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Abstract
Several studies have suggested that higher carotenoid levels may be beneficial for atherosclerosis patients, but few studies have examined this
relationship in the Chinese population. This cross-sectional study examined the association between the levels of carotenoids in diet and serum
and carotid intima–media thickness (IMT) in Chinese adults aged 50–75 years in Guangzhou, China. Dietary intake was assessed using a FFQ.
HPLC was used to assay the serum concentrations of α-carotene, β-carotene, lutein + zeaxanthin, β-cryptoxanthin and lycopene. The IMT at the
common carotid artery (CCA) and bifurcation of the carotid artery was measured by B-mode ultrasound. A total of 3707 and 2947 participants were
included in the analyses of dietary and serum carotenoids. After adjustment for demographic, socio-economic and lifestyle factors, all the serum
carotenoids levels except lycopene were found to be inversely associated with the IMT at the CCA and bifurcation (Ptrend< 0·001 to 0·013) in both
men and women. The absolute mean differences in the IMT between the subjects in the extreme quartiles of serum carotenoid levels were
0·034mm (α-carotene), 0·037mm (β-carotene), 0·032mm (lutein+ zeaxanthin), 0·030mm (β-cryptoxanthin), 0·015mm (lycopene) and 0·035mm
(total carotenoids) at the CCA; the corresponding values were 0·025, 0·053 0·043, 0·050, 0·011 and 0·042mm at the bifurcation. The favourable
associations were also observed between dietary carotenoids (except lycopene) and the CCA IMT. In conclusion, elevated carotenoid levels in diet
and serum are associated with lower carotid IMT values (particular at the CCA) in Chinese adults.
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CVD are the leading worldwide causes of mortality and morbid-
ity(1). In China, nearly three million people died of CVD in 2012,
accounting for 51% of all deaths(2). The prevention of athero-
sclerosis is one of the major contemporary challenges in the primary
prevention of CVD(3). Oxidative stress and inflammatory reactions
play important roles in the development of atherosclerosis(4,5).
Carotenoids, which are abundant in many fruits and vege-

tables, are fat-soluble and antioxidant phytochemicals that
efficiently quench singlet oxygen and free radicals(6). In vitro
studies suggest that carotenoids can inhibit the production
of reactive oxygen species and the oxidative damaging activities
of oxidised LDL involved in the development of athero-
sclerosis(7,8). A 7-year follow-up study in 840 middle-aged men
in Finland suggested that high serum concentrations of lyco-
pene, α-carotene and β-carotene may exert a protective effect
against early atherosclerosis(9). In Asia, Ito et al.(10) found that
high serum levels of carotenoids, such as α- and β-carotenes
and lycopene, were associated with lower levels of cardio-
vascular mortality in a 2-year follow-up study of 1190 men and

1871 women in Japan. Similar results were found in other
studies(6,8,11,12); however, the associations may have varied
among different carotenoids in these studies. Zou et al.(6) and
Koh et al.(12) found that lutein and β-cryptoxanthin were
protective and that α-carotene, β-carotene and lycopene were
not; these findings differ from those of other studies(7,9,10,13).
Because the serum concentrations of carotenoids and the
predominant types of carotenoids among various populations
vary greatly owing to their differing dietary patterns(8,10,12),
the associations found in other populations may not be
generalisable to the Chinese population. Few studies have
examined and compared the associations between the levels of
various circulating carotenoids and early atherosclerosis or CVD
in the Chinese population (all n< 1000 subjects)(6,12,14). In
addition, most of the studies did not adjust for dietary factors,
such as the content of energy, fibre, fat and cholesterol, which
might be associated with both serum carotenoid levels
and the severity of atherosclerosis or CVD(15–18). Moreover,
although previously conducted clinical trials showed that
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supplementation with β-carotene may increase the risk of CVD
death(19), the supplemental doses were much larger than the
levels of dietary intake in the study population. Therefore, the
effect of carotenoids under daily condition is inconclusive. Further
study is needed to assess the associations between the levels of
carotenoids and early atherosclerosis in Chinese people.
Given that the intima–media thickness (IMT) of the carotid

artery is a sensitive and non-invasive surrogate for CVD and a
mechanistic marker of subclinical atherosclerosis(20), we per-
formed this cross-sectional study to examine the hypothesis that
higher serum levels of individual and total carotenoids would
be beneficial to early atherosclerosis as measured by the carotid
IMT in a middle-aged and elderly Chinese population.

Methods

In this cross-sectional study with a convenience sample for the
Guangzhou Nutrition & Health Study, 3169 subjects between
50 and 75 years of age were recruited by means of
advertisements, health talks and referrals from communities in
Guangzhou, China, between October 2008 and June 2010. The
participants were required to have lived in Guangzhou for at
least 5 years. We excluded participants who reported confirmed
diagnoses of cancer, CHD, diabetes, renal failure, stroke,
Alzheimer’s disease or dementia. In addition, 801 participants
were newly recruited using the same selection criteria and
recruitment methods between February 2013 and August 2013.
Finally, 3707 (1171 men and 2536 women) and 2947 (934 men
and 2013 women) participants were included in the analyses of
dietary and blood carotenoids (Fig. 1). The study protocol was

approved by the Medical Ethics Committee of Sun Yat-sen
University, and written informed consent was obtained from all
participants.

Data collection

Measurements of serum carotenoids. Venous blood samples
of the enrolled participants were collected after overnight fast-
ing separately. Serum was separated after centrifugation at
4°C within 2 h and stored at −80°C until analysis. Reversed-
phase HPLC was used to assay the levels of α-carotene,
β-carotene, β-cryptoxanthin, lycopene and lutein/zeaxanthin
following the method of Burri et al.(21) by the same researchers
between 2012 and 2014. First, 200 μl of each serum sample was
mixed with 500 μl of ethanol-butylated hydroxytoluene solution
containing α-tocopherol acetate as the internal standard.
The hexane layer was separated, and the residue was dissolved
in 200 μl of mobile phase B (acetonitrile–methanol–
tetrahydrofuran–ammonium acetate 55:35:5:5, v/v). We detec-
ted peaks at wavelengths of 450 nm for the carotenoids with a
Waters 2998 diode-array detector (Waters). The combined
concentration of lutein and zeaxanthin was used for these
analyses. The day-to-day CV were approximately 7·8% for
α-carotene, 8·6% for β-carotene, 9·7% for β-cryptoxanthin,
10·6% for lycopene and 8·0% for lutein + zeaxanthin.

Intima–media thickness assessment. The IMT was measured
bilaterally at the far wall of the artery by using a high-resolution
7·0- to 12·0-MHz linear-array transducer system (Aplio; Toshiba)
using a predetermined, standardised scanning protocol
according to relevant guidelines(22). We determined the IMT
values of two 10-mm segments: the distal segment of the
common carotid artery (CCA) and the bifurcation segment(23).
The wall thickness was measured manually with computer
assistance using electronic callipers. B-mode images were
recorded by professionals who were blinded to the identity of
the subject and to all other study parameters. The site-specific
reliability coefficients based on tests and retests in ninety-one
randomly selected subjects on the same day were 0·72 and 0·68
for the mean carotid IMT at the far wall of the CCA and the
carotid bifurcation segment, respectively. In our analysis, the
IMT were calculated as the mean values from the right and
left sides(24).

Assessment of covariates. The face-to-face interviews were
conducted by trained interviewers using a structured
questionnaire. Information was collected on the participants’
socio-demographic characteristics, medications, lifestyle factors,
history of disease, menopausal status (for women), dietary
intake and physical activity. Physical activity was estimated
using a nineteen-item physical activity questionnaire. The par-
ticipants’ usual dietary intake was assessed with a validated
quantitative FFQ that included seventy-nine items(25). Their
daily intake of energy and nutrients was calculated on the basis
of the Chinese Food Composition Table 2004(26).

The BMI was calculated as the participant’s weight in kg
divided by the square of his or her height in m. Two con-
secutive blood pressure measurements were taken from the
left arm, and the mean was used for subsequent analyses.

3169 Subjects recruited
October 2008 to June 2010

801 New subjects recruited
February to August 2013

3970 Subjects in total

263 Excluded due to missing
17 Dietary data
246 IMT data

3707 Included in dietary data analysis
(1171 men and 2536 women)

760 Excluded due to missing
serum carotenoids

2947 Included in serum data analysis
(934 men and 2013 women)

Fig. 1. Flow diagram of subject selection. IMT, intima–media thickness.
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Venous blood samples were collected after overnight fasting.
The serum levels of total cholesterol, TAG, LDL-cholesterol,
HDL-cholesterol and fasting blood glucose were measured.
A detailed description of the measurement methods was
published previously(24).

Statistical analysis

The data from men and women were analysed both collectively
and separately. Logarithmic transformation was used for the
energy intake, and square root transformation was applied to
the other dietary factors. The comparisons between men and
women were performed with t tests for continuous variables
and χ2 tests for categorical variables. Total energy intake was
adjusted for other dietary intakes of foods, nutrients and
carotenoids before further analyses by using the residual
method. The subjects were classified into quartiles according to
their serum carotenoid concentrations or dietary consumptions
of carotenoids. Univariate and multivariate analyses of variance
were used to compare the mean IMT among the subjects in the
serum or dietary carotenoid concentration quartiles. In the
multivariate ANCOVA, adjustments were made for age, BMI,
education level, family income, alcohol consumption, smoking
status, level of physical activity and dietary intake of energy,
and energy-adjusted intakes of total fat, saturated fatty acids,
ratio of unsaturated fat to saturated fat, cholesterol and fibre.
We further adjusted for blood pressure and plasma lipid level to
determine the extent to which these intermediate variables
could explain the association between carotenoid levels and the
IMT(27). The Bonferroni test was used to adjust for multiple
comparisons in the pair-wise comparisons. Percentage mean
difference was calculated as ‘(Q4−Q1)/Q1× 100%’. We per-
formed interaction analyses between the serum carotenoid
concentration quartiles and the demographic and socio-
economic factors (age, sex, education level, household
income, smoking and use of alcohol; α= 0·05 divided by the
number of tests). The analyses were performed with SPSS 17.0
for Windows (SPSS, Inc.). Statistical significance was inferred for
two-tailed P values of <0·05.

Results

Characteristics of the study participants

A total of 2947 participants (934 men and 2013 women) com-
pleted blood carotenoid measurements, dietary survey and
carotid IMT tests were included in the serum carotenoid
analysis. The characteristics of the participants are shown in
Table 1. The mean age was 57·6 (SD 5·7) years for women and
60·6 (SD 6·6) years for the men. The IMT at the two studied sites
was higher in men than in women (P< 0·001). Women had
higher values of dietary intake of fibre, fat and cholesterol;
higher serum levels of HDL-cholesterol, LDL-cholesterol and
serum carotenoids; and lower TAG and fasting glucose con-
centrations than the men.
The 3707 (1171 men and 2536 women) participants with

dietary data and IMT data were included in the analysis of
association between dietary carotenoid consumption and

carotid IMT values. The mean values of carotenoids intakes of
total participants were 1·31mg/d for α-carotene, 7·55mg/d for
β-carotene, 6·23mg/d for lutein + zeaxanthin, 0·13mg/d for
β-cryptoxanthin 1·69mg/d for lycopene and 16·87mg/d for them
combined in the total subjects (online Supplementary Table S1).
The main food sources of dietary total carotenoids were dark
green vegetables (44·7%), carrots, peppers and tomatoes
(21·2%), vegetable melons, eggplant and radish (20·2%), and
total fruit (7·89%) (online Supplementary Table S2).

Interaction analyses

We explored the interaction between the serum carotenoid
concentration quartiles and the demographic and socio-
economic factors (age, sex, education level, household
income, smoking and use of alcohol) on the IMT levels. No
significant interactions were found after adjusting for number of
interaction analyses (Pinteraction range: 0·033 to 0·960; α= 0·05/
36 tests) (online Supplementary Table S3). In the main text, we
presented the results only in the combined sample of men
and women.

The association between serum carotenoids and carotid
intima–media thickness

Overall, we observed an inverse, dose-dependent association
between the serum carotenoid concentrations and the mean
IMT of each segment in both the univariate and multi-variable
analyses of the whole sample (Table 2). In the univariate ana-
lysis, the means of carotid IMT in quartile 4 of serum carotenoid
concentrations were 0·041–0·068mm lower for CCA IMT and
0·038–0·086mm lower for BIF IMT than those of quartile 1 (all
Pdifferences and Ptrends < 0·001). After adjustment for demo-
graphic, socio-economic and lifestyle factors, the favourable
associations of all of the studied carotenoids (except for lyco-
pene) remained to be significant at the CCA and at the bifur-
cation segment (P< 0·001 to 0·013). The absolute mean
differences in the IMT of the CCA between the participants in
the extreme quartiles of serum carotenoid concentrations were
0·034mm (α-carotene), 0·037mm (β-carotene), 0·032mm
(lutein + zeaxanthin), 0·030mm (β-cryptoxanthin), 0·015mm
(lycopene) and 0·035mm (total carotenoids); the corresponding
values of the mean differences in the IMT at the bifurcation
segment were 0·025, 0·053, 0·043, 0·050, 0·011 and 0·042mm,
respectively, for the above carotenoids. Similar results were
revealed after further adjustment for blood pressure, glucose
and lipid levels (online Supplementary Table S4). Among the
studied carotenoids, β-carotene had the strongest association,
followed by total carotenoids, lutein + zeaxanthin, α-carotene
and β-cryptoxanthin, whereas lycopene had the weakest
association.

The association between dietary carotenoids and
intima–media thickness

We also explored the associations between dietary intake of the
carotenoids and the IMT values (Table 3). Significant beneficial

592 C. Wang et al.

https://doi.org/10.1017/S0007114517003932  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114517003932


associations were observed at the CCA IMT in both the uni-
variate and multivariate models (except for lycopene), although
the associations of dietary carotenoids tended to be attenuated

as compared with those of serum carotenoids. However, no
significant associations were found at the BIF IMT for all studied
dietary carotenoids (all Pdifference and Ptrend> 0·05).

Table 1. Characteristics of the study participants
(Mean values and standard deviations; numbers and percentages)

Women Men Total

Characteristics Mean SD Mean SD Mean SD

n 2013 934 2947
Age (years) 57·6 5·7 60·6‡ 6·6 58·6 6·2
BMI (kg/m2) 23·1 3·1 23·7‡ 2·9 23·3 3·1
Waist circumference (cm) 81·9 8·9 86·1‡ 8·6 83·3 9
Systolic blood pressure (mmHg) 122·9 17·6 126·7‡ 17·8 124·1 17·7
Diastolic blood pressure (mmHg) 76·4 10·4 79·5‡ 10·8 77·4 10·6
Education

≤6 years
n 157 47‡ 204
% 7·8 5·0 6·9

6–12 years
n 1419 565 1984
% 70·6 60·6 67·4

>12 years
n 434 321 755
% 21·6 34·4 25·7

Family monthly income (Yuan/person)
<1500
n 555 220‡ 775
% 27·7 23·7 26·4

1500–3000
n 919 406 1325
% 45·8 43·7 45·1

>3000
n 531 304 835
% 26·5 32·7 28·4

Alcohol drinker
n 50 152‡ 202
% 2·5 16·3 6·9

Smoker
n 6 464‡ 470
% 0·3 49·8 16·0

Physical activities (MET·h/d) 24·3 6·1 23·7 7·0† 24·1 6·4
Dietary intakes

Energy (kJ/d) 7393 2088 8401 2385 7715 2234
Energy (kcal/d) 1767 499 2008‡ 570 1844 534
Fat (g/d) 46·6 10·5 43·9‡ 10·1 45·7 10·5
Fibre (g/d) 11·5 3·5 10·2‡ 3·0 11·1 3·4
Cholesterol (mg/d) 393 178 371‡ 161 386 173
SFA (g/d) 12·9 3·5 12·1‡ 3·3 12·6 3·5
(MUFA+PUFA)/SFA 2·24 0·38 2·27 0·34 2·25 0·37
Total vegetable and fruit (g/d) 532 279 495‡ 270 520 277

Biochemical indicators (mmol/l)
Total cholesterol 5·65 1·11 5·24‡ 1·04 5·52 1·1
LDL-cholesterol 3·65 0·92 3·42‡ 0·86 3·58 0·91
HDL-cholesterol 1·46 0·34 1·27‡ 0·31 1·40 0·34
TAG 1·54 1·22 1·66† 1·40 1·58 1·28
Fasting glucose 4·80 1·03 5·05‡ 1·17 4·88 1·09

Carotenoids (μmol/l)
α-Carotene 0·078 0·060 0·064‡ 0·048 0·073 0·057
β-Carotene 0·590 0·391 0·404‡ 0·301 0·531 0·375
Lutein + zeaxanthin 0·707 0·351 0·637‡ 0·318 0·684 0·343
β-Cryptoxanthin 0·178 0·153 0·123‡ 0·102 0·161 0·141
Lycopene 0·200 0·132 0·161‡ 0·117 0·188 0·129
Total carotenoids 1·754 0·818 1·390‡ 0·667 1·638 0·791

Carotid IMT (mm)
CCA 0·685 0·130 0·746‡ 0·172 0·704 0·148
BIF 0·889 0·199 0·980‡ 0·226 0·918 0·212

MET, metabolic equivalent; IMT, intima–media thickness; CCA, common carotid artery segment; BIF, bifurcation segment.
Difference between sex groups: † P<0·05; ‡ P< 0·01.
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Table 2. Comparison of the mean intima–media thickness (mm) at the common carotid artery segment (CCA) and bifurcation segment (BIF) among
quartiles (Q) of serum carotenoid concentrations (n 2947, 934 men and 2013 women)
(Mean values and standard deviations; mean values with their standard errors)

Quartiles by each carotenoid

Q1 Q2 Q3 Q4 (highest)

Variables Mean SD Mean SD Mean SD Mean SD Diff. (mm) %Diff. (%) Pdifference Ptrend

α-Carotene
Median (μmol/l) 0·015 0·028 0·042 0·076
CCA, M1* 0·729 0·179 0·708† 0·137 0·696‡ 0·142 0·684‡§§ 0·123 −0·045 −6·17 <0·001 <0·001
CCA, M2|| −0·034 −4·70 <0·001 <0·001
Mean 0·724 0·707 0·699‡ 0·690‡
SEM 0·005 0·005 0·005 0·005

BIF, M1* 0·938 0·206 0·923 0·231 0·912 0·213 0·900‡ 0·195 −0·038 −4·05 0·005 <0·001
BIF, M2|| −0·025 −2·69 0·118 0·013
Mean 0·931 0·918 0·915 0·906
SEM 0·007 0·007 0·007 0·007

β-Carotene
Median (μmol/l) 0·192 0·384 0·629 1·126
CCA, M1* 0·738 0·149 0·709‡ 0·172 0·701‡ 0·134 0·670‡§§ 0·123 −0·068 −9·21 <0·001 <0·001
CCA, M2|| −0·037 −5·12 <0·001 <0·001
Mean 0·722 0·708 0·705 0·685‡§
SEM 0·005 0·005 0·005 0·005

BIF, M1* 0·962‡ 0·221 0·922‡ 0·212 0·912‡ 0·204 0·876‡§§ 0·202 −0·086 −8·94 <0·001 <0·001
BIF, M2|| −0·053 −5·63 <0·001 <0·001
Mean 0·941 0·920 0·920 0·888‡§
SEM 0·007 0·007 0·007 0·007

Lutein + zeaxanthin
Median (μmol/l) 0·231 0·366 0·513 0·756
CCA, M1* 0·725 0·143 0·714 0·175 0·702† 0·138 0·676‡§§ 0·126 −0·049 −6·76 <0·001 <0·001
CCA, M2|| −0·032 −4·46 <0·001 <0·001
Mean 0·717 0·712 0·705 0·685‡§§
SEM 0·005 0·005 0·005 0·005

BIF, M1* 0·948 0·212 0·924 0·213 0·907‡ 0·193 0·892‡§ 0·225 −0·056 −5·91 <0·001 <0·001
BIF, M2|| −0·043 −4·57 <0·001 <0·001
Mean 0·940 0·922 0·911† 0·897‡
SEM 0·007 0·007 0·007 0·007

β-Cryptoxanthin
Median (μmol/l) 0·034 0·055 0·093 0·187
CCA, M1* 0·731 0·150 0·721 0·179‡§§ 0·682 0·130‡§§ 0·684 0·118 −0·047 −6·43 <0·001 <0·001
CCA, M2|| −0·030 −4·16 <0·001 <0·001
Mean 0·722 0·719 0·686‡ 0·692‡§§
SEM 0·005 0·005 0·005 0·005

BIF, M1* 0·958 0·223 0·928† 0·204 0·899‡§ 0·224 0·887‡§§ 0·188 −0·071 −7·41 <0·001 <0·001
BIF, M2|| −0·050 −5·29 <0·001 <0·001
Mean 0·945 0·926 0·902‡ 0·895‡§
SEM 0·007 0·007 0·007 0·007

Lycopene
Median (μmol/l) 0·043 0·075 0·111 0·157
CCA, M1* 0·731 0·176 0·701† 0·140 0·696‡ 0·130 0·690‡ 0·137 −0·041 −5·61 <0·001 <0·001
CCA, M2|| −0·015 −2·09 0·087 0·061
Mean 0·717 0·700 0·701 0·702
SEM 0·005 0·005 0·005 0·005

BIF, M1* 0·942 0·235 0·920 0·207 0·911‡ 0·220 0·899‡ 0·180 −0·043 −4·56 0·001 <0·001
BIF, M2|| −0·011 −1·19 0·777 0·311
Mean 0·922 0·920 0·917 0·911
SEM 0·007 0·007 0·007 0·007

Total carotenoid
Median (μmol/l) 0·432 0·671 0·905 1·326
CCA, M1* 0·733 0·149 0·718 0·177 0·693‡§§ 0·126 0·673‡§§ 0·125 −0·060 −8·19 <0·001 <0·001
CCA, M2|| −0·035 −4·85 <0·001 <0·001
Mean 0·721 0·712 0·699† 0·686‡§§
SEM 0·005 0·005 0·005 0·006

BIF, M1* 0·956 0·221 0·931 0·217 0·901‡§ 0·204 0·884‡§§ 0·198 −0·072 −7·53 <0·001 <0·001
BIF, M2|| −0·042 −4·46 <0·001 <0·001
Mean 0·941 0·925 0·904‡ 0·899‡
SEM 0·007 0·007 0·007 0·007

M1, model 1; M2, model 2; Diff., absolute difference=Q4−Q1; % Diff., percentage difference= (Q4−Q1)/Q1× 100%; Pdifference, P values for difference among quartiles.
Compared with Q1: † P<0·05, ‡ P<0·01. Compared with Q2, § P<0·05, §§ P<0·01. The Bonferroni method was used to adjust for multiple comparisons.
* M1: ANOVA.
|| M2: ANCOVA, adjusted for age, sex, BMI, education status, family income, alcohol drinking status, smoking status, physical activities, dietary intakes of energy and energy-

adjusted total fat, SFA, ratio of unsaturated fat:SFA, cholesterol and fibre.
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Table 3. Comparison of the mean intima–media thickness (mm) at the common carotid artery segment (CCA) and bifurcation segment (BIF) among
quartiles (Q) of dietary carotenoids (n 3707, 1171 men and 2536 women)
(Mean values and standard deviations; mean values with their standard errors)

Quartiles by each carotenoid

Q1 Q2 Q3 Q4 (highest)

Variables Mean SD Mean SD Mean SD Mean SD Diff. (mm) %Diff. (%) Pdifference Ptrend

α-Carotene
Median (mg/d) 0·458 0·861 1·304 2·177
CCA_M1* 0·758 0·176 0·764 0·184 0·754 0·188 0·735†§§ 0·158 −0·023 −3·03 0·003 0·002
CCA_M2|| −0·023 −3·03 0·001 0·001
Mean 0·758 0·763 0·755 0·735†§§
SEM 0·005 0·005 0·005 0·005

BIF_M1* 0·932 0·190 0·945 0·232 0·946 0·249 0·929 0·212 −0·003 −0·32 0·227 0·814
BIF_M2|| −0·005 −0·54 0·100 0·641
Mean 0·932 0·947 0·945 0·927
SEM 0·007 0·007 0·007 0·007

β-Carotene
Median (mg/d) 3·819 5·836 7·901 11·433
CCA_M1* 0·764 0·178 0·767 0·181 0·749 0·170 0·733‡§§ 0·177 −0·031 −4·06 <0·001 <0·001
CCA_M2|| −0·024 −3·15 0·002 0·001
Mean 0·761 0·765 0·749 0·737†§§
SEM 0·005 0·005 0·005 0·005

BIF_M1* 0·937 0·193 0·934 0·202 0·946 0·261 0·935 0·225 −0·002 −0·21 0·626 0·871
BIF_M2|| 0·006 0·64 0·370 0·333
Mean 0·932 0·934 0·948 0·938
SEM 0·007 0·007 0·007 0·007

Lutein + zeaxanthin
Median (mg/d) 3·091 4·706 6·442 9·610
CCA_M1* 0·770 0·178 0·764 0·182 0·754 0·168 0·725‡§§ 0·177 −0·045 −5·84 <0·001 <0·001
CCA_M2|| −0·022 −2·89 0·019 0·004
Mean 0·761 0·759 0·753 0·739†§
SEM 0·005 0·005 0·005 0·005

BIF_M1* 0·942 0·195 0·933 0·223 0·947 0·223 0·929 0·243 −0·013 −1·38 0·286 0·465
BIF_M2|| 0·009 0·97 0·292 0·217
Mean 0·932 0·931 0·948 0·941
SEM 0·007 0·007 0·007 0·007

β-cryptoxanthin
Median (mg/d) 0·051 0·082 0·118 0·206
CCA_M1* 0·753 0·178 0·756 0·169 0·760 0·191 0·743 0·168 −0·010 −1·33 0·207 0·336
CCA_M2|| −0·016 −2·10 0·208 0·083
Mean 0·762 0·750 0·755 0·746
SEM 0·005 0·005 0·005 0·005

BIF_M1* 0·933 0·218 0·938 0·209 0·940 0·240 0·940 0·220 0·007 0·75 0·894 0·487
BIF_M2|| 0·010 1·07 0·810 0·332
Mean 0·933 0·936 0·939 0·943
SEM 0·007 0·007 0·007 0·007

Lycopene
Median (mg/d) 0·341 0·840 1·437 3·061
CCA_M1* 0·739 0·165 0·757 0·175 0·764† 0·198 0·752 0·168 0·013 1·76 0·019 0·072
CCA_M2|| −0·004 −0·53 0·582 0·829
Mean 0·753 0·751 0·759 0·749
SEM 0·005 0·005 0·005 0·005

BIF_M1* 0·938 0·242 0·935 0·203 0·943 0·228 0·937 0·213 −0·001 −0·11 0·882 0·883
BIF_M2|| −0·014 −1·48 0·392 0·329
Mean 0·946 0·932 0·942 0·932
SEM 0·007 0·007 0·007 0·007

Total carotenoid
Median (mg/d) 8·998 13·210 17·610 24·942
CCA_M1* 0·761 0·175 0·769 0·180 0·754 0·176 0·728‡§§ 0·175 −0·033 −4·34 <0·001 <0·001
CCA_M2|| −0·026 −3·42 0·001 0·001
Mean 0·760 0·762 0·757 0·734‡§§
SEM 0·006 0·005 0·005 0·006

BIF_M1* 0·934 0·192 0·938 0·217 0·948 0·254 0·931 0·220 −0·003 −0·32 0·383 0·950
BIF_M2|| 0·008 0·86 0·221 0·284
Mean 0·930 0·934 0·950 0·938
SEM 0·007 0·007 0·007 0·007

M1, model; M2, model 2; Diff., absolute difference=Q4−Q1; % Diff., percentage difference= (Q4−Q1)/Q1× 100%; Pdifference, P values for difference among quartiles.
Compared with Q1: † P<0·05, ‡ P<0·01. Compared with Q2, § P<0·05, §§ P<0·01. The Bonferroni method was used to adjusted for multiple comparisons.
* M1: ANOVA.
|| M2: ANCOVA, adjusted for age, sex, BMI, education status, family income, alcohol drinking status, smoking status, physical activities, dietary intakes of energy and energy-

adjusted total fat, SFA, ratio of unsaturated fat:SFA, cholesterol and fibre.
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Discussion

In this large community-based study, the serum concentrations
and dietary consumptions of total carotenoids and of
α-carotene, β-carotene, lutein + zeaxanthin and β-cryptoxanthin,
but not lycopene, were graded and were found to be inversely
associated with the carotid IMT in middle-aged and elderly
Chinese women and men.
Many studies have examined the association between caro-

tenoids in blood or diet and carotid IMT or atherosclerosis(28).
In a randomised clinical trial in 144 subjects with subclinical
atherosclerosis, one-year supplementations with daily doses of
20mg of lutein or 20mg of lutein plus 20mg of lycopene (v.
placebo) significantly decreased mean carotid IMT by 0·035mm
(P= 0·042) and 0·073mm (P< 0·001)(29). Three prospective
studies showed significant and inverse associations of blood
carotenoid(s) with 7-year IMT changes in 840 middle-aged
Finnish men(9), with 18-month IMT progression in 573 middle-
aged American men and women(8,11), with the 5-year incidence
of carotid atherosclerotic lesions in 392 Italian men and women
aged 45–65 years(30). The favourable associations between
blood carotenoids and early atherosclerosis were observed in
two case–control studies comprising 125 cases and 107 controls
aged 45–68 years(6) and in forty pairs of cases and controls(14) in
Beijing, China. Similar results were also noted in several cross-
sectional studies of blood carotenoid analyses, including 392
Italian men and women(30), 1212 elderly men (aged 61–80
years)(31), 1028 middle-aged men (aged 46–64 years)(32) and
520 middle-aged men and women (aged 45–69 years)(33) in
eastern Finland. One cross-sectional study of the Athero-
sclerosis Risk in Communities Study showed that subjects with
higher carotenoid consumption had a lower prevalence of
plaques among 12,773 American participants aged 45–64
years(34). As indicated in a recent systemic review(28), no sig-
nificant favourable associations of blood carotenoids with IMT
or atherosclerosis were observed in one cross-sectional study
with 1187 French men and women aged 59–71 years(35) and
two case–control studies in 231 pairs of American adults(36) and
in 108 subjects with aortic atherosclerosis and controls in the
Netherlands(7). In this cross-sectional study with relatively large
study size, we found a favourable association between the
levels of carotenoids in both diet and serum and carotid IMT
(particular at the CCA segment). The beneficial associations
were largely consistent across different sex, age, education
level, income status, smoking and alcohol drinking status (all
Pinteraction> 0·05/ number of tests), suggesting a good internal
consistency. In summary, the findings from the majority of
previous studies and our study supported the hypothesis that
higher levels of dietary or blood carotenoids may be beneficial
to IMT or early atherosclerosis in adults.
Generally, the strength of the studied associations of dietary

carotenoids tended to be lower than those of serum carotenoids,
possibly owing to greater random error in the long-term dietary
recalls and large between-individual variations in bioavailability
of dietary carotenoids(37–39). Participants with the highest
(v. lowest) quartile intake of total carotenoids (24·9 v. 9·0mg/d)
and vegetables (491 v. 175 g/d) had significantly lower CCA IMT
(−3·42% (Table 3) and −3·29% (data not shown)). However, no

significant association was observed between fruit intake and
the IMT values in our study (data not shown). These results
could be explained by the food sources of carotenoids, in
which more than 90% of total carotenoids were provided by
vegetables in this population (online Supplementary Table S2).
Given that there are no endogenetic carotenoids in blood, the
association of dietary data should have been underestimated in
this study. As relatively low correlation coefficients were
observed between the FFQ-based dietary data and in serum
values of carotenoids, further interventional studies on the
relationship between dietary intake and serum levels of
carotenoids are needed to translate the serum values to the
corresponding dietary intake of each individual carotenoid and
carotenoid-rich food.

In this study, the association between the serum level of
lycopene and the IMT was generally weaker than those
between other kinds of carotenoids and the IMT. The reason
for the difference between our results and those of other
studies(8,10,40) may be the lower mean concentrations.
Tomatoes are rich in lycopene, and Chinese people consume
fewer tomatoes than people in many other countries. In our
study, the mean serum concentration of lycopene was
0·188 μmol/l in men and women combined, whereas the cor-
responding values were 0·371 μmol/l in Japan(10) and
0·760 μmol/l in the USA(8). Therefore, further study is needed to
validate the association between lycopene and atherosclerosis
in the Chinese population.

The possible mechanism of the protective activity of caro-
tenoids has been extensively summarised in several recent
reviews(1,4,5,41,42). By acting as antioxidants, carotenoids can
quench singlet oxygen (1O2) and potentially reduce the toxic
effects of reactive oxygen species, which indiscriminately
destroy cell components(1). On the other hand, oxidative
modification of LDL in the subendothelial space plays a
central role in atherogenesis by increasing the production of
cytotoxic oxidatively modified LDL, which promotes endo-
thelial dysfunction and the expression of adhesion molecules(4).
Many studies have shown that low concentrations of
serum carotenoids appear to be associated with higher risks
of metabolic syndrome status and its components(27,43,44).
We further adjusted for plasma lipid levels and blood pressure
to assess to what extent these variables could explain the
association between the carotenoid levels and the IMT values
in our study. The associations between serum carotenoids and
the IMT were slightly attenuated in women after further
adjustment for these potential ‘intermediate’ variables. There-
fore, our findings imply that the favourable effects of caro-
tenoids on the IMT might be partially mediated by an
improvement in blood pressure and in the plasma lipid levels.
Carotenoids can also exhibit anti-inflammatory effects via the
inhibition of C-reactive protein, leucocytes, fibrinogen and
inflammatory cytokines(45).

This study has several strengths. First, to the authors’
knowledge, this is largest study that analysed the association
between serum carotenoid levels and IMT. The large study size
permitted us to obtain more precise results. Moreover, the
objective biomarkers would ensure more accurate assessment
of the internal exposure to carotenoids and better reflect the
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real effective dose in vivo(37–39). Second, we assessed the
associations of carotenoids and IMT both in dietary data and
serum biomarkers, and obtained consistent results. In addition,
similar results were observed among different carotenoids and
across different groups of age, sex, education level and status of
income, smoking and alcohol drinking. The good internal
consistency would decrease the probability of a chance asso-
ciation. Third, we controlled for the covariates to avoid poten-
tial confounding.
However, this study also has several limitations. First, the

cross-sectional design may have limitations in the identification
of a causal relationship owing to the unclear time relationship
between the carotenoid levels and the IMT measurements. To
avoid the potential inverse causal relationship, we excluded all
subjects with previously confirmed chronic diseases, such as
cancer, CHD and stroke, which might have changed their
dietary habits. Second, the study participants were recruited
from urban areas instead of random sampling, which might
potentially have led to a selection bias and limited the
generalisability of our findings. However, the associations were
not significantly modified by several demographic and socio-
economic factors, smoking and alcohol consumption, which
suggested that the generalisability of our findings was not sig-
nificantly affected by these factors. Third, 1023 subjects were
excluded from the serum data analyses because of missing data;
however, there were no significant differences in the char-
acteristics between included and excluded participants, except
income status (online Supplementary Table S5). Finally, we
were unable to exclude the effects of many known or unknown
co-existing nutritional factors on the levels of carotenoids in
the blood.
In conclusion, we found that higher dietary and serum

carotenoid levels were associated with lower carotid IMT
values. Our findings suggest that elevated levels of dietary and
circulating carotenoids may be of benefit to the prevention of
early atherosclerosis. Further well-designed prospective studies
are needed to confirm these findings in our population.
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