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Abstract

Background: Traumatic injuries significantly contribute to worldwide death and disability rates, often necessitating
patient admission to the intensive care unit (ICU), and there is an increased risk of disabilities, poor clinical
outcomes, and mortality. Suppressing inflammatory processes in these cases is associated with reduced mortality.
Objectives: This research aims to evaluate the effectiveness of curcumin, a polyphenolic phytochemical known for
its anti-inflammatory and various health benefits, in improving clinical outcomes and reducing mortality among ICU
patients.

Methods: The current study is a randomized, triple-blind, placebo-controlled trial in patients with traumatic
injuries. This study will enroll 327 patients admitted to the ICU for traumatic injury at Bahonar Hospital in Kerman,
Iran. Participants will be randomly assigned in a 1:1:1 ratio to one of three groups: (1) high-dose curcumin, (2) low-
dose curcumin, and (3) placebo. The first intervention group will receive two tablets, each containing 500 mg of
Curcumin and 5 mg of Piperine. The second intervention group will receive one tablet with 500 mg of Curcumin and
5 mg of Piperine, along with one placebo tablet. The control group will receive two placebo tablets. All patients will
receive their tablets once a day for 7 days. The primary outcomes will be the 8-day ICU mortality, 30 days and 60
days mortality rates, while secondary outcomes will include the Acute Physiology and Chronic Health Evaluation
(APACHE 1), Sequential Organ Failure Assessment (SOFA), Modified Nutrition Risk in Critically Il (mNUTRIC) score,
Glasgow Coma Scale (GCS), mortality rates at 120- and 180-days, duration of hospital/ICU stay, and laboratory
results. All factors will be evaluated before and after interventions.

Result: This article presents the protocol for an ongoing randomized controlled trial; therefore, no results are
available yet.

Discussion: If this study's results indicate that curcumin supplementation effectively improves the outcomes of ICU
patients with traumatic injuries, it could offer a cost-effective and readily available treatment to improve patient
outcomes and reduce the burden of traumatic injuries on healthcare systems.

Trial Registration: IRCT20130829014521N21 (https://www.irct.ir/); Registration date: 23.04. 2023
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1. Introduction

Trauma is defined as any mechanical
injury to the body resulting from an
external force. Trauma is the leading cause
of death in the working population and the
eighth leading cause of death across all age
groups worldwide. It is also a major
contributor to disability-adjusted life years
(DALYs) (1). Traumatic injuries frequently
necessitate patient admission to the
Intensive Care Unit (ICU), and individuals
are at an elevated risk for adverse clinical
outcomes and increased mortality rates (2-
6). The in-hospital mortality rate among
trauma patients admitted to the ICU is
linked to severe Traumatic Brain Injury (TBI)
and the occurrence of Multiple Organ
Failure (MOF) (7). Prior studies have
indicated that multi-organ failure arises
from an uncontrolled and progressive
response to critical injury or stress, leading
to a general inflammatory state. This
inflammatory  response  triggers the
synthesis or release of various mediators,
including complement proteins, coagulation
factors, fibrinolytic agents, and kinins. The
inflammatory cascades are characterized by
four  principal events:  vasodilation,
increased microvascular  permeability,
cellular adhesion, and activation of the
coagulation cascade (8). Vasodilatation and
increased microvascular permeability
contribute to tissue swelling, edema, and
increased local oxygen and nutrient supply.
The process of cellular adhesion and
coagulation activation involves a range of
molecules and cells, including Interleukins
(IL), Tumor Necrosis Factor (TNF-a),
monocytes/macrophages, Polymorphonu-
clear Leukocytes (PMNs), and endothelial
cells (9). Recent research has demonstrated
that curcumin is a highly versatile
compound that targets various molecular
pathways. Curcumin is a compound found in
the rhizomes of Curcuma longa L.
(turmeric), a member of the Zingiberaceae
family. It has been recognized as safe by the

U.S. Food and Drug Administration as
“Generally Recognized as Safe” (GRAS) (10)
and possesses various pharmacological
actions (11). Numerous clinical trials and
meta-analyses have clearly shown the
significant  potential of curcumin in
modulating inflammatory factors such as C-
Reactive Protein (CRP), Total Anti-Oxidant
Capacity (TAC), Malondialdehyde (MDA),
and interleukin 6 (IL-6) (12, 13). Studies
have demonstrated that curcumin can
reduce inflammation, oxidative stress, and
tissue damage in traumatic injury models
(14, 15). This effect is attributed to
curcumin’s ability to regulate specific
molecular targets, such as pro-inflammatory
cytokines and  transcription  factors.
Additionally, previous research has shown
that curcumin inhibits the activation of
Nuclear Factor Kappa B (NF- kB) induced by
Lipopolysaccharides (LPS) (9).

Despite advances in critical care
management, elevated levels of
inflammation and oxidative stress in ICU
patients are associated with poor treatment
outcomes, increased disability, and a high
rate of mortality. Numerous studies have
confirmed the beneficial anti-inflammatory
and antioxidative effects of curcumin in
various diseases; however, there is a lack of
clinical evidence on the effectiveness of
curcumin supplementation in improving
outcomes for ICU patients with traumatic
injuries. Therefore, this study protocol
outlines a randomized, triple-blind placebo-
controlled clinical trial designed to
investigate the impact of curcumin
supplementation on the mortality rate and
clinical status of traumatic ICU patients.

2. Materials and Methods
2.1. Study design

This is a parallel, three-group, placebo-
controlled randomized trial. The study will
involve a total of 327 trauma patients
admitted to the Intensive Care Units (ICUs)
of Bahonar Hospital (the main trauma
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center hospital) affiliated with Kerman
University of Medical Sciences in Kerman,
Iran. This study is a Phase Il Randomized
Controlled Trial (RCT), and the protocol was
indexed in the Iranian Registry of Clinical

Trials (IRCT) on 23rd April, 2023
(IRCT20130829014521N21). The flow
diagram of the study design is presented in
Figure 1.
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each containing 500 mg curcumin and
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Group 2 (n=109): one tablet of Curcumin
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piperine and one placebo tablet for 7 days

Group 3 (n=109): two placebo
tablets for 7 days
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Figure 1: Flow diagram of the study design

2.2. Inclusion and Exclusion Criteria

Participants will be included if they are at
least 12 years old and have been admitted
to the ICU due to trauma. Trauma, as an
inclusion criterion, refers to any injury to

the body resulting from blunt or
penetrating forces. Both single and multi-
organ  traumas  will be included.

Additionally, patients must have oral or
enteral feeding (nasogastric or orogastric
tube). All eligible patients will be recruited
if they or their legal guardians provide

Razavi ] Med.: e1518.

informed consent, and pediatric
participants (12-17 years) provide assent,
after a comprehensive explanation of the
study's objectives and procedures.

Pregnant or lactating individuals, as well
as patients experiencing severe and active
bleeding, as judged by the attending
physician, those with a history of
obstructive liver or biliary disorders, and
individuals with an allergy to turmeric, will
not be eligible to participate in the trial.
Additionally, we will exclude patients who
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have been re-hospitalized or those referred
from other hospitals or intensive care units
(ICUs). If patients or their legal guardians
are unwilling to cooperate, they will also be
excluded from the study.

2.3. Randomization and blinding

After verifying the inclusion and
exclusion criteria, patients will be randomly
assigned to three groups in a 1:1:1
allocation ratio. We will use randomly
varying block sizes to randomize the
participants. The block randomization
method will be implemented using the tool
available at www.sealedenvelope.com to
generate the A/B/C codes. The randomized
list will be prepared by a researcher who is
not directly involved in the sampling
process. There will be 327 small ziplock
bags, each similar in shape and numbered
from 1 to 327. Neither the patients nor the
physicians or nurses will be able to
distinguish among the tablets, other than by
the numbers on the ziplock bags. As each
new eligible patient is enrolled, the
researcher will take the corresponding
ziplock bag number, and the participants
will follow the specified intervention. After
all data collection is complete and the data
are entered into SPSS, the numbers 1 to 327
will be converted to codes A/B/C, and a
blinded analyst will analyze the data.
Patients, physicians, researchers, nurses,
laboratory staff, outcome assessors, and the
analyst will all remain blinded to the
allocated codes. The allocation key linking
the treatment groups to the A/B/C codes
will only be unblinded after completion of
the final data analysis.

2.4. Intervention and assessment

The patients will be randomly assigned
to two intervention groups and one control
group as follows: group 1 (n=109) will

receive two tablets of Curcumin, each
containing 500 mg of curcumin and 5 mg of
piperine; group 2 (n=109) will receive one
Curcumin tablet containing 500 mg of
curcumin and 5 mg of piperine, along with
one placebo tablet; group 3 (n=109) will
receive two placebo tablets containing
microcrystalline cellulose. Sami-Sabinsa
Group Limited, India, will manufacture
curcumin and placebo tablets. All patients
will take their tablets once a day for 7 days.
The placebo tablets are identical in every
respect to the tablets in the intervention
groups, including shape, size, taste, odor,
and color, to ensure the blind condition,
and are produced by the same factory.

The patient will be assessed for
demographic, clinical, and laboratory
parameters at the beginning of the study
(day 1) and at the conclusion of the
intervention (day 8). If a patient is
discharged from the ICU before the eighth
day, the follow-up assessment will be
conducted prior to discharge. Additionally,
patient survival will be monitored on the
30th, 60th, 120th, and 180th days following
enrollment. A summary of the intervention
schedule and assessments is presented in
Figure 2 according to the SPIRIT (Standard
Protocol Items: Recommendations for
Clinical Interventional Trials) guideline. All
patients will receive their standard
treatment as prescribed by their physicians,
without any modifications. The patients will
be examined daily for changes in the
severity of their underlying conditions and
for the presence of any adverse effects.

Safety will be assessed daily by the
attending research team. All adverse events
will be recorded and reported in accordance
with the International Conference on
Harmonisation-Good Clinical Practice (ICH-
GCP) guidelines.

Razavi ] Med: e1518.
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TRIAL PERIOD
Enroliment Post-randomization Follow-up
-tato Day Day | Day Day | Day | Day | Day | Day | Day Day Day Day
TIMEPOINT
0 0 0 1 2 3 4 5 6 7 8 30 60 120 180
ENROLLMENT
Eligibility screen
(inclusion/exclusion X
criteria)
Informed consent X
Randomization X
Demographic data and
baseline assessment X
INTERVENTION/ COMPARATOR:
Curcumin X X X X X X X
Placebo X X X X X X X
ASSESSMENTS
Monitoring patients and
recording clinical X X X X X X X X
information
APACHE Il /SOFA/ X X
mNUTRIC scores
GCS X X X X X X X X
Inflammatory factor X X
(Quantitative CRP)
ALT, AST, Bilirubin X X
CBC, Na, K, BUN, Cr, BS,
CPK X X
30-day mortality X
60-day mortality X
120-day mortality X
180-day mortality X

Figure 2: Schedule of enrollment, interventions, and outcome assessments timepoints along the study period

adjustments will be made for variables that
show significant differences between study
groups at baseline (p < 0.25).

2.5. Outcomes

The primary outcomes of the current
trial are ICU (8-day) mortality during the

intervention and 30- and 60-day mortality.

The analysis will be per-protocol, and
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For the secondary outcomes, we will
assess the following items before and after
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the intervention (on Day 8): Acute
Physiology and Chronic Health Evaluation
(APACHE 1), Sequential Organ Failure
Assessment (SOFA), Modified Nutrition Risk
in Critically Il (mNUTRIC), Glasgow Coma
Scale (GCS) score. Additionally, 120-day and
180-day mortality, mechanical ventilation
duration, and lengths of hospital and ICU
stay were recorded. Readmission to hospital
and secondary complications related to
trauma, hospitalization, and ICU stay were
documented at 180-day mortality follow-

up.

Additionally, laboratory findings will be
assessed, including quantitative C-Reactive
Protein (CRP), complete blood count (CBC),
aspartate aminotransferase (AST), alanine
aminotransferase (ALT), bilirubin,
electrolyte assessments (Na and K), blood
sugar (BS), Blood urea nitrogen (BUN),
Creatinine, and creatine phosphokinase
(CPK) using routine commercial kits.

Vital signs (blood pressure, pulse rate,
respiratory rate, and temperature) and GCS
were recorded daily in the first week.

The Glasgow Coma Scale (GCS) is used to
assess level of consciousness based on
three components: eye opening, motor
responses, and verbal responses. The GCS
score ranges from 3 to 15 (16, 17).

Acute Physiology and Chronic Health
Evaluation Il (APACHE 1l) is a tool used to
assess disease severity in critically ill
patients (18). APACHE Il is based on three
main factors: acute physiological status,
age, and chronic health conditions. The final
score ranges from 0 to 71, with higher
scores indicating a more severe condition
(19, 20).

Sequential Organ Failure Assessment
(SOFA) is a scoring system that evaluates
the number and severity of dysfunction in
six organ systems, with each system scored
on a scale from 0 to 4. A score of 0 indicates
normal function, while a score of 4

represents the most severe dysfunction (21,
22).

The modified nutrition risk in critically ill
(MNUTRIC) score is an effective tool for
assessing mortality risk and evaluating
nutritional status in critically ill patients. In
this modified version of the NUTRIC score,
interleukin-6 (IL-6) is excluded. Only the
following four criteria are utilized: APACHE
[ score, SOFA score, number of
comorbidities, age, and the number of days
from hospitalization to ICU admission. The
MNUTRIC score ranges from 0 to 9 (23, 24).

2.6. Sample size calculation

According to a primary review of the
medical records from Bahonar Hospital, the
main trauma center in Kerman, Iran, the in-
hospital mortality rate for trauma patients
admitted to the ICU during six months in
2022 was approximately 20%. Given the
researcher's estimated 15% decrease in
mortality, the sample size calculation was
conducted using PASS11 software with a =
0.05 and B = 0.2. Given the dropout rate,
the final sample size was calculated to be
109 patients per group, yielding a total of
327.

2.7. Statistical Analysis

The normality of the quantitative
variables will be assessed using the
Kolmogorov-Smirnov test. All variables will
be reported as mean + standard deviation
or as frequency (percentage). Depending on
the data distribution, either ANOVA or the
Kruskal-Wallis test will be used to compare
the variables across the three study groups.
For within-group analysis, a paired t-test or
a Wilcoxon signed-rank test will be used.
Moreover, survival analysis will be
conducted using the Log-Rank test or a Cox
regression model, and adjustment will be
made for variables that show significant
differences between study groups at
baseline (p < 0.25). Statistical analysis will
be conducted using SPSS software.

Razavi ] Med: e1518.
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2.8. Ethics Approval

This trial has been approved by the
Research Ethics Committees of Mashhad
University of Medical Sciences
(IR.MUMS.REC.1401.403). Additionally, it is
registered in the Iranian Registry of Clinical
Trials (IRCT) under the code
IRCT20130829014521N21 as of 23rd April
2023. The recruitment process began in
Spring 2023, and we anticipate completing
it by Spring 2025.

3. Discussion

Multiple trauma and stress can lead to a
systemic inflammatory response that is
most pronounced during the first week
after trauma, characterized by marked

Trauma : mechanical damage to the body
caused by an external force and mainly
include : Motor vehicle crashes and auto-
pedestrian accidents.
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Local and systemic activation of the immune
system and activation of inflammatory cells:

Increase in cytokines, ROS, Free radicals, CRP
and other inflammatory factors.

elevations in pro-inflammatory mediators
and an increased risk of systemic
inflammatory response syndrome and
multiple organ dysfunction, making this
period a critical therapeutic window (25).
This inflammatory response involves the
activation of inflammatory cascades,
cytokine release, and endothelial cell
dysfunction (26). As a result, several organ
functions deteriorate, including lung, liver,
intestine, and kidney failure. Currently,
multi-organ failure is the leading cause of
morbidity and mortality among ICU
patients. Hypermetabolism and negative
nitrogen balance are the primary factors
contributing to disease progression during
multi-organ failure (9). (figure3)

Globally the leading cause of death in the

— working population and the eighth leading
cause of death across all age groups. High

costs (medical expenses and lost wages);
‘annually 670 billion § in US.
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Curcumm A well documented po!yphenol
with diverse pharmacological actions
including: anti-inflammatory,

Antioxidant, anti cancer, anti-infective and

° wound healing.

systemic inflammatory response syndrome
{SIRS} , multiple organ dysfunction (MQD),
multiple organ failure (MOF) and death.

Figure 3. Proposed pathophysiological rationale for curcumin supplementation in traumatic ICU patients. Traumatic

injury induces inflammatory cascades and oxidative stress, contributing to multi-organ dysfunction and poor clinical

outcomes. In contrast, curcumin may mitigate these processes through its anti-inflammatory and antioxidant effects
(1, 3-6,27-29).

Curcumin, a natural polyphenol
responsible for turmeric's yellow color, has
been shown in previous studies to possess
anti-inflammatory properties across various
disease models. Research indicates that
curcumin can inhibit IL-1 and TNF-a

Razavi ] Med.: e1518.

production in human monocytic
macrophages and LPS-induced NF-kB
activation (30), consistent with its putative
anti-inflammatory  actions (31, 32).
Furthermore, curcumin may alleviate sepsis
and septic shock by reducing oxidative
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stress, cytokine production, and PMN
infiltration, while also attenuating multiple
organ dysfunction syndrome (MODS)
caused by endotoxemia (33, 34). Other
studies suggest that curcumin can suppress
the Toll-like receptor 4 (TLR4)-mediated NF-
kB signaling pathway and inhibit NF-kB
activation via IkB kinase and AKT, thereby
suppressing NF-kB-dependent gene
expression (35). One potential limitation for
the clinical efficacy of curcumin is its low
oral bioavailability, even when co-
administered with piperine, leading to the
development of various pharmaceutical
preparations to tackle this issue (36, 37).
This issue may be particularly relevant in
critically ill patients with traumatic injuries,
who frequently experience gut dysmotility,
reduced splanchnic perfusion, or
malabsorption. Although piperine has been
shown to enhance curcumin bioavailability
by inhibiting intestinal and hepatic
metabolism, its effectiveness in ICU settings
remains uncertain. In this study, curcumin is
co-administered with piperine, which is a
pepper-derived alkaloid (inhibitor of UDP-
glucuronosyltransferase and CYP3A4, and a
P-glycoprotein blocker) shown to limit
intestinal and hepatic metabolism of
curcumin, thereby enhancing its
bioavailability (38-40). Previous clinical
trials have demonstrated the efficacy and
safety of a formulation containing
curcuminoids plus piperine in a variety of
conditions (41).

Mirjalili et al. administered 500 mg/day
of phytosomal curcumin for 7 days in 53 ICU
patients with multiple traumas. They
reported improvements in several clinical
and inflammatory  parameters  (42).
Similarly, Zahedi et al. evaluated 500
mg/day of curcuminoids administered
enterally for 7 consecutive days in 62
critically ill patients with traumatic brain
injury and observed beneficial effects on
inflammatory biomarkers, clinical
outcomes, and nutritional status (43)

In addition to curcumin, several
nutraceuticals have been evaluated as
adjunctive therapies for critically il
patients. Omega-3 fatty acids have
demonstrated immunomodulatory and anti-
inflammatory properties by reducing pro-
inflammatory cytokine production and
promoting the resolution of inflammation
(44). Vitamin C has also been investigated
because of its antioxidant effects and its
role in maintaining endothelial integrity and
attenuating oxidative stress (45). Likewise,
selenium, an essential trace element
involved in antioxidant defense, has been
associated with reduced oxidative injury
and improved clinical outcomes in selected
critically ill and trauma populations (46, 47).
Nevertheless, despite encouraging
biological effects, current evidence suggests
that the clinical benefits of these
nutraceuticals remain inconsistent across
studies, emphasizing the need for
adequately powered randomized clinical
trials to identify the patients most likely to
benefit from these interventions. Curcumin
appears to share several of these anti-
inflammatory and antioxidant mechanisms.
However, its efficacy in critically ill trauma
patients requires further confirmation in
large studies.

This study has limitations deserving
acknowledgment. While the pragmatic
design reflects the real-world population of
ICU-admitted patients with trauma and
increased external validity, the
heterogeneous trauma population may
influence treatment responses. In addition,
the concurrent use of multiple standard ICU
therapies makes it difficult to isolate the
specific effects of curcumin
supplementation. Furthermore, the limited
oral bioavailability of curcumin, despite co-
administration with piperine, may have
affected its therapeutic efficacy. Despite
these limitations, this study has several
strengths. It is randomized, triple-blind,
placebo-controlled, and has a large sample

Razavi ] Med: e1518.
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size, which enhances the validity of the
findings. In addition, assessing both clinical
outcomes and inflammatory biomarkers
provides a comprehensive evaluation of
curcumin supplementation. Furthermore,
this study focuses on critically ill trauma
patients, a population for which evidence
regarding the efficacy of curcumin
supplementation remains limited.

If the results of this study demonstrate
the effectiveness of curcumin plus piperine
supplementation in improving outcomes for
patients with traumatic injuries admitted to
the ICU, it could represent a promising
adjunctive therapeutic strategy to enhance
patient outcomes and reduce the burden of
traumatic injuries on healthcare systems.
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