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ABSTRACT

The aim of this study was to perform a systematic review and meta-analysis on randomized con-
trolled trials investigating the effects of carotenoids on selected inflammatory parameters.
PubMed, SCOPUS, and Web of science were searched from inception until April 2021. The ran-
dom-effect model was used to analyze data and the overall effect size was computed as weighted
mean difference (WMD) and corresponding 95% of confidence interval (Cl). A total of 26 trials
with 35 effect sizes were included in this meta-analysis. The results indicated significant effects of
carotenoids on C-reactive protein (CRP) (WMD: -0.54 mg/L, 95% Cl: -0.71, -0.37, P < 0.001), and
interleukin-6 (IL-6) (WMD: -0.54 pg/mL, 95% Cl: -1.01, -0.06, P=0.025), however the effect on
tumor necrosis factor-alpha (TNF-o) was not significant (WMD: -0.97 pg/ml, 95% Cl: -1.98, 0.03,
P=0.0.059). For the individual carotenoids, astaxanthin, (WMD: -0.30 mg/L, 95% Cl: -0.51, -0.09,
P =0.005), lutein/zeaxanthin (WMD: -0.30 mg/L, 95% Cl: -0.45, -0.15, P < 0.001), and f-cryptoxan-
thin (WMD: -0.35mg/L, 95% Cl: -0.54, -0.15, P < 0.001) significantly decreased CRP level. Also,
only lycopene (WMD: -1.08 pg/ml, 95%Cl: —2.03, -0.12, P=0.027) led to a significant decrease in
IL-6. The overall results supported possible protective effects of carotenoids on inflamma-

KEYWORDS
Carotenoids; inflammatory
biomarkers; CRP; IL-6; TNF-o

tory biomarkers.

1. Introduction

The consumption of a diet rich in fruits and vegetables
strongly contributes to the prevention and management of
various chronic disturbances such as cardiovascular diseases
(CVD) and diabetes mellitus (Coyne et al. 2005; Hozawa
et al. 2006; Riccioni et al. 2010). Many research has sug-
gested that carotenoids are one of the most contributing
components of health benefits of plant-based diets including
fruits and vegetables for (Kesse-Guyot et al. 2013; Liu 2013).
The compounds belong to the tetraterpenes family which
can be structurally categorized into two classes including
carotenes (such as a- and f-carotenes and lycopene) which
are non-polar carotenoids containing only a hydrocarbon
chain without any functional group, and xanthophylls (such
as lutein, zeaxanthin, f-cryptoxanthin, astaxanthin, and cro-
cin) which are polar molecules with at least one oxygen
atom (Britton 1995). There is also a function-based classifi-
cation of carotenoids including provitamin A carotenoids
(p-cryptoxanthin, o- and f-carotenes), and the non-provita-
min A carotenoids (Waris and Ahsan 2006). Further, lutein

and its isomer zeaxanthin are the important carotenoids that
highly concentrated in the macula.

Decades of research have focused on the potential pro-
tective role of carotenoids on visual health; however, there is
an increasing evidence that these lipophilic pigments may
provide additional protection against obesity, CVD, dyslipi-
demia, diabetes mellitus, insulin resistance, neurocognitive
disorders, and malignancies (Coyne et al. 2005; Hajizadeh-
Sharafabad et al. 2020; Hoffmann et al. 2015; Hozawa et al.
2006; Mounien, Tourniaire, and Landrier 2019; Niranjana
et al. 2015; Riccioni et al. 2010).

Based on evidence, many potential benefits of carotenoids
in human health are mainly derived from their antioxidant
activities (Fiedor and Burda 2014). The absence of any elec-
trophilic group in carotenes leads to quenching of free radi-
cals only in the lipid phase (El-Agamey and McGarvey
2008); whereas, polar xanthophylls not only exhibited more
antioxidant activities than the carotenes, but also may scav-
enge radicals in both lipophilic and aqueous environments
(Bouayed and Bohn 2012). In addition to antioxidant
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behavior, several biological activities have been also identi-
fied for carotenoids including control of cell cycle and dif-
ferentiation; apoptosis; regulation of intracellular signaling
pathways; immunity enhancement; and photo-protection
(Stahl, Ale-Agha, and Polidori 2002). The encouraging
results coming from in vitro and animal models (Harari
et al. 2008; J.-H. Kim et al. 2008; Kuhad, Sethi, and Chopra
2008; Linnewiel-Hermoni et al. 2014; Ni et al. 2015), incited
the association between carotenoids and inflammation.
Moreover, some observational studies provided solid evi-
dence for inverse associations between plasma levels or diet-
ary intake of carotenoids and inflammatory mediators
(Mohsen Mazidi et al. 2018; Walston et al. 2006; L. Wang
et al. 2008). Despite several randomized controlled trials
(RCT) examining true effect of carotenoids on the inflam-
mation, there is no comprehensive conclusion on the exact
effect of carotenoids on inflammation. Thus, the aim of this
paper was to systematically review and analyze the clinical
evidence derived from all published RCTs investigating the
effects of carotenoids on circulating levels of CRP, IL-6, and
TNF-0, the most targeted biomarkers of inflamma-
tory response.

2. Methods
2.1. Eligibility criteria

Human studies investigating the effects of carotenoids inter-
vention on at least one marker of inflammation included in
this systematic review. The selection criteria were: RCTs on
participants aged > 17y, with no limit for the gender, ethni-
city, and health status, in which intervention group received
either a-carotene, -carotene, lycopene, lutein with or with-
out zeaxanthin, f-cryptoxanthin, astaxanthin, or crocin;
RCTs with control group which the difference between the
groups was only the intake of carotenoids; trials used puri-
fied or extracted carotenoids that the quantitative carotenoid
dosage was reported; and the trials provided sufficient data
for baseline and endpoint values of at least one of the
inflammatory biomarkers including CRP, IL-6, and TNF-a.
Trials were excluded, if (1) the effect of carotenoids was not
independently examined; (2) there was no appropriate con-
trol group or no randomization process; (3) the information
for the dosage, duration of the intervention, and type of car-
otenoids was not provided; (4) studies used nonpurified
carotenoid-rich foods or extracted carotenoids without men-
tioning quantitative carotenoid dose; (5) RCTs involving
pregnant or lactating women, and (6) studies were not pub-
lished in English language. Nonclinical studies, reviews, edi-
torials, non-research letters, or conference abstracts were
also excluded.

2.2, Search strategy and data extraction

This systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). We employed a PICOS

(population, intervention, comparator, outcomes and set-
ting) approach to design the present systematic review
as follows:

Population: human populations;

Intervention: supplementation of common carotenoids
including o-carotene, f-carotene, lycopene, lutein with or
without zeaxanthin, f-cryptoxanthin, astaxanthin, or crocin;

Comparator: using a placebo or active control, on the
condition that the difference between the groups was only
intake of carotenoids;

Outcomes: circulating levels of CRP, IL-6, and TNF-o;

Setting: RCT.

A systematic search was carried out on electronic data-
bases PubMed, ISI Web of Science, Scopus, using relevant
key words/terms from the earliest to April 2021.

Key search terms were “carotenoids” OR “carotene” OR
“beta-carotene” OR “alpha-carotene” OR “cryptoxanthin”
OR “beta-cryptoxanthin” OR “lutein” OR “lycopene” OR
“zeaxanthin” OR  “astaxanthin” OR  “crocin” OR
“xanthophyll” AND “inflammation” OR “Tumor Necrosis
Factor” OR “INF-o” OR “Tumor Necrosis Factor-alpha”
OR “TNF alpha” OR “INF” OR “IL-6” OR “Interleukin 6”
OR “C-reactive protein” OR “CRP” OR “hs-CRP” OR “high
sensitivity-CRP”.

Two investigators independently screened titles and/or
abstracts of obtained studies to evaluate eligibility criteria.
The full-texts articles were separately appraised by the same
reviewers based on inclusion criteria and then the eligible
studies were left for data extraction. The data extraction
template included author/date/origin, type, dosage, and dur-
ation of the intervention, characteristics of participants,
study design, and inflammatory measures. At each stage,
any disagreements were resolved by discussion within the
research team.

2.3. Study quality and risk of bias within the studies

Quality of articles was independently determined by two
investigators using criteria of Cochrane Handbook for
Systematic Reviews of Interventions which is a 7-item
instrument allowing the assessment of random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, selective
outcome reporting, incomplete outcome data, and other
sources of bias. Interpretation of the scale was conducted at
the study level, whereby each study was classified as either
high risk of bias (high risk of bias for one or more key
domains), or unclear risk of bias (low or unclear risk of bias
for all key domains), and low risk of bias (low risk of bias
for all key domains).

2.4. Statistical analysis

The means and standard deviations (SDs) at the baseline
and endpoint were directly extracted from included studies.
If not provided by the author, SDs were computed from
either standard errors, interquartile ranges, or 95% ClIs. In
cases where the outcomes were not expressed in the main
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Figure 1. Flow diagram of the literature search and study selection process.

text or tables, the data were extracted from the graphs.
Where the changes in outcomes were assessed at multiple
time points, only data at the longest duration of follow-up
was extracted for meta-analysis. The effect sizes for CRP, IL-
6, and TNFo in each trial were determined as weighted
mean difference (WMD) and its 95% confidence interval
(CI). Pooled WMDs and their 95%Cls are presented in for-
est plots to evaluate the overall effects of carotenoids in
comparison with control group. The pooled effects were
estimated using random-effect model that considers the het-
erogeneity of studies. The inter-study heterogeneity was
evaluated by the Cochran Q test (considered significant for
P values <0.10) and I-squared () index, with values of 25,
50, and 75 to present as low, moderate, and high heterogen-
eity, respectively. To explore possible sources of inter-study
heterogeneity, subgroup analyses were conducted based on
dosage, intervention duration, participants’ age, and health
condition. Publication bias was determined by Begg’s regres-
sion test, where more than ten articles were available for
those outcomes. Regarding outcomes for which there are
less than ten articles, publication bias was examined through
visual inspection of funnel plots as well as Egger’s regression
test. In addition, the trim-and-fill analysis was used to
compensate any significant publication bias observed.

N
Records identified through search (n=4711) in electronic
g databases (PubMed, Scopus, and Web of science)
£
2]
b=
—
=
<
- ) Duplicate records (n=585)
—/
N
Records screened
%o (n=4126)
]
]
&
@ Records excluded on the basis of
— title and abstract review
(n=4071)
—
Full-text articles assessed for
ligibilit
¢ 1g171 g Full-text articles excluded, with
(n=55)
reasons (n =30):
2 1) Studies involving other dietary
= interventions concomitant with
) carotenoids (n=6)
=
2) Food-based studies (n=9)
I
2) Observational studies (n=8)
2) Non original article or non-
— randomized design (n =2)
] } ] 3) Outcomes irrelevant to the
E Articles included for review review (0 =4)
E] »
2 (n=26)
=

To evaluate whether a special study might affect overall
results, sensitivity analysis was employed using the one-
study remove approach. All of statistical analyses were con-
ducted using Comprehensive Meta Analysis V2 software.

3. Results

The flow diagram of study selection process is depicted in
Figure 1. A total of 4711 records from the database search
were identified, of which 585 duplicate articles were omitted,
3921 of the remaining 4126 records were excluded based on
title and abstract screening and 205 were excluded because
they did not meet the inclusion criteria. Ultimately, 55 full-
text articles were reviewed for eligibility, and 26 studies were
identified as being RCT's of carotenoids on selected inflamma-
tory biomarkers and included in the systematic review and
meta-analysis. Where the published articles did not provide
sufficient data on inflammatory outcomes, we tried to contact
the authors of the trials by email to access full data.

3.1. Characteristics of included studies

Table 1 outlined the main characteristics of the 26 included
studies. All studies were RCTs, of which only one had a
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Figure 2. Forest plot of pooled estimate effects of carotenoids on CRP. Data are presented as weighted mean difference (WMD) between treatment and control

groups with 95% Cls.

crossover design (Nieman et al. 2018). A total of 1481 par-
ticipants aged 17-65years were included in the meta-ana-
lysis from all 26 RCTs. Based on body mass index (BMI)
values, 9 studies included overweight population (Chan,
Chen, and Chen 2019; Coombes et al, 2016;
Gajendragadkar et al. 2014; Graydon et al. 2012; Petyaev
et al. 2012; Poursamimi et al. 2020; Ramezani et al. 2014;
Thies et al. 2012; Xu et al. 2013), 2 studies were conducted
on obese (Haidari et al. 2020; Mina Nosrati et al. 2018), 5
studies didn’t report BMI (Briviba et al. 2004; Ghiasian et al.
2019; Kirkil et al. 2012; Mousavi et al. 2015; Nieman et al.
2018), and remaining included subjects within healthy range
of BMI. Twelve of included RCTs were carried out in the
healthy subjects (Briviba et al. 2004; Chen and Kotani 2017;
Estévez-Santiago et al. 2019; Graydon et al. 2012; Karppi
et al. 2013; J. Y. Kim et al. 2011; Mohamadpour et al. 2013;
Mousavi et al. 2015; Park et al. 2010; Stringham, Holmes,
and Stringham 2019; Thies et al. 2012; Wang et al. 2013)
and two in athletes (Baralic et al. 2015; Nieman et al. 2018).
Other RCTs conducted in type 2 diabetes mellitus (Chan,

Chen, and Chen 2019; Ramezani et al. 2014), metabolic syn-
drome (M. Nosrati et al. 2018), osteoarthritis patients
(Poursamimi et al. 2020), patients with multiple sclerosis
(Ghiasian et al. 2019), nonalcoholic fatty liver disease
(Haidari et al. 2020), CVD (Gajendragadkar et al. 2014),
Chronic obstructive pulmonary disease (Kirkil et al. 2012),
early atherosclerosis (Xu et al. 2013), prehypertension
(Petyaev et al. 2012), renal transplant recipients (Coombes,
Sharman, and Fassett 2016), moderately overweight (Thies
et al. 2012) and patients undergoing methadone mainten-
ance therapy MMT (Ghaderi et al. 2019). Lycopene with 7
RCTs and astaxanthin and crocin each with 6 trials, com-
prised the largest number of RCTs, followed by lutein and/
or zeaxanthin with 5 trials, f-carotene with 2 trials, and
f-cryptoxanthin with 1 trial. Daily dosage ranged from 2 to
30mg/d (lycopene 6-20mg, ataxanthin 2-12mg, crocin
15-30 mg, lutein/zeaxanthin 8-20 mg, f-Carotene 10-15mg,
and f-cryptoxanthin 6 mg). The duration of supplementa-
tion ranged from 1 to 12 months. Carotenoids were used as
purified form or carotenoid-rich extract, all of which were
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Table 2. Subgroup analyses for the effects of carotenoids on inflammatory cytokines in the participants of included RCTs.

Meta-analysis

Heterogeneity

Effect sizes, n WMD (95% Cl) P within group P between group P P-heterogeneity

Subgroup analysis for CRP

Overall 29 -0.54 (-0.71, -0.37) <0.001 96.3 <0.001
Intervention duration

<12 weeks 17 -0.78 (-1.03, -0.52) <0.001 <0.001 97.5 <0.001

>12 weeks 12 -0.32 (-0.54, -0.10) <0.001 89.5 <0.001
Dosage

<10 mg/d 16 -0.61 (-0.92, -0.31) <0.001 <0.001 97.0 <0.001

>10mg/d 13 -0.49 (-0.73, -0.25) <0.001 95.0 <0.001
Health status

Healthy individuals 17 -0.39 (-0.60, -0.18) <0.001 <0.001 91.1 <0.001

Individuals with impaired health 12 -0.72 (-0.99, -0.46) <0.001 97.5 <0.001
Participants’ age

<50 15 -0.51 (-0.76, -0.26) <0.001 <0.001 90.7 <0.001

>50 14 -0.57 (-0.81, -0.33) <0.001 96.6 <0.001
Subgroup analysis for IL-6

Overall 16 -0.54 (-1.01, -0.06) 0.025 82.2 <0.001
Intervention duration

<12 8 -0.15 (-0.79, 0.47) 0.626 0.095 73.5 0.007

>12 8 -1.14 (-2.11, -0.17) 0.021 87.3 <0.001
Dosage

<10 mg/d 1 -0.24 (-0.69, 0.20) 0.278 0.086 53.6 0.017

>10mg/d 5 -1.72 (-3.18, -0.26) 0.020 93.6 <0.001
Health status

Healthy individuals 9 -0.13 (-0.61, 0.35) 0.597 0.140 67.1 0.002

Individuals with impaired health 7 -1.11 (-2.09, -0.14) 0.024 88.0 <0.001
Participants’ age

<50 7 -0.16 (-0.95, 0.62) 0.675 0.059 729 0.001

>50 9 -0.93 (-1.73, -0.12) 0.023 86.2 <0.001
Subgroup analysis for TNF-o

Overall 1 -0.97 (-1.98, 0.03) 0.059 85.7 <0.001
Intervention duration

<12 9 -0.67 (-1.68,0.34) 0.195 0.172 82.7 <0.001

>12 2 -6.94 (-20.7, 6.81) 0.323 95.8 <0.001
Dosage

<10 mg/d 5 0.26 (-0.31, 0.83) 0.368 0.996 0.0 0.62

>10mg/d 6 -2.02 (-3.62, -0.43) 0.013 91.5 <0.001
Health status

Healthy individuals 5 -0.41 (-1.44, 0.61) 0.426 0.208 79.7 <0.001

Individuals with impaired health 6 -1.58 (-3.92, 0.76) 0.186 90.6 <0.001
Participants’ age

<50 6 -0.75 (-1.96, 0.45) 0.219 0.071 89.2 <0.001

>50 5 -1.85 (-4.18, 0.48) 0.120 82.8 <0.001
CRP, C-reactive protein; IL-6, interleukin-6; RCT, randomized controlled trial; TNF-o,, tumor necrosis factor.
Data are pooled weighted mean differences (95% Cls) by a random-effects model.
provided as capsules or tablets. Eight RCTs were included in  studies  (Coombes,  Sharman, and  Fassett 2016;

the analysis twice: four compared various dosages of supple-
ments (Chan, Chen, and Chen 2019; J. Y. Kim et al. 2011;
Park et al. 2010; Wang et al. 2013); two compared the effect
of one carotenoid with two different control groups (Haidari
et al. 2020; Petyaev et al. 2012); one assessed the impact of
carotenoid supplement separately on patients with CVD and
healthy subjects (Gajendragadkar et al. 2014); and one used
two distinct carotenoids as intervention (Graydon et al.
2012). Only 16 out of 26 studies measured compliance rates
using pill counting (Ghaderi et al. 2019; M. Nosrati et al.
2018), serum concentration of carotenoids (Briviba et al.
2004; Graydon et al. 2012; Kirkil et al. 2012; Ramezani et al.
2014; Thies et al. 2012), or both pill counting and measuring
serum carotenoid level (Chan, Chen, and Chen 2019;
Coombes, Sharman, and Fassett 2016; Gajendragadkar et al.
2014; Haidari et al. 2020; J. Y. Kim et al. 2011; Nieman
et al. 2018; Stringham, Holmes, and Stringham 2019; Wang
et al. 2013; Xu et al. 2013). Compliance rates measured by
pill counting were reported around 90% for most of the

Gajendragadkar et al. 2014; Ghaderi et al. 2019; Haidari
et al. 2020; Wang et al. 2013; Xu et al. 2013). Meanwhile, six
articles measured serum lycopene level (Briviba et al. 2004;
Gajendragadkar et al. 2014; J. Y. Kim et al. 2011; Kirkil
et al. 2012; Nieman et al. 2018; Thies et al. 2012), two meas-
ured serum astaxanthin level (Chan, Chen, and Chen 2019;
Coombes, Sharman, and Fassett 2016), four measured serum
lutein/zeaxanthin level (Graydon et al. 2012; Stringham,
Holmes, and Stringham 2019; Wang et al. 2013; Xu et al.
2013), two measured serum f-carotene level (Graydon et al.
2012; Ramezani et al. 2014), and one measured serum
p-cryptoxanthin level (Haidari et al. 2020) to evaluate adher-
ence rates with study protocol and all reported significant
increases in serum levels of relevant carotenoid compared to
controls. Only 11 studies evaluated side effects during the
study period, all of which did not report serious side effects
(Briviba et al. 2004; Coombes, Sharman, and Fassett 2016;
Gajendragadkar et al. 2014; Ghaderi et al. 2019; Haidari
et al. 2020; Karppi et al. 2013; J. Y. Kim et al. 2011;
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Figure 3. Forest plot of pooled estimate effects of carotenoids on CRP, as stratified by the type of carotenoids (AST, astaxanthin; -CA, f-carotene; f-CR, f-cryptox-
anthin; CRO, crocin; LU/ZE, lutein/zeaxanthin; LYC, lycopene). Data are presented as weighted mean difference (WMD) between treatment and control groups with

95% Cls.

Mohamadpour et al. 2013; Mousavi et al. 2015; Wang et al.
2013; Xu et al. 2013). These 26 RCTs originated from the
Iran (n=28), USA (n=3), UK (n=2), China (n=2), and
single studies from Russia, Japan, Turkey, Australia, Taiwan,
Germany, Spain, Scotland, Finland, Korea and Serbia.

3.2. Meta-analysis

3.2.1. Effect on plasma level of CRP

A total of 29 WMD from 21 RCTs, including 1365 subjects
(708 treated and 657 controls) provided data on the effect of
carotenoids on plasma level of CRP. The quantitative meta-
analysis indicated a significant decrease in CRP level in
subjects receiving carotenoids supplements compared with
controls (Figure 2; WMD: -0.54 mg/L, 95% CI: -0.71, -0.37,
P <0.001). Considering I index (96.3%) and Cochrane Q
test (P < 0.001), a high inter-trial heterogeneity was detected.
A sensitivity analysis revealed that excluding each of the

studies had no significant effect on the pooled effect size.
The results from subgroup analyses showed that the high
heterogeneity among the studies was due to the type and
dosage of carotenoids, intervention duration, participants’
age, and health status. Pooling change from the trials with
intervention duration of <12 weeks, studies that prescribed
<10mg/day carotenoids, individuals with impaired health
subjects, and subjects aged >50years resulted in significant
reductions of CRP when compared with their counterparts
(Table 2). When the effect of individual carotenoids on CRP
level was assessed, the association was only significant for
astaxanthin (Figure 3; WMD: -0.30 mg/L, 95% CI: -0.51,
-0.09, P=0.005), lutein and/or zeaxanthin (WMD:
-0.30mg/L, 95% CI: -0.45, -0.15, P < 0.001), and f-cryptox-
anthin (WMD: -0.35mg/L, 95% CI: -0.54, -0.15, P < 0.001).
High heterogeneity was found for astaxanthin (based on
’=97.1% and P<0.001) and moderate for lutein and/or
zeaxanthin (based on I’=69.9% and P =0.019). Considering
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Table 3. Subgroup analyses for the effects of carotenoids on serum levels of CRP in the participants of included RCTs.

Meta-analysis

Heterogeneity

Effect sizes, n WMD (95% Cl) P within group P between group P P-heterogeneity

Lycopene

Overall 8 -1.23 (-3.53, 1.07) 0.295 97.3 <0.001
Intervention duration

<12 weeks 7 -1.60 (-4.22, 1.01) 0.229 0.210 97.6 <0.001

>12 weeks 1 0.99 (-0.06, 2.04) 0.066 0.0 -
Dosage

<10 mg/d 6 -0.98 (-4.22, 2.25) 0.551 0.372 97.8 <0.001

>10mg/d 2 -2.36 (-8.35, 3.62) 0.439 66.1 0.086
Health status

Healthy individuals 5 0.57 (-0.70, 1.84) 0.379 0.611 75.0 0.003

Individuals with impaired health 3 -2.97 (-7.56, 1.62) 0.205 98.4 <0.001
Participants’ age

<50 3 -0.65 (-3.04, 1.72) 0.589 0.408 345 0.217

>50 5 -1.21 (-4.71, 2.29) 0.498 98.2 <0.001
Astaxanthin
Overall 8 -0.30 (-0.51, -0.09) 0.005 97.1 <0.001
Intervention duration

<12 4 -0.28 (-0.54, —-0.02) 0.032 0.011 98.7 <0.001

>12 4 -0.37 (-0.89, 0.14) 0.158 447 0.143
Dosage

<10 mg/d 5 -0.38 (-0.78,-0.001) 0.011 0.010 98.1 <0.001

>10mg/d 3 -0.17 (-0.33,-0.002) 0.047 793 0.008
Health status

Healthy individuals 6 -0.45 (-0.76, -0.14) 0.004 0.025 93.8 <0.001

Individuals with impaired health 2 -0.05 (-0.12, 0.01) 0.101 79.8 0.026
Participants’ age

<50 4 -0.53 (-0.94, -0.11) 0.013 0.005 95.4 <0.001

>50 4 -0.11 (-0.20, -0.01) 0.021 83.0 0.001
Lutein and/or zeaxanthin
Overall 4 -0.30 (-0.45, -0.15) <0.001 69.9 0.019
Intervention duration

<12 1 -0.49 (-0.62, —0.35) <0.001 <0.001 0.0 -

>12 3 -0.23 (-0.32, -0.14) <0.001 0.0 0.800
Dosage

<10 mg/d 2 -0.20 (-0.32, -0.07) 0.002 <0.001 0.0 0.960

>10mg/d 2 -0.37 (-0.60, —0.14) 0.001 82.7 0.016
Participants’ age

<50 1 -0.49 (-0.62, —0.35) <0.001 <0.001 0.0 -

>50 3 -0.23 (-0.32, -0.14) <0.001 0.0 0.800
Crocin
Overall 5 -0.44 (-1.22, 0.33) 0.260 96.7 <0.001
Intervention duration

<12 3 -0.29 (-1.77, 1.19) 0.701 0.307 92.7 <0.001

>12 2 -0.59 (-1.75, 0.57) 0.319 98.8 <0.001
Health status

Healthy individuals 1 2.0 (-12.8, 16.88) 0.792 0.262 0.0 -

Individuals with impaired health 4 -0.45 (-1.23, 0.32) 0.255 97.5 <0.001
Participants’ age

<50 4 -0.17 (-0.80, 0.45) 0.581 <0.001 89.0 <0.001

>50 1 -1.19 (-1.39, -0.98) <0.001 0.0 -

CRP, C-reactive protein; RCT, randomized controlled trial.

Data are pooled weighted mean differences (95% Cls) by a random-effects model.

lycopene, when we restricted the analysis to the RCTs that
assessed levels of compliance based on plasma concentration
of lycopene (Gajendragadkar et al. 2014; J. Y. Kim et al.
2011; Nieman et al. 2018; Thies et al. 2012), pooled WMD
in subjects being in the highest quartile of lycopene
(Number of effect size: 6, WMD: 0.34, 95%CI: -0.83, 1.51,
P=0.568) didn’t show significant decrease in CRP level
compared with those in the lowest quartile (WMD: 0.20,
95%CI: -1.74, 2.14, P=0.839). As Table 3 shows, astaxan-
thin had significant effect on CRP in subgroups of dosages
<10 mg/day, intervention duration <12weeks, healthy indi-
viduals and ages <50years. Subgroup analysis also revealed
that lutein and/or zeaxanthin supplementation substantially
decreased CRP level in subgroups of dosages <10 mg/day,

intervention duration <12weeks, and ages <50 years.
Although, crocin did not show a significant overall effect on
CRP, in subgroups of studies conducted in subjects aged
>50years, it is demonstrated a significant reduction in CRP
levels. Although, visual inspection of the funnel plot showed
evidence of asymmetry, no publication bias was found
among studies based on Begg’s (P=0.721), Egger’s
(P=0.055) tests.

3.2.2. Effect on plasma level of IL-6

The pooled analysis of 16 effect sizes from 12 RCTs, with
714 subjects (374 treated and 340 controls) revealed a sig-
nificant decrease in IL-6 level following carotenoids
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Figure 4. Forest plot of pooled estimate effects of carotenoids on IL-6. (A) Overall effect of carotenoids; and (B) stratified by the type of carotenoids (AST, astaxan-
thin; p-CA, f-carotene; 5-CR, -cryptoxanthin; LU/ZE, lutein/zeaxanthin; LYC, lycopene). Data are presented as weighted mean difference (WMD) between treatment

and control groups with 95% Cls.

supplementation (Figure 4; WMD: -0.54 pg/mL, 95% CI:
-1.01, -0.06, P=0.025). The I? index (82.2%) and Cochrane
Q test (P<0.001) revealed a high inter-trial heterogeneity.
Further a sensitivity analysis showed that the effect of the
carotenoids on IL-6 level largely depended on the study con-
ducted by Kirkil et al; after exclusion of this study, the
pooled WMD turned insignificant (WMD: —0.28 pg/mL,
95% CI: -0.58 to 0.02, P=0.076). Subgroup analyses based
on dosage of carotenoids, intervention duration, partici-
pants’ age and health status could not change the overall
effect of carotenoid on IL-6 level (Tables 2 and 4). However,
subgrouping based on carotenoid type resulted in a signifi-
cant decrease in IL-6 level following lycopene supplementa-
tion (Figure 4, WMD: -1.08 pg/ml, 95%CI: -2.03, -0.12,
P=0.027), irrespective of dosage, intervention duration,
health status, and age. Moreover, astaxanthin supplementa-
tion significantly reduced IL-6 level at dosage >10mg/d
(Table 4). Regarding lycopene, when we restricted the ana-
lysis to the RCTs that evaluated participants’ compliance to
study protocol by measuring plasma level of lycopene
(Gajendragadkar et al. 2014; Kirkil et al. 2012; Nieman et al.
2018; Thies et al. 2012), pooled WMD in subjects being in
the highest quartile of lycopene (Number of effect size: 5,
WMD: 0.0 pg/ml, 95%CI: -0.31, 0.31, P=0.979) didn’t show
any significant decrease in IL-6 level compared with those
in the lowest quartile (WMD: -2.63 pg/ml, 95%CI: -8.33,
3.06, P=0.365). Visual inspection of the funnel plot did not
show evidence of asymmetry. Furthermore, the results from
Begg’s (P=0.558) and Egger’s (P=0.198) tests didn’t con-
firm the likely of publication bias across studies.

3.2.3. Effect on plasma level of TNF-o
A total of 12 effect sizes from 8 RCTs, including 375 sub-
jects (206 treated and 169 controls) evaluated the effect of

carotenoids on plasma level of TNF-a. The pooled analysis
of these studies showed that administration of carotenoids
caused a non-significant decrease in TNF-a level (Figure 5;
WMD: -0.97 pg/ml, 95% CI: -1.98, 0.03, P=0.0.059). Again,
a high inter-trial heterogeneity was observed based on I
index = 85.7% and P < 0.001. A sensitivity analysis revealed
that two effect sizes from one RCT conducted by Park et al.
had the largest influence on TNF-o level. After exclusion of
the effect size related to minimum (WMD: —1.17 pg/mL,
95% CI: -2.30 to -0.05, P=0.041) and maximum (WMD
pg/mL: —1.21, 95% CI: -2.30 to —0.12, P=0.029) dosage of
astaxanthin used in Park et al. study, the reduction in TNF-
o level remained significant as compared to that from the
main analysis. In stratified analyses, there was no evidence
of variation between subgroups of studies based on type or
dosage of carotenoids, intervention duration, participants’
age, and health status (Tables 2 and 4). Regarding lycopene,
when we restricted the analysis to the RCTs that assessed
levels of compliance based on plasma concentration of lyco-
pene (Briviba et al. 2004; Gajendragadkar et al. 2014; Kirkil
et al. 2012), pooled WMD in subjects being in the highest
quartile of lycopene (Number of effect size: 5, WMD: -0.43,
95%CI: -1.06, 0.20, P=0.887) didn’t show significant
decrease in TNF-a concentration compared with those in
the lowest quartile (WMD: -4.79, 95%CI: -14.04, 4.46,
P=0.311). In contrary to visual inspection of the funnel
plot that showed evidence of asymmetry, there was no pub-
lication bias among studies based on Begg’s (P=0.073) and
Egger’s (P=0.134) tests.

3.3. Assessment of the quality and risk of bias

The risk of bias in individual studies was shown in Table 1,
supplementary material. Twenty-five of the 26 RCTs pro-
vided sufficient data on random sequence generation; 13
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Table 4. Subgroup analyses for the effects of carotenoids on serum levels of IL-6 and TNF-o in the participants of included RCTs.

Meta-analysis

Heterogeneity

Effect sizes, n WMD (95% Cl) P within group P between group P P-heterogeneity

Subgroup analysis for IL-6
Lycopene

Overall 5 -1.08 (-2.03, -0.12) 0.027 92.5 <0.001
Intervention duration

<12 weeks 3 -0.009 (-0.18, 0.17) 0.923 0.903 0.0 0.976

>12 weeks 2 -3.84 (-11.25, 3.55) 0.309 98.0 <0.001
Dosage

<10 mg/d 3 -0.13 (-0.40, 0.13) 0.315 0.299 0.0 0.953

>10mg/d 2 -3.78 (-11.31, 3.75) 0.325 98.1 <0.001
Health status

Healthy individuals 3 -0.05 (-0.20, 0.09) 0.504 0.492 0.0 0.729

Individuals with impaired health 2 -3.75 (-11.54, 4.03) 0.345 95.7 <0.001
Participants’ age

<50 1 -0.01 (-0.19, 0.17) 0.913 0.877 0.0 -

>50 4 -2.05 (-6.05, 1.93) 0313 94.1 <0.001
Astaxanthin

Overall 5 0.06 (-1.44, 1.58) 0.930 823 <0.001
Intervention duration

<12 4 0.09 (-1.53, 1.72) 0.907 0.909 86.7 <0.001

>12 1 0.03 (-4.63, 4.69) 0.990 0.0 -
Dosage

<10 mg/d 4 1.36 (-3.26, 5.98) 0.564 0.005 84.2 <0.001

>10mg/d 1 -0.83 (-1.39, -0.26) 0.004 0.0 -
Health status or participants’ age

Healthy individuals or age <50 4 2.06 (-6.39, 10.51) 0.633 0.186 88.3 <0.001

Individuals with impaired health or age >50 1 -0.47 (-1.16, 0.20) 0.172 0.0 -
Subgroup analysis for TNF-o
Lycopene
Overall 5 -1.83 (-4.10, 0.42) 0.112 82.8 <0.001
Intervention duration

<12 4 -0.41 (-1.04, 0.21) 0.198 0.066 0.0 0.992

>12 1 -14.25(-19.8,-8.66) <0.001 0.0 -
Dosage

<10 mg/d 2 0.006 (-3.07, 3.09) 0.997 0.180 0.0 0.927

>10mg/d 3 -2.78 (-5.72, 0.15) 0.066 91.3 <0.001
Participants’ age

<50 2 -0.43 (-1.07, 0.21) 0.188 0.166 0.0 0.887

>50 3 -4.70 (-13.69, 4.28) 0.305 88.5 <0.001
Astaxanthin
Overall 4 0.10 (-0.47, 0.68) 0.722 23.1 0.272
Dosage

<10 mg/d 3 0.27 (-0.39, 0.93) 0.425 0.808 23.0 0.273

>10mg/d 1 -0.42 (-1.45, 0.61) 0.427 0.0 -
Health status or participants’ age

Healthy individuals or age <50 2 0.58 (-0.13, 1.29) 0.110 0.684 0.0 0.524

Individuals with impaired health or age >50 2 -0.39 (-1.11, 0.33) 0.293 0.0 0.935

IL-6, interleukin-6; RCT, randomized controlled trial; TNF-o, tumor necrosis factor.

Data are pooled weighted mean differences (95% Cls) by a random-effects model.

RCTs clarified allocation concealment; 22 RCTs conducted
blinding of the participants and researchers; in 7 RCTs,
outcome assessors were blinded to the study protocol as
well; 23 RCTs elucidated the completeness of outcome data
such as attrition and exclusions from the analysis; 16 RCT's
reported all outcomes measured; and 14 RCTs addressed
variations in BMI, dietary intake during the intervention or
differences in baseline values of outcomes as confounding
factors in statistical analyses. Based on judgments of risk of
bias for each item, 20 studies were classified as "high" and
3 studies (Park et al. 2010; Ramezani et al. 2014;
Stringham, Holmes, and Stringham 2019) as "unclear" risk
of bias. Only 3 studies (Gajendragadkar et al. 2014;
Haidari et al. 2020; Nieman et al. 2018) could be classified
as high quality because of being all key domains at low
risk of bias.

4. Discussion

This systematic review and meta-analysis assessed the effect-
iveness of carotenoids supplementation on serum levels of
inflammatory mediators, including CRP, IL-6, and TNF-«
for the first time. In the overall assessment, carotenoids
reduced CRP level compared with control groups, which
was highly stable to sensitivity analysis. Carotenoids also
showed significant beneficial effects on IL-6 level, but non-
significant decrease in serum level of TNF-a, which both
were less stable to sensitivity analysis. For the individual car-
otenoids, astaxanthin, lutein with or without zeaxanthin,
and f-cryptoxanthin resulted in a significant decrease in
CRP level, however, the effects from lycopene, crocin, and
p-carotene were not statistically significant. Besides, lyco-
pene was the only carotenoid that led to a significant reduc-
tion in IL-6 level.
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Figure 5. Forest plot of pooled estimate effects of carotenoids on TNF-c.. (A) Overall effect of carotenoids; and (B) stratified by the type of carotenoids (AST, astax-
anthin; CRO, crocin; LU/ZE, lutein/zeaxanthin; LYC, lycopene). Data are presented as weighted mean difference (WMD) between treatment and control groups with

95% Cls.

IL-6, a pro-inflammatory cytokine mainly released from
macrophages and T cells, has been well known to trigger
hepatic production of CRP. Thus, concentrations of CRP
and IL-6 are physiologically interrelated. Serum concentra-
tions of CRP and IL-6 may independently predict cardiovas-
cular events and all-cause mortality (Baune et al. 2011;
Danesh et al. 2008; Morrow and Ridker 2000; Shah et al.
2009). For instance, evidence from Women’s Health Study
suggested that elevated levels of CRP or IL-6 independently
associated with the incidence of CVD (Volpato et al. 2001).
In a meta-analysis conducted by the US Preventive Services
Task Force was also found 60% higher risk of incident cor-
onary heart disease in the individuals with CRP levels more
than 3 mg/L compared to levels less than 1mg/L (Buckley
et al. 2009).

In the analyses on TNF-o, the studies with the lowest
baseline levels of TNF-o gave the lowest responses to carot-
enoid supplementation and also affected the overall WMD.
Thus, a sensitivity analysis was performed and observed that
the overall WMD was statistically significant after removal
of the study by Park et al. (2010) in which subjects had
lower level of TNF-a at baseline than other subjects. The
reduction in IL-6 level was non-significant, after excluding
the study conducted by Kirkil et al. (2012) in which baseline
values of IL-6 were much more than other studies included
in the meta-analysis. Therefore, baseline values of IL-6 and
TNF-0 may determine the effectiveness of carotenoids on
post-intervention levels of these biomarkers; meaning that
the higher the baseline values of pro-inflammatory cyto-
kines, the higher response to the carotenoid supplementa-
tion may be occurred.

Based on subgroup analyses, carotenoids totally decreased
CRP levels much more effectively at the dosage of <10 mg/
d, intervention duration of <12weeks, and studies that
recruited subjects aged >50years or with impaired health
status than comparators. When the analyses were conducted

based on dosage, intervention duration, health status and
participants’ age, there was no change on the response of
IL-6 and TNF-a to the carotenoids. However, it seems that
effectiveness of carotenoids in diverse subgroups varies
depending on the type of carotenoids which is discussed in
the next sections.

The evidence supporting a protective association with
inflammatory biomarkers is more potent for total carote-
noids than for each individual carotenoid, as numerous
observational studies showed inverse association between
plasma level of total carotenoids and CRP (Beydoun et al.
2012; Karppi et al. 2013; Mohsen Mazidi et al. 2018; Lu
Wang et al. 2008). For individual carotenoids, however, the
findings were mixed. In the present meta-analysis, astaxan-
thin consumption could significantly decrease CRP levels.
Contrary to our results, a previous meta-analysis involving
fewer RCTs than the present study reported no significant
changes in CRP level following astaxanthin supplementation
(Xia et al. 2020). Like overall carotenoids, astaxanthin
decreased CRP level in the dosage of <10mg/d. The dosage
of astaxanthin used in the trials included in this meta-ana-
lysis ranged between 2-12 mg/d which was much lower than
the average dosage of other carotenoids used in the trials.
For CRP, the most beneficial effects of astaxanthin were
observed at the 2-6mg/d and not at higher intakes. This
suggests that, to possess a significant decrease in serum lev-
els of CRP after astaxanthin supplementation, there is likely
a minimum dose that must be considered. Likewise, a clin-
ical trial comparing the dosages of 5 and 20mg/d of astax-
anthin, recommended daily dose of 5mg of astaxanthin as
an optimal dose to decrease the oxidative stress (Choi et al.
2011). Unlike CRP, for IL-6 level, beneficial effects were
observed at only the higher dosages of astaxanthin. This
may be due to chance, because there were less studies in
subgroup analyses of astaxanthin for IL-6 than CRP.
Astaxanthin also exhibited more benefit on CRP levels in



the healthy individuals, subgroups of ages <50years and
intervention duration <12 weeks.

In line with our recent systematic review in which most
studies highlighted protective effects of lutein consumption
against inflammatory mediators (Hajizadeh-Sharafabad et al.
2019), this meta-analysis indicated that lutein/zeaxanthin
supplementation significantly reduced CRP levels. The clin-
ical trials used purified lutein at doses 5 to 10 times higher
than regular dietary intake doses (<2mg/d) at which serum
concentrations of lutein can reach the levels required to play
an anti-inflammatory role. In support of this claim, the pre-
sent meta-analysis showed that doses of >10mg/d lutein
decreased plasma level of CRP, whereas doses of <10mg/d
did not. Additionally, in subgroup analysis, lutein showed
potential for reducing CRP in subgroups of ages <50 years
and intervention duration <12 weeks.

The variation in the dose-dependent effect between astax-
anthin and lutein may come from the fact that lutein con-
tent of regular diets is much more than astaxanthin;
therefore, the higher dosage of lutein may be required to
exert a potent impact on inflammation. Moreover, possible
explanation for the observed beneficial effects following
astaxanthin and lutein/zeaxanthin supplementation in sub-
groups of ages <50years is that a majority of elderly indi-
viduals had different chronic disorders likely to be
undergoing pharmacotherapy which would make it hard to
reach additional reductions in inflaimmatory biomarkers
through dietary interventions. Moreover, considering higher
baseline level of CRP in subjects aged <50 years, the most
pronounced effects on the CRP in this subgroup, implies
that the baseline serum level of CRP is likely involved in the
response to astaxanthin and lutein/zeaxanthin supplementa-
tion. Although, such analyses should be treated with caution
due to limited number of trials available for subgrouping.

The only available RCT investigating anti-inflammatory
effects of ff-cryptoxanthin showed a significant reduction in
serum levels of CRP, but not IL-6 (Haidari et al. 2020). For
lycopene  supplementation, significant reduction was
observed in IL-6 level. Unexpectedly, the subgroup analysis
did not influence the response of subjects to lycopene sup-
plementation. When the analysis was restricted to the stud-
ies reporting results for blood concentration of lycopene, no
significant association was observed between blood levels of
lycopene in treatment group and inflammatory mediators.
Previous meta-analysis of RCTs assessing the effects of
tomato and lycopene supplementation on inflammatory
markers showed that neither tomato nor lycopene consump-
tion did not affect CRP level; however, tomato but not lyco-
pene intervention significantly reduced IL-6 level (Cheng
et al. 2017). A large cohort study found that participants
being in the highest quartile of lycopene and tomato con-
sumption had lower CRP levels compared with those in the
lowest quartile (M. Mazidi et al. 2020); although, residual
confounding as a limitation of all observational studies may
bias the results. In the present study, fi-carotene supplemen-
tation did not affect inflammatory mediators; however, the
number of RCTs was too small to draw a definite conclu-
sion about anti-inflammatory role of f-carotene. Contrary
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to the clinical evidence, the observational studies tended to
favor a protective effect of f-carotene against inflammation
(Erlinger et al. 2001; Hu et al. 2004; Jing et al. 2018; Suzuki
et al. 2010). Since the serum levels of carotenoids are often
considered biomarkers of fruit and vegetable consumption
or a healthier lifestyle, causality of these inverse associations
cannot be confirmed (Gallicchio et al. 2008).

In overall estimate, crocin did not change inflammatory
biomarkers significantly, while in subgroup analysis, this
carotenoid showed potential for lowering CRP level in stud-
ies that recruited participants with >50years old. In a recent
meta-analysis, Asbaghi et al. analyzed data of clinical trials
on the effect of saffron, as one of the richest source of cro-
cin on inflammatory markers and found no significant
changes in serum levels of CRP, IL-6, and TNF-o (Asbaghi
et al. 2020).

It is well known that the presence of intracellular redox
state strongly potentiates the inflammatory processes
(Salzano et al. 2014). The ability of carotenoids to quench
reactive oxygen species (ROS) may be considered the most
underlying mechanism through which these compounds
mitigate inflammatory response (Kaulmann and Bohn 2014).
The antioxidant activity of carotenoids mainly depends on
conjugated double bonds as well as the position and number
of functional groups of carotenoids. The unique chemical
features of astaxanthin including placing keto groups in the
fourth and fourth prime positions in cyclohexene structure,
and hydroxyl groups at the third and third prime position,
make it superior to other carotenoids (Martinez-Delgado,
Khandual, and Villanueva-Rodriguez 2017). More import-
antly, contrary to nonpolar carotenoids (i.e. f-carotene and
lycopene) which are located in the interior of membrane,
polar carotenoids such as astaxanthin and macular xantho-
phylls span the cell membrane bilayer. The intramembra-
nous alignment of the polar carotenoids allows the
molecules to scavenge ROS in the internal and external sur-
face of cells as well as in the interior of the membrane
(Goto et al. 2001). On the other hand, more extended
n-electron-conjugated chain gives lycopene more power to
quench free radicals. Carotenoids stimulate nuclear factor
erythroid 2-related factor 2 (Nrf2) signaling, which resulted
in the inhibition of redox-induced activation of the nuclear
factor-kB (NF-kB) pathway (Ben-Dor et al. 2005; Farruggia
et al. 2018; J. E. Kim et al. 2012; Wu et al. 2015). Apart
from antioxidant mechanism, carotenoids can directly
inhibit NF-xB signaling pathway (Bhuvaneswari et al. 2014;
Gouranton et al. 2011; J.-H. Kim et al. 2008; Ni et al. 2015).
Few trials investigated the effects of carotenoids on NF-«xB
pathway. In a clinical trial, carotenoid enrichment of enteral
nutrition significantly reduced NF-xB lymphocyte expression
as well as oxidative stress (Vaisman et al. 2006). Lycopene
have been shown that inhibits NF-kB DNA binding and
expression of NF-xB p65 and consequently reduces gene
expression of pro-inflammatory cytokines (Sahin et al. 2010;
Simone et al. 2011). The interaction of electrophilic groups
of xanthophylls with cysteine residues of IxB kinase (IKK)
and NF-kB p65 subunits may potentially decrease the phos-
phorylation levels of IKK and p65 leading to suppressing
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NF-«xB signaling pathway (Linnewiel-Hermoni et al. 2014).
Moreover, data from mechanistic studies showed that astax-
anthin and lutein could act as agonists for peroxisome pro-
liferator-activated receptor (PPAR) v in the cell context of
macrophages or in the proinflammatory state and thereby
regulate transcription of various genes involved in the
inflammatory response such as NF-xB and activator protein
1 (Inoue et al. 2012; Selvaraj and Klasing 2006; Selvaraj,
Shanmugasundaram, and Klasing 2010).

Overall, this meta-analysis supported the potential anti-
inflammatory effects of carotenoids, in particular for astax-
anthin, lutein/zeaxanthin, and lycopene. Given the growing
interest in carotenoids as well as their potential anti-inflam-
matory effects observed in the present meta-analysis, more
RCTs of high quality should be performed to determine the
therapeutic doses required for various population subgroups.

5. Knowledge gaps and future directions

The present meta-analysis had the strengths as follows:
inclusion of comprehensive overview of the available trials,
appropriate meta-analytic methodology, and inclusion of a
large number of studies with a randomized controlled design
that used a pure or extracted carotenoids, instead of food.
These items reduced possible bias in concluding about the
anti-inflammatory effects of carotenoids, however, gap
knowledge should be considered before subsuming carote-
noids into clinical practice. There was high heterogeneity
between studies in terms of study quality, characteristics of
participants, the type and dose of carotenoids, and the dur-
ation of the intervention. However, we used random-effect
model as well as subgroup and sensitivity analyses, still the
heterogeneity remained high. Although our meta-analysis
included carotenoids from five subclasses, the limited num-
ber of RCTs on f-carotene and f-cryptoxanthin didn’t allow
us to draw definitive conclusions about these subclasses.
Compared to CRP, fewer studies evaluated the effect of indi-
vidual carotenoids such as lutein/zeaxanthin and crocin on
IL-6 and TNF-«, making it difficult to conclude certainly
about their effects on these cytokines. Only 10 studies con-
trolled the dietary intake using validated dietary records.
Compliance rates were also assessed only in 16 studies.
Many of studies did not report information on some lifestyle
habits including physical activity level and smoking habits.
To reach firm conclusions on health claims regarding caro-
tenoids, it is necessary to consider the following issues: con-
trolling variations in weight, nutritional habits, and physical
activity; evaluation of compliance rate, particularly through
biomarkers for carotenoids consumption; and restricting
dietary intake of carotenoids.

6. Conclusion

The results of current meta-analysis showed that in the
overall assessment, carotenoids reduced CRP and IL-6 levels
compared with controls, while the effect on TNF-ua level was
not statistically significant. For the individual carotenoids,
astaxanthin, lutein with or without zeaxanthin, and

f-cryptoxanthin significantly decreased CRP level. Also,
lycopene was the only carotenoid that caused a significant
reduction in IL-6 level. Further high quality and adequately
powered RCT's that consider current knowledge gaps, should
be conducted, to further enhance our understanding of the
efficacy of carotenoids on inflammatory conditions.
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