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Effect of nano-curcumin supplementation
on angina status, and traditional and novel
cardiovascular risk factors in overweight
or obese patients with coronary slow flow
phenomenon: a randomized double-blind
placebo-controlled clinical trial
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Abstract

Background Cardiovascular events and poor quality of life are frequently observed in patients with coronary slow
flow phenomenon (CSFP). This trial evaluated the effect of nano-curcumin supplement containing curcuminoids,
as multifunctional nutraceuticals, on angina status, and some traditional and novel cardiovascular risk factors in
overweight or obese patients with CSFP.

Methods In this double-blind, randomized, placebo-controlled clinical trial, 42 overweight or obese patients with
CSFP received either 80 mg/day of nano-curcumin or placebo for 12 weeks. Seattle angina questionnaire (SAQ) as a
clinical measure of angina status, circulating endocan, adropin, homocysteine, lipid profile, and the novel scores of
visceral adiposity index (VAI) and waist-triglyceride index (WTI) were assessed before and after the intervention. The
independent samples t-test, Mann-Whitney test, analysis of covariance, Chi-square, and Fisher’s exact tests were used
where appropriate.

Results All domains of SAQ including physical limitation, angina stability, angina frequency-severity, treatment
satisfaction, and disease perception and quality of life improved significantly in the nano-curcumin compared with
the placebo group. No significant changes were observed in serum endocan, adropin, and homocysteine following
the intervention. Triglycerides, triglyceride/high-density lipoprotein cholesterol ratio, WTl and VAl values improved
significantly only within the nano-curcumin group.

Conclusions Supplementation with 80 mg/day nano-curcumin (containing curcuminoids) for 12 weeks significantly
improved clinically important disease-specific aspects of health in patients with CSFP. Some traditional and novel
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investigation.
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cardiovascular risk factors improved significantly only compared with the baseline values, which need further
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Introduction

Coronary slow flow phenomenon (CSFP) is a clinical
condition documented by angiography as delayed distal
opacification of coronary vessels without any significant
stenosis [1]. Patients with CSFP would experience recur-
rent chest pain, even at rest, repeated hospitalizations,
and readmissions to cardiac units [2]. Life-threatening
arrhythmia and sudden cardiac death have been reported
as well [3]. Despite the largely unknown pathogenesis,
some potential mechanisms including microvascular
disease, inflammation, and endothelial dysfunction have
been suggested to be involved in CSFP [2, 4].

Endothelial dysfunction is a hallmark of many car-
diovascular diseases including CSFP [2, 5]. The imbal-
ance between vasoconstrictors and vasodilators such as
reduced nitric oxide (NO) bioavailability and increased
endothelin-1, as well as decreased circulating adropin
and elevated homocysteine and endocan have been indi-
cated in this disorder [2, 6-8]. These changes in homo-
cysteine, endocan, and adropin concentrations were
reported as independent predictors of the presence and
severity of CSFP [6-8].

Increased homocysteine levels, a well-known cardio-
vascular risk factor, can induce inflammation and endo-
thelial dysfunction, and are correlated with reduced
adropin levels [9]. Adropin and endocan have been sug-
gested as novel regulators of endothelial function [10,
11]. Adropin is a peptide hormone that exerts a potential
protective effect on endothelium mainly through upreg-
ulation of the enzyme nitric oxide synthase (NOS) and
hence NO bioavailability [11, 12]. Endocan, also known
as endothelial cell-specific molecule-1, is expressed in
several tissues including endothelial cells, which regu-
lates cell adhesion [13]. Endocan expression in activated
endothelial cells, as well as its serum concentrations,
have been elevated in some inflammatory diseases pro-
portional to the disease severity, which makes it a poten-
tial predictor of clinical outcomes [13-15].

Currently, few clinical studies are available investigat-
ing effective treatments in CSFP due to poorly known
pathogenesis and relatively low prevalence of the condi-
tion, which complicate conducting well-designed clinical
trials. However, CSFP has a clinical significance and can
considerably disturb the quality of life of the patients [16].

Nutraceutical compounds especially plant-based sub-
stances are among the most studied interventions in dif-
ferent cardiovascular diseases, as they have the potential
to affect many cardiometabolic risk factors [17]. Tur-
meric has been widely used as a food additive and also as
a medicinal plant [18]. Turmeric has three active chemi-
cal components called curcuminoids (approximately
77% curcumin, 17% demethoxycurcumin, and 3% bis-
demethoxycurcumin) [19]. Most of the pharmacologi-
cal activities of turmeric have been attributed mainly to
curcuminoids. Curcuminoids have shown antioxidant,
anti-cancer, anti-inflammatory and cardioprotective
activities [20]. Curcumin is an active ingredient and the
major compound of the plant Curcuma longa (turmeric)
[18]. Nano-curcumin is a nano-formulation of curcumin
to address the concerns about poor bioavailability and
increase the potential efficacy of this compound [21].
Several studies that investigated the effect of curcumin
on endothelial dysfunction have shown promising results
[22, 23]. Curcumin may increase NOS activity and NO
bioavailability, decrease the expression of endothelial
leukocyte adhesion molecules and prevent platelet adhe-
sion to endothelial cells through anti-inflammatory activ-
ity, and improve flow-mediated dilation (FMD), a clinical
measure of endothelial dysfunction [22, 24]. Additionally,
curcumin supplementation has improved key cardiovas-
cular risk factors including obesity and anthropometries,
high blood pressure, and dyslipidemia in different medi-
cal conditions [25—27], which are suggested as indepen-
dent predictors of CSFP [28, 29]. Moreover, curcumin
has considerably improved bodily pain and quality of life
in patients with liver cirrhosis and irritable bowel syn-
drome [30, 31]. However, to our knowledge, no previous
study is available investigating the effect of curcuminoids
supplementation on risk factors and clinical outcomes in
CSEFP. Thus, considering the proposed beneficial effects
of curcuminoids on endothelial dysfunction and cardio-
vascular risk factors and the lack of studies on CSFP, this
clinical trial was conducted to investigate the effect of a
nano-curcumin supplement on angina status, and some
of the conventional and novel cardiovascular risk factors
in patients with CSFP.
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Methods

Patients

The medical records of the patients coded as having CSFP
in a referral heart hospital were rechecked by an inter-
ventional cardiologist based on the corrected throm-
bolysis in the myocardial infarction frame count method
(CTEC), previously described by Gibson et al. [32]. Indi-
viduals with CTFC higher than 27 for any of the three
main coronary arteries (right coronary artery, left cir-
cumflex artery, and left anterior descending artery) with
less than 40% stenosis were invited to the study. Other
eligibility criteria were overweight or obese adults (body
mass index (BMI) ranged from >25 to <40 kg/m?) aged
35-70 years, and left ventricular ejection fraction=45%.
Individuals with the following criteria were not included
in the study: those with any history of thyroid disorders,
malignancies, pulmonary diseases, systemic and autoim-
mune diseases, renal or liver failure, cardiovascular dis-
eases or anomalies, CSF secondary to revascularization
procedure or interventions, active gastrointestinal bleed-
ing and peptic ulcers, drug abuse or alcohol consumption
as well as professional athletes or regular exercisers, pre-
mature menopause, and routine consumption of non-ste-
roidal anti-inflammatory drugs, aphrodisiac medications,
corticosteroids or immunosuppressants, anticonvulsants,
multi-vitamins containing vitamin B, By, B;,, and poly-
phenols, and omega 3 fatty acids (=1 g/day).

Study design

A parallel-design, randomized, double-blind, placebo-
controlled clinical trial was used for this investigation.
To place participants in the nano-curcumin and pla-
cebo groups, a stratified permuted block randomization
scheme with block sizes of 2 and 4 was employed. A stat-
istician unrelated to the sampling process supplied the
randomization tables. Patients were categorized based
on two variables: (1) gender and (2) cardiovascular risk
level, due to the study’s multiple potential confounding
factors. The risk level was calculated by denoting a point
value of 1 for a family history of smoking, hypertension,
diabetes, dyslipidemia, and coronary artery disease, and 0
for its absence. Additionally, ACE-I, ARBs, aspirin, beta-
blockers, statins, anticoagulants, calcium channel block-
ers, nitrates, and aspirin were the medications that were
assigned a point value of 0 if they were used, and 1 if they
were not. Each patient’s points were added together, and
the final score ran from 0 to 6. High risk was associated
with scores greater than three, while scores up to three
were regarded as low risk.

The intervention group received an 80 mg/day nano-
curcumin capsule (SinaCurcumin: Exir Nano Sina Co.
Tehran, Iran) and the placebo group received one placebo
capsule daily for 12 weeks. According to several clinical
trials, the previously tested and regarded as safe dose of
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nano-curcumin with no reported serious adverse reac-
tions for adults in different medical conditions was 80 mg
daily [33-36]. In addition, the nano-curcumin supple-
ment contained curcuminoids. To formulate curcumi-
noid nanomicelles, curcuminoid, polysorbate surfactant,
ascorbic acid, vitamin E, natural oils, and distilled water
were used. Curcuminoids (curcumin, demethoxycur-
cumin, and bisdemethoxycurcumin) were determined
according to the USP35. The mean diameter of nano-
micelles was 9.5+0.1 nm and AUC of nanomicellar cur-
cuminoids was 59.2 times more than free curcuminoids
[37]. Detailed information on curcumin nanomicelles is
available at: “https://patentscope.wipo.int/ ” by the patent
number “PCT/IB2018/051370" [38].

Placebo and nano-curcumin capsules were identical in
appearance, size, smell, color, and packaging. The boxes
were labeled as A or B. Both patients and main investiga-
tors were blinded to the assignment of the patients to the
groups. The compliance rate was assessed by counting
the returned capsules in weeks 6 and 12 (final) visits. Tol-
erability and adverse events were monitored by weekly
phone calls. Patients not taking the supplements due
to adverse reactions, not consuming more than 10% of
the capsules, not attending follow-up sessions, or those
reluctant to continue the study for any reasons were
excluded from the trial.

The participants were required to take one capsule per
day after one of the meals with reasonable time intervals
away from other medicines. The patients were instructed
to maintain their regular level of physical activity and
diet throughout the study. All patients received standard
medical treatments during the study period.

The research outline, goals, potential risks, and ben-
efits were clarified and written informed consents were
obtained from all participants before the study.

Measurements
All measurements were performed at baseline and fol-
lowing 12 weeks of the intervention. Anthropomet-
ric indexes including weight and height were assessed
with light clothing and barefoot to the nearest 0.1 kg
and 0.5 cm, respectively, using a scale with a stadiom-
eter (SECA, Germany). BMI was calculated by dividing
weight (kg) by squared height (m?). Waist circumference
(WC) was measured at the mid-point between the low-
est rib and the top of the iliac crest to the nearest 0.5 cm
using a flexible tape. Body composition was analyzed
after overnight fasting with light clothing and an empty
bladder using a bioelectrical impedance analysis device
(InBody 770, USA), and blood pressure was measured
using a digital device (B.Well, Switzerland) after adequate
rest.

The visceral adiposity index (VAI) was defined based
on the suggested formula:


https://patentscope.wipo.int/
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Males: VAI = (WC (cm) / [39.68 + (1.88 x BMI (kg/
m?))]) X (Triglycerides (TG) (mmol/L) / 1.03) x (1.31 / HDL
(mmol/L)).

Females: VAI = (WC (cm) / [36.58 + (1.89 x BMI (kg/
m?))]) x (TG (mmol/L) / 0.81) x (1.52 / HDL (mmol/L)) [39].

Moreover, the waist circumference-triglyceride index
(W'TT) was calculated as below:

WTI=WC (cm) X TG (mmol/L) [40].

After a 12-hour overnight fasting, venous blood sam-
ples were collected at baseline and week 12, and centri-
fuged at 3000 rpm for 10 min. Then, the sera were stored
at -80° C until the final analyses. Commercial enzyme-
linked immunosorbent assay (ELISA) kits were used for
the quantitative determination of serum endocan and
adropin (Crystal Day Biotech Co., LTD, Shanghai, China)
and homocysteine levels (Axis-shield, Dundee, United
Kingdom). Serum levels of lipid profiles including total
cholesterol (TC), triglyceride, high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C) were measured through enzymatic
colorimetric methods using commercial diagnostic kits
(Pars Azmoon Inc. kit, Tehran, Iran). The 19-item Seattle
angina questionnaire (SAQ) was used to assess the clini-
cal status of the patients at baseline and following the
intervention. SAQ is a self-administered, valid, reliable,
and disease-specific tool sensitive to clinical changes to
assess angina status in patients with coronary artery dis-
eases [41, 42]. The questionnaire has 5 domains includ-
ing physical limitation (9 items), angina stability (1 item),
angina frequency and severity (2 items), treatment satis-
faction (4 items), disease perception, and quality of life
(3 items). Each item has a 5 or 6 numeric scale ranging
from 1 to 5 or 6. Scores for each domain were calculated
according to the method previously described by Sper-
tus et al. [42]. The scores for each domain ranged from
0 to 100, with higher scores demonstrating better health
status.

The average dietary intakes were assessed using a three-
day 24-hour dietary recall at baseline and end of week 12.
The dietary reported intakes of energy and macronutri-
ents were analyzed using the Nutritionist IV Software (N
Squared Computing, San Bruno, CA, USA).

Statistical analysis

Based on a relevant formula for randomized clinical tri-
als (RCT), the sample size was estimated at 25 patients in
each study group, while having 80% power to detect a dif-
ference of 5 pmol/L in serum homocysteine levels, with
a type I error of 0.05 and drop-out rate of 20% [43]. SPSS
software version 26.0 (SPSS Inc., Chicago, IL, USA) was
used to perform statistical analyses. The Shapiro-Wilk
test was used to explore the distribution of the variables.
The data were reported as meantstandard deviation or
frequency (%). To assess statistical differences of baseline
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values or pre- to post-changes between the intervention
and placebo groups, the independent samples t-test for
normal continuous, Mann-Whitney test for non-nor-
mal continuous or ordinal parameters and Chi-square,
and Fisher’s exact tests for nominal parameters were
used. The comparison of the outcomes between the two
study groups at the end of the trial was performed using
analysis of covariance (ANCOVA) adjusted for base-
line values. Within-group changes throughout the study
were conducted with the Wilcoxon Signed rank test for
non-parametric and paired t-test for normally distrib-
uted parameters. Statistical significance was defined as a
P-value<0.05.

Results

General characteristics

Among 92 participants who met the inclusion criteria,
50 patients (25 patients in each group) accepted to par-
ticipate in this trial and 21 in each group have completed
the study. In the nano-curcumin group, two patients were
lost to follow-up due to the COVID-19 outbreak, one
was excluded due to uncontrolled hypertension, and one
due to gastric surgery. In the placebo group, two patients
were excluded due to the COVID-19 outbreak and two
due to the need for hospitalization (Fig. 1). There were
no reports of side effects or intolerance to supplements
throughout the study period.

There were no statistically significant differences in
age, gender, rate of concomitant diseases such as diabe-
tes, hypertension, and dyslipidemia, and level of blood
pressure measurements between the two study groups at
baseline (Table 1). Taking medications including aspirin,
ACE-I, ARBs, beta-blockers, statins, anticoagulants, cal-
cium channel blockers, and nitrates did not differ signifi-
cantly between the nano-curcumin and placebo groups
(data not shown, all P values>0.05; An additional file is
available showing data on medication use in more detail
in a supplementary table [see Supplementary Table 1]).

Endothelial and cardiovascular parameters

The study parameters investigated in the current trial
are presented in Table 2. There were not any statisti-
cally significant differences in systolic blood pressure
(124.8+12.2 vs. 125.3+11.8 mmHg, P=0.852) and dia-
stolic blood pressure (84.6%+7.6 vs. 85.0£12.1 mmHg,
P=0.859) between the two groups following the inter-
vention. There were no significant differences in circulat-
ing endocan, adropin, homocysteine, and lipid profiles
as well as novel cardiovascular risk markers of VAI and
WTI between the two study groups at baseline. The dif-
ferences between groups in serum endocan, adropin,
and homocysteine levels remained insignificant after the
intervention. Although there were no significant differ-
ences between groups in lipid profile at the end of the
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Enrollment

Met inclusion criteria (n= 92)

Refused to Participate (n= 42)

’ Randomized (n=50) ‘

|

Fig. 1 Participant progress during the study of nano-curcumin in CSFP.

Table 1 Baseline characteristics of study participants

Group P
Parameters Placebo Nano-
(n=21) curcumin
(n=21)

Age (year) 546+84 543+9.1 0.930°
Gender Male 17 (81.0%) 17 (81.0%) 1.00°
Weight (kg) 86.3+10.8 8594153 0933°
BMI (kg/m?) 306+338 29.7+3.1 0450°
WC (cm) 1029+83 1024+117 0.850°
Percent body fat (%) 345+7.2 333+7.1 0573°
SBP'(mmHg) 12124152 1216+142 0934°
DBPi(mmHg) 81.8+10.1 81.8+105 0.988°
Diabetes Yes 6 (28.6%) 8 (38.1%) 0513°¢
Hypertension Yes 10 (47.6%)  8(38.1%) 0.533°¢
Dyslipidemia Yes 15 (71.4%) 12 (57.1%) 0334°¢
Smoking Yes 6 (28.6%) 7 (33.3%) 0.739°¢
Family History of  VYes 10 (47.6%) 15 (71.4%) 0.116°¢
CAD*
LVEF®(%) 5143 5143 09414
Number of Slow Flow arteries 0.2394

1 Vessel 9 (42.9%) 5(23.8%)

2 Vessel 7 (33.3%) 9 (42.9%)

3 Vessel 5 (23.8%) 7 (33.3%)

Note: Data are presented as mean+SD or frequency (%)
2 Independent t-test,  Fisher's exact test, € Chi-square test, ¢ Mann-Whitney test

9: systolic blood pressure; *: diastolic blood pressure; *: coronary artery disease;
S: left ventricular ejection fraction; ': standard deviation

X Allocation L4
Allocated to Nano-curcumin (n=25) I | Allocated to Placebo (n=25)

+ Follow-Up v
Lost to follow-up (n=2) due to COVID-19 Lost to follow-up (n=2) due to COVID-19
Discontinued intervention (n=2) due to: Discontinued intervention (n=2) due to:
Uncontrolled hypertension, Gastric surgery Need for hospitalization

B Analysis
Completed measurements and analysed (n=21) Completed measurements and analysed (n=21)

trial, serum TG levels (186.4+113.8 to 163.6£94.9 mg/
dl, P=0.042) and TG/HDL ratio (4.6%3.8 to 3.9£3.1,
P=0.039) decreased significantly in the nano-curcumin,
but not the placebo group compared to the baseline
values. Consequently, significant reductions were also
observed in WTI and VAI compared to the baseline val-
ues only in the nano-curcumin group (214.0+126.3 to
187.7+£104.3, P=0.033 and 2.9%£2.2 to 2.4%+1.8, P=0.035,
respectively).

Angina status

There were no significant differences between the study
groups in SAQ domains at baseline (Table 3). Following
12 weeks of supplementation, pre- to post-changes of all
domains of SAQ including physical limitation (4.5%+7.6
vs. -0.7£2.3, P=0.007), angina stability (19.0+24.9 vs.
4.8+10.1, P=0.032), angina frequency and severity
(9.5+12.8 vs. 1.0£7.7, P=0.006), treatment satisfaction
(11.6£16.0 vs. 1.8+6.9, P=0.004), disease perception and
quality of life (6.3+8.7 vs. -0.8+12.6, P=0.039) improved
significantly in the nano-curcumin group compared
with the placebo group. All subscales of the SAQ were
also significantly improved in the nano-curcumin group
compared to the baseline status (P<0.05). In the placebo
group, only the angina stability score improved compared
to the baseline (P=0.046).
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Table 2 Endothelial and cardiovascular parameters of study participants before and after 12 weeks intervention

Parameters Group mD* 95% CI * P
Placebo Nano-curcumin Lower Upper
(n=21) (n=21)
(mean+SD) (mean +SD)
Adropin (ng/l)
Baseline 367.3+376.3 309.2+283.3 58.1 -149.7 265.8 0.880°
Week 12 382.0+411.7 301.9+£211.1 80.1 -1239 2841 0.369°
Change 14.7+92.0 -7.3+882 220 -342 782 0910°
P-within ¢ 0.723 0.175
Endocan (ng/l)
Baseline 269.0+409.3 2649+3634 4.1 -237.3 2455 1.00 ¢
Week 12 255.7+404.7 256.1+£357.2 -04 -2384 237.7 0.551°
Change -133+256 -88+228 -45 -19.6 10.7 0428°
P-within ¢ 0.040 0.260
Homocysteine (mcmol/l)
Baseline 1269+234.8 188.0+290.1 -61.1 -225.7 1035 0.521°2
Week 12 105.6+£2894 2114+3350 -105.8 -301.0 89.5 0431°
Change -21.3+£269.0 234+88.1 -44.6 -169.5 80.2 0.232°
P-within ¢ 0614 0411
TC (mg/dl)
Baseline 184.6+37.6 179.2+427 53 -19.8 304 0670¢
Week 12 183.8+40.1 179.8+443 40 =224 303 0922°
Change -0.8+26.1 06+214 -14 -16.3 135 08524
P-within € 0.888 0.904
LDL-C (mg/dl)
Baseline 9534219 87.9+256 74 -74 223 0318¢
Week 12 9424224 89.94+269 43 -1 19.8 0.660°
Change -1.0+15.0 20+£14.2 -3.1 -12.2 6.0 04984
P-within € 0.753 0518
HDL-C (mg/dl)
Baseline 509+109 495+16.2 14 -7.2 10 0.571°2
Week 12 502+114 506£154 -03 -8.8 8.1 0.303°
Change -06+4.6 1.1+£54 -1.7 -4.9 14 0.307°
P-within 0.574 0314
TG (mg/dl)
Baseline 157.7+60.8 1864+113.8 -28.7 -86.1 28.7 0.466°
Week 12 151.2+£69.9 163.6+94.9 -124 -64.4 396 0495°
Change -64+56.3 -22.8+414 16.3 -14.5 47.1 0.529°
P-within © 0.247 0.042
TG /HDL
Baseline 33417 46+38 -13 -3.2 0.6 0458°
Week 12 32+17 39431 -06 -2.2 0.9 0397°
Change -0.1+1.3 -08+15 0.7 -0.2 16 0.297°
P-within ¢ 0.339 0.039
LDL /HDL
Baseline 19+06 19+0.7 0.0 -04 04 0.8984
Week 12 19405 19+0.8 0.0 -04 04 0992°
Change 00+03 00£0.2 0.0 -0.2 0.2 0.993¢
P-within € 0.967 0973
WTI
Baseline 186.1+£83.3 2140+£126.3 -27.9 -94.6 389 0473°
Week 12 176.3+83.8 187.7+£104.3 -114 -70.5 47.6 0.559°
Change -99+65.6 -263+476 164 -19.3 522 0.538?
P-within ¢ 0.204 0.033

VAI
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Parameters Group mD* 95% CI'¥# P
Placebo Nano-curcumin Lower Upper
(n=21) (n=21)
(mean +SD) (mean +SD)
Baseline 2112 29+22 -0.7 -19 0.4 0414°
Week 12 21+12 24+18 -03 -1.3 0.6 0326°
Change -0.1+08 -0.5+0.9 04 -0.1 1.0 0.285?
P-within 0.455 0.035

Note: ? Mann-Whitney test, ® ANCOVA, ¢ Wilcoxon test, ¢ Independent t-test, © Paired t-test

ANCOVA: analysis of covariance
*: mean difference; *: confidence interval

Table 3 SAQ domain scores of the study participants before and after 12 weeks intervention

Parameters Group MD 95% Cl P
Placebo Nano-curcumin Lower Upper
(n=21) (n=21)
(mean*SD) (mean*SD)
Physical Limitation
Baseline 7744133 70.8+24.0 6.6 -5.6 188 0.278°
Week 12 76.7+13.6 753203 1.5 9.3 122 0.010°
Change -07+23 45+76 -5.2 -8.8 -1.6 0.007¢
P-within ¢ 0.204 0.014
Angina Stability
Baseline 66.7+£22.8 512+366 155 -37 346 0.194¢
Week 12 714+£22.8 702+258 12 -14.0 164 0.091°
Change 48+10.1 19.0+249 -14.3 -26.3 -2.3 00324
P-within € 0.046 0.004
Angina Severity & Frequency
Baseline 848+11.7 78.1+206 6.7 -39 17.2 0416 ¢
Week 12 8571125 87.6+13.7 -19 -10.1 6.3 0.030°
Change 1.0+7.7 954128 -8.6 -15.2 -20 0.006 ¢
P-within © 0516 0.003
Treatment Satisfaction
Baseline 75.6+20.3 67.0+29.1 86 -7.1 244 0469 ¢
Week 12 774+184 786+215 -1.2 -13.7 13 0.024°
Change 1.8+69 11.6+£16.0 -9.8 -176 -2.0 0.004 ¢
P-within € 0272 0.001
Disease Perception & Quality of Life
Baseline 60.7 £20.6 548+326 6.0 -1 23.0 0484 °
Week 12 599+232 61.1+£294 -1.2 -17.7 153 0054 °
Change -0.8+126 63+8.7 -7.1 -139 -04 0.039°
P-within 0.776 0.003

Note: ? Independent t-test, ® ANCOVA, ¢ Paired t-test,  Mann-Whitney test, ¢ Wilcoxon test

Dietary intakes and anthropometric indexes
The dietary assessment showed no significant differ-
ences in energy intakes, macronutrients, and fiber intakes
between the nano-curcumin and placebo groups neither
at baseline nor at the end of the trial (Table 4).
Anthropometric indexes were not significantly dif-
ferent between the study groups at baseline (Table 1).
Additionally, no significant differences were observed
in body weight (85.6£15.7 vs. 85.5+9.8 kg, P=0.441),
BMI (29.6£3.3 vs. 30.3t£3.6 kg/mz, P=0.547), WC
(102.0£11.5 vs. 102.4+7.9 cm, P=0.788), percent body

fat (32.8%+7.7 vs. 34.6 £6.8%, P=0.239) between the nano-
curcumin and the placebo groups at the end of the trial.

Discussion
The current study investigated the effect of a nano-
curcumin supplement which contained curcumi-

noids on novel endothelial biomarkers potentially
implicated in CSFP pathogenesis, cardiovascular risk
factors, and angina status as a measurement of clini-
cal endpoint among overweight or obese patients with
CSEFP. The results showed that 80 mg/day nano-curcumin
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Table 4 Dietary reported intakes of the study participants at baseline and after 12 weeks intervention

Parameters Group MD 95% ClI P
Placebo Nano-curcumin Lower Upper
(mean+SD) (mean*SD)
Energy (kcal)
Baseline 2295.3+567.0 2123.1+5374 172.2 -172.3 516.8 0318°
Week 12 2285.1+£686.4 215225255 1329 -2484 514.2 0617°
Change -102+3089 29.1+1822 -393 -197.5 1189 0618°¢
P-within © 0.881 0472
CHO (g)
Baseline 323.1+£86.5 2854+766 378 -132 88.7 0.142¢
Week 12 319.2+£105.7 281.1£76.5 38.1 -19.5 95.6 0942°
Change -40+53.8 -43+36.8 03 -284 290 0.983¢
P-within € 0.738 0.599
Protein (g)
Baseline 88.1+24.0 873+212 09 -133 15.0 0.903 ¢
Week 12 95.7+27.8 95.6+£224 0.1 -15.7 158 0.860°
Change 76+139 84+12.7 -0.8 -9.1 7.5 0.850°
P-within © 0.021 0.007
Fat (g)
Baseline 736+21.9 7174234 1.8 -12.3 16 0870 ¢
Week 12 704+225 731206 -2.7 -16.1 10.7 0.170°
Change -32+£11.3 13+9.2 -4.5 -11 19 0.232¢
P-within © 0.244 0.664
Fiber (g)
Baseline 146+5.0 148+53 -0.2 -34 30 0910°
Week 12 150+43 15.1+£50 0.0 -3.0 29 0916°
Change 04+3.1 03+33 0.1 -19 22 0.884°
P-within 0.546 0.711

Note: ? Independent t-test, ® ANCOVA, ¢ Paired t-test,  Mann-Whitney test, ¢ Wilcoxon test

supplementation for 12 weeks can significantly improve
the clinical status of people with CSFP compared to the
placebo, without affecting the main assumed contribut-
ing factors such as homocysteine, endocan and adropin
levels.

To our knowledge, changes in the clinical aspects of
CSFP have not been previously investigated following
nutritional supplementations. At the end of the cur-
rent trial, the frequency and severity of anginal episodes
and treatment satisfaction were significantly better in
the nano-curcumin than the placebo group. Nano-cur-
cumin has also significantly improved physical limita-
tions due to angina, angina stability, disease perception,
and quality of life in the intervention patients compared
with the placebo group. Curcumin supplementation has
shown promising effects on different mental and physi-
cal aspects of quality of life such as bodily pain, disease
severity, fatigue, well-being, vitality, and depression in
various medical conditions including mild hypertension,
obesity, liver cirrhosis, and irritable bowel syndrome
[30, 31, 44, 45]. Part of the beneficial effects of curcumin
on better clinical outcomes and general health, based
on SAQ, might be attributed to reducing inflamma-
tion through significant improvement in inflammatory

markers [44]. Additionally, it has been shown that psy-
chological disorders could largely induce different physi-
cal symptoms and problems [46]. A recent meta-analysis
study showed that curcumin could improve depressive
and anxiety symptoms [47]. Thus, probably psychological
improvements following nano-curcumin supplementa-
tion had a role in improving the disease-associated physi-
cal and mental status and SAQ scores.

Curcumin has pleiotropic activities; besides targeting
pro-inflammatory cytokines, it can modulate adhesion
molecules, antioxidant enzymes, and endothelial media-
tors which all are directly involved in endothelial func-
tion [18, 26, 48, 49]. Apart from curcumin, other minor
curcuminoids also have been shown to possess various
biological activities in several in-vitro and in-vivo stud-
ies; and in some cases, demethoxycurcumin and bisde-
methoxycurcumin have shown more potent effects than
curcumin [20, 50]. In a recent in-silico and in-vitro study,
curcuminoids including curcumin, demethoxycurcumin
and bisdemethoxycurcumin have shown to inhibit the
tubulogenic and migration capacity of endothelial cells
and reduced phosphorylation of the VEGFR2 in VEGEF-
165-stimulated cells suggesting an anti-angiogenic prop-
erty [50]. Moreover, bisdemethoxycurcumin has shown
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a novel anti-inflammatory pathway by inducing expres-
sion of heme oxygenase-1 and attenuating inducible NOS
expression [51]. The supplement used in the current
study contained several curcuminoids.

However, in the current study, the nano-curcumin
supplementation did not lead to any significant improve-
ments in serum endocan levels, as a possible mediator of
endothelial dysfunction in comparison to the placebo. No
previous study was available investigating the effect of
nano-curcumin or other similar nutraceuticals on serum
endocan in patients with CSFP. Few clinical studies are
currently available describing the behavior of endocan
and the mechanisms of its regulation in health and dis-
eases. Some data suggest that endocan may play a role
in the development of CSF [15], while others propose
that endocan may be an endpoint, rather than a cause,
of endothelial inflammation, activation, and dysfunc-
tion [52]. Accordingly, effective targeting of this media-
tor and the consequent clinical benefits need further
investigations.

Adropin is a novel regulator of endothelial function,
which can be expressed by endothelial cells [12]. Previ-
ous observational studies have shown decreased levels
of serum adropin in patients with CSFP and its potential
predictive value for the presence of this condition [7]. In
the present study, nano-curcumin supplementation did
not change adropin levels significantly neither between
nor within the two groups. There is no comparable study
available in CSFP or other cardiovascular diseases. Adro-
pin level is inversely associated with body weight, and
insulin resistance [53]. Previous clinical trials showed a
concomitant decrease in body fat and insulin resistance
and an increase in serum adropin following low-calorie
diet supplemented with probiotic yogurt or aerobic exer-
cise [54, 55]. However, in the present trial, there was a
heterogeneity in terms of insulin resistance among the
participants. Additionally, despite being overweight or
obese, body weight and fat percent did not change sig-
nificantly following nano-curcumin supplementation in
the study participants. These discrepancies along with
differences in the pathophysiological background of the
previous studies might partly explain the lack of signifi-
cant changes in circulating adropin in the current study.

Elevated levels of homocysteine have been reported
in CSFP patients, which is positively correlated with
mean TFC and negatively with FMD [8, 56]. Increased
homocysteine levels cause direct damage to the endo-
thelium and reduce NO bioavailability, increase TG
levels, LDL-C oxidation and reduce HDL-C [57, 58]
In the current study, nano-curcumin supplementation
did not significantly change homocysteine levels com-
pared with the placebo. No similar study was available
in CSFP. However, Latif et al., also found no significant
changes in serum homocysteine levels in overweight or
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obese women after 2 g/day turmeric supplementation
for 90 days [59]. In contrast, 12 weeks of supplementa-
tion with 500 mg/day of a highly bioavailable formulation
of curcumin in healthy people with BMI>30 kg/m? led
to significant reductions in homocysteine levels com-
pared with the placebo group [60]. Homocysteine has a
complicated metabolism and several factors influence its
concentrations [57]. Discrepancies observed in homo-
cysteine response to curcumin supplements in different
studies may, at least in part, be related to differences in
underlying medical conditions, concomitant metabolic
disorders, as well as doses, absorption rate, bioavailability
and bioactive constituents of the curcumin supplements.

TG/HDL-C ratio is correlated with cardiovascular
events and is a feasible index of atherogenic dyslipidemia
in clinical practice [61]. Recently it has been reported
that TG/HDL ratio is significantly elevated in patients
with CSFP and it is an independent predictor of the pres-
ence and severity of the disease [28]. A trial in diabetic
patients showed no significant changes in lipid profile,
while a significant improvement was observed in HDL-
C, TC, TG, and LDL-C in patients with non-alcoholic
fatty liver disease compared to the control group follow-
ing nano-curcumin supplementation [33, 34]. These dif-
ferences in the results might be partly due to the higher
efficacy of nano-curcumin, like many other treatments,
to change cardiometabolic risk factors when the baseline
values are impaired. Moreover, Rastmanesh et al. recently
showed that the intra-individual differences in terms of
dietary intake and food processing techniques result in
differential bioactivity and bioavailability of many anti-
oxidants including curcumin and curcuminoids [62].
They also added that even randomization protocols or
using cross-over or parallel designs cannot eliminate this
source of bias [62].To our knowledge, dietary intakes of
curcumin and curcuminoids have not been assessed in
previous studies as well as the current trial. Serum con-
centrations of these compounds have not been evaluated,
either; while the effects of these compounds are greatly
influenced by their concentrations. This might affect the
results and partly explain the differences in findings of
different studies.

Obesity is one of the major conventional risk factors
for various cardiovascular diseases including CSFP [63].
Recently, increasing interest has been directed toward
developing combined scores consisting of both indica-
tors of obesity and biomarkers, to better reflect the clini-
cal status [39]. VAI is an indicator of fat distribution in
the visceral or subcutaneous area and it is of high pre-
dictive power for cardiovascular risk [39]. An increase in
VAI shows adipose tissue dysfunction and a reduction in
insulin sensitivity [39]. WTI has been also suggested for
predicting coronary artery disease [40], as it has a direct
correlation with the chance of coronary artery lesions
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and coronary heart disease [64]. In the present study,
nano-curcumin supplementation reduced VAI and WTI
significantly compared with the baseline values, which
was simultaneous with better clinical scores of SAQ
in the intervention group. Thus, it seems these novel
indexes may show better overall cardiovascular health
and less adipose tissue dysfunction in CSFP patients and
are worth to be explored in future studies in this field.

This study had some limitations, which should be
noted. Due to ethical concerns, it was not possible to
repeat angiography, as the gold standard tool for inves-
tigating clinical and functional changes of coronary
arteries, at the end of the 12-week nano-curcumin sup-
plementation. Additionally, investigating FMD, as the
most popular non-invasive method for the assessment of
endothelial dysfunction, would better clarify the lack of
significant changes in the biomarkers following the inter-
vention. In addition, we did not investigate the potential
long-term effects of supplementation of nano-curcumin
on our primary and secondary outcomes. Therefore,
further trials with longer durations are needed to test
the long-term effects of supplementation with nano-
curcumin. Moreover, in spite of asking participants to
follow their routine diet, the baseline dietary intakes of
curcumin and curcuminoids and their intakes through-
out the study were not quantitatively assessed due to the
lack of a valid semi-quantitative questionnaire to assess
the intake of these bioactive compounds. Conducting
further well-designed trials with larger sample sizes and
longer trial durations while exploiting valid question-
naires to assess dietary intakes of curcumin and curcumi-
noids should be also considered to increase the power of
the study in detecting the potential efficacy of nano-cur-
cumin in CSFP.

Conclusions

The results of the current trial showed that 12 weeks of
supplementation with 80 mg/day nano-curcumin sup-
plement (containing curcuminids including curcumin,
demethoxycurcumin, and bisdemethoxycurcumin) could
improve disease-related physical and mental complica-
tions including angina stability, frequency and sever-
ity, physical limitation as well as treatment satisfaction
and disease perception and quality of life, in overweight
or obese patients with CSFP compared with the pla-
cebo group. Additionally, TG, TG/HDL ratio, and novel
indexes WTI and VAI, improved significantly within the
nano-curcumin, but not the placebo group, compared to
the baseline values. No significant changes were observed
in serum endocan, adropin, and homocysteine following
the supplementation. Overall, oral nano-curcumin sup-
plementation seems to be a simple, well-tolerated com-
plementary treatment for improving general health and
anginal episodes. Further studies are needed to explore
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the possible mechanisms involved in both the pathogen-
esis of CSFP and the beneficial effects of nutraceuticals
such as curcumin.
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