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The natural polyphenol, curcumin, the most widely stud-
ied component of the Asian spice Turmeric, is shown to 
have potent anti-oxidant, anti-inflammatory, anti-bacterial 
and anti-neoplastic activities [1–4]. These varied benefi-
cial effects have been largely examined using cell culture-
based assays in vitro where curcumin is in direct contact 
with the target cells. However, limited oral bioavailability 
of curcumin and levels of curcumin or its metabolites in 
systemic circulation below the detection limits of most ana-
lytical methods hinder the establishment of a cause–effect 
relationship between orally administered curcumin and the 
observed beneficial effects in vivo [5]. Furthermore, results 
from several small-scale clinical studies/trials have not been 
entirely consistent complicating an already difficult problem. 
Nonetheless, ever increasing published data and widespread 
recognition of curcumin as a dietary supplement warrant 
a systematic review of existing literature, preferably in the 
context of a specific disease process.

In this issue of the Journal, Wei et al. [6] report a meta-
analysis of randomized controlled trials (RCTs) examining 
the effects of curcumin on the metabolic parameters of non-
alcoholic fatty liver disease (NAFLD). Out of 99 studies 
identified by literature searches, only four studies met the 
stringent inclusion criteria namely, RCT or parallel trial, 
included subjects > 18 years of age, assessment of NAFLD 
(grades 1–3) by liver ultrasound and the fact that the inter-
vention group received curcumin and control group received 
a placebo. Curcumin supplementation significantly lowered 
plasma LDL-C, triglycerides, fasting blood sugar, HOMA-
IR, body weight and AST levels. However, the observed 
lowering of total plasma cholesterol, HDL-C, HbA1c, 
ALT or insulin levels by curcumin did not reach statistical 

significance. Detailed analyses on the effects of curcumin on 
the severity of hepatic steatosis, an important parameter for 
NAFLD, could not be performed due to the limited number 
of available studies. Despite another limitation noted by the 
authors, namely small number of patients included in most 
studies, these are promising/encouraging data especially 
considering the poor bioavailability of orally administered 
curcumin and raise two intriguing possibilities:

1.	 Will enhancing the bioavailability of curcumin increase 
the magnitude of its beneficial effects? In recent years, 
multiple formulations of curcumin have been developed 
to increase its absorption and bioavailability. However, 
no clinical trials or studies have been conducted examin-
ing the effects of curcumin or these modified versions in 
parallel with unmodified curcumin precluding the direct 
comparative efficacy. For example, addition of piperine 
is thought to increase curcumin bioavailability [7], but 
while RCT examining the effects of this combination 
was placebo controlled, it did not include a curcumin 
alone group to facilitate the evaluation of the effects of 
piperine addition and resulting curcumin bioavailability 
on changes in the metabolic parameters examined [8]. 
Furthermore, circulating levels of curcumin or curcumin 
metabolites are seldom quantified in any clinical study 
or trial precluding the direct examination of any changes 
in bioavailability and observed metabolic effects. More 
appropriately designed studies are required to establish a 
causative link between changes in bioavailability of cur-
cumin and its observed beneficial effects. In this regard, 
it would be critical to focus on one disease at a time 
and collect data on all parameters relevant to the likely 
cause(s) of the disease and correlate them with plasma 
levels of curcumin and/or its metabolites to firmly estab-
lish the much needed cause–effect relationship to move 
the use of curcumin to therapeutic arena.
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2.	 Are the beneficial systemic/metabolic effects of orally 
administered curcumin not directly related to the amount 
of Curcumin absorbed but rather due to action of cur-
cumin in the gastrointestinal (GI) tract? It is notewor-
thy that clinical use of curcumin is most advanced in 
the treatment of inflammatory bowel disease, ulcera-
tive colitis and other GI tract-related diseases [9]. In 
addition, data from several pre-clinical studies provide 
strong evidence for the direct effects of curcumin on the 
GI tract. Zou et al. [10] reported that curcumin acts as a 
potent anti-atherogenic agent by inhibiting cholesterol 
absorption in mice. Feng et al. [11] demonstrated that 
curcumin dramatically shifted the overall structure of 
the high fat diet-disrupted gut microbiota toward that of 
lean rats fed a normal diet and attributed these changes 
as the likely mechanism for the observed attenuation of 
hepatic steatosis. Curcumin-mediated improvement of 
metaflammation-related diseases such as diabetes, ath-
erosclerosis or chronic kidney disease is also likely due 
to the effects of curcumin in improving intestinal barrier 
function [12] and limiting the release of bacterial endo-
toxin [13] and other bacterial products into systemic cir-
culation [14]. Similar attenuation of systemic inflamma-
tion by oral curcumin might also underlie the beneficial 
effects on other inflammatory diseases such as arthritis. 
While studies with animal models of metaflammation-
related diseases provide additional evidence for the GI 
tract-focused effects of curcumin, it is critical to monitor 
similar parameters (e.g., intestinal permeability, plasma 
levels of intestinal bacteria-derived products, gut micro-
biome analyses) in clinical studies/trials to advance our 
current understanding of the mechanism of action of 
curcumin.

Incomplete understanding of how curcumin exerts 
its effects in vivo is one of the major hurdles in devel-
oping curcumin as a therapeutic strategy, especially for 
diseases such as NAFLD where new treatment strategies 
are urgently needed. Meta-analyses of RCTs, such as the 
one by Wei et al. [6], are an important first step to estab-
lish the beneficial effects of oral supplementation on indi-
vidual metabolic parameters needed to be modified in a 
given disease process. Verification of several other aspects 
related to curcumin bioavailability and/or primary site of 
action (Fig. 1) in humans is obviously most important. The 
technical issues with detecting low levels of curcumin in 
systemic circulation are being resolved and in addition 
to modified formulations, controlled systemic release via 
implants is also being explored [15] and is likely to pro-
vide correlation between circulating levels of curcumin 
and observed effects. Significant advances have also been 
made in determining changes in gut microbiome as well as 
assessment of intestinal barrier function in clinical sam-
ples that will facilitate the evaluation of action of curcumin 
via modulation of the GI tract. Together these approaches 
open new opportunities to close the gap between uses of 
curcumin as a nutritional supplement to its use as therapy 
either by itself or in combination with other established 
therapies.
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Fig. 1   Schematic to show the 
likely mechanisms underlying 
the observed beneficial effects 
of curcumin and how these 
need to be established by future 
studies
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