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Abstract 

Background:  Metabolic syndrome (MetS) as a cluster of conditions including hyperlipidemia, hypertension, hyper-
glycemia, insulin resistance, and abdominal obesity is linked to cardiovascular diseases and type 2 diabetes. Evidence 
suggested that intake of curcumin and coenzyme Q10 may have therapeutic effects in the management of MetS.

Aims:  We investigated the effects of curcumin and/or coenzyme Q10 supplementation on metabolic syndrome 
components including systolic blood pressure (SBP), diastolic blood pressure (DBP), waist circumference (WC), triglyc-
eride (TG), high density lipoprotein-cholesterol (HDL-c) and fasting plasma glucose (FPG) as primary outcomes, and 
total cholesterol (TC), low density lipoprotein-cholesterol (LDL-c) and body mass index (BMI) as secondary outcomes 
in subjects with MetS.

Methods:  In this 2 × 2 factorial, randomized, double-blinded, placebo-controlled study, 88 subjects with MetS were 
randomly assigned into four groups including curcumin plus placebo (CP), or coenzyme Q10 plus placebo (QP), or 
curcumin plus coenzyme Q10 (CQ), or double placebo (DP) for 12 weeks.

Results:  The CP group compared with the three other groups showed a significant reduction in HDL-c (P = 0.001), 
TG (P <  0.001), TC (P <  0.001), and LDL-c (P <  0.001). No significant differences were seen between the four groups in 
terms of SBP, DBP, FPG, WC, BMI and weight.

Conclusion:  Curcumin improved dyslipidemia, but had no effect on body composition, hypertension and glyce-
mic control. Furthermore, coenzyme Q10 as well as the combination of curcumin and coenzyme Q10 showed no 
therapeutic effects in subjects with MetS. The trial was registered on 09/21/2018 at the Iranian clinical trials website 
(IRCT20180201038585N2), URL: https://​www.​irct.​ir/​trial/​32518.
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Introduction
Metabolic syndrome (MetS) is a cluster of metabolic dis-
orders such as hyperlipidemia, hypertension, hypergly-
cemia, insulin resistance, and abdominal obesity [1, 2]. 
MetS is associated with cardiovascular disease (CVD), 
type 2 diabetes mellitus (T2DM), and non-alcoholic fatty 
liver disease (NAFLD) [3–5]. The worldwide prevalence 
of MetS is increasing dramatically, and has become a 
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major public health concern [1, 6]. Due to different diag-
nostic criteria like the National Cholesterol Education 
Program-Adult Treatment Panel III (NCEP-ATP III), 
the American Heart Association/National Heart, Lung, 
and Blood Institute (AHA/NHLBI), and the Interna-
tional Diabetes Federation (IDF), the exact prevalence of 
metabolic syndrome is unclear [4, 7, 8]. The global prev-
alence of MetS is between 14 and 32% [6]. A combina-
tion of genetic, metabolism and environmental factors is 
involved in the etiology of MetS [2, 9]. Insulin resistance 
and obesity play an important role in the pathogenesis 
of MetS [2, 10]. In addition to pharmacological man-
agement, lifestyle changes such as adherence to healthy 
dietary patterns, weight loss and physical activity are the 
important strategies in the management of MetS [11, 12].

Curcumin is a phytochemical and an active compound 
of turmeric (Curcuma longa L.) [13]. Evidence has shown 
some beneficial effects of curcumin on obesity, hyperten-
sion, dyslipidemia and glycemic control [14–17]. How-
ever, there is only one study (with limitations like short 
intervention duration) examining the effects of curcumin 
on the components of the MetS in subjects with MetS 
[18].

On the other hand, coenzyme Q10 as an antioxidant 
plays a critical role in scavenging active oxygen species 
and reducing lipid peroxidation, cellular signals, and 
energy production in mitochondria [19, 20]. Moreover, 
coenzyme Q10 increases insulin sensitivity and improves 
glycemic control [21]. Clinical findings regarding the 
effects of coenzyme Q10 on dyslipidemia, hyperten-
sion, and obesity are conflicting. Furthermore, some tri-
als investigated the effect of coenzyme Q10 on the MetS 
components [22–26], but the results were not integrated.

In the present study we aimed to investigate the effects 
of curcumin and/or Coenzyme Q10 supplementation 
on metabolic syndrome components including diastolic 
blood pressure (DBP), systolic blood pressure (SBP), 
waist circumference (WC), triglyceride (TG), high den-
sity lipoprotein-cholesterol (HDL-c) and fasting plasma 
glucose (FPG) as primary outcomes, and total cholesterol 
(TC), low density lipoprotein-cholesterol (LDL-c), weight 
and body mass index (BMI) as secondary outcomes in 
subjects with MetS. We hypothesized that curcumin and/
or coenzyme Q10 supplementation may improve cardio-
metabolic outcomes in subjects with MetS.

Methods
Recruitment and eligibility screening
Two hundred volunteer with MetS who referred to the 
department of Health, Assistance and Treatment in Teh-
ran, affiliated with Baqiyatallah University of Medical 
Sciences in Tehran, Iran were identified and screened. 
The MetS defined by IDF is a clustering of elevated WC 

(≥94 cm for men and ≥ 80 cm for women) in conjunc-
tion of two or more of the following disorders: 1- ele-
vated TG ≥150 mg/dL (1.7 mmol/L) (or drug treatment); 
2- reduced HDL-c < 40 mg/dL (1.0 mmol/L) for men, 
and < 50 mg/dL (1.3 mmol/L) for women (or drug treat-
ment); 3- elevated SBP ≥130 and/or DBP ≥85 mmHg (or 
antihypertensive drug treatment); and 4- elevated FPG 
≥100 mg/dL (or drug treatment) [27]. In order to identify 
subjects with MetS, variables of MetS including WC, TG, 
HDL-c, SBP, DBP and FPG were measured. Subjects with 
elevated WC (≥94 cm for men and ≥ 80 cm for women) 
were referred to the laboratory to measure other factors 
of MetS. The inclusion criteria included subjects with 
MetS diagnosed by IDF guideline and aged ≥18 y. The 
exclusion criteria included history of cancers, cardiovas-
cular disease, stroke, kidney diseases, and viral hepatitis, 
taking blood pressure lowering, blood lipid lowering, and 
blood glucose lowering medications, and unwillingness 
to continue the study. Finally, 88 subjects were included.

Study design
This study was a 2 × 2 factorial, randomized, double-
blinded, placebo-controlled study was conducted for 
12 weeks. According to studies that investigated the 
effect of curcumin [28, 29] and coenzyme Q10 [22, 30], 
the duration of this study was determined to be 12 weeks. 
After explanation about the risks and benefits of the trial 
by investigator, an informed written consent approved 
by the ethics committee in Baqiyatallah University of 
Medical Sciences (IR.Bmsu.rec.1397.449) was signed by 
participants. In addition, participants could leave the 
trial at any time for any reason. Registration of the trial 
protocol was performed on 09/21/2018 at the Iranian 
clinical trials website (IRCT20180201038585N2), URL: 
https://​www.​irct.​ir/​trial/​32518. At the beginning of the 
trial, subjects were randomly assigned into four groups 
including curcumin (daily one capsule contained 200 mg 
curcumin powder) plus placebo (matching for coenzyme 
Q10) group (CP), or coenzyme Q10 (daily one capsule 
contained 60 mg coenzyme Q10) plus placebo (matching 
for curcumin) group (QP), or curcumin (daily one cap-
sule contained 200 mg curcumin powder) plus coenzyme 
Q10 (daily one capsule contained 60 mg coenzyme Q10) 
group (CQ), or either double placebo (daily two capsules 
contained cellulose acetate) group (DP). Simple (unre-
stricted) randomization was performed using random 
allocation software [31] and numbers from 1 to 88. The 
randomized allocation and assignment of participants 
into intervention groups was performed by a trained per-
son who was not involved in the trial. Supplement boxes 
were labeled as A or B or C by a person who was not 
involved in the trial. Subjects and all investigators were 
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blinded to the intervention assignment until the end of 
the study.

Intervention
Every 4 weeks, capsules were given to participants. Par-
ticipants consumed two capsules before lunch. Cur-
cumin, coenzyme Q10 and placebo capsules were 
produced in Karen Pharmaceutical Co., Yazd, Iran. The 
appearance of curcumin, coenzyme Q10 and placebo was 
similar. The participants were advised to follow common 
healthy dietary recommendations (higher intake of fruits 
and vegetables, whole grains, legumes and fish, and lower 
intake of red and processed meats, full-fat dairy prod-
ucts, saturated fatty acids, refined sugars and salt) during 
follow-up. Every 4 weeks, the participants were asked to 
deliver empty boxes of capsules to the investigator. Con-
suming less than 80% of prescribed capsules was consid-
ered as poor compliance.

Dietary intakes and physical activity evaluation
Evaluation of the energy and macronutrients intakes was 
performed by a 24-h recall questionnaire for 3 days (1 
weekend day and 2 nonconsecutive weekdays) at base-
line and after intervention. A metabolic equivalent of 
task (MET) questionnaire [32] was used for assessment 
of physical activity at baseline and after intervention. The 
validity of the MET questionnaire has been confirmed 
[33].

Anthropometric evaluations
Height, weight and WC were measured at the baseline 
and the end of study. A stadiometer was used to meas-
ure height of participants, while the participants were in 
standing position without shoes. Weight was measured 
by a digital Seca scale (Seca, Germany) with an accuracy 
of 100 g. To measure weight, the participants were with 
light clothes and without shoes. The WC was measured 
at the middle point between the last noticeable rib and 
the top of iliac crest using a measuring tape with an accu-
racy of 0.5 cm. BMI was calculated by the following for-
mula: weight (kg)/height (m)2.

Blood pressure measurement
Measuring SBP and DBP was performed in the non-
dominant arm after 10 min of rest at baseline and after 
intervention. Using a valid mercury sphygmomanometer 
device (MicrolifeBP AG1–10), the participant’s blood 
pressure sitting at the suitable position (subject’s arm at 
the same level with the heart) was measured 3 times. The 
mean of the 3 measurements were used in the analyses.

Laboratory assessments
To measure serum FPG, TG and HDL-c concentrations 
at baseline and after intervention, blood was drawn after 
12 hours fasting and was centrifuged for 10 minutes at a 
speed of 3600 rpm. Serum samples were evenly poured 
into the microtubes immediately frozen at − 70 °C. 
Serum FPG, TG and HDL-c were measured by routine 
enzymatic assays with commercial kit (Pars Azmoon, 
Iran) using an autoanalyzer (AVIDA 1800 chemistry sys-
tem; Siemens, United Kingdom). Measurements were 
done under the standard methods in laboratory of Nutri-
tion Department.

Statistical analysis
Sample size was calculated based on the study of Panahi 
et  al. [18], with α = 0.05, power = 80%, and considering 
a drop-out rate of ∼10%, the final sample size was esti-
mated to be 22 per group. Using Kolmogorov-Smirnov 
test the normal distribution of variables was evaluated. 
The paired t-test was used to analyze the data within 
groups at baseline and at the end of the study. Com-
paring effects of intervention on variables between the 
groups was measured using two-way ANOVA. Data 
were reported by means ± standard deviations (SD) and 
P <  0.05 was considered significant. Data were analyzed 
using SPSS version 24 (SPSS, Inc.)

Results
Characteristics of the subjects
After screening 200 subjects with MetS, 112 subjects 
did not meet the inclusion criteria due to having car-
diovascular disease, kidney diseases or cancer (n = 34), 
taking blood pressure drugs (n = 20), receiving lipid low-
ering drugs (n = 42), and taking glucose lowering drugs 
(n = 16). Eighty-eight subjects were randomly assigned 
into four groups. All subjects completed the trial (Fig. 1). 
There were no significant differences between four 
groups in baseline characteristics (Table  1). There was 
no significant difference between four group in physical 
activity, intake of energy and intake of macronutrients 
during follow-up (P > 0.05) (Table 2). After the end of the 
study, no significant difference between the four groups 
in physical activity (P > 0.05) was found.

Primary outcomes
After the end of the study, a significant reduction in term 
of TG in the CP (P <   0.001) and CQ (P = 0.01) groups, 
and a trend to improvement but not significant in the 
QP (P = 0.08) was found (Table  3). However, reduc-
tion of TG in the CP group compared to the three other 
groups was significantly greater (mean difference of CP: 
− 58.0 ± 49.1, QP: − 9.8 ± 30.4, CQ: − 16.0 ± 48.4, DP: 
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6.1 ± 59.5; P <  0.001) (Table 3). Furthermore, there was a 
significant improvement only in the CP group in HDL-c 
(mean difference of CP: 10.0 ± 5.3, QP: 1.0 ± 4.5, CQ: 
1.8 ± 4.6, DP: 0.9 ± 6.9; P <   0.001) (Table  3). However, 

there was no significant difference between the four 
groups in terms of SBP (P = 0.72), DBP (P = 0.64), WC 
(P = 0.45) and FPG (P = 0.30) at the end of the study 
(Table 3). No serious adverse events were reported dur-
ing follow-up.

Table 1  Baseline characteristics of subjects with metabolic syndrome

Data are expressed as mean ± standard deviation. CP curcumin plus placebo, QP coenzyme Q10 plus placebo, CQ curcumin plus coenzyme Q10, DP double placebo, 
MET-h metabolic equivalent task hours, TG triglyceride, HDL-c high density lipoprotein-cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure, WC waist 
circumference, FPG fasting plasma glucose

CP group (n = 22) QP group (n = 22) CQ group (n = 22) DP group (n = 22) P

Age, y 38.8 ± 4.9 39.0 ± 4.5 37.7 ± 5.0 39.5 ± 5.0 0.41

Sex, n (%) 0.19

  Male 14 (64) 13 (59) 13 (59) 15 (68)

  Female 8 (36) 9 (41) 9 (41) 7 (32)

Physical activity, MET-h/d 26.1 ± 2.6 27.8 ± 3.8 24.9 ± 4.1 28.1 ± 5.1 0.71

Energy intake, kcal/d 2285.7 ± 35 2275.3 ± 42 2290.1 ± 38 2210.8 ± 40 0.26

TG, mg/dL 224.7 ± 66.9 244.6 ± 95.2 236.8 ± 64.1 231.7 ± 80.7 0.58

HDL-c, mg/dL 32.0 ± 5.6 32.9 ± 4.7 31.2 ± 7.5 33.3 ± 8.5 0.41

SBP, mmHg 130.2 ± 7.5 127.2 ± 10.8 126.2 ± 10.4 135.1 ± 14.2 0.82

DBP, mmHg 91.0 ± 8.4 92.0 ± 7.9 93.1 ± 6.7 92.6 ± 6.5 0.84

WC, cm 101.0 ± 8.4 102.1 ± 6.5 102.7 ± 6.6 101.8 ± 7.7 0.13

FPG, mg/dL 130.1 ± 9.7 128.2 ± 14.3 121.2 ± 9.8 130.1 ± 14.7 0.27

Table 2  Dietary intakes and physical activity in subjects with metabolic syndromea

CP curcumin plus placebo, QP coenzyme Q10 plus placebo, CQ curcumin plus coenzyme Q10, DP double placebo, MET-h metabolic equivalent task hours
a Data are expressed as mean ± standard deviation (SD)

Variables CP group
(n = 22)

QP group
(n = 22)

CQ group
(n = 22)

DP group
(n = 22)

P

Pbaseline Pbetween groups

Energy, Kcal/day 0.25 0.45

  Week 0 2285.7 ± 35.5 2275.3 ± 42.2 2290.1 ± 38.4 2210.7 ± 40.8

  Week 12 2308.5 ± 38.2 2301.6 ± 30.3 2315.2 ± 31.3 2308.7 ± 40.3

  Pwithin groups 0.56 0.60 0.67 0.85

Carbohydrate, gr/day 0.46 0.31

  Week 0 298.7 ± 4.5 290.3 ± 3.5 285.6 ± 6.5 295.8 ± 7.4

  Week 12 290.4 ± 5.8 286.1 ± 3.8 281.6 ± 4.8 289.1 ± 5.8

  Pwithin groups 0.30 0.70 0.42 0.63

Fat, gr/day 0.91 0.76

  Week 0 70.2 ± 2.1 69.2 ± 3.2 73.2 ± 2.5 71.1 ± 4.1

  Week 12 69.2 ± 2.8 66.2 ± 1.9 71.1 ± 2.1 70.3 ± 4.5

  Pwithin groups 0.30 0.09 0.15 0.45

Protein, gr/day 0.41 0.32

  Week 0 88.2 ± 5.3 87.4 ± 5.6 84.5 ± 3.4 85.2 ± 4.1

  Week 12 86.1 ± 4.3 85.1 ± 4.6 83.6 ± 3.8 84.4 ± 4.5

  Pwithin groups 0.15 0.40 0.60 0.63

Physical activity, MET-h/d 0.71 0.60

  Week 0 26.1 ± 2.6 27.8 ± 3.8 24.9 ± 4.1 28.1 ± 5.1

  Week 12 25.8 ± 2.8 27.1 ± 3.4 25.1 ± 4.4 27.8 ± 5.5

  Pwithin groups 0.41 0.60 0.15 0.24
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Secondary outcomes
There was a significant reduction in term of TC in 
the CP group (P <   0.001), and a trend to reduction 
but not significant in QP group (P = 0.06) (Table  4). 
The CP group showed a greater reduction in TC com-
pared to three other groups (mean difference of CP: 
− 30.9 ± 35.1, QP: − 10.1 ± 30.2, CQ: − 7.0 ± 36.3, DP: 
− 0.7 ± 43.4; P <  0.001) (Table 4). Moreover, there was 
a significant reduction in LDL-c (mean difference of 
CP: − 14.1 ± 6.2, QP: − 2.3 ± 8.3, CQ: − 1.0 ± 9.3, DP: 
− 2.0 ± 8.4; P <  0.001) in the CP group, but these vari-
ables in three other groups remained without signifi-
cant improvement (Table 4). No significant difference 
between the four groups was found in terms of weight 
(P = 0.19) and BMI (P = 0.45) at the end of the study 
(Table 4).

Discussion
To our knowledge the present study was the first rand-
omized clinical trial (RCT) investigating the effects of 
curcumin and/or coenzyme Q10 supplementation in 
subjects with MetS. We found that curcumin supplemen-
tation improves lipid profile, but has no effect on body 
composition, hypertension and FPG. On the other hand, 
supplementation with coenzyme Q10 as well as curcumin 
plus coenzyme Q10 showed no significant effects on lipid 
profile, body composition, hypertension and FPG.

The evidence from in vitro and in vivo studies revealed 
the mechanisms that curcumin improves dyslipidemia 
[16, 34]. Curcumin downregulates key factors in the lipo-
genesis like 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase, sterol regulatory element-binding 
proteins (SREBPs) and fatty acid synthase, and stimulates 

Fig. 1   Eligibility, screening, and follow-up of subjects with MetS
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lipid excretion as well as mobilization from adipose tissue 
[16, 34]. Consistent with the results of the present study, 
an improvement in lipid profile of subjects with MetS 
after 8-week curcumin supplementation (1000 mg/day) 
was found in the trial of Panahi et al. [18]. In addition, the 
study of Adab et al. [35] confirmed that curcumin intake 
(2100 mg/d powdered of turmeric) for 8 weeks reduces 
TG, TC and LDL-c in patients with T2DM. However, 
study of Baum et al. [36] showed that curcumin supple-
mentation (1000 mg/day) for 6 months has no effect on 
lipid profile in healthy adults. The differences in health 
status of subjects can be a logical reason for this contrast. 
Our finding did not show any significant improvement in 

lipid profile after supplementation with coenzyme Q10. 
In line with our findings, in the study of Raygan et al. [37], 
no significant improvement in lipid profile was observed 
after coenzyme Q10 supplementation for 12 weeks 
among subjects with MetS. In addition, Gholnari et  al. 
[25] found that 12-week supplementation with coenzyme 
Q10 has no effect on lipid profile in patients with dia-
betic nephropathy. In contrast to our study, Zhang et al. 
[24] found that treatment with coenzyme Q10 (120 mg/
day) for 24 weeks improves lipid profile in dyslipidemic 
individuals. In addition, Derosa et al. [38] demonstrated 
that 3-month CoQ10 supplementation (100 mg/day) 
decreases TC and LDL-c in dyslipidemic subjects. It 

Table 3  Effects of curcumin and/or coenzyme Q10 supplementation on metabolic syndrome components a

CP curcumin plus placebo, QP coenzyme Q10 plus placebo, CQ curcumin plus coenzyme Q10, DP double placebo, TG triglyceride, HDL-c high density lipoprotein-
cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, FPG fasting plasma glucose
a Data are expressed as mean ± standard deviation (SD)

Metabolic syndrome 
components

CP group
(n = 22)

QP group
(n = 22)

CQ group
(n = 22)

DP group
(n = 22)

P

Pbaseline Pbetween groups

TG, mg/dL 0.58 <  0.001

  Week 0 224.7 ± 66.9 244.6 ± 95.2 236.8 ± 64.1 231.7 ± 80.7

  Week 12 166.7 ± 72.8 234.8 ± 39.4 220.8 ± 73.7 237.8 ± 88.6

  Mean difference −58.0 ± 49.1 −9.8 ± 30.4 −16.0 ± 48.4 6.1 ± 59.5

  Pwithin groups <  0.001 0.08 0.01 0.51

HDL-c, mg/dL 0.41 <  0.001

  Week 0 32.0 ± 5.6 32.9 ± 4.7 31.2 ± 7.5 33.3 ± 8.5

  Week 12 42.0 ± 5.9 33.9 ± 4.6 33.0 ± 7.6 34.2 ± 8.6

  Mean difference 10.0 ± 5.3 1.0 ± 4.5 1.8 ± 4.6 0.9 ± 6.9

  Pwithin groups <  0.001 0.43 0.25 0.40

SBP, mmHg 0.82 0.72

  Week 0 130.2 ± 7.5 127.2 ± 10.8 126.2 ± 10.4 135.1 ± 14.2

  Week 12 130.8 ± 8.4 126.2 ± 9.9 125.2 ± 9.7 134.9 ± 15.2

  Mean difference 0.6 ± 8.1 −1.0 ± 9.7 −1.0 ± 9.3 −0.2 ± 12.8

  Pwithin groups 0.74 0.42 0.40 0.64

DBP, mmHg 0.84 0.64

  Week 0 91.0 ± 8.4 92.0 ± 7.9 93.1 ± 6.7 92.6 ± 6.5

  Week 12 91.5 ± 6.6 91.1 ± 8.5 92.1 ± 4.3 91.8 ± 9.9

  Mean difference 0.5 ± 7.5 − 0.9 ± 8.3 −1.0 ± 5.5 − 0.8 ± 7.9

  Pwithin groups 0.31 0.51 0.45 0.56

WC, cm 0.33 0.45

  Week 0 101.0 ± 8.4 102.1 ± 6.5 102.7 ± 6.6 101.8 ± 7.7

  Week 12 100.2 ± 8.5 101.5 ± 7.3 102.1 ± 8.6 101.4 ± 7.4

  Mean difference −0.8 ± 4.0 − 0.6 ± 3.6 −0.6 ± 4.0 −0.4 ± 3.9

  Pwithin groups 0.08 0.11 0.10 0.20

FPG, mg/dL 0.27 0.30

  Week 0 130.1 ± 9.7 128.2 ± 14.3 121.2 ± 9.8 130.1 ± 14.7

  Week 12 126.2 ± 8.5 126.2 ± 15.4 118.9 ± 8.2 126.3 ± 13.8

  Mean difference −3.9 ± 7.3 −2.0 ± 9.3 −3.3 ± 7.3 −3.8 ± 9.7

  Pwithin groups 0.40 0.67 0.45 0.40
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seems, longer duration interventions with coenzyme Q10 
has a beneficial effect in dyslipidemic subjects, but, it has 
no effect in diabetic or MetS subjects.

Based on our findings, although the CQ group (cur-
cumin plus coenzyme Q10) showed some effects on dys-
lipidemia, the CP group (curcumin plus placebo) had 
greater effects. In contrast to similarity in some lipid-
lowering mechanisms of curcumin and coenzyme Q10 
[19, 20, 34], it seems coenzyme Q10 neutralized the ther-
apeutic effects of curcumin on dyslipidemia.

Our findings demonstrated that curcumin and/or coen-
zyme Q10 supplementation have no effect on hyperten-
sion. Contrary to our study, previous evidence suggested 
that curcumin by mechanisms like increasing nitric oxide 
bioavailability and reducing oxidative stress as well as 
endothelial dysfunction and ameliorating aortic stiffen-
ing can improve hypertension [39]. A meta-analysis on 
RCTs suggested that consuming curcumin/turmeric has 
no effect on blood pressure and may improve SBP in long 
duration interventions [17]. On the other hand, studies 
suggested that coenzyme Q10 by inducing vasodilatation 
via impact on the endothelium and peripheral vascular 

resistance, as well as increasing nitric oxide levels and 
reducing lipid peroxidation, improves hypertension. In 
contrast with our results, Hodgson et al. [30] found that 
coenzyme Q10 (200 mg/day) for 12 weeks can reduce 
blood pressure in patients with T2DM. In line with our 
results, study of Young et al. [22] showed that coenzyme 
Q10 supplementation (100 mg/day) for 12 weeks can-
not reduce blood pressure in hypertensive subjects with 
MetS. Furthermore, in the study of Eriksson et  al. [26], 
blood pressure remained unchanged after 6-month coen-
zyme Q10 supplementation (100 mg/day). Higher doses 
of coenzyme Q10 probably has a beneficial effect on 
hypertension.

We found that after supplementation with curcumin 
and/or coenzyme Q10, anthropometric variables did 
not change significantly. In contrast to our finding, pre-
vious studies showed that curcumin can reduce weight 
and WC by increasing the metabolic rate, downregulat-
ing adipocyte transcriptional factors like peroxisome 
proliferator-activated receptor γ (PPAR-γ) and inhibit-
ing preadipocyte differentiation [40–42]. In line with our 
results, the study of Saraf-bank et al. [43] suggested that 

Table 4  Effects of curcumin and/or coenzyme Q10 supplementation on lipid profile and body compositiona

CP curcumin plus placebo, QP coenzyme Q10 plus placebo, CQ curcumin plus coenzyme Q10, DP double placebo, TC total cholesterol, LDL-c low density lipoprotein-
cholesterol, BMI body mass index, TG triglyceride, HDL-c high density lipoprotein-cholesterol, WC waist circumference
a Data are expressed as mean ± standard deviation (SD). bValues of TG and HDL-c, which are parameters of lipid profile, are expressed in Table 2. cValues of WC, which is 
a variable of body composition, is expressed in Table 2

Variables CP group
(n = 22)

QP group
(n = 22)

CQ group
(n = 22)

DP group
(n = 22)

Pbaseline Pbetween groups

Lipid profileb

  TC, mg/dL 0.52 <  0.001

    Week 0 217.4 ± 37.4 238.4 ± 37.9 228.2 ± 47.9 238.4 ± 68.1

    Week 12 186.5 ± 30.4 228.3 ± 39.8 221.2 ± 40.7 237.7 ± 53.9

    Mean difference −30.9 ± 35.1 −10.1 ± 30.2 −7.0 ± 36.3 −0.7 ± 43.4

    Pwithin groups < 0.001 0.06 0.15 0.70

  LDL-c, mg/dL 0.46 < 0.001

    Week 0 89.4 ± 6.5 90.8 ± 8.6 96.3 ± 11.2 89.3 ± 10.1

    Week 12 75.3 ± 5.4 88.5 ± 8.4 95.3 ± 11.4 87.3 ± 7.4

    Mean difference −14.1 ± 6.2 −2.3 ± 8.3 −1.0 ± 9.3 −2.0 ± 8.4

    Pwithin groups < 0.001 0.35 0.42 0.40

Body composition indicesc

  Weight, Kg 0.07 0.19

    Week 0 92.1 ± 8.2 94.0 ± 10.1 91.0 ± 10.8 92.1 ± 10.5

    Week 12 90.1 ± 8.1 92.2 ± 15.8 89.1 ± 10.2 91.1 ± 10.1

    Mean difference −2.0 ± 7.6 −1.8 ± 12.6 −1.9 ± 9.7 −1.0 ± 9.5

    Pwithin groups 0.07 0.09 0.08 0.15

  BMI, Kg/m2 0.21 0.45

    Week 0 30.0 ± 4.6 30.7 ± 4.9 29.7 ± 5.1 30.0 ± 4.7

    Week 12 29.4 ± 4.2 30.1 ± 5.6 29.1 ± 5.0 29.7 ± 4.7

    Mean difference −0.6 ± 3.9 −0.6 ± 4.5 −0.6 ± 4.5 −0.3 ± 4.4

    Pwithin groups 0.34 0.41 0.40 0.45
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curcumin supplementation (500 mg/day) for 10 weeks 
has no beneficial effect on weight in subjects with obe-
sity. In addition, the study of Adab et al. [35] showed no 
significant reduction in weight in patients with T2DM 
after curcumin supplementation (2100 mg powdered of 
turmeric). Longer duration of curcumin supplementation 
may be useful to improve body composition. Some previ-
ous evidence showed coenzyme Q10 may inhibit adipo-
cyte differentiation by mediating AMP-activated protein 
kinase (AMPK) and peroxisome proliferator-activated 
receptor α (PPAR-α) pathways, as well as decrease gene 
expression of enzymes involved in the lipid synthesis 
such as fatty acid synthase and Acetyl-CoA carboxylase 
[44, 45]. In line with our study, Eriksson et al. [26] dem-
onstrated that coenzyme Q10 intake (100 mg/day) for 
6 months has no effect on BMI in patients with T2DM. 
Furthermore, Izadi et  al. [46] reported that coenzyme 
Q10 (200 mg/day) compared to the placebo has no signif-
icant effect on visceral adiposity in women with polycys-
tic ovary syndrome (PCOS).

Finally, our study showed there is no significant 
improvement in FPG after 12-week curcumin and/
or coenzyme Q10 supplementation. Some evidence 
reported that curcumin increases insulin secretion 
from pancreatic cells and regulates postprandial insulin 
responses, reduces NF-κB activity, increases activity of 
AMPK and anti-oxidant transcription factors like Foxo1, 
thereby can improve glycemic control [47–49]. Consist-
ent with our study, in the study of Thota et  al. [29] no 
significant improvement in glycemic control parameters 
such as FPG and HbA1c was found after supplementa-
tion with curcumin (180 mg/day) for 12 weeks among 
subjects with T2DM; however, curcumin significantly 
improved insulin and homeostatic model assessment for 
insulin resistance (HOMA-IR). In contrast to our find-
ings, NA et al. [50] suggested that curcumin supplemen-
tation (300 mg/day) reduces FPG, HbA1c and HOMA-IR 
in patients with T2DM. On the other hand, studies sug-
gested that coenzyme Q10 by modulating receptors of 
insulin and adiponectin, and regulating tyrosine kinase 
(TK), phosphatidylinositol kinase (PI3K), and glucose 
transporters improves glycemic control [21]. In line with 
our results, in the study of Gholnari et  al. [25], coen-
zyme Q10 supplementation (100 mg/day) for 12 weeks 
did not show improvement in FPG in patients with dia-
betic nephropathy; However, in this study insulin and 
HOMA-IR improved significantly. In addition, Eriksson 
et  al. [26] found that coenzyme Q10 supplementation 
(100 mg/day) for 6 months did not change glycemic con-
trol. Moreover, the study of Lee et  al. [51] showed that 
12-week coenzyme Q10 supplementation (200 mg/day) 
could not improve glycemic control in obese subjects. 
Based on literature, it seems higher doses of curcumin as 

well as coenzyme Q10 have a greater effect on insulin and 
HOMA-IR than FPG.

Our study has some strengths such as assessing the 
effect of curcumin along with coenzyme Q10 in a sepa-
rate group, and the high rate of compliance (100%). 
However, our study has some limitations. We did not 
evaluate the dietary intake of curcumin and coenzyme 
Q10. In addition, we did not measure levels of insulin 
and HOMA-IR, which could help to accurate conclu-
sion in the field of glycemic control. Moreover, subjects 
were enrolled sequentially (rather than all at once), which 
could lead to selection bias.

Conclusions
In conclusion, our finding indicated that curcumin sup-
plementation (especially by its effects on dyslipidemia) is 
more effective than coenzyme Q10 as well as the combi-
nation of curcumin and coenzyme Q10 in the manage-
ment of MetS. However, curcumin, coenzyme Q10 and 
their combination have no effect on body composition, 
hypertension and glycemic control.

Acknowledgments
We acknowledge the contribution of the patients and co-researchers.

Authors’ contributions
The authors’ responsibilities were as follows: A.S, M.T, J.M, and K.P: conceived 
and designed the study; M.S.: analyzed the data; K.P and M.T: provided mate-
rial and technical support; A.S: wrote the manuscript; K.P: critically revised the 
manuscript for important intellectual content; K.P: had primary responsibility; 
and all authors: read and approved the final manuscript.

Funding
This study was supported by the Baqiyatallah University of Medical Sciences. 
This was a financial support for student thesis process including laboratory 
works, and provide kits as well as supplements.

Availability of data and materials
The data and materials of the current study is available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
The research council of Baqiyatallah University of Medical Sciences confirmed 
the study protocol. The ethical committee of Baqiyatallah University of Medi-
cal Sciences approved the informed written consent (code number: IR.Bmsu.
rec.1397.449). The informed written consent was obtained from all partici-
pants before the data collection.

Consent for publication
Not applicable.

Competing interests
The authors have declared no competing interests.

Author details
1 Health Research Center, Life Style Institute, Baqiyatallah University of Medical 
Sciences, Tehran, Iran. 2 Department of Nutrition, School of Public Health, 
Shahid Sadoughi University of Medical Sciences, Yazd, Iran. 3 Student Research 
Committee, Baqiyatallah University of Medical Sciences, Tehran, Iran. 



Page 9 of 10Sangouni et al. Nutrition Journal           (2022) 21:62 	

Received: 3 August 2021   Accepted: 28 September 2022

References
	1.	 O’Neill S, O’Driscoll L. Metabolic syndrome: a closer look at the growing 

epidemic and its associated pathologies. Obes Rev. 2015;16(1):1–12.
	2.	 McCracken E, Monaghan M, Sreenivasan S. Pathophysiology of the meta-

bolic syndrome. Clin Dermatol. 2018;36(1):14–20.
	3.	 Halpern A, Mancini MC, Magalhães MEC, Fisberg M, Radominski R, 

Bertolami MC, et al. Metabolic syndrome, dyslipidemia, hypertension and 
type 2 diabetes in youth: from diagnosis to treatment. Diabetol Metab 
Syndr. 2010;2:55.

	4.	 Yadav D, Mahajan S, Subramanian SK, Bisen PS, Chung CH, Prasad G. 
Prevalence of metabolic syndrome in type 2 diabetes mellitus using 
NCEP-ATPIII, IDF and WHO definition and its agreement in Gwalior Cham-
bal region of Central India. Glob J Health Sci. 2013;5(6):142–55.

	5.	 Tarraga Lopez PJ. Nonalcoholic fatty liver disease in patients with meta-
bolic syndrome in primary care. Arch Dig Disord. 2016;1(1):1–6.

	6.	 Obeidat AA, Ahmad MN, Haddad FH, Azzeh FS. Alarming high prevalence 
of metabolic syndrome among jordanian adults. Pakistan J Med Sci. 
2015;31(6):1377–82.

	7.	 Kalan Farmanfarma K, Kaykhaei MA, Adineh HA, Mohammadi M, Dabiri 
S, Ansari-moghaddam A. Prevalence of metabolic syndrome in Iran: 
a meta-analysis of 69 studies. Diabetes Metab Syndr Clin Res Rev. 
2019;13(1):792–9.

	8.	 Ahmed A, Khan TE, Yasmeen T, Awan S, Islam N. Metabolic syndrome in 
type 2 diabetes: comparison of WHO, modified ATPIII & IDF criteria. J Pak 
Med Assoc. 2012;62(6):569–74.

	9.	 Fiszman M, Rosemblat G, Ahlers CB, Rindflesch TC. Identifying risk factors 
for metabolic syndrome in biomedical text. AMIA Annu Symp Proc. 
2007;2007:249–53.

	10.	 Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and insulin 
resistance: underlying causes and modification by exercise training. 
Compr Physiol. 2013;3(1):1–58.

	11.	 De Sousa SMC, Norman RJ. Metabolic syndrome, diet and exercise. Best 
Pract Res. 2016;37:140–51.

	12.	 Pérez-Martínez P, Mikhailidis DP, Athyros VG, Bullo M, Couture P, Covas MI, 
et al. Lifestyle recommendations for the prevention and management of 
metabolic syndrome: an international panel recommendation. Nutr Rev. 
2017;75(5):307–26.

	13.	 Sharifi-Rad J, El RY, Rizk AA, Sadaka C, Zgheib R, Zam W, et al. Turmeric and 
its major compound Curcumin on health: bioactive effects and safety 
profiles for food, pharmaceutical. Biotechnol Med Applications Front 
Pharmacol. 2020;11:01021.

	14.	 Hay E, Lucariello A, Contieri M, Esposito T, De Luca A, Guerra G, et al. 
Therapeutic effects of turmeric in several diseases: an overview. Chem 
Biol Interact. 2019;310:108729.

	15.	 Hewlings SJ, Kalman DS. Curcumin: a review of its effects on human 
health. Foods. 2017;6(10):1–11.

	16.	 Qin S, Huang L, Gong J, Shen S, Huang J, Ren H, et al. Efficacy and safety 
of turmeric and curcumin in lowering blood lipid levels in patients with 
cardiovascular risk factors: a meta-analysis of randomized controlled trials. 
Nutr J. 2017;16(1):1–10.

	17.	 Hadi A, Pourmasoumi M, Ghaedi E, Sahebkar A. The effect of Curcumin/
turmeric on blood pressure modulation: a systematic review and meta-
analysis. Pharmacol Res. 2019;150:104505.

	18.	 Panahi Y, Khalili N, Hosseini MS, Abbasinazari M, Sahebkar A. Lipid-modify-
ing effects of adjunctive therapy with curcuminoids-piperine combi-
nation in patients with metabolic syndrome: results of a randomized 
controlled trial. Complement Ther Med. 2014;22(5):851–7.

	19.	 Xu Z, Huo J, Ding X, Yang M, Li L, Dai J, et al. Coenzyme Q10 improves 
lipid metabolism and ameliorates obesity by regulating CaMKIIMediated 
PDE4 inhibition. Sci Rep. 2017;7(1):8253.

	20.	 Zhang X, Liu H, Hao Y, Xu L, Zhang T, Liu Y, et al. Coenzyme Q10 protects 
against hyperlipidemia-induced cardiac damage in apolipoprotein 
E-deficient mice. Lipids Health Dis. 2018;17(1):4–11.

	21.	 Amin MM, Asaad GF, Abdel Salam RM, El-Abhar HS, Arbid MS. Novel 
CoQ10 antidiabetic mechanisms underlie its positive effect: modulation 
of insulin and adiponectine receptors, tyrosine kinase, PI3K, glucose 

transporters, sRAGE and visfatin in insulin resistant/diabetic rats. PLoS 
One. 2014;9(2):1–12.

	22.	 Young JM, Florkowski CM, Molyneux SL, McEwan RG, Frampton CM, 
Nicholls MG, et al. A randomized, double-blind, placebo-controlled 
crossover study of coenzyme Q 10 therapy in hypertensive patients with 
the metabolic syndrome. Am J Hypertens. 2012;25(2):261–70.

	23.	 Singh RB, Niaz MA, Rastogi SS, Shukla PK, Thakur AS. Effect of hydro-
soluble coenzyme Q10 on blood pressures and insulin resistance in 
hypertensive patients with coronary artery disease. J Hum Hypertens. 
1999;13(3):203–8.

	24.	 Zhang P, Yang C, Guo H, Wang J, Lin S, Li H, et al. Treatment of coenzyme 
Q10 for 24 weeks improves lipid and glycemic profile in dyslipidemic 
individuals. J Clin Lipidol. 2018;12(2):417–27.

	25.	 Gholnari T, Aghadavod E, Soleimani A, Hamidi GA, Sharifi N, Asemi Z. 
The effects of coenzyme Q10 supplementation on glucose metabolism, 
lipid profiles, inflammation, and oxidative stress in patients with diabetic 
nephropathy: a randomized, double-blind, Placebo-Controlled Trial. J Am 
Coll Nutr. 2018;37(3):188–93.

	26.	 Eriksson JG, Forsén TJ, Mortensen SA, Rohde M. The effect of coenzyme 
Q10 administration on metabolic control in patients with type 2 diabetes 
mellitus. BioFactors. 1999;9(2–4):315–8.

	27.	 Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome - a new world-
wide definition. A consensus statement from the international diabetes 
federation. Diabet Med. 2006;23(5):469–80.

	28.	 Saadati S, Sadeghi A, Mansour A, Yari Z, Poustchi H, Hedayati M, et al. 
Curcumin and inflammation in non-alcoholic fatty liver disease: a 
randomized, placebo controlled clinical trial. BMC Gastroenterol. 
2019;19(1):133.

	29.	 Thota RN, Acharya SH, Garg ML. Curcumin and/or omega-3 polyunsatu-
rated fatty acids supplementation reduces insulin resistance and blood 
lipids in individuals with high risk of type 2 diabetes: a randomised 
controlled trial. Lipids Health Dis. 2019;18(1):31.

	30.	 Hodgson JM, Watts GF, Playford DA, Burke V, Croft KD. Coenzyme Q10 
improves blood pressure and glycaemic control: a controlled trial in 
subjects with type 2 diabetes. Eur J Clin Nutr. 2002;56(11):1137–42.

	31.	 Saghaei M. Random allocation software for parallel group randomized 
trials. BMC Med Res Methodol. 2004;4:26.

	32.	 Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. 
Compendium of physical activities: an update of activity codes and MET 
intensities. Med Sci Sports Exerc. 2000;32(9 SUPPL):S498–504.

	33.	 Aadahl M, Jørgensen T. Validation of a new self-report instrument for 
measuring physical activity. Med Sci Sports Exerc. 2003;35(7):1196–202.

	34.	 Panahi Y, Ahmadi Y, Teymouri M, Johnston TP, Sahebkar A. Curcumin as a 
potential candidate for treating hyperlipidemia: a review of cellular and 
metabolic mechanisms. J Cell Physiol. 2018;233(1):141–52.

	35.	 Adab Z, Eghtesadi S, Vafa MR, Heydari I, Shojaii A, Haqqani H, et al. Effect 
of turmeric on glycemic status, lipid profile, hs-CRP, and total antioxidant 
capacity in hyperlipidemic type 2 diabetes mellitus patients. Phyther Res. 
2019;33(4):1173–81.

	36.	 Baum L, Cheung SKK, Mok VCT, Lam LCW, Leung VPY, Hui E, et al. 
Curcumin effects on blood lipid profile in a 6-month human study. Phar-
macol Res. 2007;56(6):509–14.

	37.	 Raygan F, Rezavandi Z, Dadkhah Tehrani S, Farrokhian A, Asemi Z. The 
effects of coenzyme Q10 administration on glucose homeostasis param-
eters, lipid profiles, biomarkers of inflammation and oxidative stress in 
patients with metabolic syndrome. Eur J Nutr. 2016;55(8):2357–64.

	38.	 Derosa G, D’Angelo A, Maffioli P. Coenzyme q10 liquid supplementation 
in dyslipidemic subjects with statin-related clinical symptoms: a double-
blind, randomized, placebo-controlled study. Drug Des Devel Ther. 
2019;13:3647–55.

	39.	 Santos-Parker JR, Strahler TR, Bassett CJ, Bispham NZ, Chonchol MB, Seals 
DR. Curcumin older adults by increasing nitric oxide bioavailability and 
reducing oxidative stress. Aging-Us. 2017;9(1):187–208.

	40.	 Parillo M, Licenziati MR, Vacca M, De Marco D, Iannuzzi A. Metabolic 
changes after a hypocaloric, low-glycemic-index diet in obese children. J 
Endocrinol Investig. 2012;35(7):629–33.

	41.	 Zhao J, Sun XB, Ye F, Tian WX. Suppression of fatty acid synthase, dif-
ferentiation and lipid accumulation in adipocytes by curcumin. Mol Cell 
Biochem. 2011;351(1–2):19–28.



Page 10 of 10Sangouni et al. Nutrition Journal           (2022) 21:62 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	42.	 Ejaz A, Wu D, Kwan P, Meydani M. Curcumin inhibits adipogenesis in 
3T3-L1 adipocytes and angiogenesis and obesity in C57/BL mice. J Nutr. 
2009;139(5):919–25.

	43.	 Saraf-Bank S, Ahmadi A, Paknahad Z, Maracy M, Nourian M. Effects of cur-
cumin on cardiovascular risk factors in obese and overweight adolescent 
girls: a randomized clinical trial. Sao Paulo Med J. 2019;137(5):414–22.

	44.	 Lee SK, Lee JO, Kim JH, Kim N, You GY, Moon JW, et al. Coenzyme Q10 
increases the fatty acid oxidation through AMPK-mediated PPARα induc-
tion in 3T3-L1 preadipocytes. Cell Signal. 2012;24(12):2329–36.

	45.	 Carmona MC, Lefebvre P, Lefebvre B, Galinier A, Benani A, Jeanson Y, et al. 
Coadministration of coenzyme Q prevents rosiglitazone-induced adipo-
genesis in Ob/Ob mice. Int J Obes. 2009;33(2):204–11.

	46.	 Izadi A, Shirazi S, Taghizadeh S, Gargari BP. Independent and additive 
effects of coenzyme Q10 and vitamin E on Cardiometabolic outcomes 
and visceral adiposity in women with polycystic ovary syndrome. Arch 
Med Res. 2019;50(2):1–10.

	47.	 Shao W, Yu Z, Chiang Y, Yang Y, Chai T, Foltz W, et al. Curcumin prevents 
high fat diet induced insulin resistance and obesity via attenuating 
lipogenesis in liver and inflammatory pathway in adipocytes. PLoS One. 
2012;7(1):e28784.

	48.	 Weisberg SP, Leibel R, Tortoriello DV. Dietary curcumin significantly 
improves obesity-associated inflammation and diabetes in mouse mod-
els of diabesity. Endocrinology. 2008;149(7):3549–58.

	49.	 Ghorbani Z, Hekmatdoost A, Mirmiran P. Anti-hyperglycemic and insulin 
sensitizer effects of turmeric and its principle constituent curcumin. Int J 
Endocrinol Metab. 2014;12(4):e18081.

	50.	 Na LX, Li Y, Pan HZ, Zhou XL, Sun DJ, Meng M, et al. Curcuminoids exert 
glucose-lowering effect in type 2 diabetes by decreasing serum free 
fatty acids: a double-blind, placebo-controlled trial. Mol Nutr Food Res. 
2013;57(9):1569–77.

	51.	 Lee YJ, Cho WJ, Kim JK, Lee DC. Effects of coenzyme Q10 on arterial 
stiffness, metabolic parameters, and fatigue in obese subjects: a double-
blind randomized controlled study. J Med Food. 2011;14(4):386–90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effects of curcumin andor coenzyme Q10 supplementation on metabolic control in subjects with metabolic syndrome: a randomized clinical trial
	Abstract 
	Background: 
	Aims: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Recruitment and eligibility screening
	Study design
	Intervention
	Dietary intakes and physical activity evaluation
	Anthropometric evaluations
	Blood pressure measurement
	Laboratory assessments
	Statistical analysis

	Results
	Characteristics of the subjects
	Primary outcomes
	Secondary outcomes

	Discussion
	Conclusions
	Acknowledgments
	References


