11.0-11.0)
E/A 69 0.81 (0.69-0.93)
DcT, ms 68 233.0 (208.8-267.8)
E/E' 68 11.4 (10.3-13.7)
Past history
Cardiovascular disease 69 46
DM 69 33
COPD 69 24
Cancer 69 16
Medication
RA inhibitors 69 57
Beta-blockers 69 16
Vasodilators 69 7
Statins 69 40
Any anti-DM drugs 69 23
Any antithrombotic drugs 69 24

Curcumin P-value

n Data

73 58/15 0.836
72 67.0 (59.0-73.8) 0.816
69 26.6 (24.0-29.1) 0.605
71 130.0 (122.0-144.0) 0.606
71 75.0 (69.0-83.0) 0.859
71 733+131 0.999
66 0.88 (0.74-1.01) 0.980
63 12.7 (6.0-27.9) 0.809
72 38.6+5.1 0.823
72 471+5.0 0.835
72 67.0 (63.3-69.8) 0.437
72 11.0 (10.0-11.0) 0.115
72 11.0 (11.0-11.0) 0.575
72 0.85 (0.73-0.99) 0.142
72 237.0 (206.5-262.5) 0.993
72 11.7 (10.3-13.7) 0.871
73 56 0.203
73 26 0.173
73 25 >0.999
73 11 0.285
73 50 0.084
73 8 0.039
73 3 0.316
73 43 >0.999
73 22 0.721
73 26 >0.999

Data are presented as the mean = SD for parametric data or as median (interquartile range) for non-parametric data. Bold values indicate P < 0.05, which means ‘significant’.
BMI, body mass index; BNP, brain natriuretic peptide; COPD, chronic obstructive pulmonary disease; Cre, creatinine; DBP, diastolic blood pressure; DcT, deceleration time; EF, ejection
fraction; VS, interventricular septum; LAD, left axis deviation; LVDd, left ventricular end-diastolic diameter; PWT, posterior LV wall thickness; SBP, systolic blood pressure.

decrease in the LV end-diastolic pressure. Moreover, our previous study
demonstrated that curcumin reduced phenylephrine-induced BNP
mRNA levels in cultured cardiomyocyte hypertrophy.®*® Furthermore,
we found that curcumin treatment significantly decreased plasma
BNP and BNP mRNA levels in the myocardium but had no effect on
blood pressure in an experimental animal model of hypertensive heart
failure.” Based on the above findings, curcumin-induced suppression
of blood BNP levels in this study may not be explained by only a slight
decrease in systolic blood pressure. We believe that the mechanism
of curcumin-induced suppression of blood BNP levels in these pa-
tients may be associated with inhibition of BNP expression in the
myocardium.

In addition to the suppression of myocardial pathological growth,
curcumin possesses various bioactive effects, such as anti-inflammatory
(inhibiting nuclear factor-kappa B), anti-growth (antagonizing platelet-
derived growth factor), and antioxidant actions (scavenging reactive
oxygen species, inhibiting lipid peroxidation)."””*=*® The inhibition of
the increase in BNP levels observed in this study may be associated
with the suppression of inflammatory and oxidative stress in the heart
due to curcumin. In fact, many patients with HFpEF have complications

such as diabetes, hypertension, and obesity, which cause systemic in-
flammatory and oxidative stress. This study did not evaluate an inflam-
matory marker; however, previous studies that used the same
high-absorption curcumin agent have shown that this drug reduces oxi-
dized low-density lipoprotein.'”*

After stratification according to age, the percentage change in plasma
BNP levels from baseline to 6 months after initiating treatment in patients
aged <65 years was significantly lower in the high-absorption curcumin
group than in the placebo group (P=0.001). However, such a significant
difference was not observed in patients aged >65 years. It is well known
that compliance of the heart and blood vessels decreases with aging.
Once age-related phenomena such as calcification and fibrosis occur in
the cardiovascular system, it is difficult to completely restore them
with drug interventions. This study is the first to examine the cardiac ef-
fects of high-absorption curcumin in a double-blind, randomized con-
trolled trial. Currently, the precise mechanisms that explain the lack of
curcumin-induced reduction in BNP levels in elderly patients are unclear.
Further studies are needed to clarify these mechanisms.

Curcumin did not significantly affect the echocardiographic para-
meters. The patients in this study received anti-hypertensive drugs,
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Table 2 Per cent changes of parameter in each group

Placebo Curcumin
n % change n % change
A BMI (%) 62 0.0 (-1.7,1.3) 58 0.0 (—1.6,1.7)
A SBP (%) 67 0.0 (—4.5,9.9) 68 -34(-81,323)
A DBP (%) 67 1.1 (=70, 10.9) 68 -1.4(-81,74)
A pulse (%) 67 -1.1 (-84, 6.3) 68 0.0 (—10.8,10.8)
A Cre (%) 64 0.4 (=59, 6.8) 63 0.0 (—4.8, 5.6)
A BNP (%) 62 5.0 (-7.1,58.5) 60 0.0 (—26.8, 42.1)
A LAD (%) 67 0.0 (=75, 54) 70 0.0 (=79, 6.1)
A LVDd (%) 67 0.0 (-24,4.5) 70 0.0 (—4.4, 3.9)
A EF (%) 67 -14(-72,45) 70 -15(-73,37)
A IVS (%) 67 0.0 (-83, 0.0 69 0.0 (-8.3, 0.0)
A PWT (%) 67 0.0 (-8.3,0.0) 69 0.0 (9.1, 0.0)
A E/A (%) 67 —3.8 (=139, 11.8) 69 —6.1 (=16.0,10.7)
A DcT (%) 66 -1.1(-148,9.8) 69 —2.9 (-15.6,20.0)
AE/E' (%) 66 -3.6+217 69 —27+228

P-value Mean difference 95% CI Cohen’s d
0.823 -0.1 -12,1.0 0.03
0.026 —4.2 -79, 04 0.38
0.386 -1.6 —-6.3, 3.1 0.1
0.336 38 -14,89 0.25
0.630 1.2 -25,48 0.1
0.032 —34.7 —63.9, =5.5 0.43
0.935 0.0 -37,37 0.00
0.253 -1.0 -33,14 0.14
0.814 -0.2 -33,30 0.02
0.403 1.6 -1.9,5.1 0.15
0.662 -0.5 -35,24 0.06
0.531 -25 -9.7,48 0.1
0.490 6.6 -28,159 0.24
0.833 0.8 -6.8,84 0.04

Data are presented as the mean & SD for parametric data or as median (interquartile range) for non-parametric data. Bold values indicate P < 0.05, which means ‘significant’.

Abbreviations used in this table are the same as in Table 1.

Table 3 Per cent change in brain natriuretic peptide divided by baseline value in each group

Placebo

n % change n
ABNP (%)
Baseline BNP < 18.4 pg/mL 37 84 (0.0, 114.2) 38
Baseline BNP > 18.4 pg/mL 25 27 (—14.1,29.1) 22
Baseline SBP < 130 mmHg 34 22 (-75,46.8) 28
Baseline SBP > 130 mmHg 27 7.3 (—8.6,109.9) 30
Baseline age < 65 years old 23 124 (0.0, 119.0) 23
Baseline age > 65 years old 39 2.7 (—144,434) 36
Baseline BMI < 25 kg/m? 24 5.0 (=59, 404) 19
Baseline BMI < 25 kg/m? 38 5.0 (9.0, 100.5) 37

Curcumin P-value P-value interaction
% change
0.0 (—18.2,47.1) 0.052
—18.5 (—41.1, 31.3) 0.201 0.348
0.0 (—26.4,43.8) 0.228
0.0 (—28.7,47.8) 0.117 0.292
0.0 (=25.2,0.0) 0.001
3.9 (268,517 0.849 0.011
—6.8 (—34.9, 46.6) 0171
0.0 (—25.0, 49.0) 0.207 0.588

Abbreviations used in this table are the same as in Table 1. Bold values indicate P < 0.05, which means ‘significant’.

and their blood pressure was stable at <140/90 mmHg. Generally,
changes in blood BNP levels are more sensitive to drug interventions
compared with echocardiographic parameters.?’ Thus, a much longer
time may be required to achieve evident changes in LV functional and
structural parameters following curcumin treatment.

One patient in the high-absorption curcumin group developed mild
adverse events (soft stools and heart burn). A previous study using the
same high-absorption curcumin agent reported the occurrence of soft
stools."”” Curcumin facilitates gall bladder contraction and bile secre-
tion, > which may be associated with its effects on the digestive system.
Curcumin is a less soluble compound and this may be the cause of the
soft stools. Further studies are required to evaluate the relationship be-
tween curcumin and soft stool.

This study has some limitations. First, the sample size of this study
was small, and the follow-up period was 6 months. The endpoint was
an examination index (ie. plasma BNP levels), not death or

hospitalization due to heart failure. To examine whether a high-
absorption curcumin agent prevents future onset of HFpEF in patients
with hypertensive heart disease, a large and long-term study is needed.
Moreover, this study included patients exhibiting initial signs of hyper-
tensive heart disease, which was diagnosed based on echocardiographic
findings. Therefore, plasma BNP levels were normal or only minimally
elevated in these patients. Further studies are required to evaluate
whether curcumin improves the prognosis of HFpEF patients.

Conclusions

The results from this study showed that a high-absorption curcumin
agent does not change E/E', rather it significantly inhibits an increase
in plasma BNP levels in patients with mild hypertensive cardiac hyper-
trophy/LV diastolic dysfunction. This effect was apparent in non-elderly
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Figure 2 Per cent change in brain natriuretic peptide divided by baseline age in each group. Bold line indicates the median and lower and upper lines of

the box indicate the lower and upper quartiles, respectively.

individuals (aged 65 years). The P-values for the interactions and
subgroups were not adjusted for multiple testing, and therefore, the re-
ported age-based differences should be viewed as hypothesis-
generating only. Further long-term studies are needed to clarify
whether a high-absorption curcumin agent will prevent future HFpEF
development in this patient population.
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