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Abstract

Objective. This study aimed to evaluate the effects of combination of curcumin and piperine supplementation on Fasting 
Plasma Glucose (FPG), Homeostatic Model of Insulin Resistance (HOMA-IR), Body Mass Index (BMI) in patients with 
prediabetes and type 2 Diabetes Mellitus (T2DM). This review was done to identify potential herbal remedies that may 
help improve glycemic parameters, leading to better health outcomes in combination with current antidiabetic treatment.

Methodology. This systematic review was based on Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). It was conducted in 2023 with sources and databases from MEDLINE, EBSCO-Host, ScienceDirect 
and ProQuest. This paper included randomized-controlled trials exploring the effects of the combination of curcumin and 
piperine on patients with prediabetes and T2DM. Systematic reviews, observational studies, case reports, case series, 
conference abstracts, book sections, commentaries/editorials, non-human studies and articles with unavailable full-text 
and written in non-English language, were excluded. The key terms for the literature search were “curcumin,” “piperine,” 
“prediabetes” and “Type 2 Diabetes Mellitus.” We use Cochrane Risk of Bias (RoB) 2 for quality assessment of the 
included studies and Review Manager (RevMan) 5.4 to do the meta-analysis.

Results. A total of three studies were included in this systematic review. Two studies from Neta et al., and Cicero et al., 
showed no significant difference in HOMA-IR, BMI and FPG levels between the curcumin, piperine and placebo groups. 
One study from Panahi et al. demonstrated a significant difference in BMI levels between the curcumin and piperine and 
placebo groups (p <0.01). The meta-analysis showed that FPG levels, HOMA-IR and BMI improved among patients with 
diabetes given in curcumin and piperine with reported mean differences (MD) of = -7.61, 95% CI [-15.26, 0.03], p = 0.05, 
MD = -0.36, 95% CI [-0.77 to 0.05], p = 0.09, and MD = -0.41, 95% CI [-0.85 to 0.03], p = 0.07, respectively).

Conclusions. The supplementation of curcumin and piperine showed a numerical reduction in FPG, HOMA-IR and BMI, 
but were not statistically significant. Further research is needed as there is a paucity of studies included in the review. 
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INTRODUCTION 

Type 2 Diabetes mellitus (T2DM) is a chronic condition 
characterized by hyperglycemia. The term prediabetes is 
used to describe a state between normality and diabetes.1 
The latest survey conducted in 2021 by the International 
Diabetes Federation (IDF) showed that 537 million adults 
worldwide and about 90 million in Southeast (SE) Asia are 
living with diabetes. These numbers affected the overall 
health and well-being of patients. Diabetes causes serious 
complications, resulting in a high mortality rate of 6.7 
million deaths worldwide (around 747,000 in SE Asia) in 
2021.2 Moreover, it contaminates the quality of life (QoL) 

with a disability-adjusted life year (DALY) sum of 66.3 
million in 2019.3 Total health expenditures reached up to 
996 billion USD.2 

Chronic hyperglycemia contributes to the production 
of Advanced Glycation End products (AGEs) and 
Reactive Oxidative Species (ROS), which increase the 
risk of microvascular and macrovascular complications. 
Various medications to combat hyperglycemia and its 
complications have been developed. These medications 
include insulin analogs and oral medications that improve 
insulin sensitivity, increase insulin production, inhibit 
glucose absorption and more.4 However, these benefits 
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to 125 mg/dL. There were no limitations for sex and race. 
Patients with current glucocorticoid use, cardiovascular 
disease, kidney failure, inflammatory diseases, acute 
infections and who were pregnant or breastfeeding were 
excluded from the study.

Variable of interest
Our study aimed to evaluate the effect of combined 
curcumin and piperine supplementation on glycemic 
profile in patients with prediabetes and T2DM. 

Outcome of interest
Outcomes of interest in this study were the changes in fasting 
plasma glucose (FPG), homeostatic model assessment for 
insulin resistance (HOMA-IR), and body mass index (BMI) 
before and after intervention with combined curcumin/
piperine. Other glycemic and metabolic parameters, such as 
hormonal and lipid parameters, inflammatory biomarkers 
and oxidative molecules, were considered additional 
outcomes.

Search strategy and study selection

We used MEDLINE, EBSCO-Host, Science Direct and 
ProQuest electronic databases to search for eligible studies 
as of 2023. EBSCO-Host and ProQuest databases were also 
screened for grey literature to identify unpublished studies 
with suitable PICO criteria. Five independent authors 
identified eligible studies by using the following keywords: 
(Type 2 Diabetes Mellitus or Diabetes Mellitus, Noninsulin-
Dependent or NIDDM or Maturity-Onset Diabetes Mellitus or 
Diabetes Mellitus, Type 2 or Prediabetes or Prediabetic State OR 
Prediabetic States) and (curcumin or curcuma or curcuminoid) 
and (Piperidines OR Piperine).

All obtained studies were exported into the Mendeley 
reference manager software. The authors independently 
reviewed and screened these studies for duplicates. 
Studies with titles and abstracts unbefitting for this paper’s 
objectives were excluded. Full texts of the selected studies 
were thoroughly assessed using the eligibility criteria 
described above, and those eligible were subsequently 
included in this review. The review team resolved any 
disagreements. 

Data collection process 

All studies were analyzed and the following data were 
extracted: first author, country of origin, study design, 
sample sizes, age, sex, prediabetes and diabetes criteria, 
curcumin and piperine administration protocol, adjusted 
confounding factors/population matching and the outcome 
of interest.

Summary measures 

HOMA-IR, FPG and BMI for patients in the curcumin 
plus piperine group and placebo group were measured 
and reported as numerical (continuous) data. The data 

have disadvantages, such as high costs and some adverse 
effects.5 Alternatives, such as herbal remedies, were created 
to minimize these drawbacks without compromising the 
benefits of modern drugs. Furthermore, these remedies 
provide anti-inflammatory and antioxidant effects that 
could potentially prevent complications.6

Curcumin, an active compound of turmeric, is among 
the most well-studied herbal remedies. It has antidiabetic 
properties as it can reduce hepatic glucose production 
by activating AMP kinase and inhibit both glucose-6-
phosphatase and phosphoenolpyruvate carboxykinase 
activity; therefore it may potentially prevent T2DM 
complications by reducing oxidative stress.6 It may also 
play a role in improving fasting plasma glucose (FPG), 
HbA1c, body mass index (BMI), lipid profile and insulin 
sensitivity.7,8

Another herbal remedy of interest as a diabetic medication 
is piperine, a chemical compound found in black pepper. 
Its therapeutic benefits in diabetes are similar to curcumin. 
Giving piperine in combination with curcumin was found 
to have a synergistic effect. Piperine increases curcumin 
bioavailability, either through increased absorption or 
reduced metabolism.10 Individually, these herbal remedies 
were extensively studied, however, they are yet to be 
reviewed in combination. Therefore, this systematic review 
and meta-analysis aimed to evaluate the effects of combined 
curcumin and piperine supplementation on the glycemic 
profile of patients with prediabetes and T2DM.

METHODOLOGY

This systematic review was designed and conducted 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA) 2020 
statement guideline.11

Eligibility criteria 

Types of studies
This systematic review included all published and 
unpublished randomized-controlled trials that investigated 
the effects of the combination of curcumin and piperine 
supplementation on patients with prediabetes and T2DM. 
Conversely, reviews, cross-sectional studies, cohort studies, 
case reports, case series, conference abstracts, book sections, 
commentaries/editorials and non-human studies were 
excluded. Articles not in English and without available full-
text manuscripts were also excluded. 

Participants
All patients aged ≥18 with prediabetes and T2DM were 
included in this study. Diagnosis of prediabetes and type 
2 diabetes mellitus was based on the American Diabetes 
Association criteria.12 Patients were diagnosed with T2DM 
if glycated hemoglobin (HbA1c) was ≥6.5% or fasting 
plasma glucose (FPG) was ≥126 mg/dL. Prediabetes was 
diagnosed at an HbA1c level of 5.7 to 6.4% or FPG of 100 
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Quality assessment in the cumulative evidence

Grading of Recommendation, Assessment, Development, 
and Evaluation (GRADE) was described to determine 
the confidence in cumulative evidence. The decision was 
made by considering several aspects of the studies, such 
as study limitations, consistency, directness, precision and 
reporting bias. The evidence results were graded as very 
low, low, moderate and high.

RESULT   

PRISMA 

A flow chart of the research selection process and its results 
are summarized in Figure 1. The search strategy yielded 
456 potentially relevant studies. According to the selection 
criteria, ten studies were identified for further full-text 
assessment, of which five articles were review articles (non-
primary articles), one was an in-vitro study, and one was 
an in-vivo study. No unpublished studies were included, 
minimizing publication bias qualitatively. Finally, three 
studies were included in the systematic review and three 
studies eligible for data extraction were included in the 
meta-analysis. All studies were published between 2003 
and 2023. 

Quality assessment

Quality assessment for obtained studies was performed 
using the Cochrane Risk of Bias Tool 2.0 (RoB 2) for 

were presented in mean ± standard deviation for normally 
distributed data or median (interquartile range) for non-
normally distributed data. The p-value and confidence 
interval were also included for each item to determine 
significance.

Assessment of risk of bias/ Quality assessment

Each study was assessed using the Cochrane Risk of Bias 
Tool 2.0 (RoB 2) for randomized controlled trials.13 The 
tool consists of seven main domains: (a) Random Sequence 
Generation; (b) Allocation Concealment; (c) Blinding 
of Participants and Personnel; (d) Blinding of Outcome 
Assessment; (e) Incomplete Outcome Data; (f) Selective 
Reporting; and (g) Other Source of Bias. From each domain, 
the risk of bias was considered as low, high, and moderate 
bias. Each trial's overall quality was divided into three 
groups based on the degree of bias present: (1) low risk 
of bias (low risk of bias across all domains); (2) high risk 
of bias (high risk of bias across multiple domains); and (3) 
some concerns some concerns across at least one domain). 
Two reviewers evaluated each article separately, and 
disagreements were discussed among the whole review 
team until agreement was obtained. 

Synthesis of results and statistical analysis

For all continuous outcomes, we calculated the standardized 
mean differences (SMDs) and 95% Confidence Intervals 
(CIs) based on the mean changes from baseline to the end 
of the study from each group. Statistical analyses were 
done for the between-group comparison. Missing data, 
such as Standard Deviation (SD), were calculated from 
the Standard Error (SE). SE of a Mean Difference (MD) 
was calculated from a p-value by finding the associated 
t-value. Having calculated the SE of the MD, the SD can 
be calculated from the SE. Because some studies reported 
primary outcomes using different evaluation or calculation 
methods, the meta-analyses were conducted with a random 
effects model. This model presupposes that the treatment 
impact will be distributed over certain populations, 
giving each study an equal weighting. The combined 
effect measures of the direct comparisons from individual 
interventions were compared by using the inverse variance 
method.

Heterogeneity across trials was assessed using the I2 

statistic. An I2 value of less than 25% is considered low 
heterogeneity, between 25% and 50% indicates moderate to 
substantial heterogeneity, and more than 50% is considered 
high heterogeneity.14 When heterogeneity was present, 
possible causes were investigated via sensitivity analyses. 
A p-value <0.05 was considered significant. A continuous 
outcome was analyzed as a weighted mean difference. 
Differences across studies were calculated based on 
population sample sizes. In addition, publication bias was 
evaluated visually using a funnel plot, in which the effect of 
each trial was plotted by the inverse of its SE. All analyses 
were conducted using RevMan software version 5.4.15 Figure 1. PRISMA 2020 Flow Diagram of Included Studies.
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Assessment for Insulin Resistance (HOMA-IR) between 
the intervention and placebo groups, as shown in Table 
2. Insignificant differences were also shown in all studies 
for the Fasting Plasma Glucose (FPG) levels, as shown in 
Table 3. A randomized-controlled study by Panahi et al.,16 
showed a significant difference in body mass index (BMI) 
between the two groups, while the rest showed otherwise 
(Table 4). There were no reports of attrition with regard to 
treatment during the follow-up period. Furthermore, all 
included studies reported no adverse effects during the 
treatment duration. 	  				  
			 
Meta-analysis results

The results of quantitative synthesis for each outcome 
(FPG, HOMA-IR and BMI) are reported in continuous 
data as mean differences (MD), as shown in Figures 1, 2 
and 3, respectively. In one study, fasting plasma glucose is 
proven to be lower in curcumin-piperine groups compared 
to placebo groups (p=0.05), with a mean difference of -7.61, 
but analyzed together, the results are not significant due to 
the overall estimates of its forest plot intersecting with the 
line of no effect (95% CI [-15.26, 0.03]). The most significant 
differences in FPG between the two groups before and 
after the intervention are observed in Neta et al., with a 
mean difference of -19.10 (95% CI [-30.84, -7.36])18 and the 
smallest is shown in Cicero et al., with the mean difference 
of -2.00 (95% CI [-9.06, 5.06]).17 HOMA-IR and BMI are 
found to be numerically lower in curcumin-piperine 
groups but not statistically significant, with both overall 
estimates crossing the line of no effect (p=0.09 and p=0.07, 
mean differences of -0.36, 95% CI [-0.77, 0.05] and -0.41, 
95% CI [-0.85, 0.03], respectively). 

randomized-controlled trials (Figure 2). We obtained one 
low-bias study16 and two unclear bias studies.17,18 Across all 
parameters of bias, two studies16,18 reported an unclear bias 
of the allocation concealment, and two studies17,18 reported 
an unclear bias in the blinding of outcome assessment.

Characteristics of the included studies

Three randomized-controlled studies met the inclusion 
criteria. These studies included 123 patients receiving a 
combination of curcumin/piperine and 118 patients in 
the placebo groups. The characteristics of the included 
studies, including the number of participants (N), age 
(years), prediabetes and diabetes diagnosis, curcumin and 
piperine administration protocol, adjusted confounding 
factors/population matching, and the outcome of interest 
were extracted from each study and reported in Table 1. 
The mean ages of the intervention groups compared with 
the placebo groups ranged from 43 ± 8 to 63.1 ± 11.1 years 
and 41 ± 7 to 61.9 ± 11.0 years, respectively. One study16 
did population matching of baseline characteristics at 
the beginning of the study, and the other two studies17,18 
matched the population in terms of diet and physical 
activity. Out of the three studies, one study18 was conducted 
in Brazil and the other two studies16,17 were conducted 
in Iran. The inclusion criteria, dosages and frequency of 
taking curcumin varied across studies. The participants of 
each study were adults, either male or female, diagnosed 
with T2DM, except in Cicero et al.,17 who used subjects 
with no T2DM, but with prediabetes.

Final results

All three studies included in this systematic review 
showed insignificant differences in Homeostatic Model 

Figure 2. Results of Study Quality Assessment.
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glycemic control.21 There is also a difference in the spectrum 
of hyperglycemia (prediabetes and DM) among the three 
studies. Diabetes mellitus is the progression of prediabetes, 
which is characterized by worsening glycemic control and 
insulin resistance necessitating treatment intensification.22 
Furthermore, differences were noted regarding the use 
of anti-diabetic drugs between the studies. Although 
the efficacy of these drugs is clearly stated,4 it can be 
disregarded since each study stated the baseline parameters 
and no changes were made in anti-diabetic drugs used. 
All these dissimilarities could potentially alter the overall 
results of the studies. 

DISCUSSION  

Population characteristics, such as ethnicity, play a 
significant role in treatment response. It is found that 
ethnicity influences insulin sensitivity, thereby improving 
glycemic control.19 Moreover, it also greatly affects the 
pharmacokinetic properties of therapeutic substances.20 A 
study conducted by Viana et al., in Brazil, which is similar 
to Neta et al., found that DM patients have poor glycemic 
control despite treatment.21 Meanwhile, Babaniamansour et 
al., study in Iran, similar to Panahi et al., and Cicero et al., 
discovered that treatment has a crucial effect on a person's 

Table 1. Study characteristics

No.

Author, 
publication 

year, 
country

Types of 
Study

Curcumin 
Piperine

Population
Curcumin piperine and 
placebo administration 

protocol

Prediabetes 
and diabetes 

criteria

Adjusted 
confounding 

factors/population 
matching

Outcome of 
interest

Total (N) Age (years)
Curcumin 
piperine Placebo Curcumin 

piperine Placebo

1 Panahi et 
al., 2018, 
Iran16

RCT Male: 25
Female: 25

Male: 26
Female: 24

43 ± 8 41 ± 7 -	Intervention Groups: 
Curcuminoids (Curcumin 
C3 Complex®, Sami 
Labs LTD, Bangalore, 
India; 500mg/day). The 
curcuminoids preparation 
(C3 Complex®) 
contained curcumin, 
demethoxycurcumin and 
bisdemethoxycurcumin 
in a patented ratio. Each 
curcuminoids capsule 
also contained 5 mg 
piperine (Bioperine®; 
Sami Labs LTD, 
Bangalore, India).

-	Control Groups: Placebo 
(not further explained).

-	Duration of treatment: 
3 months

T2D based 
on fasting 

plasma glucose 
≥126 mg/

dL, glycated 
hemoglobinA1c 

(HbA1c) 
≥6.5 %, or the 

use of standard 
anti-diabetic 
treatments.

Patients' 
characteristics 

were considered 
similar through 
randomization, 
but there is no 

further information 
regarding 

the adjusted 
confounding 

factors.

Fasting serum 
concentrations of 
insulin, glucose, 

HbA1c, C-peptide, 
aspartate 

aminotransferase 
(AST), alanine 

aminotransferase 
(ALT) and 

high-sensitivity 
C-reactive 

protein (hs-CRP), 
homeostatic 

model 
assessments 
(HOMA) of 

insulin resistance 
(HOMA-IR) and 

beta-cell function 
(HOMA-β)

2 Cicero et 
al., 2019, 
Iran.17

RCT Male: 18
Female: 22

Male: 19 
Female: 

21

54 ± 3 53 ± 5 -	Intervention Groups: 
Tablets containing 
800 mg phytosomal 
curcumin (Curserin®: 200 
mg curcumin, 120 mg 
phosphatidylserine, 480 
mg phosphatidylcholine, 
associated to 8 mg 
piperine from Piper 
nigrum L. dry extract) 
taken 2 tablets per day 
after dinner.

-	Control Groups: Placebo 
(not further explained).

-	Duration of treatment: 
3 months

FPG levels 
between 100 

and 125 mg/dL

During the study, 
subjects were 
encouraged 

to follow basic 
guidelines for a 
Mediterranean 

diet, refrain from 
consuming too 
much dairy and 

food derived 
from red meat, 

and keep 
generally stable 
eating patterns. 

Additionally, 
people were urged 

to boost their 
physical activity by 
cycling or walking 
briskly for 20 to 

30 minutes, three 
to five times each 

week.

Total cholesterol 
(TC), high-density 

lipoprotein 
cholesterol 
(HDL-C), 

triglycerides (TG), 
LDL-Cholesterol 
(LDL-C), fasting 
plasma glucose 
(FPG), glutamic-

oxaloacetic 
transaminase 

(GOT), 
glutamic-pyruvic 

transaminase 
(GPT), and 

gamma-glutamyl 
transferase 

(gamma-GT)

3 Neta et 
al., 2021, 
Brazil.18

RCT Male: 10
Female:23

Male 4
Female: 24

63.1 ± 
11.1

61.9 ± 11.0 -	Intervention Groups: 500 
mg of Curcuma longa L. 
to be ingested once a day 
on an empty stomach. 5 
mg piperine was added to 
every capsule

-	Control Groups: Placebo 
(500 mg of carboxymethyl 
cellulose once a day on 
an empty stomach for 
120 days

-	Duration of treatments: 
3 months

Not stated Participants were 
advised not to 

make any special 
changes in their 
diet and physical 
activity, as well 

as to report 
any changes 

in medications 
during the 

intervention 
period.

(LDL-C), fasting 
plasma glucose 
(FPG), glutamic-

oxaloacetic
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Table 2. Changes in Homeostatic Model Assessment For Insulin Resistance (HOMA-IR) before 
and after intervention
No Author, Year

Curcumin + Piperine
HOMA-IR 

Curcumin + Piperine Placebo Mean difference (95% CI) p*
1 Panahi et al., 201816 − 0.2 ± 0.4 − 0.1 ± 0.3 -0.10 (-0.24, 0.04) 0.511
2 Cicero et al., 201917 − 1.1 ± 0.6 -0.5 ± 0.2 -0.60 (-0.80, -0.40) 0.013
3 Neta et al., 202118 -0.58 ± 1.48 -0.16 ± 1.25 -0.42 (-1.11, 0.27) 0.458

Table 3. Changes in Fasting Plasma Glucose (FPG) before and after intervention
No Author, Year

Curcumin + Piperine
FPG

Curcumin + Piperine Placebo Mean difference (95% CI) p*
1 Panahi et al., 201815 − 9 ± 16 − 3 ± 11 -6.00 (11.38, -0.62) 0.048
2 Cicero et al., 201917 − 7 ± 3 -5 ± 22.56 -2.00 (-9.06, 5.06) 0.317
3 Neta et al., 202116 -6.6 ± 27.7 12.5 ± 18.8 -19.10 (-30.84, -7.36) 0.630

Table 4. Changes in Body Mass Index (BMI) before and after intervention
No Author, Year

Curcumin + Piperine
BMI 

Curcumin + Piperine Placebo Mean Difference (95% CI) p-value*
1 Panahi, et al. 201816 − 0.5 ± 0.5 0.2 ± 0.7 -0.70 (-0.94, -0.46) <0.001
2 Cicero et al., 201915 − 0.8 ± 0.2 -0.5 ± 2.7756 -0.30 (-1.16, 0.56) 0.286
3 Neta et al., 202117 -0.13 ± 0.3 0.02 ± 0.76 -0.15 (-0.45, 0.15) 0.387

*significant if p-value ≤0.05

Figure 3. (A) Meta-analysis results [Forest plot] for Fasting Plasma Glucose (FPG); (B) Meta-analysis results [Forest 
plot] for Homeostatic Model Assessment for Insulin Resistance (HOMA-IR); and (C) Meta-analysis results [Forest plot] 
for Body Mass Index (BMI) in T2DM patients before and after supplementation of curcumin piperine capsule compared to 
placebo groups.
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promotes lipotoxicity, glucotoxicity and glucolipotoxicity, 
respectively, leading to the activation of pro-apoptotic 
signals to the pancreatic beta-cells.28 This event amplifies 
the insulin-resistant state of the multiple organs caused by 
the mitochondrial dysfunction. As the cells continuously 
become more resistant to insulin, a decrease in beta-cell 
function can also be expected. These processes lead to the 
progression of T2DM.

The antidiabetic properties of curcumin can be attributed to 
the reduction of hepatic glucose production by activating 
AMP kinase and inhibiting both glucose-6-phosphatase 
and phosphoenolpyruvate carboxykinase activity.16 This 
leads to the reduction in glucolipotoxicity, therefore 
reducing oxidative stress. Not only that, but curcumin also 
exerts unique biological properties. The active compound 
of Curcuma produces significant immunosuppressants 
that inhibit the production of IL-2 and IL-12.It also 
inhibits iNOS (inducible nitric oxide synthase), COX-
2 (cyclooxygenase-2), lipoxygenase-5 and other pro-
inflammatory cytokines, such as TNF-α, IL-1, IL-6, and IL-8.8 

The anti-apoptotic characteristic of curcuminoids can be 
seen, as neurotoxic factors in macrophages and alveolar 
monocytes stimulated by lipopolysaccharides were also 
suppressed. It inhibits phosphorylation and degradation 
of the nuclear factor of kappa light polypeptide gene 
enhancer in B cells and activates the gamma receptor 
mechanism activated by the peroxisome proliferator.8 This, 
in turn, reduces overall inflammation induced by the NF-kB 
pathway. The anti-inflammatory and anti-apoptotic effects 
will assist in the preservation of the beta-cell functions, 
together with the reduction of glycemic parameters and 
improvement in the HOMA-IR, therefore reducing the 
progression of T2DM.8

Researchers have yet to find an effective dose of curcumin.35 
However, many have hypothesized that it has a dose-
dependent effect, producing greater benefits at a higher 
dosage.8,36 In animal and human studies, curcumin has 
been shown to have good tolerability and safety, even at 
high doses (up to 12 g/day orally). Curcumin is to be taken 
with precaution and is not recommended for pregnant or 
lactating women, children, or those with anemia or liver 
disease.29 Despite the wide range of beneficial effects, 
curcumin presents with the downside of having low 
solubility (in water), degradation in alkaline environments, 
crystallization in acidic environments and rapid 
metabolism (glucuronidation and sulfation in the liver 
and plasma, converting it into water-soluble metabolites 
to be excreted in the urine). These characteristics decrease 
its absorption in the gastrointestinal tract, translating to 
low bioavailability.8 

Piperine is an alkaloid mainly found in P. nigrum 
(Black Pepper). The chemical structure of piperine is 
N-piperoylpiperidin; (E, E)-1-(5-[1,3-benzodioxol-5-yl] -1-oxo-
2,4-pentadienyl)- piperidine. Many studies have shown 
that piperine increases the bioavailability of many drugs 

Baseline parameters are primarily similar across the three 
studies. The average BMIs are classified as overweight-
obese in all studies. Factors leading to a higher BMI 
include a sedentary lifestyle, alcohol consumption, low 
socioeconomic status, poor diet, age, sex and genetics.23 A 
study by Kim et al. showed that women are more likely 
to become obese when compared to men.24 Mosha et al. 
found that individuals aged 35 years and older were at the 
highest risk (69%) of becoming overweight and obese.25 
These findings are consistent with the characteristics 
observed in the study by Neta et al.,18 which included a 
predominantly female and retired population who are 
known to be more sedentary. It also aligns with the average 
age reported in all three studies, ranging between 40 and 
50 years. The HOMA-IR scores across the three studies 
are also relatively similar, showing significant insulin 
resistance. Among numerous factors that may contribute 
to the worsening of this parameter, BMI has the greatest 
impact.26 The difference was observed solely in the FPG 
values, particularly in the study conducted by Neta et 
al.,18 where it exhibited higher levels in the experimental 
group than in the control group. This variation occurred 
regardless of randomization protocol and despite a 
homogenous sociodemographic profile between the two 
groups. The FPG values are also distinct in the study by 
Cicero et al.,17 since the prediabetes population was used. 
The inconsistencies identified may have an impact on the 
findings of the studies.

Curcumin is a hydrophobic polyphenol, an extract from 
the rhizome of Curcuma longa L. (turmeric), a species 
belonging to the Curcuma genus (Zingiberaceae family). 
The main constituents of curcumin are curcumin I 
(1,7-bis(4-hydroxy-3-methoxyphenyl) -1,6-heptadiene-3,5-
dione), curcumin II (demethoxycurcumin) and curcumin 
III (bisdemethoxycurcumin).27 The three types of curcumin 
constituents differ in their aromatic rings. These three have 
been shown to exert anti-inflammatory and antioxidant 
effects, amongst other beneficial biological activities, 
including antitumoral, neuroprotective, antimicrobial, 
hepatoprotective and antirheumatic activities.27

T2DM patients with poor glycemic control can be 
characterized by their constant hyperglycemic state. The 
constant and chronic hyperglycemic state contributes 
to the production of Advanced Glycation End products 
(AGEs) and Reactive Oxidative Species (ROS).28 These 
products will result in lipid peroxidation, an increase in 
oxidative stress (reinforced by the upregulation of MAPK, 
NADPHOX, NFKB, and TGFB), inflammation (caused by 
the upregulation of NFKB, TNF-a, and IL-6), VEGF, ICAM-
1, VCAM-1, endothelial dysfunction and cellular apoptosis. 
These processes increase the risk of microvascular and 
macrovascular complications.8 

In T2DM, hyperglycemia and hyperinsulinemia occur 
secondary to disruptions in beta cell function and 
insulin resistance. The increase in lipid peroxidation, 
hyperglycemia and increased hepatic glucose production 
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who are on oral or injectable medications for diabetes. 
The lack of studies was a significant limitation that may 
have affected the results. Language bias was inevitable as 
these studies were written in languages other than English, 
leading to other types of bias, as the number of studies did 
not fulfill the requirement for a quantitative publication bias 
analysis using a funnel plot. Further studies, particularly 
those with clinical significance, must be conducted. 

CONCLUSION

In summary, the supplementation of curcumin and 
piperine showed a trend toward reducing FPG, HOMA-IR 
and BMI, but the results were not statistically significant. 
Further research is needed as there is a paucity of studies 
included in the review.
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