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Carotenoids, vitamin A, and their association with the
metabolic syndrome: a systematic review and meta-analysis

May A. Beydoun, Xiaoli Chen, Kanishk Jha, Hind A. Beydoun, Alan B. Zonderman, and Jose A. Canas

Context: Modifiable factors that reduce the burden of the metabolic syndrome
(MetS), particularly plant-derived biomarkers, have been a recent focus of rising in-
terest. Objective: This systematic review and meta-analysis, which follows PRISMA
guidelines, evaluates evidence from a period of 20 years that links vitamin A and
carotenoids with the occurrence of MetS and following the PRISMA guidelines.
Data Sources: PubMed and Cochrane databases (January 1997 through March
2017) were systematically assessed for studies, including case–control,
cross-sectional, and cohort studies, that evaluated the associations of MetS with
carotenoids and retinyl esters and retinol (vitamin A). Data Extraction: Key meas-
ures of associations were harmonized into odds ratios (ORs) and 95% confidence
intervals (95%CI) of MetS per 1 standard deviation (SD) of exposure using forest
plots and random effects models that pooled data points from 11 cross-sectional
studies. Begg’s funnel and harvest plots were constructed. Results: An inverse asso-
ciation between total carotenoids and MetS was found [ORpooled, 0.66; 95%CI,
0.56–0.78; 1 SD � 0.82 mmol/L; n ¼ 5 studies]. This association was the strongest
for b-carotene, followed by a-carotene and b-crypotoxanthin. No association was
detected between retinol and MetS (ORpooled, 1.00; 95%CI, 0.88–1.13; 1 SD � 2.14
mmol/L; n ¼ 6 studies). Publication bias was absent, and harvest plots indicated
consistency upon replication for b-carotene and total carotenoid exposures.
Conclusions: This review and meta-analysis suggests that, unlike retinol, total and
individual carotenoids were inversely related to MetS.

INTRODUCTION

The metabolic syndrome (MetS) is often defined by the
clustering of cardiometabolic abnormalities that include

anthropometric and physiological parameters with pre-
set criteria recognized by bodies such as the World

Health Organization (WHO), the National Cholesterol
Education Program–Adult Treatment Panel III

(NCEP–ATP III), and the International Diabetes

Federation (IDF).1–5

The coexistence of excess abdominal adiposity with

hyperglycemia, elevated blood pressure, lower concen-
tration of high-density lipoprotein cholesterol, and

hypertriglyceridemia ultimately increases the risk of
type 2 diabetes (T2D) and cardiovascular disease

(CVD) by 5-fold and 1.7-fold, respectively.1,2,6,7
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Thus, MetS is a major threat to public health, increasing

all-cause mortality rates, disability, and healthcare

costs,8–16 with evidence suggesting that its prevalence

has been on the rise over the past several decades.17,18

Over the years, interest has grown in modifiable lifestyle

factors that would reduce the burden of MetS, particu-

larly dietary factors and their intermediary nutritional

biomarkers.19–22 Of particular interest is the role of car-

otenoids and their conversion products (retinoids) in

adipogenesis, lipolysis, insulin resistance, and the path-

ophysiology of MetS.23

In addition, potential beneficial anti-inflammatory

and antioxidant effects have recently been ascribed to

naturally occurring plant-derived micronutrients. These

micronutrients may reduce oxidative stress triggered by

injury, which characterizes the pathogenesis of numer-

ous chronic diseases, including MetS, T2D, CVD, rheu-

matological conditions, and carcinogenesis.24 Serum

concentrations of micronutrients reflect their intake in

the diet according to recent studies.25,26 Among those

antioxidants, carotenoids have been the focus of recent

interest. Although mostly found in fruits and vegetables,

carotenoids are available in other sources, such as

bread, eggs, beverages, fats, and oils.27 Out of > 40 caro-

tenoids in the human diet, only b-carotene, a-carotene,

b-cryptoxanthin, lycopene, lutein, and zeaxanthin are

ubiquitous in human serum.27 Some observational stud-

ies showed inverse associations between carotenoids

and CVD28 and T2D,29–33 but findings were inconsis-

tent.28,34–37 The main known function of carotenoids in

humans is to serve as precursors for retinol (vitamin A),

retinaldehyde, and retinoic acid, among other retinoid

conversion products that play important roles as tran-

scriptional regulators in the visual cycle and gene regu-

lation linked to many developmental and physiological

processes.38,39

The roles of serum carotenoid and its retinoid con-

version products in the etiology of MetS have not been

systematically reviewed up to this point, particularly in

a quantitative meta-analysis. This systematic review and

meta-analysis attempts to pool, interpret, and evaluate

research evidence from the the past 20 years linking se-

rum carotenoids, retinyl esters, and retinol with the oc-

currence of MetS. This study also reviews qualitative

evidence of an association between MetS and dietary

carotenoids (Table 1).

METHODS

Search strategy

Using PubMed and Endnote version X8, a systematic

review of the literature on the association of MetS with

carotenoids and vitamin A was conducted. This search

was supplemented with a comparable search using the

Cochrane database. Original research that was pub-

lished between January 1, 1997 and March 31, 2017 was

considered; the starting date of January 1, 1997 was

chosen because MetS was rarely studied prior to 1997.

After an initial search of abstracts using combinations

of “MetS” with pertient keywords (ie, carotenoid, caro-

tene, lutein, zeaxanthin, cryptoxanthin, lycopene,

vitamin A, retinol, retinyl), retrieved papers were

assessed for relevance by review of the titles and

abstracts. Key information, such as study design, con-

textual setting, sample size, main outcome, and key

findings, was retrieved from the articles selected for re-

view. The PRISMA guidelines were followed, and the

related checklist has been provided (Appendix S1 in the

Supporting Information online).

Study identification and selection

Two independent reviewers determined whether studies

were selected for review and meta-analysis. Final inclu-

sion criteria were the following: 1) Study design was

case–control, cross-sectional, or cohort study (thus

Table 1 PICOS criteria for inclusion and exclusion of
studies
Parameters Inclusion criteria Exclusion criteria

Population General population
of adults and ado-
lescents aged >
12 y

Aged <12 y

Intervention,
prognostic
factor, or
exposure

Total or individual
levels of carote-
noids (diet or se-
rum), serum
retinol, or retinyl
esters available

Dietary intakes do
not include car-
otenoids and/or
serum level
exposures do
not include car-
otenoids, retinol
or retinyl esters

Comparison Continuous expo-
sure; z scores,
quantiles that can
be converted to z
scores

Binary exposures

Outcome Metabolic syndrome
outcome

Individual compo-
nents of the
metabolic syn-
drome were not
studied

Study design All types of observa-
tional studies
were included in
the systematic re-
view; meta-analy-
sis was done on
the most common
design (cross-
sectional studies)

Case–control and
prospective co-
hort studies
were excluded
from the meta-
analysis.
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review articles, commentaries, and basic science papers

were excluded); 2) The main outcome was MetS, pri-
marily defined using the NCEP–ATP III criteria,

though other criteria may be used. The MetS compo-

nents were described in the findings of individual stud-
ies but were not subjected to further meta-analysis.

Thus, only studies that examined MetS in relation to

the key exposures were included. 3) Only studies with

the most common study design (ie, cross-sectional)
were included in the meta-analysis. Non-English

language citations were excluded. Case–control,

cross-sectional, and cohort studies that were selected
specifically for review and potential meta-analysis are

presented in Table 2.1,18,40–52

Data extraction

Table 2 presents a summary of the studies, including

study location, participant characteristics (ie, age, sex),

study design (ie, case–control, cross-sectional, cohort),

sample size (ie, number of cases and controls, or total
sample size), type of serum exposures measured, type of

population, and quality score (Appendix S2 in the

Supporting Information online).

Meta-analysis

Focusing on data points with incident or prevalent

MetS as an outcome, a meta-analysis was conducted to
assess the strength of the association of MetS outcomes

with selected serum carotenoid (total carotenoids, and

individual carotenoids when available) and retinol
(vitamin A) and retinyl esters exposures. This analysis

was restricted to cross-sectional studies with available

data that had comparable measurements for each risk/

protective factor, thus allowing the estimation of a
pooled measure of association across those data and

studies. To have a larger number of studies that could

be included, standardized mean differences (Cohen’s
D) were also used and converted to Loge (odds ratios

[OR]), which were then reconverted to ORs with associ-

ated 95% confidence intervals (95%CIs).53 Although
this transformation was mostly applied to case–control

studies, a few of the included cross-sectional studies

underwent this transformation. In those studies, means
of serum carotenoids or retinol and retinyl esters expo-

sures were compared between MetS (MetSþ) and no

MetS (MetS�) groups, in some cases using multiple lin-
ear regression to test differences while adjusting for key

confounders. Other modifications to the ORs were

made when measurements were done on different
scales of exposure (eg, per 1 standard deviation [SD] vs

quartiles vs tertile vs per 1 unit [eg, 1 mmol/L] increase).

All ORs were converted into a single measure of

association that closely represents the effect of 1 SD in-

crease in the exposure on the risk of MetS. After con-

verting the ORs with their 95%CIs to LogeOR with its

standard error (SE), both parameters (ie, the point esti-

mate and its SE) were divided by a conversion factor. In

fact, in a normal distribution, the means of the highest

and lowest tertile lie 2.18 SDs apart; therefore, the log

ORs were divided by 2.18 to obtain log OR per SD.

Similarly, extreme quintiles effects were divided by 2.8,

and extreme quartile effects were divided by 2.54. This

approach has been adopted elsewhere.21 Finally, the

value of the SD (in mmol/L of carotenoids or retinol

[vitamin A]) was estimated as the average of SDs of

studies that were included in each analysis and was

reported in each forest plot.53

The study-specific ORs for each exposure of inter-

est were then pooled using random effects models, after

testing for heterogeneity using the I2 test.53 As such, a

summary or pooled OR was provided using forest plots

and estimated using inverse variance weighting.54

Random effects models that further incorporated

between-study variability were conducted using

DerSimonian and Laird’s methodology.54 In some

cases, where measures of association were estimated for

2 correlated exposures (eg, lutein only and zeaxanthin

only), a preliminary pooling was made to estimate the

OR for luteinþzeaxanthin versus MetS.

Harvest and funnel plots

A predefined quality score (QS) was used to assess the

quality of each included study. This QS is a modified

version of previously used scoring systems55 and was

applied in a previous meta-analysis.21 In this meta-

analysis, the QS scale included 4 items—namely, study

design, study size, outcome assessment, and adjustment

for potential confounders, each of which can be scored

from 0 to 2 in ascending order of quality. Thus, the total

QS score could range from 0 to 8. Since only 1 outcome

was studied (ie, MetS), only 1 QS was linked to each

study. Three independent assessments were made by 3

co-authors, and the average QS was determined. A con-

sensus was then achieved by the 3 co-authors after ini-

tial rating. To represent graphically the key findings

of studies for each exposure of interest, a harvest plot

was used. This plot shows the exposure-outcome

associations of interest in each study, whether they

were statistically significant, and in which direction

(�1 ¼ “inverse association”, 0 ¼ “null association”,

1 ¼ “positive association”) for each exposure against

QS, which is presented on the y-axis. At least 3 studies

were needed to create a harvest plot per hypothesized

exposure–outcome association.56,57

34 Nutrition ReviewsVR Vol. 77(1):32–45

https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuy044#supplementary-data


Ta
bl

e
2

Su
m

m
ar

y
of

st
ud

ie
s

se
le

ct
ed

fo
r

th
e

m
et

a-
an

al
ys

is
of

se
ru

m
ca

ro
te

no
id

s,
vi

ta
m

in
A

,a
nd

th
e

m
et

ab
ol

ic
sy

nd
ro

m
e,

Pu
bM

ed
an

d
Co

ch
ra

ne
da

ta
ba

se
se

ar
ch

19
97

–2
01

7
Re

fe
re

nc
es

Co
un

tr
y

St
ud

y
de

si
gn

Se
ru

m
ex

po
su

re
m

ea
su

re
(s

)
To

ta
l

sa
m

pl
e

si
ze

Fe
m

al
e,

%
Ag

e
at

ba
se

lin
e

Po
pu

la
tio

n
Q

ua
lit

y
sc

or
e

Ca
ro

te
no

id
s

on
ly

Su
gi

ur
a

et
al

(2
00

8)
40

Ja
pa

n
Cr

os
s-

se
ct

io
na

l
Ca

ro
te

ne
,r

et
in

ol
,t

oc
op

h-
er

ol
,l

yc
op

en
e,

lu
te

in
,

cr
yp

to
xa

nt
hi

n,
ze

ax
an

th
in

10
73

66
.7

30
–7

0
y

Ja
pa

ne
se

fr
om

to
w

n
of

M
ik

ka
bi

,J
ap

an
6

Co
yn

e
et

al
(2

00
9)

41
Au

st
ra

lia
Cr

os
s-

se
ct

io
na

l
To

ta
lc

ar
ot

en
oi

ds
an

d
in

di
-

vi
du

al
ca

ro
te

no
id

s
(a

-
ca

ro
te

ne
,b

-c
ar

ot
en

e,
b

-c
ry

pt
ox

an
th

in
,l

ut
ei

n,
ze

ax
an

th
in

,l
yc

op
en

e)

15
23

57
.9

�
25

y
Au

st
ra

lia
n

fr
om

Q
ue

en
sl

an
d,

Au
st

ra
lia

6

Cz
er

ni
ch

ow
et

al
(2

00
9)

42
Fr

an
ce

Ra
nd

om
iz

ed
co

n-
tr

ol
le

d
tr

ia
l

Se
ru

m
an

tio
xi

da
nt

su
pp

le
-

m
en

ts
(b

-c
ar

ot
en

e,
vi

ta
-

m
in

C,
vi

ta
m

in
E,

zi
nc

,
se

le
ni

um
)

52
20

Pl
ac

eb
o:

61
.9

In
te

rv
en

tio
n:

62
.1

Pl
ac

eb
o:

49
.0

(S
D

:
6.

2)
y

In
te

rv
en

tio
n:

49
.1

(S
D

:6
.2

)y

Fr
en

ch
po

pu
la

tio
n

8

Su
zu

ki
et

al
(2

01
1)

43
Ja

pa
n

Cr
os

s-
se

ct
io

na
l

b
-c

ry
pt

ox
an

th
in

,c
ar

ot
en

e,
ze

ax
an

th
in

,l
ut

ei
n

93
1

65
.8

39
–7

0
y

Ja
pa

ne
se

fr
om

to
w

n
of

Ya
ku

m
o,

Ja
pa

n
6

Li
u

et
al

(2
01

4)
44

Ch
in

a
Cr

os
s-

se
ct

io
na

l
To

ta
la

nd
in

di
vi

du
al

ca
ro

te
-

no
id

s,
a-

to
co

ph
er

ol
,

re
tin

ol

21
48

72
.0

50
–7

5
y

M
id

dl
e-

ag
ed

an
d

el
de

rly
Ch

in
es

e
fr

om
U

rb
an

G
ua

ng
zh

ou
,C

hi
na

4

Su
gi

ur
a

et
al

(2
01

5)
45

Ja
pa

n
Lo

ng
itu

di
na

l
co

ho
rt

Ca
ro

te
no

id
s

(lu
te

in
,l

yc
o-

pe
ne

,a
-c

ar
ot

en
e,

b-
ca

r-
ot

en
e,

cr
yp

to
xa

nt
hi

n,
ze

ax
an

th
in

)

91
0

67
.6

M
al

e:
56

.2
(S

D
:9

.7
)y

Fe
m

al
e:

54
.4

(S
D

:
9.

9)
y

Ja
pa

ne
se

fr
om

to
w

n
of

M
ik

ka
bi

,J
ap

an
7 6

H
an

et
al

(2
01

6)
46

U
SA

Cr
os

s-
se

ct
io

na
l

Se
ru

m
ly

co
pe

ne
13

19
6

52
.0

�
20

y
N

H
AN

ES
20

01
–2

00
6

Vi
ta

m
in

A
on

ly
Sh

ar
m

a
et

al
(2

00
5)

47
In

di
a

Cr
os

s-
se

ct
io

na
l

Vi
ta

m
in

A,
vi

ta
m

in
C,

an
d

vi
ta

m
in

E
54

4
N

A
D

ia
be

te
s:

62
.8

(S
D

:
12

.3
)y

Fi
rs

t-
de

gr
ee

re
la

-
tiv

es
:4

7.
6

(S
D

:
14

.2
)y

U
rb

an
In

di
an

fa
m

ili
es

2

Su
riy

ap
ro

m
et

al
(2

01
4)

48
Th

ai
la

nd
Cr

os
s-

se
ct

io
na

l
H

om
oc

ys
te

in
e,

am
yl

oi
d

A,
vi

ta
m

in
A,

an
d

vi
ta

m
in

E
40

5
10

0
58

.0
(S

D
:5

.9
)y

Po
st

m
en

op
au

sa
lT

ha
i

w
om

en
2

G
od

al
a

et
al

(2
01

6)
49

Po
la

nd
Ca

se
–c

on
tr

ol
Vi

ta
m

in
A,

vi
ta

m
in

C,
an

d
vi

ta
m

in
E

27
3

(C
as

e:
18

2
Co

nt
ro

l:
91

)

Ca
se

:5
9.

9
Co

nt
ro

l:
56

.0
Ca

se
:5

7.
3

(S
D

:8
.3

)y
Co

nt
ro

l:
57

.8
(S

D
:

5.
8)

y

St
ud

y
po

pu
la

tio
n

fr
om

Lo
dz

,P
ol

an
d

2

(c
on

tin
ue

d)

Nutrition ReviewsVR Vol. 77(1):32–45 35



Ta
bl

e
2

Co
nt

in
ue

d
Re

fe
re

nc
es

Co
un

tr
y

St
ud

y
de

si
gn

Se
ru

m
ex

po
su

re
m

ea
su

re
(s

)
To

ta
l

sa
m

pl
e

si
ze

Fe
m

al
e,

%
Ag

e
at

ba
se

lin
e

Po
pu

la
tio

n
Q

ua
lit

y
sc

or
e

Bo
th M

ol
na

re
ta

l(
20

04
)50

H
un

ga
ry

Ca
se

–c
on

tr
ol

Re
tin

ol
,t

oc
op

he
ro

l,
b

-c
ar

ot
en

e
48

33
.3

Ca
se

w
ith

M
et

S:
13

.4
(S

D
:2

.1
)y

Ca
se

w
ith

ob
es

ity
on

ly
:1

4.
4

(S
D

:2
.3

)
y,

Co
nt

ro
l:

16
.2

(S
D

:1
.1

)y

H
un

ga
ria

n
ch

ild
re

n
fr

om
Pe

cs
,H

un
ga

ry
2

Fo
rd

et
al

(2
00

3)
1

U
SA

Cr
os

s-
se

ct
io

na
l

To
ta

la
nd

in
di

vi
du

al
ca

ro
te

-
no

id
s,

re
tin

ol
,r

et
in

yl
es

te
rs

88
08

(N
ot

m
en

tio
ne

d
di

re
ct

ly
)

M
al

e
(M

et
S:

48
.2

%
,n

on
-

M
et

S:
50

.1
%

)

�
20

y
[M

et
S:

54
.3

(S
E:

0.
7)

y;
N

on
-

M
et

S:
41

.0
(S

E:
0.

4)
y]

N
H

AN
ES

19
88

–1
99

4,
a

re
p-

re
se

nt
at

iv
e

sa
m

pl
e

of
no

ni
ns

tit
ut

io
na

liz
ed

ci
vi

l-
ia

n
U

S
po

pu
la

tio
n,

m
aj

or
-

ity
w

as
w

hi
te

(M
et

S:
79

.7
%

,n
on

-M
et

S:
75

.5
%

)

7

Be
yd

ou
n

et
al

(2
01

1)
18

U
SA

Cr
os

s-
se

ct
io

na
l

To
ta

la
nd

in
di

vi
du

al
ca

ro
te

-
no

id
s,

re
tin

ol
,r

et
in

yl
es

te
rs

11
84

5
50

.7
20

–8
5

y
N

H
AN

ES
20

01
–2

00
6,

a
re

p-
re

se
nt

at
iv

e
sa

m
pl

e
of

no
ni

ns
tit

ut
io

na
liz

ed
ci

vi
l-

ia
n

U
S

po
pu

la
tio

n,
m

aj
or

-
ity

w
as

w
hi

te

7

Be
yd

ou
n

et
al

(2
01

2)
51

U
SA

Cr
os

s-
se

ct
io

na
l

To
ta

la
nd

in
di

vi
du

al
ca

ro
te

-
no

id
s,

re
tin

ol
,r

et
in

yl
es

te
rs

13
39

50
.0

12
–1

9
y

N
H

AN
ES

20
01

–2
00

6,
a

re
p-

re
se

nt
at

iv
e

sa
m

pl
e

of
no

ni
ns

tit
ut

io
na

liz
ed

ci
vi

l-
ia

n
U

S
po

pu
la

tio
n,

m
aj

or
-

ity
w

as
w

hi
te

6

Li
et

al
(2

01
3)

52
Ch

in
a

Cr
os

s-
se

ct
io

na
l

Se
ru

m
su

pe
ro

xi
de

di
sm

ut
-

as
e,

gl
ut

at
hi

on
e

pe
ro

xi
-

da
se

,m
al

on
di

al
de

hi
de

,
vi

ta
m

in
A,

vi
ta

m
in

E,
b

-c
ar

ot
en

e,
ly

co
pe

ne

55
0

61
.6

18
–6

5
y

Ch
in

es
e

fr
om

Sh
an

gh
ai

,
Ch

in
a

4

Th
e

m
et

ab
ol

ic
sy

nd
ro

m
e

w
as

de
fin

ed
ba

se
d

on
st

an
da

rd
cr

ite
ria

,u
si

ng
m

ea
su

re
d

pa
ra

m
et

er
s

in
ea

ch
st

ud
y

th
at

w
as

in
cl

ud
ed

.S
ha

de
d

st
ud

ie
s

ar
e

st
ud

ie
s

no
ti

nc
lu

de
d

in
th

e
qu

an
tit

at
iv

e
m

et
a-

an
al

ys
is

,d
ue

to
a

st
ud

y
de

si
gn

no
tc

om
pa

ra
bl

e
w

ith
cr

os
s-

se
ct

io
na

ls
tu

di
es

(e
g,

co
ho

rt
,c

as
e–

co
nt

ro
l,

an
d

ra
nd

om
iz

ed
co

nt
ro

lle
d

tr
ia

l).
Ab

br
ev

ia
tio

ns
:N

A,
no

ta
va

ila
bl

e;
SD

,s
ta

nd
ar

d
de

vi
at

io
n;

SE
,s

ta
nd

ar
d

er
ro

r;
M

et
S,

m
et

ab
ol

ic
sy

nd
ro

m
e;

N
H

AN
ES

,N
at

io
na

lH
ea

lth
an

d
N

ut
rit

io
n

Ex
am

in
at

io
n

Su
rv

ey
s.

36 Nutrition ReviewsVR Vol. 77(1):32–45



Finally, in order to examine publication bias, Begg’s

funnel plots were used; each OR point estimate was plotted

against the corresponding SE for each study on a logarith-

mic scale,58 combining all exposures (eg, carotenoid and

vitamin A exposures). This type of bias was also formally

tested using the Begg-adjusted rank correlation tests59 and

the Egger’s regression asymmetry test.60 All analyses were

conducted with STATA 14.0 (StataCorp, College Station,

TX, USA), using a suite of meta-analysis commands.61

Type I error was set at 0.05 for all measures of association.

RESULTS

Study selection

Figure 1 provides a flow diagram of the literature search

process, showing the main reasons for exclusion and

the final number of studies included for each type of

meta-analysis or literature review. Of 332 unduplicated

titles and abstracts published between 1997 and 2017

and found through the PubMed search, 41 published

original epidemiological studies were considered for re-

view and/or meta-analysis. Of these, 12 were used for

the meta-analysis of serum carotenoids versus

MetS1,18,40–46,50–52 and 8 were used for the meta-

analysis of serum vitamin A (or retinol/retinyl esters)

versus MetS1,18,47–52; 5 studies examined both vitamin A

and carotenoid exposures. Thus, 15 case–control, cross-

sectional, and prospective cohort studies were poten-

tially included in the meta-analysis. Of these, only 11

cross-sectional studies (ie, the most common study de-

sign) were included in the final meta-analysis. Of the 41

unduplicated citations that were selected for review or

meta-analysis, those investigating the association be-

tween dietary carotenoids/vitamin A or related dietary
patterns (eg, fruit juices) and MetS (n ¼ 18) were

reviewed and summarized without further meta-

analysis.45–49,61–73 Moreover, because meta-analysis was

reserved for the cross-sectional studies, the case–

control, cohort, and randomized controlled trial studies

that examined serum concentrations of retinol and car-

otenoids in relation to MetS (n ¼ 4) were only de-

scribed qualitatively. The Cochrane database search did

not contribute any additional studies.

Studies of the associations of serum retinol
(vitamin A) and carotenoids with the metabolic
syndrome: a qualitative review

Among the 15 studies that were selected for this review,

2 were case–control studies,49,50 11 had a cross-sectional

design,1,18,40,41,43,44,46–48,51,52 and 2 were longitudinal

studies or randomized controlled trial studies.42,45

Among case–control studies, Godala et al examined the

association among serum vitamins A, C, and E and MetS

after selecting 182 cases matched with 91 controls, with a
mean age of approximately 58 years. All 3 vitamin con-

centrations were found to be lower among MetS cases
than controls.49 Another smaller case–control study

found that both absolute and serum b-carotene levels
corrected for plasma lipids (cholesterol þ triglyceride)
were significantly (P < 0.05) lower in obese children

with MetS compared with controls who were non-MetS
and nonobese, with a similar trend observed for

vitamin E and total antioxidant status.50 Among cross-
sectional studies, 4 recent studies were conducted using

the National Health and Nutrition Survey data from
1988–1994 to 2001–2006.1,18,46,51 Three of the 4 studies

concluded that adults with the MetS have suboptimal
concentrations of several antioxidants, including serum

total carotenoids and b-carotene. The most recent study,
which examined effect modification by adiposity mea-

sured with weight and height, suggested that body mass
index may act as an effect modifier in the association be-

tween lycopene and MetS.46 Results from studies suggest
that visceral adiposity, a cardinal component of MetS,

may contribute to excess RBP4 and serum retinol in
obese children, which may explain the direct correlation

between serum retinol and MetS in this population and
confirms the inverse association for lipid-corrected b-

carotene.62 Results from other studies suggest that,
among adolescents, serum retinol was positively associ-

ated with MetS, though no association was detected in
the case of most carotenoids.51 Furthermore, 2 of 3 stud-

ies that examined serum retinyl esters as a key exposure
found an inverse association with MetS among adults,1,18

whereas the third study, which was conducted among
adolescents, did not detect a relationship.51 Overall, 5

cross-sectional studies examined total carotenoids in re-
lation to MetS,1,18,41,44,51 4 of which found an inverse re-

lationship.1,18,41,44 In the most recent such study,44 which
was conducted among 2148 adults in China aged 50–75

years, a dose–response inverse relationships between in-
dividual serum carotenoid concentrations and total caro-
tenoids and the prevalence of the MetS was found after

adjusting for potential confounders (P for trend <

0.001). Specifically, the ORs of the MetS for the highest

(vs lowest) quartile were 0.31 (95%CI, 0.20–0.47) for
alpha-carotene, 0.23 (95%CI, 0.15–0.36) for b-carotene,

0.44 (95%CI, 0.29–0.67) for b-cryptoxanthin, 0.39
(95%CI, 0.26–0.58) for lycopene, 0.28 (95%CI, 0.18–0.44)

for luteinþzeaxanthin, and 0.19 (95%CI, 0.12–0.30) for
total carotenoids. In contrast with carotenoids, serum

retinol (vitamin A) was not associated with MetS in most
selected cross-sectional studies, particularly those con-

ducted among adults.1,18,47,48,52

One longitudinal study of 910 middle-aged and

older adults in Japan45 examined the association
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between baseline serum carotenoids and incident MetS.

After adjustments for confounders, the hazard ratio

(HR) for the MetS in the highest tertile of serum b-car-

otene compared with the lowest tertile was 0.47

(95%CI, 0.23–0.95), a relationship mostly driven by the

dyslipidemia components of MetS. Within a random-

ized controlled trial conducted among French adults

(SU.VI.MAX),42 it was found that antioxidant supple-

mentation for 7.5 years did not affect the risk of MetS.

Nevertheless, baseline serum antioxidant concentra-

tions of b-carotene and vitamin C were inversely associ-

ated with the risk of MetS with adjusted ORs for the

highest compared with the lowest tertile of 0.34 (95%CI,

0.21–0.53; P for trend ¼ 0.0002) and 0.53 (95%CI, 0.35–

0.80; P for trend ¼ 0.01), respectively.

Studies of dietary carotenoids’ association with the
metabolic syndrome: a qualitative review

Many studies have corroborated these findings using di-

etary exposures rather than serum levels of carotenoids,

although others have not.42,49,63–70 For instance, a case–

control study of 49 MetS cases and 94 non-MetS con-

trols suggested that intake of b-carotene was signifi-
cantly higher among non-MetS controls (mean 6 SD,

3832 6 1731 mg/d in non-MetS vs 2967 6 1953 mg/d
among MetS cases; P ¼ 0.026), with no differences

detected in terms of vitamin A intakes.63 One of the key
studies examining this research question surveyed 374

men aged 40–80 years in the Netherlands and found
that MetS had a 22% prevalence overall. More impor-

tant, there was an inverse association between higher
total carotenoid intake and the presence of MetS, with a

multivariate-adjusted relative risk of highest versus
lowest quartile of 0.42 (95%CI, 0.20–0.87). Although

b-cryptoxanthin, lutein, and zeaxanthin were not asso-
ciated with MetS, a clear dose–response association was

retained in the multivariate model with lycopene quar-
tile as the predictor of MetS. This dose–response was

only observed for a- and b- carotene quartiles in age-
adjusted models for MetS.70 Nevertheless, another study

found no significant association between carotenoid
intake and MetS in a large sample of adults in China

(n ¼ 2069; n ¼ 1109 males; 17% MetS prevalence).65 In
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addition to an inverse relationship between serum b-

carotene and MetS among adults in France who partici-

pated in a randomized placebo-controlled trial

(SU.VI.MAX), antioxidant supplementation was in-

versely related to MetS incidence after a follow-up time

of 7.5 years.42

Meta-analysis

Studies selected for the meta-analysis (n ¼ 11) were

published between 2003 and 2016 (mean6SD, 2010 6

4), with 4 of the studies conducted in the United States,

2 in Japan, 2 in China, 1 in India, 1 in Thailand, and 1

in Australia (Table 2). Ten studies included adults of

varying age ranges, whereas 1 included adolescents.

Moreover, 6 studies had a balanced male/female com-

position, whereas the remaining 5 were all/mostly

female. The cumulative sample of studies included in

this meta-analysis consisted of 29 673 participants, with

a mean 6 SD of 2697 6 4283 participants per study.

Finally, mean QS with its SD was 5.5 6 1.9 (range, 2–

7), indicating a relatively good quality set of studies,

given that the maximum score is 8.

In total, measures of the association of serum reti-

nol and/or retinyl esters with MetS from 6 studies were

pooled. The pooled findings indicated that there was no

detectable association between serum retinol concentra-

tion and MetS occurrence (OR, 1.00; 95%CI, 0.88–1.13;

1 SD � 2.47 mmol/L; n ¼ 6 studies; I2 ¼ 35.3%),

whereas, based on data points from 3 studies, serum

retinyl esters were shown to have an inverse relation-

ship with the odds of MetS (OR, 0.85; 95%CI, 0.85–91;

1 SD � 0.19 mmol/L; I2 ¼ 0.0%) (Figure 2A and B). The

corresponding results in terms of Cohen’s D and its
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Figure 2 Forest plot of odds ratios with 95% confidence intervals of the association between serum vitamin A [per standard devia-
tion of (A) retinol1,18,47,48,51,52 or (B) retinyl ester1,18,51] and the metabolic syndrome, 1997–2017. A, One standard deviation of retinol
was estimated on average at 2.14 mmol/L with a standard error of 1.32; B, One standard deviation of retinyl esters was estimated on average
at 0.19 mmol/L with a standard error of 0.12.
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95%CI are presented in Figures S1A and B in the

Supporting Information online.
In total, measures of association from 11 studies on

serum total and/or individual carotenoids in relation to
MetS were pooled. Figure 3A shows a clear net inverse

association between serum total carotenoids and MetS,
with a pooled OR of 0.66 (95%CI, 0.56–0.78; 1 SD �
0.82 mmol/L change; n ¼ 5 studies; I2 ¼ 76.2%) (see
Figure S1C in the Supporting Information online for

Cohen’s D pooled effect size). This inverse association
was also noted for all individual carotenoids, with b-

carotene showing the strongest putative protective ef-

fect, followed by a-carotene and b-crypotoxanthin
(Figure 3B–F).

Begg’s funnel plot (Figure S2 in the Supporting
Information online) indicated that most of the 55 data

points fell within the expected confidence limits when
plotting Loge(OR) against its SE. In particular, Begg’s

test indicated no publication bias, with z ¼ 0.12 and as-
sociated P value of 0.91, although Egger’s test indicated

asymmetry whereby Loge(OR)s were inversely related
to their SEs in terms of slope. Moreover, inverse rela-

tionships between exposures and outcomes tended to
be found in studies with larger variability in exposure

and/or smaller sample sizes. In terms of bias, most
Loge(OR)s suggested an inverse relationship between

exposure and outcome, as expected in most hypothe-

sized associations.
Harvest plots examining each individual carotenoid

exposure are presented in Figure S3A–F in the
Supporting Information online, plotting qualitative

findings (�1 ¼ “inverse association,” 0 ¼ “null
association,” and 1 ¼ “positive association”) against

study-level QS.56,57 Based on the clustering of findings,
an inverse association between serum b-carotene and

MetS appears to yield the most convincing evidence,
with a mean QS of 6.1 (range, 4–7) and a total of 8 data

points.

DISCUSSION

To the authors’ knowledge, this is the first review and

meta-analysis to comprehensively assess the relation-
ship of serum retinol (vitamin A), retinyl esters, and

carotenoids with the clustering of cardiometabolic risk
factors known as the metabolic syndrome (MetS).

Among the key findings of this meta-analysis is the
strong inverse associations of serum total carotenoids

and b-carotene with MetS occurrence; these associa-

tions yield the most convincing evidence that consum-
ing a diet rich in mixed carotenoids may be beneficial

to cardio-metabolic health. With no indication of publi-
cation bias, harvest plots suggested the most consistency

upon replication for serum b-carotene exposure.

Emerging evidence suggests that there is much to

be learned about carotenoids and their conversion
products in regards to a specific relationship with

cardiometabolic risk factors.71 This meta-analysis syn-
thesized some of the key related findings in the litera-

ture, indicating that serum total carotenoids, as well as
b-carotene, may be cardioprotective. The failure of
recent randomized control trials to show a beneficial

effect of b-carotene supplements by themselves in pre-
venting MetS may be explained in part by the fact that

multiple antioxidants contained in natural fruits and
vegetables may interact to increase the level of each

carotenoid in serum. In fact, a previous study indicated
that total antioxidant capacity was an independent

predictor of b-carotene level.72 Although retinol
(vitamin A) was previously found to have an inverse

relationship with C-reactive protein, a measure of non-
specific inflammation often linked to poor cardiometa-

bolic health,18,73 it was not associated with MetS itself
based on this current meta-analysis.

Moreover, it is suggested that individuals with
MetS have elevated oxidative stress markers, such as

singleton oxygen and peroxyl molecules,74,75 leading to
increased requirements for antioxidants, including pro-

vitamin A carotenoids. Noteworthy is the large interin-
dividual variation in the conversion of b-carotene to its

retinoid metabolites, whereby 35%–75% of the absorbed
b-carotene is converted to retinyl esters in the intestinal

cells.76,77 Nevertheless, a similar inverse association was
found between total carotenoids and retinyl esters with

MetS, suggesting low exposure, mainly based on 2 large
cross-sectional national studies of adults.1,18 Further

longitudinal studies are needed to examine these rela-
tionships and ascertain temporality.

Despite limited data, this meta-analysis confirms a
putative beneficial role of higher serum carotenoid in

the regulation of the clustering of cardiometabolic risk
factors associated with MetS. The role of retinol

remains controversial and needs further inquiry.
Although there are a host of factors that explain interin-
dividual variability and carotenoid bioavailability in

humans, these data suggest that carotenoids may play
an essential role in adipose tissue biology, including the

control of adipogenesis, oxidative stress, and the pro-
duction of adipokines and inflammatory mediators

that affect the distribution of central adiposity and
the occurrence of insulin resistance.62,78–81 Because

b-carotene intake in a typical Western diet can be as
low as 1–5 mg/day from natural dietary sources, these

data argue for establishing a recommended daily intake,
which may be useful in preventing cardiometabolic

disease.
This study has many strengths. First, this systematic

review of the literature is, to the authors’ knowledge,
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one of few to have examined a wide range of vitamin A

and carotenoid biomarkers and their relationships with

MetS through meta-analysis. Second, a validated quality

scoring system was used as a tool to examine the pro-

portion of positive versus negative results according to

quality of data. However, the study results should be inter-

preted with caution in light of several limitations. First,

specific key terms were used to perform the literature

search, but a search for cross-references or unpublished

studies (abstracts, conference papers, theses, and disserta-

tions) was not done. Second, the meta-analytic part of the

study included serum concentrations of vitamin A and

carotenoids as key exposures, whereas the qualitative part

only included the related dietary exposures. Third, evi-

dence was mostly generated from observational studies,

with a focus on cross-sectional studies for the meta-

analysis, which precludes one’s ability to confirm causality.

Fourth, the associations reported in this study may be

confounded by other carotenoids, nutrients, and lifestyle

factors that have been shown to affect the risk of MetS.

Nevertheless, many of the larger cross-sectional studies

that were included in this meta-analysis controlled for a

wide array of potentially confounding factors (eg, Ford et

al,1 Beydoun et al,18 and Beydoun et al51). Finally, publica-

tion bias cannot be ruled out as an explanation for these

study results, and heterogeneity among studies was found

in many of the pooled findings, potentially explained by

variations in unmeasured genetic factors, among others.

CONCLUSION

In sum, it is clear from previous studies that oxidative

stress is associated with incidence of T2D and cardio-

vascular mortality and morbidity.82 This meta-analysis

summarized the accumulating evidence that a higher

level of oxidative stress also accompanies obesity-

related disorders, which may be the causative agent be-

hind further complications related to MetS, including

the development of atherosclerosis. Serum levels of car-

otenoids, particularly a- and b-carotene, as well as ret-

inyl esters, were inversely associated with MetS,

whereas no statistically significant net association was

found between serum retinol and the occurrence of

MetS in the general population. Moreover, future inter-

vention studies and randomized controlled trials related

to dietary and lifestyle changes must be conducted to

assess the utility of modifying serum concentrations of

antioxidants, especially carotenoids, given their subopti-

mal levels among adults in the United States with MetS,

for the prevention of T2D and various cardiovascular

endpoints. Thus, establishing an adequate recom-

mended daily intake and desirable serum levels of these

compounds may be beneficial in future studies.
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