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Abstract

Turmeric has a long tradition of use in Ayurvedic medicine for a variety of indications, including
digestive and liver support, in mood-related disorders and inflammatory conditions. Modern
research has confirmed anti-inflammatory, antioxidant, anti-microbial and anti-tumour activities

of compounds isolated from turmeric, including curcumin and other curcuminoids. Curcumin has
poor bioavailability and various formulations have therefore been developed to overcome this
issue. Clinical trials have shown benefits of curcuminoids in a wide range of conditions, including
cardiometabolic, inflammatory and mood disorders. Turmeric extracts have been found to be safe
in humans with only mild adverse events being observed in clinical trials, mostly gastrointestinal
disturbances, but due to its physiological actions, some drug interactions are possible.
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Introduction

Turmeric (Curcuma longa) is a member of

the ginger family and has a long tradition of
use not only as a culinary spice, but also in
Chinese and Ayurvedic medicine for a variety
of clinical uses, including digestive and liver
support, in mood-related disorders and
inflammatory conditions.! Curcumin is a yellow
polyphenolic compound that gives turmeric
its characteristic colour and, alongside other
curcumoids including bisdemethoxycurcumin
and demethoxycurcumin, is also one of the
main active components thought to mediate
its medicinal properties, which include anti-
inflammatory, antioxidant, anti-microbial and
anti-tumour activities.?

The bioavailability of curcumin is limited due
to poor absorption and rapid metabolism
through the liver, and various techniques
have therefore been employed to increase
bioavailability through different delivery
systems.® Despite this, turmeric extracts
seem to have good clinical efficacy, even
without such enhancements (unformulated
products), and it has been postulated that
this may be due to the fact that some of

the metabolites of curcumin also possess
beneficial biological activities, some of which
appear to have stronger antioxidant effects
than curcumin itself.

Piperine, a compound from black pepper,
has been shown to enhance bioavailability
by 20 times, and is therefore commonly
added to curcumin supplements.® Other
methodologies that have been used to
increase the bioavailability of curcumin
include hydrophilic nanoparticles and solid
lipid particles.® Being lipid soluble, the
solubility and absorption of curcumin is
enhanced by the presence of lipids, either
through a lipid-containing formulation such
as solid lipid particles, or by taking it with a
meal.® This is also the way that turmeric has
been consumed, either as part of a meal or,
in Ayurvedic tradition, in a milky drink.
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The issues of bioavailability and the large
variety of formulations on the market that
claim to have enhanced bioavailability make
it difficult to compare the dosages used in
studies and suggest dose recommendations
for specific indications. Where dosages have
been suggested, they generally refer to non-
enhanced formulations.

General Functions

Inflammation/inflammatory markers

Inflammation is a main driver for chronic
degenerative disease, including cardiovascular
disease (CVD), cancer, neurodegenerative
conditions like Alzheimer's disease (AD),
metabolic disorders, such as diabetes and
obesity, and autoimmune conditions. As such,
safe and effective anti-inflammatory compounds
play an important role in the prevention and
management of these conditions, and curcumin
has shown promising anti-inflammatory

effects in animal studies. Its anti-inflammatory
properties appear to be due to a number

of mechanisms, including effects on cellular
signalling, and modulating expression and
release of pro- and anti-inflammatory cytokines
(messenger molecules of the immune system
that regulate inflammation).” Nuclear factor
kappa B (NF-kB) is a key upregulator of the
expression of pro-inflammatory cytokines,
including tumour necrosis factor-alpha (TNF-a),
interleukin (IL)-1, IL-6 and IL-8, and curcumin has
been shown to have an inhibitory effect on NF-
kB.8 Curcumin also appears to exert a positive
effect on the microbiome, which may contribute
to its anti-inflammatory potential.®*°

The effects of curcumin on a large range

of conditions associated with inflammation
have therefore been studied in many human
clinical trials, and many of these studies have
assessed inflammatory markers to elucidate
specific mechanisms by which curcumin works.

Two recent meta-analyses looked at studies
evaluating inflammatory markers and, although
they included largely the same studies,
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came to differing results. In one review,
improvements in C-reactive protein (CRP),
high-sensitivity CRP (hsCRP), IL-1 beta, IL-6 and
TNF-a failed to reach statistical significance;’
however, the other review found statistically
significant improvements in IL-6 and hsCRP but
not TNF-a." These contradictory results may be
due to the high heterogeneity of trial results
observed in both meta-analyses.

Two meta-analyses looked at individual
markers. One, which included nine randomised-
controlled trials (RCTs) with 609 participants,
found that curcumin significantly decreased
IL-6.2 A subgroup analysis suggested that
taking curcumin for more than 8 weeks is more
beneficial, whilst dosages lower than 1000 mg
per day and unformulated supplements

were more effective than higher dosages

and formulated products. The reasons for
these findings are unclear, and are not further
discussed by the authors. The other review,
which included eight RCTs and 549 participants,
looked at TNF-a, and found a significant
lowering of TNF-a in those taking curcumin
compared with placebo® There appeared to
be no association with duration or dosage but,
again, unformulated products appeared to be
more effective. This may be due to compounds
other than curcumin that have also been shown
to have biological activities.?

Many more studies, not included in the above
meta-analyses, have looked at inflammatory
markers as part of the evaluation of curcumin
for particular disorders. On the whole, those
that included several markers found significant
decreases in at least some of them in patients
with a variety of underlying health conditions,
including metabolic syndrome (metS)* non-
alcoholic fatty liver disease (NAFLD),®"" kidney
disease with haemodialysis,”® ulcerative colitis,”®
obesity,?%?" diabetes?? and schizophrenia.?® On
the other hand, a number of studies that only
included one or two markers found no benefits
or the benefits failed to reach statistical
significance versus placebo.?42526.27

Supplementation regimes varied widely in
all of these studies in terms of formulations

(including both turmeric and curcumin/
curcuminoid supplements, with or without
enhanced bioavailability), dosage
(46-4000 mg curcumin) and duration (4-36
weeks), as well as in the study populations,
for example, patients with inflammatory or
metabolic disorders.

Although the evidence is mixed, overall it
suggests that curcumin has anti-inflammatory
effects in humans, which may depend on dose
and duration of supplementation as well as
study population. The clinical findings from a
variety of inflammatory conditions (see ‘Clinical
uses’) also support an anti-inflammatory effect.

Oxidative stress

Oxidative stress is characterised by an
imbalance between the production and
elimination of reactive oxygen species or
‘free radicals’. Oxidative stress plays an
important role in inflammation, and has been
associated with aging and chronic disease.
Malondialdehyde (MDA), an end-product of
lipid peroxidation, and the two antioxidant
enzymes glutathione peroxidase (GPX) and
superoxide dismutase (SOD) are commonly
used markers of oxidative stress, and
numerous preclinical studies, including in vitro
and animal studies, have shown that curcumin
can increase these markers.?®

Two recent meta-analyses looked at the
effects of curcumin on oxidative stress
markers in humans. Both found that curcumin
significantly reduced MDA levels"?® One found
that curcumin also significantly increased
SOD,?8 whilst in the other this failed to reach
statistical significance versus placebo The
former review also evaluated GPX and found
no significant benefit, although this was based
on only two studies.

Since then, some further studies have found
contradictory results, with some showing
significant benefits in some antioxidant
markers,?®3° and some showing no
benefits,?#?° using a variety of markers.

Dosages varied widely, from 46 to 1500 mg
per day for 4-24 weeks. Dosages of above
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800 mg per day and formulations including
piperine were found to be more effective
in lowering MDA than lower dosages and
formulations without piperine.?®

The reasons for the contradictory results are
unclear, but may be due to the heterogeneity
of the studies, with regards to dose,
formulation, duration and study population.
Where there is clear evidence in a particular
indication, this will be discussed below in
‘Clinical uses’.

Clinical Uses

Alzheimer's disease (AD) /cognitive
function

The most common neurodegenerative
disease is AD, affecting more than 35 million
people worldwide, and is characterised

by memory loss and cognitive impairment.
The main histopathological feature of AD is
amyloid-B plagues, and preclinical research
suggests that curcumin can directly affect the
processes involved.® A human study in non-
demented adults has also shown that cognitive
and behavioural benefits (from curcumin
intervention) are associated with decreases
in plaques and accumulation of tau tangles
(clumps of the protein tau, which is essential
for brain cells to work properly) in brain
regions that regulate mood and behaviour, a
hallmark of AD.*?

A series of three cases with AD in 2012
reported benefits in cognitive function

with curcumin (764 g turmeric providing

100 mg curcumin per day) after 12 months

of supplementation.® All three patients

took curcumin for at least 1 year, and did not
experience any deterioration. However, two
double-blind, placebo-controlled trials did not
confirm such benefits of curcumin at doses of
up to 4000 mg per day for 6 months on clinical
parameters and/or biomarkers 343

Despite promising preclinical evidence on
the effectiveness of curcumin in AD, so far
clinical research has failed to demonstrate
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statistically significant effects.® It is important
though to bear in mind that AD is a complex
condition and, in view of the anti-inflammatory,
antioxidant and possibly anti-amyloid
properties of curcumin, one could consider
including it in @ more comprehensive
programme, although at present there is no
evidence for this from RCTs.

A study in people at high risk of developing
type 2 diabetes mellitus (T2DM) found that
curcumin reduced circulating levels of islet
amyloid polypeptide and glycogen synthase
kinase-3, compounds that may link T2DM and
AD, suggesting that curcumin may help reduce
the risk of developing AD as well as T2DM.%

A number of RCTs have also been carried

out on cognitive function in healthy, middle-
aged and elderly people, as well as in people
with schizophrenia. Some studies have found
curcumin to be significantly better than placebo
in improving cognitive function (including
memory) in middle-aged and elderly people
without dementia, 2373839 whilst other studies
found no significant benefit324%4" Dosages
ranged from 80 to 1500 mg curcumin per day,
and study durations ranged from 4 weeks to 18
months, with positive and nil studies amongst
both shorter- and longer-term studies. Positive
effects on cognitive function have even been
seen with acute single-dose administration.*®
The somewhat contradictory results may be
explained by the variety of formulations used
that are likely to have different bioavailabilities.

One double-blind, placebo-controlled trial

in people with schizophrenia found that

8 weeks of curcumin supplementation
improved cognitive function.? Another 8-week
RCT in schizophrenia found no significant
improvements in cognitive function but noted
an increase in brain-derived neurotrophic
factor, which is generally lower in people with
schizophrenia, in the curcumin but not in the
placebo group.*? Whilst limited, the results

in schizophrenia are promising, and may
suggest that a longer duration of curcumin
administration may be needed to see benefits
in cognitive function.
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Arthritis

Osteoarthritis

Osteoarthritis is a common degenerative
joint disease that is characterised by
progressive loss of cartilage in the joints.
This is thought to be due to ‘wear and
tear’, but inflammatory processes have also
been shown to be involved, and standard
treatment is usually with non-steroidal
anti-inflammatory drugs (NSAIDs).**44

Due to its anti-inflammatory action, curcumin
has become a popular natural alternative to
NSAIDs, which can have significant side-effects,
in particular in terms of the digestive system.
There is an overwhelmingly positive body of
clinical and preclinical research into the use of
curcumin and curcuminoids in osteoarthritis.

Three recent meta-analyses*444 of 10 studies
altogether have come to the conclusion that
curcumin is significantly better than placebo
and as effective as some NSAIDs in relieving
pain and improving function and quality of life,
and reducing the use of rescue medication
such as paracetamol (acetaminophen). A
variety of curcumin preparations have been
used in the included studies at dosages of
180-2000 mg per day for 4-16 weeks.

Since then, in 2019 and 2020, several more
RCTs have been published, all showing
significant improvements in pain and other
outcomes measured. 6448435051 Many of the
studies showed a halving in pain score with
curcumin supplements,***°5" and curcumin was
not only found to be superior to placebo but also
as effective as NSAIDs in relieving symptoms. 55!

Studies have lasted from 4 weeks to 6 months,
and dosages have varied considerably,
depending on the formulation used, with as
low as 80 mg per day for reportedly highly
bioavailable formulations to 1500 mg per

day. One study evaluated short-term benefits
(3 days and 1 week), and found that whilst both
curcumin and placebo relieved symptoms to

a similar extent in that short time-frame, the
curcumin group saw a significantly greater
reduction in hsCRP.52 It would therefore be

advisable to supplement for at least 4 weeks
(3 months would be better) to see significant
beneficial effects.

The anti-inflammatory and antioxidant
properties of curcumin are thought to mediate
its benefits in osteoarthritis, and a number

of studies have found reductions in various
markers of inflammation*5253 and oxidative
stress in patients with osteoarthritis.>*
Reductions in markers of cartilage matrix
degradation have also been reported.>®

Rheumatoid arthritis

RA is an autoimmune disease with
inflammation of the joints, leading to their
progressive destruction. As many of the
conventional disease-modifying anti-
rheumatic drugs can have severe side-
effects, there has been increasing interest
in natural anti-inflammatory treatments.

Four RCTs (three double-blind, one single-
blind) have studied the potential benefits

of curcumin in RA. Two of them showed
statistically significantly better improvements
than placebo in disease activity and clinical
symptoms,®*” whilst one showed curcumin
to be better than diclofenac (an NSAID) with
fewer side-effects.®® In all three studies,
disease activity and/or symptoms scores
approximately halved. The fourth study found
significant improvements in disease activity
and symptoms in both the curcumin and the
placebo groups, and although the curcumin
group improved more, this failed to reach
statistical significance.%®

Dosages ranged from 120 to 500 mg per day
for 8 weeks to 3 months. The study with the
non-significant results only used 120 mg per
day,*® and one study compared 250 mg with
500 mg and found both dosages to be equally
efficacious.®’

Overall, curcumin appears to be beneficial in
RA at dosages of 250-500 mg for 3 months.

All four studies cited above also reported
significant improvements in inflammatory
markers, suggesting the anti-inflammatory
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properties of curcumin to be an important
mechanism of action.

Asthma

Curcumin has been used for asthma in India
and China for centuries, and preclinical
research has confirmed its potential

for alleviating asthma, through its anti-
inflammatory action, in particular with respect
to inflammation of the smooth muscles of the
airways, which are affected in asthma.®°

Two RCTs in adults found no clinical benefits,
although one RCT using 1000 mg per day
for 1 month® found significant improvements
in FEV1 (a measure of airway obstruction),
whereas the other study used 2000 mg

per day for 6 months and found no such
improvement.®° The latter study was double-
blind whilst the former was an open-label
RCT, therefore a placebo effect may explain
the difference. A more recent double-blind,
placebo-controlled trial in 34 children and
adolescents with asthma found that turmeric
powder improved night-time awakening, use
of rescue medication and overall disease
control significantly more in the turmeric
group compared with the placebo group.5?
Both groups saw significant improvements
in frequency of symptoms and interference
of activity, with no statistically significant
difference between the groups.

Whilst turmeric powder appears to be
promising for children and adolescents, there
is no evidence for a benefit of curcumin in
adults with asthma.

Cancer

According to the National Cancer Institute,
almost 40% of people in the USA will be
diagnosed with cancer at some point in
their lives and about a third will die from the
disease.®® Cancer treatments are expensive
and are often accompanied by serious side-
effects. A plethora of preclinical research
studies have shown benefits of curcumin in
both cancer initiation and progression.®

A recent review of 22 human clinical
studies® found benefits of curcumin, as an
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adjunct to standard treatment, in a variety of
common cancers, such as breast, prostate,
pancreatic and colorectal. These benefits,
some of which have been confirmed by
further studies, have included:

. Reduced side-effects of chemo- or
radiotherapy;®5®

. Increased survival rate;

. Improved quality of life;

. Reductions in pre-cancerous lesions;

. Increased effectiveness of treatment;*>¢’
. Decrease in tumour markers.%®

A meta-analysis looking at six trials of
curcumin, four with topical and two with

oral application, on treatment-induced oral
mucositis (an inflammation of the lining of the
mouth, a common side-effect of both chemo-
and radiotherapy) in patients with head and
neck cancers found curcumin to reduce

the severity of oral mucositis and weight
loss, which is often caused by the treatment
(chemo- and/or radiotherapy).®®

Formulations, and with that potential
differences in bioavailability, dosages and
duration of curcumin supplementation have
varied significantly, with doses of upto 8 g
per day for 11 months being reported to be
safe and well tolerated.®® Evaluated outcome
measures, concomitant chemo-/radiotherapy
regimes and study designs have also differed
from trial to trial, making it difficult to suggest a
particular dose for a particular cancer.

A number of mechanisms are thought to be
involved in the anti-cancer effects of curcumin,
including anti-angiogenic effects (interfering with
the blood supply to the tumour), induction of
apoptosis (programmed cell death), interfering
with the cell proliferation cycle of tumour cells,
and inhibition of the tumour’s invasion of healthy
tissues. There is also a strong relationship
between inflammation and cancer, so the anti-
inflammatory properties of curcumin are also
thought to play a role in its anti-tumour effects.®*

il
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Cardiometabolic conditions and risk
factors

Dyslipidaemia

Dyslipidaemia is characterised by increased
triglycerides (TGs), total cholesterol (TC) and/
or low-density lipoprotein (LDL) cholesterol,
and/or decreased high-density lipoprotein
(HDL) cholesterol, and is considered an
important risk factor for CVD. It is commonly
associated with overweight/obesity, metabolic
disturbances such as T2DM and NAFLD.”

A 2019 review and meta-analysis of the
effects of curcumin on blood lipids in patients
with metabolic disorders found statistically
and clinically significant beneficial effects on
TGs, TC, LDL and HDL cholesterol, although
there was considerable heterogeneity
amongst the included studies.’® Results were
generally better with higher dosages, longer
duration and in patients with T2DM.

These findings have been confirmed by
further double-blind, placebo-controlled
trials in a range of patient populations,
including women with polycystic ovary
syndrome (PCOS),”" in overweight women
together with exercise,’”? patients with
NAFLD,®”*7*young obese men,’® patients at
high risk of T2DM,’® patients with T2DM?2:2¢
and patients with elevated CVD risk,?'
although not necessarily all lipid parameters
were significantly improved in all studies. In
a few RCTs, however, lipid profiles were not
significantly improved 257778

Dosages reported were generally in the
range of 40-1800 mg per day, the lower
dosages often being nano-formulations, and
the duration of supplementation was 4 weeks
to 6 months. A common dose range that
showed benefits was 1000-1500 mg per day
for at least 8 weeks.

A number of mechanisms for the lipid-
lowering potential of curcumin have been
discussed, including its modulation of the
expression of factors involved in regulating
lipid metabolism, such as adiponectin, resistin
and leptin,22707980

Endothelial dysfunction

The endothelium is the inner layer of blood
vessels, and it controls vascular relaxation and
contraction. In endothelial dysfunction (ED),
there is an imbalance between vasodilating
substances (that widen the blood vessels)

and vasoconstricting substances (that

narrow the blood vessels). ED is involved

in the development of atherosclerosis and,

as such, is a risk factor for CVD. High blood
pressure, smoking and diabetes are thought to
contribute to ED.®" The most commonly used
method to evaluate ED is a flow-mediated
dilation (FMD) test.®?

A couple of recent meta-analyses, 1of 5 and 1
of 10 studies, found that curcumin is effective
in improving FMD, although improvements

in other ED measurements failed to reach
statistical significance.®%* Since publication
of the above reviews, a further long-term?®®
and an acute curcumin supplementation
trial®® have reported beneficial effects,

whilst another long-term trial reported no
improvement in ED.”®

Depending on formulation, dosages ranged
from 25 mg to 2000 mg per day, for 4-24
weeks. Neither dose nor duration appeared to
explain the heterogeneity of the results.

Although not all trials report benefits, the
overall evidence suggests that curcumin can
help improve endothelial function. Turmeric at
a dose of 1200 mg per day for 12 weeks has
shown benefits.®

It is thought that the benefits of curcumin
for endothelial function are due to its anti-
inflammatory and antioxidant properties,®*
a lower dose may suffice with a more
concentrated or bioavailable formulation.

Hypertension

Hypertension is the largest known risk factor
for heart disease and, globally, hypertension
is the second biggest risk factor for overall
mortality and morbidity after poor diet.®” In
2015, one in four men and one in five women
worldwide had high blood pressure 88788

16

2z
<
|



A 2019 meta-analysis of 11 RCTs on the

effects of curcumin on blood pressure found

a significant benefit for lowering systolic

but not diastolic blood pressure, but only in
studies with a duration of 12 weeks or longer.®®
Subgroup analysis did not show any effect

of the participants’ condition or the type of
formulation of curcumin used. Results from
some more recent RCTs are also mixed.”>%°

Although the evidence for the use of

curcumin in hypertension is weak, the fact that
hypertension is commonly associated with other
cardiovascular or metabolic risk factors for which
curcumin has been shown to be beneficial
suggests that curcumin may still be worth
considering for patients with hypertension.

Metabolic syndrome

MetS is not a disease as such but a cluster

of cardiovascular risk factors, and is defined

as a combination of at least three of the
following metabolic abnormalities: elevated
TGs, decreased HDL cholesterol, hypertension,
elevated blood sugar, and central obesity
[increased waist circumference (WC)].?" The risk
of developing metS increases with age, and it is
estimated to affect 40% of those over 50 years
old in the USA and nearly 30% in Europe, and
insulin resistance is thought to play an important
part in the development of metS.?

A meta-analysis of 7 RCTs including

503 participants with metS found that
curcumin supplementation led to significant
improvements in fasting blood glucose,
TGs, HDL cholesterol and diastolic blood
pressure, but failed to reach statistical
significance for WC and systolic blood
pressure.®® The findings regarding the effect
on hypertension are contradictory to the
findings in another meta-analysis, discussed
in the ‘Hypertension’ section, which found

a significant decrease with systolic but not
diastolic blood pressure.® The reasons for
these contradictory results are not clear, but
may be due to different study populations.
Dosages used ranged from 800 to 2400 mg
per day for 4-12 weeks.
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Another meta-analysis looked more
specifically at obesity-related parameters in
patients with either metS or related metabolic
disorders, including T2DM and NAFLD.**

The pooled data showed that curcumin had
benefits in terms of reduced body mass index
(BMI), weight and WC, as well as improved
leptin and adiponectin levels, two important
metabolic messenger molecules.

Curcumin has also been shown to decrease
markers of inflammation and oxidative stress
in patients with metS* although another study
showed no benefits of curcumin on pro-
oxidant antioxidant balance.*®

Overall, curcumin appears to be beneficial for
people with metS, and could be suggested at
a dose of at least 800 mg for at least 8 weeks.

Possible mechanisms for the benefits of
curcumin in metS include reduced oxidative
stress and modulation of genes involved in
glucose and lipid metabolism.*?

Type 2 diabetes mellitus

T2DM is caused by impaired insulin secretion
and insulin resistance, and is an important

risk factor for CVD. T2DM, especially when
poorly controlled, can also lead to a number of
complications, such as diabetic nephropathy,
retinopathy and neuropathy.®®

There has been a significant increase in T2DM
over the past decades, and it was estimated
that in 2018/2019, 4.8 million people in the

UK had diabetes, with about a fifth not being
aware that they had the disease, and a further
13.6 million at risk of developing T2DM.%® As
such, T2DM poses an enormous public health
risk and burden.

Improving glycaemic (blood sugar) control

is key in the management of T2DM and
reducing the associated longer-term risks.
A 2018 meta-analysis, including 11 studies
and 1144 participants, looked at the effects
of curcumin on glycaemic control in both
diabetic and non-diabetic patients and
found that, in people with diabetes and
prediabetes, curcumin had a positive
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effect on fasting blood sugar and HbAlc

(@ marker of blood glucose levels over

the past 2-3 months), but not HOMA-IR (a
method used to estimate insulin resistance
and function of the beta-cells that secrete
insulin).*” Improvements in glycaemic control
have also been seen in women with PCOS.”'
Formulations varied widely in the studies,
and effects were seen with curcumin and
curcuminoids but not turmeric; curcumin
dosages ranged from 70 to 4000 mg per day,
and durations from 4 to 36 weeks.

People with diabetes also commonly have
other cardiovascular risk factors, and studies
have shown that curcumin can improve lipid
profiles, 2226903899 endothelial function,®
inflammatory markers?? and obesity?2427:90100
in diabetics.

A number of small pilot studies have also
found beneficial effects on a number of
diabetic complications, including diabetic
sensorimotor polyneuropathy,® eye
conditions, 92" kidney disease*°> and
microangiopathy (a disease of the small blood
vessels that leads to other complications).'02108

Curcumin has also been shown to be
beneficial in the prevention of T2DM. A
double-blind, placebo-controlled study of 240
people with prediabetes found that none of
the patients on curcumin progressed to T2DM
over the study duration of 9 months, whilst
16.4% of the placebo group did®” Indicators
of glycaemic control and beta-cell function
were also significantly better in the curcumin
group at the end of the study. The dosage of
curcumin in this study was 1500 mg per day
for 9 months.

Based on the available data, the benefits of
supplementation with curcumin for patients
with diabetes or prediabetes are well
demonstrated. Dosages varied widely in the
clinical trials, and may depend on the specific
formulation. Using a dosage of at least

500 mg per day for at least 8 weeks could be
suggested, with a lower dose for formulations
with particularly high bioavailability.

A number of possible mechanisms have
been suggested, including the antioxidant
and anti-inflammatory properties of curcumin,
and its ability to modulate the functions of
various cell signalling molecules.®” Curcumin
can modulate the gut microbiota in diabetics
and with that the concentration of lipo-
polysaccharides in the blood, which may
contribute to the anti-inflammatory action of
curcumin.** Curcumin has also been shown to
reduce free fatty acids, which are thought to
mediate insulin resistance.°®

Digestive conditions

Gallbladder function

Turmeric is considered a cholagogue, a
substance triggering contraction of the
gallbladder to promote bile flow, and is
commonly used as such in naturopathic
tradition to support fat digestion and
detoxification.

Two early ultrasound studies indeed showed
that curcumin led to gallbladder contraction, with
40 mg triggering a 51% decrease in gallbladder
volume and 80 mg a reduction of 72%.°°M A
more recent study in healthy volunteers also
showed beneficial effects of a turmeric-based
drink on bile acid metabolism when taken before
a medium- or high-fat breakfast™

Clinical research into gallbladder disease is
scarce. One small, open-label pilot study in
patients with primary sclerosing cholangitis,
a chronic disease in which the bile ducts
inside and outside the liver become inflamed
and scarred, potentially leading to narrowing
and blockage, found no benefit of curcumin
(1500 mg per day for 12 weeks).™

Whilst curcumin has been shown to stimulate
bile flow, research of its benefits in gallbladder
disease is lacking.

Gastric ulcer/Helicobacter pylori
Turmeric has a long tradition of use for gastric
ulcers and gastritis, in particular in Thailand.™

Some early studies from Thailand investigated
the use of turmeric in gastric or duodenal
ulcers. An open-label pilot study involving

18

M



25 patients with endoscopically confirmed
ulcers found a significant benefit of 3000 mg
of turmeric powder per day, with 48% of
ulcers healed after 4 weeks and 76% after 12
weeks™ A double-blind, placebo-controlled
study of 118 patients with duodenal ulcers,
on the other hand, found no benefits of
6000 mg of turmeric for 8 weeks.™ A double-
blind study from 1989 found turmeric to be
more beneficial than placebo in patients
with dyspepsia syndrome, which may not be
ulcer-related, with 87% and 53% of patients,
respectively, reporting improvements.™

More recently, curcumin has been
investigated for gastritis, gastric or duodenal
ulcers associated with Helicobacter pylori
(H. pylori). An open-label study found

that 7 days of a combination of 60 mg of
curcumin with lactoferrin, N-acetylcysteine
and a proton pump inhibitor (PPI) led to

a significant improvement in dyspeptic
symptoms despite not eradicating H. pylori."®
Whilst turmeric on its own has been shown
to be ineffective in eradicating H. pylori or
decreasing inflammatory markers in patients
with chronic gastritis,"”” 2 RCTs showed that
used alongside standard triple therapy (two
antibiotics plus a PPI), curcumin led to a
statistically significant improvement of the
efficacy of treatment .8

Based on the results of the above studies,
curcumin at a dose of 500 mg per day for
4 weeks would be a worthwhile add-on to
triple therapy in H. pylori-related gastritis
or ulcers, and turmeric may be beneficial
for dyspeptic symptoms where no further
diagnosis has been made.

Curcumin is well known for its anti-
inflammatory properties. In this context

it is thought that IL-8, an inflammatory
cytokine that is involved in H. pylori-related
inflammation, can be suppressed by
curcumin.™ The study by Judaki et al. also
showed that curcumin decreased oxidative
stress and oxidative DNA damage in the
gastric mucosa.?°
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Inflammatory bowel disease

Inflammatory bowel disease (IBD) is
characterised by chronic inflammation of the
digestive tract. It includes ulcerative colitis,
which affects the colon and rectum only, and
Crohn’s disease, which can affect any part of the
digestive tract, from mouth to anus.

Several meta-analyses over the past few years
have evaluated the same six original studies
on ulcerative colitis, and found curcumin to be
beneficial in inducing clinical and endoscopic
remission and response.?"2212 Depending on
statistical methodology and studies included,
curcumin was found to be two to more than
five times more effective than placebo. In

one meta-analysis that included only three of
the original studies in their meta-analysis, a
different methodology was used and benefits
failed to reach statistical significance

As with studies in other conditions,
formulations and dosages varied widely. Whilst
evidence as to the best dosage and duration
is lacking, higher dosages (e.g. 3000 mg per
day) or products with higher biocavailability and
longer duration of supplementation (at least

3 months) appear to be of more benefit?2

There are fewer studies in patients with
Crohn’s disease. An early pilot study'®
involving 5 patients with Crohn’s disease
taking 1080 mg of curcumin for 1 month and
then 1440 mg for another 2 months saw
improvements in 4 patients, with an average
decrease of disease activity of 20.8%. The
fifth patient did not complete the study due
to worsening of symptoms. 2 more studies
were published in 2020. One double-blind,
placebo-controlled trial in patients with mild
to moderate disease found clinical remission
rates of 35%, 40% and 40% at weeks 4, 8 and
12, respectively, which were significantly higher
than those in the placebo group, and 15%
endoscopic remission in the curcumin group
versus 0% in the placebo group?® This study
used 360 mg of Theracurmin per day. The
second double-blind, placebo-controlled trial
evaluated the effects of 3000 mg of curcumin
per day for 6 months in 62 consecutive
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patients with Crohn’s disease undergoing
bowel resection, and found no benefits of
curcumin on post-operative recurrence;

in fact, in patients on curcumin who had a
recurrence it tended to be more severe,
although this was not statistically significantly
different from placebo.?’

Curcumin has also been studied in paediatric
IBD. In an open-label, dose-escalation study
involving 9 children, aged 11-19 years, over

9 weeks with a maximum dose of 4000 mg
per day, none of the children had a worsening
of symptoms, whilst 2 with ulcerative colitis and
one with Crohn’s disease saw improvements

Whilst the evidence is strongly in favour of
the use of curcumin for ulcerative colitis,
whether there are benefits in Crohn’s disease
is unclear. A suggested dose for ulcerative
colitis would be 3000 mg per day for at least
3 months.

The anti-inflammatory actions of curcumin,
including its effects on IL-1, TNF-a and other
cytokines, are thought to mediate its benefits
in IBD.”

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a common
functional gastrointestinal disorder,
characterised by symptoms such as abdominal
pain, altered bowel habits and changes

in stool frequency, which can significantly
impact on quality of life. The causes are
unclear and are likely to be multi-factorial, with
disturbances in the microbiome often playing
an important role ?°

Only 2 studies looked at curcumin on its own
in patients with IBS. A double-blind, placebo-
controlled study reported no benefits,*° whilst
an open-label, uncontrolled trial reported
significant benefits!?® In neither of these
studies was the actual dose of curcumin
clearly reported.

A review lists 3 clinical trials that used curcumin
in combination with other herbs and/or
nutrients, and reports positive results in 2 of the
studies®'A combination with fennel essential

oil appears to be particularly beneficial, with
improvements in the severity and symptoms
of IBS, as well as quality of life.29132

At this point, there is insufficient evidence to
suggest that curcumin on its own is effective
in relieving IBS symptoms.

Exercise recovery/performance

Due to its anti-inflammatory and antioxidant
effects, curcumin has received considerable
attention for its potential benefits in

sports nutrition.

2 recent reviews of 11 studies'®®® and 1 meta-
analysis™* of 9 RCTs found significant effects
of curcumin in reducing muscle soreness and
creatine kinase (a marker of muscle damage). 2
studies published in 2020 further corrobarated
these conclusions®*®¢ Subgroup analysis of
the meta-analysis suggested that statistically
significant effects were seen at follow-up
durations of more than 1 day and with higher
dosages. It also suggested that untrained
individuals benefit more than trained ones.

Beneficial effects have also been observed
in terms of reduced inflammation and
oxidative stress, superior recovery and
muscle performance, better psychological
and physiological responses (thermal and
cardiovascular) during training, and improved
gastrointestinal function®

Dosages used in trials have varied widely, from
90 to 6000 mg per day. Most studies looked at
the effects of acute, short-term supplementation
(1-7 days), whilst some looked at longer durations
(up to 3 months). Both short- and longer-term
studies reported benefits. Longer-term studies
have used 600-1500 mg per day for 4-8 weeks.

The known anti-inflammatory and antioxidant
effects of curcumin are thought to confer the
observed benefits at least in part. The negative
effect of prolonged exercise on gastrointestinal
function and the immune system may be
ameliorated by curcumin through its positive
effects on the microbiome, which plays an
important role in modulating inflammation.©
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Non-alcoholic fatty liver disease

NAFLD is a common disorder caused by a
build-up of fat within liver cells. Risk factors
include obesity/overweight, metS and T2DM.*’

5 recent meta-analyses looked into the
effects of curcumin on NAFLD, looking at
different parameters. 2 found that curcumin
significantly reduced liver enzymes,5819
1saw improvements in glucose and lipid
metabolism,*° and 1 found that curcumin
reduced BMI and WC*whilst another did not
find benefits for weight/body composition.*?

Since then, more RCTs have been published,
with some not showing any benefits in
decreasing liver enzymes, 34145 whilst others
found benefits in a number of biochemical
markers,” inflammatory markers™ and NAFLD
severity (as per ultrasound)®“* The reasons for
these discrepancies are unclear.

Overall, curcumin, but not turmeric, appears to
offer benefits to patients with NAFLD, although
studies sometimes arrive at contradictory
results and conclusions. This may be due to
the fact that the studies have used a wide
range of formulations, dosages and durations,
making it difficult to establish general
recommendations. Higher dosages (at least
1000 mg per day) for at least 8 weeks may
offer the best benefits.

Overweight/obesity

Overweight and obesity are closely
associated with inflammation and metabolic
abnormalities, and body weight, BMI and/or
WC have been measured and reported in a
number of studies looking at curcumin and
cardiometabolic risk factors and conditions,
such as metS and NAFLD.

Two recent meta-analyses pooled data from
such studies, and found a significant effect
of curcumin on decreasing weight, BMI and
WC. .96 Dosages have varied from 200 to
2800 mg per day, and durations from 4 to
36 weeks, with generally better results with
dosages of 1000 mg or over and duration of
8 weeks or longer®
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A number of additional RCTs since the
publication of the reviews have come up with
contradictory results, with some showing

a benefit in terms of obesity,”? and others
not./2%%” The reasons for the differing results
are not clear and do not appear to be due to
dosage or duration, but may be due to different
patient groups, in that patients were considered
healthy in the study that showed benefits, whilst
patients in the other studies had metS* T2DM®
and suboptimal blood glucose, respectively.’?

1RCT evaluated curcumin, 500 mg per day
for 10 weeks, alongside a diet, in obese
adolescent girls and found no significant
benefits over placebo on BMI, WC and hip
circumference.””

Overall, the evidence suggests that curcumin
is beneficial for weight loss in overweight or
obese individuals, at doses of at least 1000 mg
and for at least 8 weeks.

Psychiatric disorders

Depression/anxiety

In Ayurvedic medicine, curcumin has been
used for centuries for depression and
anxiety*® Inflammation can play an important
role in depression™® and, as such, curcumin
has been investigated in depressive disorders.

2 meta-analyses, including 7 clinical trials on
people with major depressive disorder, found
significant effects of curcumin, alongside
treatment with conventional anti-depressants,

in improving both depression and anxiety.*%!

A number of trials have also investigated the
effects of curcumin on mood and anxiety in
patients with other disorders and healthy elderly
people with mixed results. Some studies showed
significant improvements in mood and/or anxiety
over placebo,?52%53 whilst a study combining
curcumin with vitamin E found no benefit in
reducing anxiety but significantly reduced hot
flushes in post-menopausal women®*

Dosages ranged from 150 to 1500 mg per
day and duration of trials was 4-12 weeks,
with neither dose nor duration appearing to
affect outcomes.’®®
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Overall, there is good evidence for the use of
curcumin in people with depression alongside
anti-depressant medication, whilst the effects
on mood and anxiety in people without
diagnosed depression are less clear. Most
studies showing beneficial effects were at a
dose of 1000 mg per day for at least 6 weeks.

A number of mechanisms appear to be
involved in the benefits of curcumin, including
modulation of neurotransmitter concentrations,
inflammation, excitotoxicity, neuroplasticity,
hypothalamic—pituitary—adrenal imbalances,
insulin resistance, oxidative stress and the
endocannabinoid system.®

Schizophrenia

3 double-blind, placebo-controlled clinical trials
have looked at curcumin as an add-on to the
usual treatment in patients with schizophrenia.
The one with the highest dose (3000 mg
curcumin) and longest duration (24 weeks) saw
significant improvements in some but not all
schizophrenia assessment scores®® The other
2, using 360 mg and 180 mg, respectively,

for 8 weeks, did not see any improvement

in schizophrenia symptom scores; however,
one saw an increase in levels of brain-derived
neurotrophic factor,*? whilst the other saw
improvements in memory and reduced levels of
the pro-inflammatory marker IL-6.23

Whilst evidence is scarce, in view of

the excellent safety profile of curcumin,
supplementation with curcumin, at 3000 mg
for at least 24 weeks, could be suggested to
patients with schizophrenia.

The antioxidant, anti-inflammatory and
neuroprotective actions of curcumin are
thought to mediate the observed benefits,®°
which the latter two studies appear to confirm.

Skin conditions

Oral lichen planus

OLP is an autoimmune disease affecting the
mucous membranes of the mouth, leading to
lesions and open sores. Conventional treatment
is usually with topical or systemic corticosteroids,
which carry the risk of potentially serious side-

effects, especially with long-term use. Natural
anti-inflammatory compounds, like curcumin, are
therefore of interest.

4 RCTs have been published on the use of oral
curcumin and OLP. 2 of them used 2000 mg
per day for 4 and 7 weeks, respectively,

and found no benefit®®%” A study using a
much higher dose, 6000 mg per day, found
significant improvements over placebo within
the study period of 2 weeks®® A recent study
compared nano-curcumin, 80 mg per day, with
standard treatment with prednisone, 10 mg per
day, for 1 month in a double-blind fashion and
found the nano-curcumin to be as effective as
prednisone, with both treatments resulting in
significant improvements of symptoms®°

Although evidence is limited, curcumin
seems to be promising for people with OLP,
although it seems that high dosages or highly
bioavailable formulations, rather than longer-
term treatment, are required to see benefits.

The observed benefits are thought to be

due to the anti-inflammatory potential of
curcumin, although changes of CRP and IL-6
were measured in one trial and failed to reach
statistically significant results®®

Psoriasis

Psoriasis is another autoimmune skin

disorder, and is characterised by an increased
production of skin cells, leading to red, flaky,
crusty patches of skin that can be itchy or sore.

A number of RCTs have evaluated the efficacy
of curcumin in psoriasis, and found that
curcumin is beneficial in relieving symptoms on
its own'®® as well as in combination with topical
steroids,® acitretin (a vitamin A analogue
commonly used to treat psoriasis)'® and light
therapy®3®* Formulations have varied widely,
from curcumin nano-particles to a turmeric
tonic, as have dosages, and trials lasted for
9-12 weeks.

Overall, curcumin is a promising natural
compound to either use alone or alongside
other treatments. A dose of 400 mg per day
has been used successfully®
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The observed benefits are thought to be
due to the anti-inflammatory, anti-angiogenic,
antioxidant and anti-proliferative effects

of curcumin, and a reduction in the
pro-inflammatory marker IL-22, which is
involved in the development of psoriasis,
has been observed®

Safety

In 2018, a review of preclinical as well

as human clinical trials concluded that
standardised powders and extracts of
turmeric and curcumin were safe and non-
toxic in humans®® This review suggested
that formulations with higher bioavailability or
nano-formulations may also be safe, although

there were few studies on such supplements.

The most commonly reported side-effects
are gastrointestinal disturbances, including
constipation, diarrhoea, flatulence, nausea
and vomiting.*¢®” An overview of systematic
reviews concluded that adverse events
reported in clinical trials were generally

mild and similar to placebo, and also lists the
most common adverse events as abdominal
pain, nausea and dyspepsia.'®®

However, there have been some concerns
over hepatotoxic effects (toxic effects on the
liver). A review of the Italian Phytovigilance
system showed that between April 2002 and
July 2019, 76 reports of suspected adverse
reactions to turmeric-containing products
were received, of which 39 referred to
possible liver damage®® These included a
cluster of 28 cases of hepatotoxicity, which
were reported from the Tuscany region of
ltaly within 6 months in 2018/2019. A recent
article evaluated 7 cases of hepatotoxicity
suspected to be due to turmeric or curcumin
supplementation, the dosages used in all
cases were well within the range used in
clinical trials.®® These cases appear to be
limited to a specific period and region, and
the wider relevance of this is as yet unclear,
bearing in mind that The European Food
Safety Agency, the US Food and Drug
Administration and the European Medicines
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Agency all have considered turmeric extracts
with high curcumin concentrations as safe”®

Another potential safety issue of turmeric or its
extracts is contamination with toxic substances,
including lead”"”2 and metanil yellow (an illegal
food dye),”? therefore choosing a product from
a reputable company is important.

Drug interactions

A number of potential drug interactions are
listed on the Natural Medicines Database®’ It
should be noted that many of them are based
on in vitro or animal experiments or theoretical
considerations.

Due to its own therapeutic potential, curcumin
may have an accumulative effect with certain
medications, and should therefore be used
with caution alongside:

. Anti-diabetic drugs;

. Blood-thinning drugs.

Due to its antioxidant effects, curcumin may
interact with certain chemotherapy drugs:

. Alkylating agents;

. Anti-tumour antibiotics;

. Topoisomerase | inhibitors.

Curcumin may increase levels of the following
drugs:

. Amlodipine;

. Docetaxel;

. Norfloxacin;

. P-glycoprotein substrates;

. Paclitaxel;

. Sulfasalazine;

. Tacrolimus.

Curcumin may reduce levels of the following
drug:

. Talinolol.

Curcumin may interfere with certain
Cytochrome P450 pathways, and may
therefore affect the efficacy and safety of

drugs that are metabolised through the same
Cytochrome P450 enzymes '
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Due to the possible hepatotoxicity of
curcumin, care should be taken alongside
hepatotoxic drugs.'®®

Pregnancy and breastfeeding

In amounts commonly found in foods, turmeric
and curcumin are considered to be ‘likely safe’
during pregnancy and breastfeeding.”®

However, there are no data from human
clinical trials on the use of turmeric extracts

as dietary supplements during pregnancy.
Whilst in vitro and animal research suggests
that the anti-inflammatory effects of curcumin
may be of benefit for a number of pregnancy-
related complications, curcumin has also
shown harmful effects in oocyte maturation,
fertilisation and development of the blastocyst
in animal studies.”*

Not enough is known about using turmeric
or curcumin as a dietary supplement during
breastfeeding, and should therefore not

be recommended.”

One double-blind, placebo-controlled study
compared a herbal supplement containing
fenugreek, ginger and turmeric with placebo
for 4 weeks in breastfeeding mothers, and
found that the herbal supplement led to

an increase in milk production that was
significantly greater than in the placebo
group.”® No differences in milk nutrient
content or adverse effects in the infants
were observed. Adverse events in the
mothers, including excessive gas, were no
more frequent than in the placebo group.
The daily dose of turmeric in the supplement
was 900 mg.

Children and adolescents

A number of clinical studies have been
conducted in children and adolescents.
1RCT in asthmatic children and adolescents,
aged 7-18 years, saw no adverse reactions
with powdered turmeric root, 30 mg per kg
body weight (mg kg™) per day for 6 months,
and found benefits in some symptoms.®? An

RCT in obese pubescent girls, taking 500 mg
of curcumin daily for 10 weeks, reported

mild headaches and nausea, which resolved
through continual use of curcumin capsules.?%”

A dose-escalation study in children and
adolescents, aged 11-18 years, with IBD
went up to a maximum dose of 4000 mg

of curcumin per day for 3 weeks with no
serious reactions.”® 2 patients experienced
increased gassiness during 3 visits.
Inconsistent reports of symptoms that
occurred only once or resolved on their own
were reported in the majority of patients
but were not considered to be related

to curcumin; they were mild and did not
require a lowering of the dose. Laboratory
values remained within normal range for the
duration of the study.

Although clinical research using curcumin

in children and adolescents is limited, the
available evidence suggests that curcumin

is safe at a daily dose of 30 mg kg™ turmeric
powder for up to 6 months in children from 7
years old, or 500 mg of curcumin per day for
10 weeks in adolescents.

Conclusion

The research reviewed in this paper
suggests that curcumin is safe and effective
in a range of disorders, in particular
conditions associated with inflammation
and/or increased oxidative stress. Various
formulations and a large range of dosages
have shown benefits in clinical trials, making
it difficult to make specific recommendations.
Concerns have been raised over possible
hepatotoxic effects, although the relevance
of such reports is unclear, and agencies in
both the US and Europe consider turmeric
extracts to be safe.
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