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ABSTRACT

RESUMEN

This review reports the findings of seven systematic reviews
and meta-analyses evaluating the effectiveness of turmeric/
curcumin as a dietary supplement in reducing LDL-choles-
terol (LDL-C). PubMed was searched for publications between
January 1%, 2018 and August 23™, 2023, reporting on the
anticholesteremic effects of turmeric. Turmeric demonstrates
antioxidant, anti-inflammatory, and anticholesteremic activity.
A dosage of 850 mg/d for 10 weeks reduced LDL-C in adults
over 50 years old at risk for cardiovascular disease. One study
reported curcumin reduced LDL-C by a mean of 39.83 mg/dL.
Yet, other reports conflicting findings on the effectiveness of
turmeric supplementation, likely due to high-heterogeneity in
between-study endpoints, dosage, duration, and participant
characteristics. Turmeric has potential as a safe, effective, inex-
pensive, lipid-lowering functional food. Future studies must
clarify the degree to which turmeric improves lipid indices, its
mechanism of action, and the most effective form, dose, route,
and duration in reducing LDL-C.

Keywords: Curcuma longa. Curcumin. Low-density lipopro-
tein cholesterol. Coronary artery disease. Functional foods.

Esta revision informa sobre los hallazgos de siete revisiones siste-
maticas y metandlisis que evaltan la efectividad de la ciircuma
como suplemento dietético para reducir el colesterol-LDL (LDL-
C). Se buscaron en PubMed publicaciones entre el primero de
enero de 2018y el 23 de agosto de 2023 que informaran sobre
los efectos anticolesterémicos de la circuma. La circuma
demuestra ser antioxidante, posee actividad antiinflamatoriay
anticolesterémica. Una dosis de 850 mg/dia redujo el C-LDL en
adultos mayores de 50 afios con riesgo de enfermedad cardio-
vascular. Un estudio informé que la curcumina redujo el C-LDL
en una media de 39,83 mg/dL. Sin embargo, otros informan
hallazgos contradictorios sobre la circuma, probablemente
debido a la alta heterogeneidad en los criterios de valoracién, la
dosis, la duracién y las caracteristicas de los participantes entre
los estudios. La circuma tiene potencial como alimento funcio-
nal reductor de lipidos, seguro, eficazy econdmico. Los estudios
futuros deben aclarar el grado en que la ctircuma mejora los
indices de lipidos, su mecanismo de accion y laforma, dosis, via
y duracion mas efectivas para reducir el C-LDL.

Palabras clave: Curcumalonga. Curcumina. Lipoproteinas de
colesterol de baja densidad. Arteriopatia coronaria. Alimentos
funcionales.
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INTRODUCTION

Over 226,000 people died from cardiovascular disease
(CVD) in Mexico in 2021, with one person dying every
2 min'2, Over 56% of adults in Mexico have elevated
levels of low-density lipoprotein cholesterol (LDL-C)*4,
Worldwide, the burden of CVD is disproportional, with
nearly 80% of deaths from CVD occurring in low- and
middle-income countries, along with higher rates of
disability-adjusted life years*>.

Coronary artery disease (CAD) is the most common
type of CVD87 characterized by arteriosclerosis resul-
ting from a buildup of fatty deposits that narrow
the lumen of coronary arteries®. Risk factors for CAD
include hypercholesteremia, hypertension, diabe-
tes, smoking, being postmenopausal for women,
and over 45 years old for men®. Lifestyle choices that
increase risk for CAD include, diet, physical inacti-
vity, overweight, obesity, and excessive alcohol
consumption'®',

Abnormally elevated serum LDL-C is a major health
concern as it plays a central role in the pathogenesis
of atherosclerotic CVD (ASCVD)*'". Serum LDL-C is
considered a primary predictive measure of cardio-
vascular event risk'®. HMG-CoA reductase inhibi-
tors (statins) are the standard of care lipid-lowering
therapy used adjunctively with lifestyle changes to
treat hypercholesterolemia by reducing elevated
LDL-C, total cholesterol (TC), and triglycerides (TG)
levels and increasing high-density lipoprotein choles-
terol levels'2.

While statins are well tolerated in most patients, due
to adverse events, such as myopathy, myalgia, hepa-
titis, and uncomfortable cold sensations, statin into-
lerance has been reported in between 5 and 30% of
patients according to the National Lipid Association's.
Such patients adhere poorly to statins, discontinue or
seek alternative treatments'. Clinicians have used a
SLAP (Switch, Lower dose, Alternate dosing, Polyphar-
macy) management strategy to support such patients;
yet, in uncommon patients with complete statin into-
lerance, alternatives such as ezetimibe, bempedoic
acid, PCSK9 inhibitors, inclisiran novel genetic thera-
pies, and nutraceuticals have been used to manage
dyslipidemia'.

Lifestyle changes, a first-line of therapy in improving
lipid profile indices, include exercise, diet, nutraceu-
ticals, and weight loss. Nutraceuticals and dietary
supplements such as berberine, soluble fibers, plant
sterols, stanols, and red yeast rice have shown effec-
tiveness as lipid-lowering agents and are of potential
value for patients with low-to-moderate hypercho-
lesterolemia, alone or in combination with a pharma-
cological therapy'. Likewise, consuming so-called
functional foods such as almonds, whole grains,
unsaturated oils, green tea, avocados, tomatoes,
and flaxseeds has been gaining attention as a safe,
inexpensive means to remediate elevated LDL-C and
promote a healthy diet'®. Among these functional
foods, the cooking spice turmeric has been reported
to have antioxidant, anti-inflammatory, and antican-
cer activity in various diseases'”"°.

Turmericis an herb (Curcumalonga) acclaimed to have
therapeutic value. The rhizomes (roots) of the C. longa
plant are used to derive curcumin, an orange-yellow-
colored powder containing a molecule with the [UPAC
name (1E, 6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)
hepta-1,6-diene-3,5-dione)?°, considered a bioactive
compound and naturally occurring phenol with phar-
macological properties?°. Similar to the functional
foods mentioned previously, curcumin has potential
as a safe, inexpensive dietary supplement to support
cardiovascular health, which may be particularly of
interest to low- and middle-income countries?'.

The precise mechanism of action (MoA) of turmeric
as an antihyperlipidemic agent is unclear; however,
Musazadeh et al.?? report several possible MoAs
whereby turmeric (1) reduces hepatic hydroxyl methyl-
glutaryl CoA reductase enzyme activity, essential
for cholesterol biosynthesis; (2) hampers lipogene-
sis enzymes (acetyl CoA carboxylase, stearoyl-CoA-
desaturase 1, and fatty acid synthase), thus disrupting
lipid metabolism; (3) reduces hepatic activity of acyl-
CoA: cholesterol acyltransferase, an enzyme critical in
producing cholesteryl esters that promote atheroge-
nesis; (4) increases up-regulation of hepatic cholesterol
7a-hydroxylase, convertingv cholesterol to bile acids,
the primary mechanism for eliminating cholesterol
from the body; (5) decreases LDL receptors expres-
sion through activation of peroxisome proliferator-
activated receptors g; (6) activates hormone-sensitive
lipase, accompanied by reduced lipogenic enzymes.
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A major drawback of turmeric is its low absorbability
and poor bioavailability, being rapidly metabolized
and eliminated from the body?3. Yet, recent attempts
have boosted its bioavailability by combining it with
other bioactive agents, including piperine from
black pepper?#?®, Nonetheless, the strength of the
evidence demonstrating the effectiveness of turmeric
in reducing LDL-C remains unclear. Most importantly,
despite the aforementioned studies, no pharmaceu-
tical has been approved by a pharmacovigilance
agency, such as the US Food and Drug Administra-
tion, because over-the-counter (OTC) dietary supple-
ments are evaluated as food and not as a drug, so
they do not undergo rigorous clinical trials on safety
and efficacy, leaving consumers uncertain about the
efficacy, safety, quality, and purity of an OTC turmeric
supplement?®,

Considering these gaps in the literature regarding
the effectiveness of turmeric in reducing LDL-C and
considering the potential promise, cost-savings, and
convenience of consuming functional foods such as
turmeric to improve cardiovascular health, a systema-
tic search of the literature was done to further clarify
turmeric’s potential in reducing LDL-C.

METHODS

To consolidate high-quality evidence on the effec-
tiveness of turmeric in reducing LDL-C, a systema-
tic search of the literature was done in PubMed
(https://www.ncbi.nlm.nih.gov) on August 23,
2023. The target population was adults, including
healthy individuals and those at risk for CVD. The
primary endpoint of interest for this review was
mean LDL-C measured at baseline and post-inter-
vention, reported as either mmol/L or mg/dL. The
control groups ranged from foods, no treatment,
or placebo. The inclusion criteria were systematic
reviews and meta-analyses published between
January 1, 2018, and August 23, 2023; full text,
and English-language articles. The exclusion crite-
ria were non-randomized controlled trials (RCTs),
studies not reporting on LDL-C or CVD; duplicate
publications; animal studies; and studies in langua-
ges other than English.
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First, a search was done at PubMed, with MeSH terms
listed in table 1. Second, after identifying and saving
the results of two searches, the results were scree-
ned, and ineligible studies were excluded, as shown
in figure 1. Third, the remaining articles were compi-
led into a final collection of systematic reviews and
meta-analyses. These reports were then read and
their findings are summarized in the Results section
and table 2. PubMed filters used: meta-analysis, syste-
matic review, published within 5 years (1/1/2018-
8/23/2023), full text; age 19+ years.

RESULTS

The PubMed search provided 18 systematic reviews
and meta-analyses, including one study from listing
of "similar articles”. Next, four duplicate studies were
removed, leaving 14 for screening. From these 14
studies, seven were excluded from the screening
process because they were not about CVD or did not
report on LDL-C, and one study was published before
2018. All of the included studies specifically report
on turmeric’s effect in remediating CVD by lowering
LDL-C. The findings of these studies are presented
in alphabetical order by author’s surname below
and in table 2. The gold-standard Cochrane GRADE-
Assessment?” was adopted by three of the seven meta-
analyses reviewed herein. GRADE evaluates the quality
of evidence of five domains: imprecision, indirectness,
risk of bias, inconsistency, and publication bias.

Ashtary-Larky et al. carried out a GRADE-assessed
systematic review and meta-analysis to determine
the effect of nanocurcumin supplementation on redu-
cing risk factors for CVD?8, Nanocurcumins are novel
formulations developed to overcome the poor bioa-
vailability profile of native curcumin, and some studies
show that nanocurcumins have greater effectiveness
than native curcumin in reducing LDL-C?°. The nine
RCTs of this review included 510 participants, each in
subgroups characterized by Type-2 diabetes (T2DM),
metabolic syndrome (MS), dyslipidemia, migraine, and
non-alcoholic fatty liver disease (NAFLD); the authors
did subgroup and pooled analyses of the results of
these RCTs, reporting on a number of endpoints,
including LDL-C, and the results are shown in table 2.
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Table 1. PubMed search dates, search term syntax used, search filters, and number of articles retrieved

PubMed search date Syntax entered in the

Search filters

Number of articles

and number database search tool retrieved
August 23, 2023 #1 “Turmeric” OR “Curcuma” Systematic review, meta- (n=11)
[Mesh] OR “curcumin” AND analysis, full text articles,
“Cholesterol, LDL" [Mesh] publication within 5 years
(1/1/2018-8/23/2023); adult
August 23, 2023 #2 “Turmeric” OR “Curcuma” Systematic review, meta- (n=28)
[Mesh] OR " low-density analysis, full-text articles,
lipoprotein cholesterol” publication within 5 years;
adult
{ Identification of Studies in PubMed Search 1

Includes 1 article from similar articles
listed in PubMed

Articles retrieved from PubMed (n = 18)

Articles screened (n = 14)

, | Articles excluded: (n =7)

|

Total studies included in literature
review (n = 7)

Included [ Screening J[ Identification J

Articles removed before screening:

Duplicate articles (n = 4)

All records manually screened and
excluded by author.

Reasons study excluded:

¢ not about CVD, turmeric, or
LDL-C (n=5)
¢ published before 2018 (n=1)

Figure 1. Flowchart of protocol for searching PubMed to identify meta-analyses and systematic reviews on the effectiveness of turmeric
supplementation in reducing low-density lipoprotein cholesterol to include in a literature review.

Ashtary-Larky et al. report that nanocurcumin redu-
ced LDL-Cacross all groups, yet in five RCTs with over
300 participants, the overall reduction was not strong
(weighted mean differences [WMD]: —3.59 mg/dL; Cl:
—15.74, 8.56). However, in individuals with dyslipide-
mia, LDL-C reduction was more impressive. Subgroup
analysis showed that the nanocurcumin supplemen-
tation significantly improved LDL-C in patients with
LDL-C = 100 mg/dL and BMI > 30, with a WMD of

—13.70 (95% Cl: —19.26, —8.13). Yet using the GRADE
assessment, the authors downgraded the quality
of evidence in these trials as very low, overall. This
downgrade was based on high imprecision, inconsis-
tency of nanocurcumin dosages among study groups,
and high between-study heterogeneity (1> = 84.8%,
p <0.001) based on differences between study parti-
cipants, and imprecision related to the relatively low
number of study participants®. It should also be noted
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Figure 2. A: detailing the mean difference and 95% confidence intervals; B: displaying publication bias in the studies reporting and the
pooled mean differences in effect size of curcumin supplementation on low-density lipoprotein cholesterol levels between intervention
and control groups in 18 studies (Musazadeh, 2022). ES: effect size. Reprinted from curcumin as a novel approach in improving lipid profile: an
umbrella meta-analysis. Nutrition, metabolism, and cardiovascular diseases. Volume 32, Issue 11, November 2022, Pages 2493-2504, with permission

from Elsevier.

that the confidence intervals in the analysis and sub-
analyses were wide, further reducing the quality of the
level of this evidence. Consequently, while this study
reports promising findings—nanocurcumins reduced
LDL-Cin patients with dyslipidemia—the low quality
of evidence of these trials may render these findings
unsettled and open to question, with the true effect
possibly different from the estimate of the effect.

Searching PubMed, Scopus, Web of Science, Cochrane
Library, and Google Scholar, Dehzad et al. carried
out a GRADE-Assessed systematic review and meta-
analysis on 64 RCTs that enrolled 4,051 participants
to determine the effect of curcumin supplementation
on reducing risk factors for CvD?°. The RCTs included
participants who were healthy, overweight and obese,
on hemodialysis, had CAD, Chronic obstructive pulmo-
nary disease (COPD), HIV, NAFLD, polycystic ovary
syndrome (PCOS), MS, T2DM, hyperlipidemia (HLP)
and other illnesses. The authors report that curcu-
min supplementation improved TG, TC, LDL-C, and
high-density lipoprotein cholesterol (HDL-C) indices.
Regarding the outcome of primary interest, curcumin
reduced LDL-C, WMD = —4.89 mg/dL; 95% Cl: -5.92,
—3.87; p < 0.001. Yet, the authors stress that the lite-
rature regarding whether turmeric supplementation

improves the lipid profile is contradictory, with some
studies reporting improvements similar to their
findings and while others did not.

Of all the meta-analyses reviewed here, the one by
Dehzad et al. was the only one to incorporate RCTs
that considered the effect of curcumin on apolipopro-
teins. The authors report that while curcumin impro-
ved TG and HDL-C levels, unexpectedly, no meaningful
change in apolipoproteins (Apo-A and Apo-B) was
observed, concluding that the exact MoA and degree
to which curcumin affects circulating apolipoproteins
remains poorly understood. Subgroup analysis for
nanocurcumin showed no significantimprovement of
LDL-C. Dehzad et al. also report that subgroup analysis
showed higher rates of LDL-C reduction observed in
the trials from Iran compared to trials in other coun-
tries: Iran, WMD —11.40 (-12.74,—-10.07) versus other
countries, WMD 0.13 (-0.03, 0.23)%.

A systematic review of seven meta-analyses was done
by Adel Mehraban et al. to assess the effectiveness of
curcumin in treating dyslipidemia3’. As shown in table
2, the pooled results of these studies showed that
curcumin reduced LDL-C by a mean of 39.83 mg/dL,
reduced total cholesterol by 25.13 mg/dL, and reduced
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triglycerides by 33.65 mg/dL, and increased HDL-C by
4.31 mg/dL.The turmeric daily doses that were effec-
tive in reducing LDL-C and increasing HDL-C ranged
from 330 to 1795 mg/dL across all studies, while the
doses that were effective in reducing triglycerides
ranged from 1000 to 1795 mg/dL3°. Adel Mehraban
et al. report a wide range of results including no
significant effect in one RCT and a notable reduction
of LDL-C by 39.83 mg/dL in a systematic review by
Jalali etal.3". Due to the high heterogeneity (1> > 50%)
between trials, these findings should be interpreted
with caution.

Musazadeh et al.??, carried out an umbrella meta-
analysis using a random-effects model to assess the
findings of multiple meta-analyses reporting on the
role of curcumin in improving lipid profile indices.
An umbrella review is a review of systematic reviews
and meta-analyses, the highest quality of evidence
available in medical research32. The authors reviewed
19 meta-analyses and systematic reviews and conclu-
ded that curcumin improves TC, TG, LDL-C, and HDL-C
levels and confirmed its antihyperlipidemic proper-
ties. Pooling the data of 10730 study participants in
18 studies and 20 related effect sizes (ES), Musazadeh
etal. report that curcumin supplementation improved
LDL-C overall with a moderate effect size of 0.49 (ES:
0.49 mg/dL, 95% Cl:0.85,0.13, p=0.007), as shown in
the forest plotin figure 2. In subgroup analyses, Musa-
zadeh et al.?? found that curcumin supplementation at
850 mg/day for over 10 weeks reduced LDL-C in adults
over 50 years with CAD, showing a large effect size of
1.48 (ES: 1.48 (3.25, 0.30). We assumed the authors are
applying Cohen’s d model, widely used in meta-analy-
ses, in which an effect size from 0.2 t0 0.5 is considered
small, and 0.5-0.8 is considered medium, and > 0.8 is
considered large when measuring the differences in
standard deviations between the means of the inter-
vention and control groups in these 18 studies. The
ES were also calculated as WMD to accommodate for
differences among studies.

Musazadeh et al. also found that the subgroup sensi-
tivity analyses showed that the effect of curcumin
supplementation in reducing LDL-C was not depen-
dent on any single study. Yet, the authors also found
high heterogeneity among the studies (I = 51.9%,
p = 0.004) as shown in table 2. Between-study hete-
rogeneity could be attributed to variations in sample
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size, mean age, study population ethnicity, duration
of intervention, differences in dosages, and type of
effect size. The authors of the study acknowledge that
while some systematic reviews found no change in
key lipid parameters after curcumin supplementation,
other systematic reviews found clinically meaningful
improvements in lipid profile indices?2. The authors
conclude that the differences in findings between
these studies are due to the aforementioned high
heterogeneity among the RCTs?2. The authors call for
future studies to further clarify dosage, duration, and
MoA whereby turmeric supplementation remediates
the lipid profile. They propose curcumin supplemen-
tation be considered as an adjuvant or alternative
treatment for improving key lipid profile parameters?2.

Rafiee et al.,, 2021, carried out a systematic review of
22 RCTs from eight countries, comprising 1545 partici-
pants grouped by T2DM, PCOS, NAFLD, dyslipidemia,
MS, obese, overweight, and glucose tolerance impair-
ment33, All study participants were at risk for CVD.
The authors summarize values for TC, TG, HDL, and
LDL-Cin all RCTs, as shown in table 2, and conclude
that curcumin supplementation significantly reduced
at least one of these lipid profile indicators in over
60% of the RCTs. However, the findings regarding
LDL-C are equivocal on the effectiveness of curcu-
min in improving lipid profile in those at risk for CAD.
The authors found that curcumin reduced LDL-Cin 6
RCTs, but in 15 RCTs, the change was not statistica-
lly significant, and one RCT had no reported data for
LDL-C, as shown in Table 2. These mixed findings may
be related to between-study heterogeneity seen in
variations in curcumin formulations or the wide range
of dosages among study groups, ranging from 80 mg
to 2000 mg/day*.

Rafiee et al. report that some of the most promising
findings in improving lipid profile risk factors came
from RCTs using curcumin supplements with high
bioavailability. Considering this, two of the studies3*3>
reported by Rafiee et al., 2021, that used novel curcu-
min formulations are reviewed here. Jazayeri-Tehrani
etal. performed an RCT to determine if curcumin plays
arole in treating NAFLD34. The novelty of this study
is in its use of a polymeric nanoparticle formulation
designed to overcome the low stability and bioavaila-
bility of curcumin. According to the authors, nanocur-
cumin with polylactic-co-glycolic acid nanoparticles
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increased curcumin bioavailability by 22-fold. The
authors report that nanocurcumin compared to
placebo decreased LDL-C from 135.6 mg/dL (SD 17.6)
(mg/dL) at baseline to 114.6 mg/dL (SD 20.5) at the
end of the study, with a mean difference of —21.0
mg/dL and a narrow confidence interval (95% Cl:
—22.2to —19.7) (p < 0.001). These results show an
average weighted mean of 21 mg/dL reduction of
LDL-C in the intervention group3*.

Saeedi et al. carried out a systematic review and meta-
analysis of 14 RCTs to determine the effectiveness of
curcumin in improving blood lipid profiles in indivi-
duals with dyslipidemia®. Five of the RCTs reported
improvements in LDL-C from turmeric supplementa-
tion post-intervention, whereas seven studies repor-
ted no meaningful improvement in LDL-C (Table 2).
One study using curcuminoid supplementation repor-
ted no change in small dense low-density lipoprotein
(sdLDL) after 4 weeks. Overall, LDL-C levels in all curcu-
min groups were reduced by 0.17 versus placebo
groups (95% Cl: —0.43 —0.09; Z=1.27; p =0.2)*.

Schoeneck et al. (2021) reported findings from a
GRADE-assessed meta-analysis of 108 systematic
reviews, identifying 20 functional foods showing
moderate to large effects in reducing LDL-C, and surpri-
singly, unfiltered coffee caused a moderate to large
increase in LDL-C3¢. Reporting on findings of a syste-
matic review by Qin et al.>” on turmeric, Schoeneck et
al. conclude that compared to the other foods in their
study, turmeric was relatively strong in reducing LDL-C,
but they downgraded the quality of the evidence-
based on indirectness because Qin et al. provided
turmeric in different forms (powder, extract, disper-
sion), which made it challenging to determine the dose
and form of turmeric spice to which the results corres-
ponded. Hence, the authors call for further studies to
clarify the dosage of turmericin reducing LDL-C as well
as studies to clarify the MoA whereby turmeric redu-
ces LDL-C.Table 2 shows the findings of 6 RCTs from a
systematic review on turmeric; the primary outcome of
interest was LDL-C in mmol/L (mmol/L were converted
to mg/dL). In four of six of the RCTs, turmeric reduced
LDL-C by —0.35 mmol/L, (95% Cl: —0.48 to —0.22) or
—6.3 mg/dL postintervention3,

Because the seven systematic reviews and meta-
analyses in this review refer to dozens of RCTs, it is

not feasible to review and assess the findings of each
one here. Yet, to represent some of the diversity of
these studies, several RCTs are summarized below
including those that combined or compared turmeric
with a hypocaloric diet, zinc supplementation, aero-
bic training, turmeric-fortified bread, phytosterols,
coenzyme Q10, curcuminoid supplementation, and
a statin medication, in patients who were healthy,
pre-diabetic, or had PCOS.

Karandish et al. 2022 report that LDL-C was reduced
in pre-diabetic adults on a hypocaloric diet treated
with curcumin (-16.89 mg/dL), curcumin and zinc
supplementation (—17.93 mg/dL)3®. Likewise, Dolati
etal. (2022) found that curcumin and aerobic training
combined improved lipid profiles greater than aerobic
training or curcumin alone, with LDL-C decreased by
a percent of 19.17% in the curcumin and aerobic trai-
ning group3’; Ferguson et al. (2019) report that bread
fortified with curcumin combined with phytosterols
reduced LDL-C by 8.8% (—0.44 + 0.06 mmol/L) compa-
red to placebo; thus potentially identifying a simple,
inexpensive preventative strategy for sustaining heart
health*. Yet, curcumin alone in fortified bread resul-
ted in no meaningful improvement in LDL-C, contra-
dicting earlier findings by the same group*'.

Conversely, other novel RCTs report less promising
results. Sangouni et al. (2020) found that combining
coenzyme Q10 and curcumin did not improve LDL-C
levels in individuals with MS*2, Likewise, Saeedi et al.
(2022) report that curcuminoid supplementation did
not improve sdLDL levels®. Furthermore, one curcu-
min supplement formulation did not perform as well
as a comparative statin in reducing LDL-C (Laffin et al.,
2023)*, and, Ghanbarzadeh-Ghashti et al. reported no
difference in curcumin supplementation in the lipid
profile of patients with PCOS#,

Finally, Funamoto et al. carried out an RCT investi-
gating the effects of curcumin supplementation on
glucose tolerance and LDL-C in patients with impaired
glucose tolerance or non-insulin-dependent diabe-
tes*. Addressing curcumin’s poor bioavailability, a
novel drug delivery system was developed. Natural
curcumin comprises large granules; consequently,
this supplement was designed to take advantage of
nanosized particles with a coating making it highly
absorbable in the intestinal tract. In a previous study
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of patients with COPD, the authors reported that
this novel formulation reduced a.1-Antitrypsin-low-
density lipoprotein, an oxidized low-density lipopro-
tein known to promote atherosclerosis*. However, in
this study of patients with impaired glucose tolerance
or non-insulin-dependent diabetes mellitus, LDL-C did
not differ between patients administered treatment
or placebo for 6 months. While the treatment reduced
oxidized LDL, it did not show any beneficial effects in
reducing LDL-C; the authors speculate that the small
sample size and short duration time may have affec-
ted this outcome®.

DISCUSSION

The goal of this review was to consolidate recent high-
quality evidence on the effectiveness of turmeric in
reducing LDL-C in adults. The primary endpoint of
interest was mean LDL-C reported as either mmol/L
or mg/dL, measured before and after turmeric supple-
mentation. A PubMed search provided seven syste-
matic reviews and meta-analyses whose findings are
summarized in the results section and in table 2. The
implications of these results are discussed below.

Turmeric has shown antioxidant, anti-inflamma-
tory, and anticholesteremic activity in preclinical
studies'”"'°. Recent research has attempted to clarify
the most effective formulation, route, duration, and
dosage of turmeric needed to improve the lipid
profile in humans. Adel Mehraban et al. and Musaza-
deh et al.?23° report some of the highest reductions
in LDL-C levels after turmeric supplementation. In the
most comprehensive meta-analysis in this literature
review, including over 10,000 participantsin 19 RCTs,
Musazadeh et al.?? report that a turmeric supplement
dosage of 850 mg/d for 10 weeks was most effective
in reducing LDL-C, particularly in adults over 50 years
old and those at risk for CVD. Recent studies have
reported on novel formulations aiming to improve
on the poor bioavailability of turmeric. For example,
Jazayeri-Tehrani et al. reported that nanocurcumin
is more effective than native curcumin in reducing
LDL-C34. In one RCT reported by Jazayeri-Tehrani et
al., a nanocurcumin increased curcumin bioavailability
by 22-fold and decreased LDL-C from 135.6 mg/dL

70

RevisTA MEXICANA DE ENDOCRINOLOGIA, METABOLISMO & NUTRICION. 2024;11

(SD17.6) at baseline to 114.6 mg/dL (SD 20.5) at end
of study, with an average WMD of 21 mg/dL reduction
of LDL-C34,

The findings from a number of meta-analyses
reviewed herein could represent a minimal clinica-
Ily important difference (MCID) in managing lipid
profiles. For example, Adel Mehraban et al. report
a mean reduction of LDL-C by 39.83 mg/dL in a
systematic review?'. The guidelines of the American
College of Cardiology identify LDL-C levels of < 100
mg/dL as optimal for maintaining cardiovascular
health in individuals without other risk factors for
ASCVD. In individuals with LDL-C above 100 mg/dL
at low-to-moderate risk for CAD, a reduction for
39.83 mg/dL in LDL-C would be a meaningful impro-
vement in reducing their LDL-C to a healthy range
of < 100 mg/dL*647,

While statins are a powerful standard-of-care
treatment for lowering elevated levels of LDL-C (= 190
mg/dL), for patients with low-to-moderate levels of
LDL-C atrisk for CVD, lifestyle changes could improve
lipid profile indices, including exercise, diet, nutra-
ceuticals, and weight loss. Consuming functional
foods such as avocados, almonds, and turmeric, for
example, have shown low-to-moderate efficacy in
reducing LDL-C'>. This review summarized promising
research on how consuming turmeric spice can a be
safe, simple, and inexpensive primary and secon-
dary preventive approach to improve cardiovascular
health354°, Qverall, findings from a number of RCTs
suggest that turmeric may have a positive effect as
an adjuvant dietary supplement along with change of
lifestyle practices among patients at low-to-moderate
risk of CAD.

Likewise, a review by Panahi et al. compares the effi-
cacy of statins and curcumin in treating hypercho-
lesterolemia and HLP*®. As reported earlier, the MoA
involved in curcumin reducing LDL-C is complex,
operating simultaneously at a number of sites in the
intestine and liver. Yet, interestingly Panahi et al.*®
provide a detailed review of the metabolic and cellular
MoA of curcumin and statins, and point out that they
both target the same specific nuclear receptors and
enzymes while reducing LDL-C. The authors note that
while statins are more efficient in lowering LDL-C, for
some patients, they have adverse effects. The authors
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suggest that for such patients, a combination of a
statin and curcumin could synergistically lower LDL-C
to a desirable level, while requiring a lower dosage
of the statin, which could reduce the risk of adverse
effects, such as extreme muscle pain“®.

Yet, despite a number of systematic reviews, meta-
analyses, and RCTs that report positive outcomes of
turmeric in improving the lipid profile parameters in
individuals at risk for CAD, questions remain about
the precise lipid-lowering potential of turmeric
supplementation. Three of the seven meta-analyses
reported here?’-2%3649 ysed the rigorous Cochrane
GRADE approach?’ to evaluate the quality of evidence
of studies based on publication bias, imprecision,
indirectness, risk of bias, and inconsistency. Based
on these domains, the authors of these three meta-
analyses downgraded the quality of evidence of a
number of RCTs investigating turmeric’s effectiveness
in improving cardiovascular health. Furthermore, it
should be stressed that all of the systematic reviews
and meta-analyses in this review reported some level
of uncertainty and conflicting findings on the effec-
tiveness of turmeric supplementation in reducing
LDL-C. This uncertainty was commonly attributed
to the high between-study heterogeneity among
many RCTs, with many having a wide range of study
endpoints and participant characteristics, and a lack
of standardized measures, dosage, and duration. The
lack of standardized measures alone can illustrate
the challenge of understanding some of the findings.
For example, physicians typically provide patients
a summary of lipid profile measures such as LDL-C
in mg/dL or in mmol/L. While one of the primary
endpoints of the PubMed search for this literature
review was to find systematic reviews, meta-analy-
ses, and RCTs reporting on mean LDL-C in mg/dL or
mmol/L before and after turmeric intervention, some
of the systematic reviews and RCTs did not provide
these standard measures, making their findings less
usefulin a clinical context.Despite the fact that dozens
of RCTs have investigated the effectiveness of turme-
ric as a lipid-lowering agent, such reporting incon-
sistencies should raise questions about the overall
reliability, validity, and value of some of the findings
of these studies.

Other global shortcomings of studies on RCTs on
the efficacy of turmeric in improving cardiovascular

health relate to publication bias and overlapping
and redundancy in reported studies. Publication
bias results from the high rate of failure to report on
non-statistically significant findings, which skews the
overall data and findings. While publication bias is a
universal issue affecting all scientific publications,
Musazadeh et al.?? reported high rates of publication
bias in the RCTs in their review of 22 meta-analyses
on turmeric, shown in figure 2. Because a number
of studies have reported very positive findings of
curcumin supplementation, this review also provi-
des a much-needed counterbalance to publication
bias by reporting on shortcomings and unanswered
questions in some of the RCTs on turmeric. Another
concern about the findings reported here is related
to the overlapping and redundancy of RCTs reported
across all seven meta-analyses; many of the syste-
matic reviews herein reported on some of the same
studies. Hence, generalizing about the collective and
cumulative power of the findings of these systematic
reviews and meta-analyses would be problematic
and muddled due to this overlapping and redun-
dancy.

An additional limitation that should be improved in
future RCTs would be selecting only study partici-
pants with hypercholesteremia and not a mix of other
disorders. Furthermore, future studies should account
for differences in study participants’ weight as this
effects dosage and absorption. Likewise, because
many of the RCTs included did not clearly report on
the type of curcumin (powder, oil, and extract), grea-
ter clarity and consistency are needed in this regard.
Finally, future studies on turmeric would benefit from
including greater diversity in the race and ethnicity
of study participants. While the RCTs reported herein
were done in nine different countries, over half of
these studies on turmeric have been carried out in
one country, Iran. Finally, the RCTs did not extensi-
vely focus on safety issues related to turmeric, which
should be included in future studies.

CONCLUSION

Turmeric spice has potential as a safe, effective,
inexpensive, lipid-lowering functional food, but
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considering the Cochrane GRADE approach, a
stronger quality of evidence is need to confirm this.
Turmeric may also play a role as a lipid-lowering
agent in patients with low-to-moderate hypercho-
lesterolemia or as an adjuvant for complete statin-
intolerant patients. While promising findings have
been reported on turmeric’s role in ameliorating
cardiovascular health, contradictory findings have
also been reported. Consequently, further studies are
needed to standardize reporting, confirm effective-
ness, evaluate safety, and decrease between-study
heterogeneity. Future studies must clarify and verify
the degree to which turmeric supplementation may
improve lipid indices, the MoA whereby turmeric
reduces LDL-C, as well as the most effective form,
dose, route, and duration of turmeric supplementa-
tion in reducing LDL-C.
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