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Abstract
Turmeric is a medicinal herb with antioxidant and anti-inflammatory components that can affect metabolic parameters via various 
pathways, including the gut-brain axis. Although positive effects of turmeric on health have been reported, findings are conflicting. 
Accordingly, the current review aimed to provide an overview of the biochemical and biological characteristics of turmeric and ex-
amine the impacts of turmeric on cardio-metabolic risk factors with a special focus on its abilities to modulate gut microbiota. In the 
present comprehensive review, findings of systematic reviews/narrative reviews, clinical trials, animal, and in vitro studies on tur-
meric in the English language published between 2010 and March 2023 were summarized. Findings revealed that turmeric is a safe 
medicinal herb with mild gastrointestinal side effects in some cases. It can help improve the glycemic status, lipid profile, and blood 
pressure. However, food processing and fermentation can affect the bioavailability of its effective components, including curcumin. 
Several mechanisms, including those affecting intestinal microbiota diversity, intestinal permeability, inflammatory and oxidative 
pathways, are proposed for their positive effects on metabolic factors.   However, due to high between-study heterogeneity, limited 
high-quality clinical trials, differences in the duration of the intervention, and the form of turmeric supplement, more studies on each 
metabolic parameter are needed to determine effective dosages and confirm its efficacy as a complementary therapy to modulate 
microbiota and cardio-metabolic parameters.
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Abstract

Cancer is the second leading cause of death worldwide, and due to the emergence of 
resistance to synthetic drugs in different cancers, developing new green drugs have be-
come crucial. In this study, chitosan nanoparticles containing Cinnamomum verum J.Presl 
essential oil and cinnamaldehyde (major ingredient) were first prepared. The obtained 
nanoparticles were then characterized using Dynamic Light Scattering (DLS), Transmis-
sion electron microscopy (TEM), and Attenuated Total Reflection-Fourier Transform In-
fraRed (ATR-FTIR). After that, anticancer effects of the as-prepared nanoparticles were 
investigated. IC50 values of chitosan nanoparticles containing the essential oil were ob-
served at 79 and 112 µg/mL against A-375 and MDA-MB-468 cells, respectively. These 
values for chitosan nanoparticles containing cinnamaldehyde were obtained at 135 and 
166 µg/mL. The results of the current study indicated that chitosan nanoparticles contain-
ing C. verum essential oil can inhibit the growth of human melanoma (A-375) and breast 
cancer (MDA-MB-468) cells.
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Introduction

Definition and chemical properties 
Turmeric (Curcuma longa L.) belongs to the family Zin-
giberaceae which has an intense yellow color and distinct 
taste. This common spice is derived from the rhizomes, 
and its name has been applied for almost 4000 years [1]. 
Turmeric has been utilized over the years in Oriental 
medicine, the ancient Indian medical system or Ayurveda, 
Siddha medicine, originating in Southern India, tradition-
al Chinese medicine (TCM), and ancient Greek medicine 
in the form of traditional medicine [2]. 
Modern medicine has recently realized the considerable 
role of turmeric in health [3]. This medicinal herb is rich 
in natural phytochemicals, containing phenolic com-
pounds from phenylalanine and tyrosine [4]. The major 
components of turmeric are carbohydrates, fats, proteins, 
minerals, essential oils, and curcuminoids [5], as yellow 
polyphenolic pigments from the plant rhizomes and a 
combination of three non-volatile diarylheptanoids, viz. 
diferuloylmethane (curcumin I), desmethoxycurcumin 
(curcumin II), and bisdemethoxycurcumin (curcumin III) 
[6].
Since ancient times, this medicinal herb has been exploit-
ed as a spice in Asian countries for traditional medical 
purposes [7]. For example, in Persian, it is called Zard 
choobe which enhances the taste and color tonality of 
rice, yogurt, and chicken [8]. The antioxidant role of tur-
meric is also attributed to its compounds and volatile oils, 
particularly curcuminoids [9]. For a long time, turmeric 
has been further prescribed in Ayurveda to treat indiges-
tion, upper respiratory infection (URI), liver diseases, 
colds, skin disorders, common burn injuries, and hyper-
lipidemia [10]. 
The molecular structure of curcumin, as the principal cur-
cuminoid of turmeric, refers to 1, 7-bis (4-hydroxy-3-me-
thoxyphenyl)-1, 6-heptadiene-3, 5-dione (C21H20O6) 
(Figure 1) [11]. As concluded by Nabati et al., 208 mg of 
curcumin could be excreted from 25 g of turmeric powder 
from the dried ground rhizomes [12].
To realize the functions of turmeric on metabolic status, 
some explanations of its biological characteristics, medi-
cal applications, and main potential mechanisms are pro-
vided.

Absorption, metabolism, and bioavailability 
The bioavailability of curcumin is poor because of its low 
absorption in the small intestine [13]. In this way, a wide 
range of compounds can affect its absorption [14]. The 
curcumin-binding enterocytes also exacerbate the low 
bioavailability [15]. On the other hand, lecithin in eggs 
and plant oils enhances the absorption of curcumin [16]. 
Recent evidence has indicated that the pharmacokinetics 
of curcumin in men and women differ because women 
have much more adipose tissue, and men are endowed 

Figure 1. Structure of the curcumin

with higher hepatic clearance [17]. The basic sites of cur-
cumin metabolism are the intestine, the gut microbiota, 
and the liver [18]. To act as an antioxidant, the reductase 
cuts the double bonds of curcumin and converts it into 
di-, tetra-, hexa-, and octa-hydrocurcumin [19].
Application in medicine
Curcumin plays the role of a pleiotropic antioxidant mol-
ecule, which can neutralize free radicals leading to the 
development of chronic diseases, such as atherosclerosis, 
diabetes mellitus (DM), hypertension (HTN), obesity, 
and cardiovascular diseases (CVDs) [20]. The protective 
action of curcumin against most diseases is often fulfilled 
by modulating the inflammatory transcription factor, nu-
clear factor-kappa B (NF-κB), cytokines, peroxisome 
proliferator-activated receptor gamma (PPAR-γ), T help-
er 2 (Th2) response, cyclooxygenase-2 (COX-2), as well 
as tumor necrosis factor-alpha (TNF-α). Recent studies 
have accordingly shown that curcumin can positively af-
fect inflammatory diseases, DM complications, wounds, 
inflammatory bowel disease (IBD), neurodegenerative 
conditions, types of cancer, skin problems, allergies, and 
asthma [21].

Gut microbiota, curcumin, and cardio-meta-
bolic risk factors
Accumulating data support the correlations between the 
gut microbiota and several risk factors for CVDs includ-
ing atherosclerosis, dyslipidemia, hypertension, inflam-
mation, obesity, and diabetes mellitus [22]. The human 
gut microbiota plays a significant role in human metabol-
ic pathways by providing enzymes that are not encoded 
by the human genome. These enzymes are responsible 
for breaking down polysaccharides, polyphenols, and 

https://www.sciencedirect.com/topics/medicine-and-dentistry/atherosclerosis
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synthesizing vitamins. Two compounds produced by the 
gut microbiota, trimethylamine N-oxide (TMAO), and 
short chain fatty acids (SCFA)s, have different effects 
on the immune system. TMAO has immunomodulatory 
effects, while SCFAs have pro-inflammatory effects. In 
high-fat diets, choline and L-carnitine are abundant and 
are converted into TMA by gut bacteria. The liver then 
metabolizes TMA into TMAO. TMAO can improve the 
activation of macrophages, damage the vascular endothe-
lium, and contribute to cardiovascular disease. Dysbiosis, 
which is an imbalance in the gut microbiota, reduces SC-
FAs and bile acids, leading to increased intestinal perme-
ability. Heart failure causes congestion in the portal vein, 
a decrease in cardiac output, reduced intestinal perfusion, 
and intestinal leakage. These factors result in systemic 
inflammation by further increasing intestinal leakage. 
Dysbiosis and increased TMAO levels raise the risk of 
developing arterial plaque, accelerating the onset of ath-
erosclerosis, and increasing the risk of coronary artery 
disease. Maintaining a healthy symbiotic relationship be-
tween the gut microbiota and the host is crucial for shap-
ing the biochemical profile of the diet. This symbiosis is 
essential for maintaining the integrity of the intestinal 
epithelial barrier, promoting the growth of the mucosa, 
reducing inflammation, and controlling blood pressure 
[23,24]. In figure 2, the effects of curcumin on gut micro-
biota have been indicated.
Recent evidence has further indicated the strong link be-
tween gut dysbiosis and the circulating levels of gut-de-
rived toxins, oxidative stress, and inflammation [25]. 
There is growing evidence proposing that the intestinal 
microbiota plays a significant role in the communication 
with and impact on the cardiovascular system. This inter-
action can involve the development of CVDs when the 
balance of the gut microbiota is disrupted, a condition 
known as gut dysbiosis. Although the exact mechanisms 
by which the gut microbiota influences cardiovascular 
outcomes are not fully understood, it appears that immune 
dysregulation and disturbances in neuro-enteroendocrine 
hormones are involved. The disturbances in the gut mi-
crobiota can affect the progression of various risk factors 
for CVDs, such as atherosclerosis, obesity, diabetes, and 
hypertension. Conversely, these conditions also have an 
impact on the gut microbiota by compromising the in-
tegrity of the intestinal barrier and triggering the release 
of neurotransmitters and gastrointestinal hormones [26]. 
Dysbiosis may arise due to various factors specific to the 
host, including genetic background, health conditions like 
infections and inflammation, and lifestyle habits. Equally 
significant are environmental factors such as diet, where a 
high sugar and low fiber intake can contribute, as well as 
exposure to xenobiotics like antibiotics, drugs, and food 
additives. Additionally, hygiene practices also play a role 
in dysbiosis development [27].
Hyperglycemia, hyperlipidemia, and HTN have been 
additionally introduced as the major risk factors con-

tributing to the high prevalence rate of cardio-metabolic 
syndrome (CMS) [28], as one of the public health care 
priorities of the World Health Organization (WHO) [29]. 
Over the past decade, genome-wide association (GWA) 
studies have also revealed the central role of gut microbi-
ota in the CMS [30]. Besides, the use of functional foods 
for the therapeutic manipulation of luminal microbiota 
has been extensively investigated in several studies. The 
positive modulation of the gut microbiota communities is 
thus one of the most common benefits of some functional 
ingredients of foods, such as curcumin. As a nutraceuti-
cal, curcumin has long been applied for medicinal pur-
poses in Southeast Asia [31]. 
Current evidence from in vitro and animal studies con-
curs with the therapeutic properties of curcumin in allevi-
ating gut dysbiosis. In a pioneering cell-based survey on 
the human intestinal epithelial cells, curcumin had thus 
attenuated hydrogen peroxide (H₂O₂)-induced disruption 
and restored some H₂O₂-induced changes [32]. More-
over, previous research had suggested that the lipopoly-
saccharide (LPS)-induced secretion of interleukin-1 beta 
(IL-1β) and intestinal barrier dysfunction in intestinal 
epithelial cells could diminish following the implemen-
tation of curcumin-based treatments [33]. In another cell 
line study, Kim further demonstrated that curcumin was 
able to inhibit the greater permeability of intestinal epi-
thelial barriers in cancer coli-2 (Caco-2) cells induced by 
IL-1α [34]. Animal models have similarly confirmed the 
beneficial properties of curcumin to intestinal permeabil-
ity. According to a previous report, zinc-curcumin sup-
plementation could be effective in the attenuation of gut 
dysbiosis during doxorubicin-induced cardiomyopathy in 
rats [35]. In another study, six weeks of nano-bubble cur-
cumin extract administration modulated gut microbiota 
in male mice [36]. Interestingly, it had been established 
that curcumin supplementation in cancerous mice could 
eliminate the tumor burden and subsequently increase 
bacterial richness and relative abundance of Lactobacil-
lales [37]. In another murine model, curcumin-treated 
animals have also shown fewer loads of pro-inflamma-
tory enterobacteria and enterococci, but higher loads of 
anti-inflammatory lactobacilli and bifidobacteria [38]. 
In a comparable study, the curcumin-based intervention 
on rats with non-alcoholic fatty liver disease had dimin-
ished the serum concentrations of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), diamine 
oxidase (DAO), and TNF-α, as a main inflammatory 
cytokine [39]. Furthermore, curcumin could have immu-
nomodulatory and tumor-inhibitory activities in the in-
testinal mucosa, as determined by Churchill et al.  [40]. 
Interestingly, similar animal studies have reported cur-
cumin's anti-inflammatory, immunomodulatory, and an-
tioxidant properties with various doses, that is, 50 mg/kg 
body weight to 200 mg/kg body weight [41]. 
The totality of the evidence suggests that gut dysbiosis 
has been implicated in the development of various car-
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dio-metabolic conditions, such as hyperglycemia, DM, 
hyperlipidemia, and HTN [42]. With various mecha-
nisms, curcumin can thus exert its anti-inflammatory and 
antioxidant effects, and it is widely recognized for its 
health-enhancing capacity.

Curcumin’s influence on the intestinal micro-
biota diversity
The regulative effects of curcumin on the gut microbiota 
communities include microbial richness, diversity, and 
composition [43]. Based on several studies, a curcum-
in-supplemented diet can increase the relative abundance 
of anti-inflammatory lactobacilli and bifidobacteria loads 
and then decrease the pro-inflammatory enterobacteria 
and enterococci [44].
Alpha-diversity (α-diversity), as a main indicator for 
evaluating the gut microbiota health, is thus exploited to 
describe the microbial diversity of an ecological commu-
nity [45]. Curcumin can further prevent the reduction in 
α-diversity in the gut microbiota as a promising predictor 
of the CMS [46,47].

Curcumin’s influence on the intestinal per-
meability
Many observational studies have so far reported the drop 
in gut permeability following the practice of curcum-
in-based treatments [46]. Bacterial lipopolysaccharide 
(LPS), a well-known cause of the leaky gut phenomenon, 

Figure 2- Possible mechanisms of curcumin on gut microbiota

also leads to epithelial damage in the gut. LPS with endo-
toxemia has thus triggered chronic and persistent inflam-
mation in the gut, contributing to DM, hyperlipidemia, 
HTN, obesity, and the development and progression of 
types of cancer [47]. Based on in vitro studies, LPS could 
elevate with the increment in the IL-1β expression, which 
could then activate p38 mitogen-activated protein kinases 
(MAPKs) and myosin light-chain kinases (MLCKs). The 
gut permeability could further increase with the phos-
phorylation of MLCKs, and curcumin-based treatments 
could lessen the LPS-induced release of IL-1β and mod-
erate the gut permeability [33]. Furthermore, the benefi-
cial properties of curcumin in terms of improvement in 
the gut permeability could be attributed to the rise in the 
intestinal alkaline phosphatase activity and tight junction 
protein expression, including zonula occludens-1 (ZO-1) 
and claudin-1 (CLDN1) [48]. 

Anti-inflammatory and antioxidant effects of 
curcumin
Research into gut permeability has further claimed that 
gut inflammation allows for the translocation of intes-
tinal commensal bacteria and increases gut barrier per-
meability [49]. Recent data have also suggested that in-
flammation and impairment in gut barrier function might 
trigger a series of diseases and health conditions [50]. It 
has been shown that curcumin administration has been 
involved in the downregulation of various inflammatory 
cytokines, such as TNF-α, IL-1β, and IL-6, via inhibiting 
the activation of the toll-like receptor 4 (TLR4)/NF-κB 
signaling pathways (viz. the main pathway for releasing 
the pro-inflammatory cytokine) [51]. Indeed, curcumin 
could improve gut functions by increasing nitric oxide 
(NO) bioavailability and reducing oxidative stress [52]. 
Furthermore, curcumin could exhibit antioxidative prop-
erties via the regulation of some signaling pathways, 
including NF-κB and nuclear factor erythroid-2-related 
factor 2 (Nrf2, as an important scavenger system in pro-
tecting gut from oxidative stress), deoxyribonucleic acid 
(DNA) methylation, and histone modifications [53]. In 
clinical trials, curcumin, at a dosage from 90 to 2000 mg/
day, has also been effective in modifying gut permeability 
and reducing inflammation [54]. 
These mechanisms highlight that curcumin can actively 
hinder gut inflammation and oxidative stress, and then 
alleviate some major metabolic disorders, such as DM or 
atherosclerosis, via the gut-brain axis. 
Although the beneficial effects of turmeric and its effec-
tive component, curcumin, have been reported, findings 
are conflicting. To the best of our knowledge, no mech-
anistic reviews with a holistic view focusing on gut mi-
crobiota have been published, so far to summarize the 
biochemical, biological, and pharmacological effects of 
turmeric on cardio-metabolic risk factors and intestinal 
microbiota, which is an interesting and novel target for 
both prevention and management of metabolic disorders. 
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Accordingly, the present comprehensive study aimed to 
(i) overview the biochemical and biological character-
istics of turmeric, and (ii) examine the potential mecha-
nisms of turmeric on cardio-metabolic risk factors. 

Methodology
In the present comprehensive review, a literature search 
was performed through PubMed and Scopus databases as 
well as Google Scholar to identify relevant publications. 
The latest publications (systematic reviews/ narrative re-
views, clinical trials, animal and in vitro studies) in the 
English language on turmeric, not its effective compo-
nents were collected from 2010 until March 2023. Gly-
cemic status, lipid profile, and blood pressure were con-
sidered as primary outcomes. Conference abstracts, case 
reports, book chapters, editorial letters, theses, and other 
grey literatures were excluded. 
The following sections accordingly summarize the stud-
ies in terms of the beneficial effects of turmeric on car-
dio-metabolic risk factors, such as glycemic status, lipid 
profile, and blood pressure (BP) at three levels of evi-
dence, i.e., systematic reviews/reviews, clinical trials, as 
well as animal and in vitro studies. 

The effects of turmeric on glycemic status

Systematic reviews/ Reviews papers 
So far, numerous studies have evaluated the antidiabetic 
effects of turmeric and its related mechanisms. In a sub-
group analysis in a systematic review and meta-analysis 
by Yuan et al., supplementation with turmeric and curcu-
miniods could significantly reduce fasting blood glucose 
(FBG), hemoglobin A1C (HbA1c), fasting serum insulin, 
and the Homeostatic Model Assessment for insulin resis-
tance (HOMA-IR) index in the patients with metabolic 
disorders [55]. 
In a comprehensive review by Zhang et al., the antidia-
betic impact of turmeric and its components, especially 
curcumin, had been linked to various mechanisms, like 
improving glucose-induced IR via activating the phos-
phatidylinositol-3-kinase/protein kinase B/glucose trans-
porter 2 (PI3K/Akt/GLUT2) pathway, which had resulted 
in (i) the upregulation of phosphorylation of the insulin 
receptor, (ii) insulin receptor substrate (IRS)-1, PI3K, and 
(iii) Akt, that had finally stimulated the expression of in-
sulin messenger ribonucleic acid (mRNA), increasing the 
levels of GLUT2 and the activity of glucokinase (GCK), 
as two essential factors for modulating cellular glucose 
uptake, metabolism and diminishing OS [56]. In anoth-
er study, the potential mechanisms of the antioxidant 
activity of turmeric had been presented as stimulating 
the Nrf2 signaling pathway through influencing Kelch-
like ECH-associated protein 1 (Keap1), the expression 
of Nrf2 and target genes, the nuclear translocation of 
Nrf2, and the upstream mediators of Nrf2 [57]. In two 

other reviews, turmeric had been further associated with 
postponing DM via improving β-cell functions, prevent-
ing β-cell death, and decreasing IR [58, 59]. In addition, 
Karłowicz-Bodalska et al. had pointed to the modifica-
tions in the function of signaling molecules, the level 
of transcription factors (such as TNF-α), free fatty acid 
lowering, the activity, as well as lipid peroxidase and ly-
sosomal enzyme inhibition, as the antidiabetic pathways 
[60]. 

Clinical trials
In a randomized clinical trial (RCT), turmeric supple-
mentation (500 mg/day, once a day, 60 min before lunch, 
for four months) by type 2 DM (T2DM) patients also de-
creased the HOMA-IR index and HbA1c compared to the 
placebo [61]. In another trial, the effect of a combination 
treatment containing turmeric and four other medicinal 
plants (1000 mg/day for eight weeks) was further eval-
uated in patients with T2DM, reporting a reduction in 
fasting and post-prandial blood glucose levels, HbA1C, 
total cholesterol (TC), low-density lipoprotein cholester-
ol (LDL-C), and triglycerides (TG) [62]. An RCT corre-
spondingly investigated the effectiveness of turmeric in 
the metabolic control of diabetic subjects. The consump-
tion of 500 mg/day of turmeric (with 5 mg of piperine) 
for 120 days had thus caused a significant reduction in the 
HOMA index, glycemia, HbA1C, and TG in the turmeric 
group compared to the controls [63]. Moreover, admin-
istering a pill (turmeric extract 125 mg) twice a day for 
eight weeks in 40 adults with impaired FBG, i.e., between 
100 and 125 mg/dL, had attenuated the HOMA-IR index 
[64]. Uchio et al. had similarly examined the hot-water 
extract of turmeric (900 mg tablets daily, for 12 weeks) 
in the overweight or pre-/mild-HTN elderly, and found 
a significant reduction in the serum levels of glucose, 
HbA1C, and low-grade inflammation markers, like C-re-
active protein (CRP), TNF-α, IL-6, and soluble vascular 
cell adhesion molecule-1 (sVCAM-1) [65].

Animal and in vitro studies
The antidiabetic potency of turmeric has been further re-
searched in different experimental models. In an animal 
study by Tebboub et al., the effects of a diet containing 
1% turmeric for 4 weeks on diabetic rats fed with a zinc 
deficiency diet, had been accordingly investigated. They 
suggested that turmeric could improve decreased body 
weight, insulin, zinc concentrations in tissues, alkaline 
phosphatase (ALP), glutathione, glutathione peroxidase 
(GPX), superoxide dismutase (SOD), catalase (CAT), as 
well as increased glucose, lipid profile, transaminases, 
and malondialdehyde (MDA) in rats with zinc deficien-
cy. Of note, zinc is a valuable antioxidant with a critical 
role in insulin synthesis. This study reported that turmeric 
could modulate the consequences of zinc deficiency re-
lated to DM [66]. In another study, the antidiabetic effect 
of intraperitoneal turmeric (250 mg/kg twice weekly) and 
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oral curcumin (500 mg daily) for 4 weeks was examined 
in streptozotocin (STZ)‐induced diabetic rats. Both treat-
ments had thus caused a reduction in glucose levels and 
improved TC and islet cell protection due to the antioxi-
dant activity of turmeric, which could inhibit cell apopto-
sis, but in high doses, could disturb the liver enzymes. It 
was further uncovered that turmeric and its components 
had ameliorated renal functions by decreasing serum 
creatinine and blood urea concentrations via decreasing 
transforming growth factor‐beta (TGF-β) and IL‐8. The 
beneficial effects on serum lipids were also related to the 
induction of PPAR‐γ function connected to adipogenesis 
and the normalization of antioxidant parameters involved 
in glucose and lipid metabolism, including MDA, SOD, 
and GPX [67]. In line with this study, El‐Hadary et al. 
showed the positive effects of turmeric (200 mg /kg of 
hydroalcoholic extract for 56 days), on antioxidant and 
anti-inflammatory parameters, which could be involved in 
its antidiabetic effects. Moreover, turmeric causes insu-
lin secretion to prevent the destructive effect on pancreas 
β-cells and reduces matrix metalloproteinases in the liver 
damage [68].  
Taking turmeric and resistance training further elevated 
body weight recovery, reduced serum glucose, and de-
creased reactive species markers in serum, pancreas, skel-
etal muscle, and cardiac tissues induced by T1DM. These 
advantages might thus improve GLUT-4 translocation, re-
active oxygen species (ROS) production, creatine kinase 
(CK), ALT, uric acid, and thiobarbituric acid reactive sub-
stance (TBARS) levels [69]. This study performed in male 
Wistar diabetic rat model that received 200 mg/kg turmer-
ic, 3 times a week, for 4 weeks orally. A multi-ingredient 
decoction tested in mice for 8 weeks, and its sound effects 
on FBS and related markers had further affected diabet-
ic nephropathy via the reduction in serum TGF-β1 levels 
and the downregulation of the expression of hypoxia-in-
ducible factor-1α (HIF-1α), vascular endothelial growth 
factor (VEGF), and TGF-β1 at both mRNA and protein 
concentrations [70]. The role of turmeric in preventing 
and decreasing DM-induced complications had been also 
confirmed in a study by Margia et al. Notably, the main 
components of turmeric are phenolics, like ferulic, gallic, 
and caffeic acids, responsible for antioxidant effects, as 
assessed by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
assay and the membranes of lipid peroxidation Jurkat 
cells. Turmeric remarkably reduced intercellular adhesion 
molecule-1 (ICAM-1) level in the cell medium, similar 
to curcumin solution [71]. Nishamalaki (NA), is an Indi-
an formulation containing Phyllanthus emblica and Cur-
cuma longa. It presents antidiabetic, antihyperlipidemic, 
and preventive effects against diabetic neuropathy by the 
hot-water tail immersion test unit, assessment of cold al-
lodynia, and sciatic nerve antioxidant activity through the 
MDA reduction, leading to the prevention of lipid peroxi-
dation, SOD, and CAT augmentation, which had resulted 
in a decrement in the production of superoxide radical in 

male diabetic mice for 12 weeks. Furthermore, NA had 
the desirable penetration inside the nerves because the 
antioxidant activity was observed in the neuronal tissue 
[72]. Besides, 1000 mg/kg of NA for 4 weeks lowered 
the elevated blood glucose and insulin levels, resulting 
in IR amelioration in the STZ- and high-fat diet-induced 
T2DM rats. In this study, the positive effects of turmeric 
had been mentioned, like growth in PI3K-Akt-glycogen 
synthase kinase 3 beta (GSK3β) signal and a decrease in 
the phosphorylation of the extracellular signal-regulated 
kinase/c-Jun N-terminal kinase (ERK/JNK) in hepato-
cytes, leading to a decrement in IR and an increment in 
the insulin sensitivity of the cells [73]. Other studies have 
also confirmed the positive effects of turmeric in combi-
nation with other medicinal herbs on glucose and lipid 
metabolism, IR, and HbA1C in diabetic and obese an-
imal models [74]. As evidenced, supplementation with 
turmeric could be generally helpful in improving glyce-
mic status in both patients with DM and other glycemic 
disorders.

The effects of turmeric on lipid profile

Systematic reviews/ Reviews papers 
In a meta-analysis of RCTs, Qin et al. had further ad-
dressed the possible mechanisms of turmeric and cur-
cumin concerning lipid-lowering effects in cardiovascular 
complications. They had accordingly reported enhanced 
effects on serum lipid levels, i.e., reduced serum LDL-C, 
TG, and TC (especially in patients with metabolic dis-
orders), but no remarkable changes in HDL-C following 
turmeric use. The interesting point is that the antihyper-
lipidemic effects of turmeric and its components will be 
explicit just in CVDs, like metabolic disorders, T2DM, 
and obesity through binding to PPAR-γ, with a preventive 
role in suppressing the expression of the LDL-C receptor 
gene, and thereby reducing plasma LDL-C levels [75]. 
Another systematic review and meta-analysis corre-
spondingly revealed the modulating effect of turmeric on 
TG, TC, LDL-C, and HDL-C in adults with metabolic 
disorders via a regulatory effect on lipid metabolism and 
cellular transduction pathways, which are essential in 
metabolic disorders. The inhibitory effects on the expres-
sion of lipogenic factors had then reduced the TG and TC 
levels [76]. In this way, Dosoky et al. had concentrated 
on turmeric essential oil mechanisms of actions related 
to the antihyperlipidemic effects, such as the inhibition 
of α-glucosidase and α-amylase activities, antioxidant 
activity compared to metal-chelating activity assay, fer-
ric reducing/antioxidant power (FRAP) assay, 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) radical scavenging activity 
assay, and superoxide anion radical scavenging activity 
assay [77]. 
Turmeric, as a common spice, plays different roles in 
managing hyperlipidemia, as discussed in a review ar-
ticle by Zhao et al. (2018), including improving he-
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patic cholesterol homeostasis, downregulating 3-hy-
droxy-3-methyl-glutaryl-CoA reductase (HMG-CoA-R) 
gene expression (caused by an interruption in cholesterol 
synthesis), activating cytochrome P450 family 7 subfam-
ily A member 1 (CYP7A1) (eliminated cholesterol in the 
liver via the fecal excretions of bile acids), upregulating 
AMP-activated protein kinase (AMPK) and PPARα (en-
hanced fatty oxidation), downregulating sterol regulato-
ry element-binding protein 1c (SREBP1c), acetyl CoA 
carboxylase (ACC), fatty acid synthase (FAS) (inhibited 
lipogenesis), and finally, downregulating the expression 
of sterol regulatory element-binding protein 2 (SREBP2) 
(inhibited absorption of cholesterol in the small intestine) 
[78].

Clinical trials
In a randomized, double-blinded, placebo-controlled, 
parallel study, turmeric intake (2100 mg/day for eight 
weeks) by hyperlipidemic T2DM patients had attenuat-
ed body weight, TG, and LDL‐C in comparison with the 
placebo [79]. The supplementation with turmeric also 
decreased TG compared to the placebo in patients with 
T2DM [61]. In another trial, the consumption of a formu-
lation containing turmeric in T2DM patients had dimin-
ished serum TC, LDL-C, and TG, but increased HDL-C 
[62]. Moreover, the administration of a combined medi-
cine (turmeric extract 125 mg) improved TG and HDL-C 
with no effect on LDL-C [64]. In this respect, Amin et al. 
designed an RCT to evaluate turmeric's efficacy of tur-
meric (800 mg) in combination with Nigella sativa (300 
mg+50 mg turmeric) by taking one capsule three times a 
day for eight weeks in healthy males screened positive for 
metabolic syndrome. After eight weeks of intervention, 
LDL-C and CRP had demoted following taking turmer-
ic. Compared with the placebo, the combined formula-
tion had improved body fat percentage (BF%), FBS, TG, 
LDL-C, HDL-C, and CRP concentrations [80]. 
LI85008F, as an herbal blend containing turmeric and 
two other extracts, had shown promising effects on fat 
and lipids levels in overweight participants. After the 
consumption of 900 mg/day of capsules in two divided 
doses for 16 weeks, a reduction had been seen in body 
weight, BMI, waist and hip circumferences, waist/hip 
ratio, and LDL-C, and there were improvements in the 
HDL-C and LDL/HDL ratios without any adverse effects 
[81]. According to Ghaffari et al., turmeric (3 g/day) in 
combination with chicory seed (9 g+3 g turmeric/ day) 
for 12 weeks in non-alcoholic fatty liver disease (NA-
FLD) patients had reduced BMI, waist circumference, 
TG/HDL-C, LDL-C/HDL-C ratio, and consequently 
improved HDL-C [82]. Another study in overweight or 
pre-HTN participants had further exhibited a fall in TG 
and a rise in HDL-C compared with the placebo group 
[65]. Another mixed natural supplement, Kepar, contain-
ing 160 mg turmeric, had been correspondingly evaluated 
in 78 participants with metabolic syndrome as adjuvant 

therapy. After four months of intervention (2 pills/day), 
significant reductions had been observed in body weight, 
BMI, waist circumference, FBS, and TC [83].

Animal and in vitro studies
In a study by El-Hadary et al. (2020), 200 mg/kg turmer-
ic hydroalcoholic extract for 56 days had improved lipid 
profile, including TC, TG, HDL-C, and very-low-density 
lipoprotein (VLDL) in diabetic rats. Turmeric had also 
reversed the pathways leading to dyslipidemia, such as 
the promotion of HMG-CoA-R along with the immobi-
lization of free fatty acids, fat absorption, and excretion 
[68]. In another study, the consumption of turmeric and 
resistance training had attenuated the serum levels of 
cholesterol compared to diabetic control group rats. A 
reduction in the ROS markers in different tissues might 
have thus led to such an effect [69]. As evidenced signifi-
cant reversion in SOD, GPX, CAT, TC, HDL-C, LDL-C, 
TG, MDA, leptin (as a representative of lipid accumula-
tion in visceral tissues induced by high-fat diet), and liver 
enzymes (like AST and ALT, which had increased under 
the influence of hypercholesterolemia) had been ob-
served following turmeric supplementation (2 mg/day of 
turmeric in combination with other herbs for 30 days in 
hypercholesterolemic mice).  Based on strong evidence, 
the synergistic effects of combined herbs, especially tur-
meric, because of its curcumin and polyphenols, had led 
to the inhibition of HMG-CoA reductase and the reduc-
tion in liver cholesterol biosynthesis [84]. In the research 
by Zhou, all formulations containing turmeric adminis-
tered to obese mice, for 4 weeks, had further exhibited a 
dwindling effect on lipid levels and their accumulation, 
the regulatory activity of adipocytokines, and the lipid 
metabolism gene expression, which had led to the gut 
microbiota balance. Other possible mechanisms are the 
inhibition of α-glucosidase and pancreatic lipase activi-
ties, the reduction in adipose tissue, and the attenuation 
of FAS and SREBP-1c gene expression (responsible for 
liver lipid synthesis) [85].
In general, the cardioprotective and antihyperlipidemic 
effects of turmeric might be due to the anti-inflammato-
ry and antioxidant activities of the main component, i.e., 
curcumin that helps regulate the pathways, such as NF-
κB, nuclear factor erythroid 2-related factor 2-Kelch-like 
ECH-associated protein 1 (Nrf2-Keap1), and MAPK. 
Moreover, attenuation in the LDL-C, TG, CRP, and LDL 
receptors caused more LDL uptake. The suspension of 
intracellular cholesterol aggregation in macrophages has 
been reported as another mechanism of turmeric in CVDs 
[56].

The effects of turmeric on blood pressure

Systematic reviews/ Reviews papers 
Characterized by antioxidant/anti-inflammatory activity, 
calcium (II) ion concentration interference, β2-adrener-
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gic receptor activation, and renin-angiotensin system in-
hibition, turmeric could also control BP [86]. Mechanisti-
cally, curcumin and its analogs, like hexahydrocurcumin 
and tetrahydrocurcumin, can have an antihypertensive 
effect through diverse signaling pathways, viz., pathways 
mediated by Nrf2-antioxidant response element (ARE), 
NF-κB, NO/ cyclic guanosine monophosphate (cGMP)/ 
phosphodiesterase type 5 (PDE5)/matrix metallopro-
teinases (MMPs), renin-angiotensin-aldosterone system/
angiotensin-converting enzyme (RAAS/ACE), histone 
acetyltransferase/histone deacetylase (HAT/HDAC), 
G0/G1/apoptosis, cytochrome P450 3A4 (CYP3A4), 
mitochondrial uncoupling protein 2/ poly (ADP-ribose) 
polymerase (UCP2/PARP), VEGF/ signal transducer and 
activator of transcription (STAT)/AXL/tyrosine kinase, 
and TGF-β/Smad-mediated pathways [87]. Given its 
anti-inflammatory and antioxidant properties, curcumin 
could have antihypertensive effects by increasing NO in 
metabolic syndromes [88]. Studies with ≥ 12 weeks of 
curcumin/turmeric supplementation have thus suggested 
that curcumin/turmeric consumption might improve sys-
tolic BP (SBP) if administered in the long term [89].

Clinical trials, animal and in vitro studies
The insolubility of turmeric in water and its low biologi-
cal impact on therapeutic uses have further led scientists 
to consider the use of nanoparticles (NPs). Curcumin’s 
NPs accordingly provide a possible plan for the sustained 
delivery of curcumin in a discovery phase. Therefore, 
bioavailability and efficiency are improved. Nanomedi-
cine also bridges the gap between drug limitations and 
the therapeutic potential of curcumin by enhancing the 
pharmacokinetic efficacy and cellular uptake of curcumin 
[90]. Despite these results, a new study suggested that the 
consumption of the NPs at a dose of 1×58 mg (4-gram 
dose) had been effective in lowering BP and lipid pro-
file (viz. TC, HDL-C, LDL-C, and TG) in patients with 
hypercholesterolemia [91]. However, all studies have not 
confirmed this. In this respect, Bateni et al. had concluded 
that the nano-curcumin supplementation of 80 mg/day for 
12 weeks had not resulted in lowering BP in patients with 
metabolic syndromes [92].
Curcumin could further reduce elevated SBP and prevent 
aorta-exaggerated response to phenylephrine and potas-
sium chloride (KCl) in DM-evoked hypertensive rats. 
It could be further developed to inhibit the proliferation 
and migration of vascular smooth muscle cells (VSMCs) 
through various signaling pathways. Dehydrozingerone, 
a structural analog of curcumin, could also induce a 
dose-dependent inhibition of platelet-derived growth fac-
tor (PDGF)-stimulated VSMC migration, proliferation, 
and collagen synthesis via inhibiting the phosphorylation 
of PDGF-receptor (PDGFR) and Akt. It might be used as 
a dietary supplement to antagonize HTN and its associat-
ed vascular dysfunction by suppressing vascular inflam-
mation and OS, restoring eNOS/NO signaling, reshaping 

the gut microbial composition, and inhibiting p300-HAT 
activity [90]. Additionally, combined administration of 
30% ethanol and aqueous extracts of curcumin with am-
lodipine could induce a stronger vasorelaxant effect than 
amlodipine alone. However, this administration had not 
significantly decreased BP compared with single am-
lodipine [93]. These benefits were more common in the 
cases of HTN due to inflammation and vascular dysfunc-
tion than genetic diseases. 
In patients with DM, curcumin could have a regulato-
ry role in cardio-metabolic disease-associated vascular 
dysfunction by attenuating the phenylephrine-induced 
increase in contraction during the early stage of the 
STZ-induced conditions [90]. Central arterial stiffness 
and endothelial dysfunction in DM could accordingly 
increase the risk of CVDs and HTN. In such patients, 
400 mg TDS/day of Curcuma longa after three months 
of treatment had significantly lowered arterial stiffness 
compared with the placebo [94].
In patients with relapsing or refractory biopsy-proven lu-
pus nephritis, one capsule for three months, which con-
tained 500 mg turmeric, had further decreased proteinuria, 
hematuria, and SPB [95]. The turmeric-based therapy of 
3,000 mg/day of turmeric powder in six 500-mg capsules 
for 12 weeks in patients with NAFLD had thus reduced 
SBP [96]. Nevertheless, Nowak et al. emphasized that 
oral curcumin therapy would not diminish vascular en-
dothelial dysfunction and arterial stiffness in children and 
young adults with autosomal dominant polycystic kidney 
disease (ADPKD) [97].
Turmeric and many of its derivatives could also reduce 
HTN in vitro and in animal studies via ACE inhibition and 
arteriole vasodilation. The potentiation of NO donor ac-
tivity has been also identified as a probable mechanism for 
the vasorelaxation activity [98]. It has been indicated that 
turmeric could decrease BP in mice with HTN [99].  One 
major metabolite of curcumin, hexahydrocurcumin, could 
further have antihypertensive actions by inhibiting vascu-
lar inflammation and oxidative stress, as well as activating 
the eNOS/NO pathway in aortic tissues in experimental 
animal models. Therefore, it could prevent the elevation 
of BP, and diminish the increased wall thickness [100]. 
Overall, although there is evidence on the positive effects 
of turmeric on SBP and a number of studies have revealed 
some underlying mechanisms, more clinical trials are 
needed to confirm its efficacy.
In figure 3, possible mechanisms by which curcumin af-
fects glycemic status, lipid profile, and blood pressure 
have been summarized.

Effects of food processing on the content 
and stability of turmeric
Food processing and macronutrients can further affect 
curcumin bioavailability [101]. Several compounds can 
accordingly influence further absorption, longer circula-
tion, and better permeability of turmeric and curcumin 
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Figure 3. Possible mechanisms of curcumin on metabolic disorders
IR: Insulin Resistance, PI3K/Akt/GLUT2: phosphatidylinositol-3-kinase/protein kinase B/glucose transporter 2, Nrf2: nuclear factor 

erythroid 2–related factor 2, TNF-α: Tumor Necrosis Factor-alpha, LDL-C: Low-Density Lipoprotein Cholesterol

[102]. The best conditions for drying turmeric are tem-
perature of 70 °C and in the presence of polycarbonate. 
In this case, drying time is shorter and dyes and curcum-
iniods are better preserved [103]. A recent study had thus 
shown that fermented turmeric had better bioavailability, 
which was consistent with the concentration of polyphe-
nolic compounds in rats [104].  Effective ways to enhance 
absorption during cooking could be using a source of fat 
(such as avocado, nut butter, nuts, fish, etc.) and black 
pepper [105].

Applications in the industry 
Generally, the absorption of curcumin is low and nano-
technology can increase the bioavailability in the body. 
If supplementation with curcumin is expected to decrease 
OS, its absorption must be increased in the pharmaceuti-
cal industry by incorporating agents like piperine to boost 
bioavailability and build a curcumin complex [101]. Tur-
meric is further used in curry spices and as a hot bever-
age in Korea and Japan [106], applied as an antiseptic 
in Malaysia and an anti-inflammatory substance in India 
and Pakistan, and as mustard sauce and an ingredient in 
cheese, butter, and chips in the United States [106]. There 
are several dosage forms of curcumin, including tablets, 
powders, and capsules, mainly available on the market to 
reduce inflammation, pain, and bacterial infections [107]. 
The United States Food and Drug Administration (FDA) 
also introduced turmeric as a safe product that provides a 
range from 4000 to 8000 mg [108]. 

Side effects and toxicology
Human and animal studies indicated that turmeric (or its 
major constituent, curcumin) has no toxic or teratogenic 
effect. They have been widely used for therapeutic cases 
and as a spice in foods. Still, it is not on any readily ac-
cessible U.S. Food and Drug Administration (FDA) and 
GRAS (generally recognized as safe) list-2016 [109,110]. 
The safe dosage of curcumin for oral use in various stud-
ies is between 8 to 12 g per day for a healthy person for 
three months [111-115]. Intravenous formulations of cur-
cumin have greater absorption. Therefore, it should be 
administered at lower doses than oral use [116]. Several 
studies have reported minor side effects if high doses are 
used [114,117-119].
Adverse effects in the gastrointestinal tract are diarrhea, 
bad taste, hepatotoxicity, nausea, gastric irritation, gall-
bladder problems, gastrointestinal discomfort, dyspepsia, 
abdominal pain, constipation, stimulating gallbladder 
contractions, flatulence, and exacerbating symptoms in 
patients with gallstones [115,120]. Curcumin supplemen-
tation of 20-40 mg has been reported to increase gallblad-
der contractions in healthy people. Animal studies have 
reported an increase in liver weight, discolored faces, and 
hyperplasia of the cecum and colon. [111,113-118,120-
124]. Oral use of turmeric may prevent Iron absorption. 
Therefore, it should be used with caution in subjects with 
iron deficiency [124]. 
Other studies reported these adverse effects of curcumin 
on the reproductive system. Ovarian follicle development 
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suppuration by the 7% and 5% turmeric-supplemented 
diet in one animal study was reported [125]. Curcuma ze-
doaria decreases the motility and viability of spermatozoa 
in mice [126]. Turmeric can cause uterine stimulation and 
increase bleeding [11] and it increases uterine contraction 
in pregnant women. A high dose of turmeric causes lower 
testosterone and decreased sperm movement in a human 
study [124,127]. 
Headache, hypersensitivity, and vertigo are other minor 
side effects of turmeric [111,120-121]. Turmeric contains 
2% oxalate, hence high doses can lead to kidney stone for-
mation [10]. Some studies have reported skin problems, 
local, reversible allergic dermatitis, skin rashes, swollen 
skin, allergic contact dermatitis, itching, tongue redness, 
and tachycardia by oral use of curcumin [114,116,117].
Turmeric has antiplatelet effects in vitro, but it has not 
been demonstrated in vivo, and no adverse effects or in-
teractions have been so far reported in clinical trials or 
case reports. Some studies have also shown that turmeric 
reduces the levels of white and red blood cells [127].
Curcumin can further interact with some medications, 
such as antiplatelet, camptothecin, mechlorethamine, 
doxorubicin, cyclophosphamide, celiprolol, midazolam, 
and tacrolimus [128]. It may also give rise to pharmacoki-
netic changes in cardiovascular medications, antibiotics, 
antidepressant agents, chemotherapeutic drugs, anticoag-
ulants, and antihistamines [116,123].

Conclusion
From the clinical point of view, turmeric (1-3 g/day of 
powder) as a supplement along with conventional thera-
pies can lead to low-to-moderate improvement in meta-
bolic parameters which play key roles in the occurrence of 
cardiovascular diseases. In general, its effects in patients 
with metabolic disorders such as those with diabetes, dys-
lipidemia, and metabolic syndrome are greater than other 
cases. The beneficial effects of this medicinal herb can 
be exerted via various pathways involved in controlling 
each metabolic parameter. However, affecting inflamma-
tory and oxidative pathways, as well as the modulation of 
gut microbiota are the main possible mechanisms that are 
proposed for turmeric and its main components to control 
glycemic status, lipid profile, and blood pressure based 
on both experimental studies and clinical trials. However, 
due to limited high-quality clinical trials, between-study 
heterogeneity, and differences in methodologies (design, 
dosages, duration of the intervention, form of turmeric, 
etc.,), its efficacy and effective dosage for any metabol-
ic disorders remained uncovered. Although most stud-
ies reported higher dosages of turmeric that are usually 
applied for cooking, it should be kept in mind that food 
processing, particularly fermentation, and consumption 
with oil, can increase the bioavailability of turmericʼs ef-
fective components. Moreover, turmeric is safe and has 
no severe adverse effects based on the available evidence. 
All in all, as the present study attempted to draw an over-

view of clinical applications of turmeric with a focus on 
potential mechanisms particularly the modulation of gut 
flora, drawing a certain conclusion about its efficacy and 
effective dosage was not possible and the conclusion must 
be provided by caution. In the future, high-quality clin-
ical trials on turmeric focusing on gut microbiota as an 
outcome in patients at risk for cardiovascular diseases are 
proposed.
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