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Abstract

Objectives: Intake and status of carotenoids have been associated with chronic
disease. The objectives of this study were to examine the association between
carotenoid intakes as measured by two regional food-frequency questionnaires
(FFQs) and their corresponding measures in serum, and to report on dietary food
sources of carotenoids in Jackson Heart Study (JHS) participants.
Design: Cross-sectional analysis of data for 402 African American men and women
participating in the Diet and Physical Activity Sub-Study (DPASS) of the JHS.
Results: Mean serum carotenoid concentrations and intakes in this population were
comparable to those reported for the general US population. After adjustment for
covariates, correlations between serum and dietary measures of each carotenoid, for
the average of the recalls (deattenuated), the short FFQ and the long FFQ, respec-
tively, were: 0�37, 0�35 and 0�21 for a-carotene; 0�35, 0�26 and 0�28 for total (diet plus
supplements) b-carotene; 0�25, 0�17 and 0�20 for dietary b-carotene; 0�42, 0�34 and
0�26 for b-cryptoxanthin; 0�33, 0�15 and 0�17 for lutein plus zeaxanthin; and 0�37,
0�19 and 0�14 for lycopene. Major dietary sources of a-carotene were orange vege-
tables; of b-carotene and lutein plus zeaxanthin, mustard, turnip and collard greens;
of b-cryptoxanthin, orange juice; and of lycopene, tomato juice.
Conclusions: On average, carotenoid intakes and serum concentrations are not
lower in this southern African American population than the general US popu-
lation. The two regional FFQs developed for a southern US population and
used as dietary assessment tools in the JHS appear to provide reasonably valid
information for most of these carotenoids.
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Approximately 600 different carotenoids are known to

exist in nature(1). Whereas plants, fungi, algae and bac-

teria can synthesise these compounds, animals cannot

and therefore need to obtain them from their diet(2). The

only clearly proven function of carotenoids in humans is

their provitamin A activity. The major carotenoids found

in human sera are a- and b-carotene, lycopene, lutein,

zeaxanthin and cryptoxanthin. Of these, a- and b-carotene

and b-cryptoxanthin have provitamin A activity(3).

Recently, non provitamin A-related activities of

carotenoids have received attention. These include pos-

sible contribution to reducing the risk for diseases

such as cardiovascular disease (CVD)(4–6), cancer(7–9),

cognitive decline(10), age-related macular degeneration

and cataract(11–13). However, many of these associations

are yet to be proved conclusively.

CVD has been a dominant cause of death in the USA for

the past 50 or more years. Heart disease and stroke are

the first and third specific causes of death in this country.

Within the USA, African Americans have the highest rates

of morbidity and mortality from CVD, and the south-

eastern part of the USA has the highest rates of hospita-

lisations due to stroke and heart failure(14). Much of the

available data relating risk factors and CVD have come

from predominantly white populations(15). The Jackson

Heart Study (JHS) was therefore initiated to investigate

the causes of CVD in an all African American cohort

based in Jackson, Mississippi(16).
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Given the health disparities that exist among African

Americans with respect to CVD and the protective role

that carotenoid intake and status may play in the pre-

vention of this group of diseases, the objectives of the

current study were:

1. To assess the dietary intake and serum concentrations

of a- and b-carotene, b-cryptoxanthin, lutein plus

zeaxanthin, and lycopene among participants of the

Diet and Physical Activity Sub-Study (DPASS) of

the JHS using three dietary assessment tools – two

regional food-frequency questionnaires (FFQs) and

four 24 h recalls.

2. To evaluate the associations between carotenoid

intake measures and serum concentrations.

3. To identify the relative contributions of foods to

carotenoid intakes in this population.

Methods

Population

Participants were from the JHS, a single-site prospective

epidemiologic investigation of CVD among African

Americans from the Jackson, Mississippi metropolitan

area. The JHS baseline data collection took place from

late 2000 until early 2004. Data on conventional as well as

new and emerging risk factors of CVD were collected on

a randomly selected representative sample of African

Americans aged 34–84 years residing in the Hinds,

Madison and Rankin counties surrounding Jackson,

Mississippi. A more detailed description of the original

study has been published elsewhere(17).

Selection of study sample

A subset of participants (n 5 499) from the JHS cohort

(N 5 5302) was selected for the JHS-DPASS. The aim of

DPASS was to provide data for validation of the diet and

physical activity instruments used for the entire cohort of

the JHS. DPASS investigators identified potential partici-

pants for DPASS based on certain criteria. The goal was to

include an equal number of men and women from

younger (34–64 years) and older (65 years and older) age

groups, lower and higher socio-economic status, as well

as lower and higher physical activity groups. Participants

were enrolled into DPASS on a rolling basis and data were

collected throughout the year.

The data presented here include all DPASS participants

with complete dietary and serum carotenoid data. The

Institutional Review Board of the University of Mississippi

approved the DPASS protocols, and all subjects gave

written informed consent for their participation.

Dietary assessment

The most widely used FFQs in the USA were designed to

capture foods most commonly consumed in the general

US population(18,19). This can lead to incorrect estimation

of the dietary intakes of population subgroups and eth-

nicities who have dietary intakes and practices that are

different from those of the ‘general’ population. These

errors can ultimately lead to extensive misclassification.

The Lower Mississippi Delta Nutrition Intervention

Research Initiative (LMD NIRI), funded by the US

Department of Agriculture (USDA) Agricultural Research

Service, conducted a telephone survey in the Delta region

to collect representative dietary data using 24 h dietary

recalls. These data were used to develop a new FFQ

designed for use in the LMD region. Foods reported in the

recalls were grouped into food groups based on nutrient

content and culinary use. These food groups were then

ranked based on their relative contributions to energy

and nutrients. Foods contributing at least 0�5 % to any of

the selected nutrients were included on the FFQ food list.

Serving sizes were also modified to reflect those reported

during the recalls. Data from the survey were also used to

provide weighting and recipe information for the nutrient

database used to analyse questionnaire responses. The

Delta NIRI FFQ was also field-tested in the LMD and

Jackson, Mississippi region using a modified cognitive

interviewing methodology. The resulting Delta NIRI FFQ

has 283 items (long FFQ). Further details regarding

development of this regional FFQ are available else-

where(20). A shortened version with 158 items (short FFQ)

was specifically developed for use in the JHS. This version

does not eliminate food groups, but rather includes less

detail by collapsing similar items for efficiency in

reporting. Foods within line items were weighted, based

on the frequency of consumption in the Delta 24 h recalls,

for calculation of nutrient content. To avoid over-

estimation of fruit and vegetable intake on the long FFQ,

summary questions on overall fruit and vegetable intake

were asked. Nutrient intakes from the responses on

individual fruits and vegetables were then adjusted pro-

portionally to these responses for overall frequency. Both

FFQs were used as dietary assessment tools in the DPASS.

Four 24 h recalls were used to measure the ‘quantita-

tive’ intake of DPASS participants. Trained and certified

dietitians collected these recalls using the Nutrient Data

System developed by the University of Minnesota. To

stabilise variability of intake, participants provided two

weekdays and two weekend days for the recalls.

The DPASS encounters included an initial administra-

tion of the short FFQ, followed by four 24 h recalls

scheduled approximately one month apart, and finally

administration of the long FFQ, scheduled approximately

one week after administration of the last recall. The short

FFQs were administered by trained clinic staff while the

recalls and long FFQs were administered by trained diet-

itians. All FFQs were reviewed by DPASS staff for entry

errors. Furthermore, 5 % of all FFQs and all recalls were

audio-taped for quality control purposes, and were

reviewed by the DPASS principal investigator. Retraining
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was conducted whenever problems with quality or

completeness were identified by the review. Details

regarding the methodology used for the DPASS have been

published elsewhere(21).

Laboratory analyses

Participants provided blood samples on the day of the

baseline interview, which took place on the day of

administration of the short FFQ and, on average, a year

prior to administration of the long FFQ. Blood samples

from fasting (12 h) participants were collected in Vacu-

tainer tubes and centrifuged at 3000 g for 10 min at 48C.

Serum was separated and frozen at 2708C until analysed

for carotenoids. Estimation of carotenoids was performed

using high-performance liquid chromatography as

described by Yeum et al.(22). Serum cholesterol con-

centrations were determined according to methods

described previously(23).

Assessment of covariates

Information on age and smoking status was collected by

questionnaire at either the home induction visit or at the

time of the participant’s clinic visit. Supplement use was

obtained from responses on the FFQs. Both height and

weight were measured by trained technicians at the time

of the clinic visit. Anthropometric procedures have been

detailed elsewhere(17). Body mass index (BMI) was

calculated from these measurements as weight/height2

(kg/m2). Information on month of administration of the

FFQ was obtained from the FFQ.

Statistical analyses

DPASS participants for whom there were no serum sam-

ples provided for carotenoid analysis (n 5 39), or who

reported energy intake outside the plausible range

(,2510 or .16 736 kJ/d) on any of the FFQs or mean of

the four 24 h recalls (n 5 53), or who had more than 10 %

of the questions blank on any FFQ (n 5 5), were exclu-

ded from analyses. This resulted in a sample of 402

individuals.

Both intake and biochemical measures of carotenoids

were skewed, and were log-transformed prior to ana-

lyses. Descriptive analyses were performed to assess sex

differences using general linear models for continuous

variables and x2 analyses for categorical data for demo-

graphics of the population and serum carotenoid and

lipid measurements. Pearson’s correlations were used to

examine associations between intake and serum mea-

sures for each of the carotenoids. Of these carotenoids,

only b-carotene was commonly present in dietary sup-

plements at the time of this study. Therefore, we esti-

mated the total (diet plus supplement) and dietary

associations between this carotenoid and its corre-

sponding serum measure. Partial correlations were

used to adjust for age, sex, BMI, energy intake from

the corresponding dietary instrument used, serum total

cholesterol concentrations and smoking status. Day-to-

day within-person variation across 24 h dietary recalls can

attenuate correlations between nutrient intakes derived

from the mean of the dietary recalls and the serum

carotenoid estimates. We therefore calculated the intra-

to inter-person variance for the nutrient intakes from

the four 24 h recalls. The following formula was used to

calculate the deattenuated correlation coefficients:

rt ¼ ro

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ intrax=interx=nx

p
, where ro is the observed

correlation coefficient between the nutrient intake as

determined from the mean of the four 24 h recalls and the

corresponding serum measure, intrax is the intra-subject

variation, interx is the inter-subject component of variance

for each nutrient and n is the number of days of recalls,

which in the present study was four days. Deattenuated

correlations for adjusted variables were calculated after

adjustment by the residual method.

Using the General Linear Models (GLM) procedure,

with adjustment for age, sex, energy intake from the

appropriate assessment method, month of administration

(for the FFQ only), BMI, serum cholesterol concentrations

and smoking status, we estimated the mean carotenoid

concentrations for respective quartiles of total carotenoid

intake. We also ranked the main sources of carotenoids

for the long FFQ by calculating the percentage con-

tribution of each food item (or supplement) to the total

intake of each carotenoid. All a values were set at the

0�05 level. The SAS statistical software package, release

version 9.1 (SAS Institute, Cary, NC, USA) was used for all

analyses.

Results

The mean age of subjects did not differ significantly

between men and women (approximately 60 vs. 62 years)

(Table 1). Mean age-adjusted BMI was higher for women

than men (approximately 32 vs. 29 kg/m2, P , 0�05). A

lower percentage of women than men were current

smokers. As reported on either FFQ, significantly more

women than men reported taking supplements. Also, use

of supplements containing b-carotene was higher in

women compared with men.

Women had higher serum concentrations of high-

density lipoprotein cholesterol and total cholesterol

compared with men (P , 0�05) (Table 2). No differences

were observed for serum low-density lipoprotein cho-

lesterol or triacylglycerol concentrations. Women had

significantly lower serum lycopene concentrations

(P , 0�05) than to men. There were no other statistically

significant differences for serum carotenoids.

Median intakes of the carotenoids estimated by the two

FFQs and the average of four 24 h recalls are shown in

Table 3. For illustration, median values from either of the

FFQs that were 15 % higher or lower than those reported
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Table 1 Characteristics of the JHS-DPASS participants-

-

Men (n 5 155) Women (n 5 247)

Variable Mean SEM Mean SEM

Age (years) (n 5 402) 60�2 0�8 61�5 0�6
BMI (kg/m2) (n 5 401) 29�4 0�5 31�9* 0�4
Smoking status (%) (n 5 402)

Never 51�6 75�3
Former 35�5 18�2
Current 12�9 6�5*

Supplement use (n 5 402)
Short FFQ (%) 47�1 63�2*

Users of b-carotene-containing supplements (%) 34�8 44�5*
Long FFQ (%) 51�0 67�6*

Users of b-carotene-containing supplements (%) 39�3 50�5*

JHS, Jackson Heart Study; DPASS, Diet and Physical Activity SubStudy; SEM, standard error of the mean; BMI, body mass index; FFQ,
food-frequency questionnaire.
*Significantly different from men: P , 0�05.
-

-

Sex groups were compared by Generalised Linear Models after adjusting for age.

Table 2 Serum concentrations of carotenoids and lipoproteins of the JHS-DPASS participants-

-

,y,J

Men Women

Serum measurement Mean SEM Mean SEM

a-Carotene (mmol/l) (n 5 402) 0�07 0�005 0�07 0�004
b-Carotene (mmol/l) (n 5 402) 0�62 0�05 0�72 0�04

Non b-carotene supplement users (n 5 238) 0�51 0�06 0�64 0�05
b-Carotene supplement users (n 5 164) 0�84 0�09 0�82 0�07

b-Cryptoxanthin (mmol/l) (n 5 402) 0�17 0�01 0�18 0�01
Lutein plus zeaxanthin (mmol/l) (n 5 402) 0�32 0�01 0�32 0�01
Lycopene (mmol/l) (n 5 402) 1�44 0�06 1�24* 0�05
LDL-C (mmol/l) (n 5 398) 3�23 0�07 3�20 0�06
HDL-C (mmol/l) (n 5 401) 1�21 0�03 1�47* 0�02
Total cholesterol (mmol/l) (n 5 402) 5�00 0�08 5�26* 0�07
Triacylglycerols (mmol/l) (n 5 402) 1�25 0�08 1�30 0�07

JHS, Jackson Heart Study; DPASS, Diet and Physical Activity Sub-Study; SEM, standard error of the mean; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol.
*Mean values were significantly different from those for men: P , 0�05.
-

-

Sex groups were compared by Generalised Linear Models after adjusting for age.
yPairwise comparisons, using log-transformed variables, were done by sex.
Jb-Carotene supplement use was based on reported use on the short food-frequency questionnaire.

Table 3 Median (25th, 75th percentile) intakes of carotenoid nutrients of the JHS-DPASS participants

Average of four 24 h recalls Short FFQ Long FFQ

Dietary nutrient Median (P25, P75) Median (P25, P75) Median (P25, P75)

Men (n 5 155)
Energy (kJ/d) 8304 (6893, 9951) 8320 (6323,11000) 8453 (6227, 11322)
a-Carotene (mg/d) 177 (41, 548) 385-- (247, 593) 328-- (180, 509)
Total b-carotene (mg/d) 3178 (1696, 5360) 2886 (2304, 3682) 2685-- (1776, 4575)
Dietary b-carotene (mg/d) 2928 (1584, 6099) 2802 (2147, 3529) 2205-- (1534, 3424)
b-Cryptoxanthin (mg/d) 85 (30, 183) 108-- (62, 187) 113-- (57, 193)
Lutein plus zeaxanthin (mg/d) 2935 (1345, 5261) 2259-- (1735, 3065) 1849-- (1311, 2594)
Lycopene (mg/d) 2222 (592, 5075) 3537-- (2016, 5513) 3161-- (1923, 5537)

Women (n 5 247)
Energy (kJ/d) 6449- (5292, 8010) 6894- (5463, 9107) 7243 (5762, 8923)
a-Carotene (mg/d) 144- (37, 487) 349-- (221, 517) 251--,- (143, 431)
Total b-carotene (mg/d) 3044 (2029, 6525) 3048 (2419, 4100) 2707 (1746, 4057)
Dietary b-carotene (mg/d) 2770 (1409, 4933) 2561 (1940, 3312) 2211-- (1528, 2992)
b-Cryptoxanthin (mg/d) 98 (43, 171) 111 (61, 197) 126-- (57, 199)
Lutein plus zeaxanthin (mg/d) 2607 (1338, 5152) 2149-- (1676, 2832) 1927-- (1428, 616)
Lycopene (mg/d) 1467- (502, 3827) 2789--,- (1622, 4248) 2600--,- (1434, 4181)

JHS, Jackson Heart Study; DPASS, Diet and Physical Activity Sub-Study; FFQ, food-frequency questionnaire.
-Median value is .15 % different from that for men.
--Median value is .15 % different from that for the recalls.
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by the recalls are marked with ‘yy’. For men, as compared

with the recalls, both the short and the long FFQ over-

estimated a-carotene, b-cryptoxanthin and lycopene and

underestimated lutein plus zeaxanthin. The long FFQ

underestimated both dietary and total b-carotene intakes.

For women, both the long and the short FFQ over-

estimated a-carotene and lycopene while underestimating

lutein plus zeaxanthin. The long FFQ underestimated diet-

ary b-carotene intakes and overestimated b-cryptoxanthin

intakes compared with the recalls.

Median values for nutrient differences between men

and women higher or lower than 15 % as estimated by

each assessment tool are indicated by ‘y’. Men had higher

intakes of a-carotene on the recalls and the long FFQ and

of lycopene for all the assessment tools. Energy intakes

were also higher for men as estimated by the recalls and

the short FFQ (Table 3).

We examined simple and adjusted Pearson’s correla-

tions between carotenoid intakes and serum concentra-

tions (Table 4). Correlations were adjusted for age, BMI,

serum cholesterol concentration, smoking status, month

of administration (only for the FFQs) and energy intake

from the respective assessment tool. In general, the

adjusted coefficients were higher for the questionnaires

than their crude counterparts; particularly for the short

FFQ. For the average of the recalls, deattenuated adjusted

correlations either remained the same or decreased

slightly compared with their deattenuated crude coun-

terparts. For the short FFQ, adjusted correlations ranged

from 0�35 for a-carotene to 0�15 for lutein plus zeax-

anthin. For the long FFQ, adjusted correlations ranged

from 0�28 for total b-carotene to 0�14 for lycopene. For

the average of the recalls, deattenuated adjusted correla-

tions ranged from 0�42 for b-cryptoxanthin to 0�25 for

dietary b-carotene.

We also examined the mean serum concentrations of

carotenoids by quartiles of total intake as measured by

each of the dietary assessment instruments. For a-carotene

and b-carotene, serum measures were each higher with

increasing intake and levelled at the highest intake

quartiles. For b-cryptoxanthin, there was a linear trend

between intake and serum concentration. For lycopene,

weaker trends were seen. The associations for lutein and

zeaxanthin were weaker than those seen for the other

carotenoids (Table 5).

We identified and ranked the foods that contributed to

the majority of the dietary intakes of these carotenoids in

this population as assessed by the long FFQ (Table 6).

Top dietary contributors of a-carotene were orange

vegetables (both raw and cooked), whereas dietary

sources of b-carotene were mustard, turnip and collard

greens followed by sweet potato. When supplements

were considered, they provided 22 % of b-carotene.

Orange juice provided most of the b-cryptoxanthin. Leafy

greens like mustard, turnip and collard were the top

contributors of lutein and zeaxanthin, providing almost

40 % of the carotenoid. Tomato juice and pasta prepara-

tions were the main sources of lycopene.

Discussion

CVD is a major health concern among African Americans.

Dietary carotenoids have been implicated in decreased

risk for CVD. The purpose of this study was to assess the

intake and serum concentrations of a- and b-carotene,

b-cryptoxanthin, lutein plus zeaxanthin, and lycopene

among participants of the JHS-DPASS using three dietary

assessment tools (two regional FFQs and the average of

four 24 h recalls) and to assess associations between

intake measures and serum concentrations. In addition,

we identified the relative contributions of foods to

carotenoid intakes in this population.

Despite reports of low fruit and vegetable intake in this

region(24), the carotenoid intakes of the JHS-DPASS par-

ticipants were within the 50th–90th percentile values from

the Third National Health and Nutrition Examination

Survey (NHANES III) for similar age and sex groups for all

carotenoids except lycopene, where the intakes were

within the 50th–75th percentile range(25). In general, the

biochemical status of the carotenoids was also within

the 50th–75th percentile range for African American

participants of the NHANES III examination(26) and

Table 4 Crude and adjusted Pearson’s correlations between
serum carotenoid nutrient biomarkers and carotenoid intakes in the
JHS-DPASS-

-

,y,J,z

Nutrient biomarker
Four 24 h
recallsy

Short
FFQ*,J

Long
FFQ*,J

Crude
a-Carotene 0�41 0�32 0�18
Total b-carotene 0�35 0�22 0�28
Dietary b-carotene 0�32 0�12 0�21
b-Cryptoxanthin 0�44 0�29 0�25
Lutein plus
zeaxanthin

0�39 0�13 0�20

Lycopene 0�40 0�24 0�14
Adjusted

a-Carotene 0�37 0�35 0�21
Total b-carotene 0�35 0�26 0�28
Dietary b-carotene 0�25 0�17 0�20
b-Cryptoxanthin 0�42 0�34 0�26
Lutein plus
zeaxanthin

0�33 0�15 0�17

Lycopene 0�37 0�19 0�14

JHS, Jackson Heart Study; DPASS, Diet and Physical Activity Sub-Study;
FFQ, food-frequency questionnaire.
*P , 0�05.
-

-

Both intake and serum carotenoid variables were log-transformed.
yFor recalls, both crude and adjusted correlations calculated are deatte-
nuated. Adjustment is for age, sex, energy intake from the appropriate
assessment tool, body mass index (BMI), serum cholesterol and smoking
status.
JFor FFQs, adjustment is for age, sex, energy intake from the appropriate
assessment tool, BMI, serum cholesterol, smoking status and month of FFQ
administration.
zFor crude correlations, N 5 402 for all assessment methods. For adjusted
correlations, because of missing data, N 5 401 for the short FFQ and recalls
and N 5 400 for the long FFQ.
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similar to those reported for other populations(26–31).

Serum lycopene concentrations appeared higher than

other published values. This did not appear to be due to a

higher intake of dietary lycopene, but rather could be

attributed to the inclusion of both cis and trans isomers of

lycopene in our estimation of serum lycopene con-

centrations. Generally, the cis isomers are not included in

lycopene estimations(32). When we included only trans-

lycopene in the assessment, the age-adjusted serum

trans-lycopene concentrations were 0�50 (standard error

of the mean (SEM) 0�02) mmol/l for men and 0�45 (SEM 0�01)

mmol/l for women, which were closer to values reported

by others.

The FFQs used in this study were specifically devel-

oped for use with a southern US population. Correlations

comparing intake measured with other assessment tools

including the Block or Harvard FFQ and biochemical

measures of carotenoids have demonstrated correlation

coefficients ranging from 0�09 to 0�45 for various

carotenoids(28,30,33–37), similar to our range of 0�12 to 0�35.

Some of the lowest correlations seen were for lutein plus

zeaxanthin. Lutein and zeaxanthin, unlike nutrients such

as b-cryptoxanthin, are present in a wider variety of

foods. This could make its estimation using FFQs with a

limited number of food items difficult(38).

The mean lycopene intakes obtained from both FFQs

in general were higher than those from the recalls. This

has also been previously reported by other research-

ers(39). Relatively weak correlations were also seen for

lycopene with the long and the short FFQ compared with

the average of the 24 h recalls. It is possible that the recalls

capture processing techniques that may reflect availability

of lycopene from tomato-containing products better than

the FFQs, which make assumptions about the tomato

content in foods such as pasta with meat dishes(40).

Besides this, researchers have suggested that the lack

of correlation between intake and serum measures may

be affected by several other factors including recent

lycopene intake, age and genetics, as well as individual

absorption capacity(40).

The design of the DPASS included administration of the

short FFQ at the time of the clinic visit. If the participant

met the criteria for the diet sub-study, he or she was asked

to join, and if the participant agreed, the first DPASS visit

with administration of the first 24 h recall took place on

average a month or two after the clinic visit. The next

three 24 h recalls were scheduled to be administered

approximately one month apart, and a week after the last

recall, the participant was administered the long FFQ. As

recruitment to the JHS was on a rolling basis, participants

Table 5 Mean serum concentrations of carotenoids (mmol/l) for the JHS-DPASS participants by quartile of carotenoid intake as estimated
by the different dietary assessment instruments-

-

,y

a-Carotene b-Carotene b-Cryptoxanthin Lutein plus zeaxanthin Lycopene

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Short FFQ (n 5 401)
Carotenoid intake

Quartile 1 0�043 0�006 0�518 0�06 0�131 0�01 0�294 0�01 1.09 0�06
Quartile 2 0�059 0�006 0�684 0�06 0�166 0�01 0�320 0�01 1.26 0�06
Quartile 3 0.069 0�006 0�756 0�06 0�184 0�01 0�329 0�01 1.43 0�06
Quartile 4 0�094* 0�006 0�774* 0�06 0�233* 0�01 0�336* 0�01 1.47* 0�06

Long FFQ (n 5 401)
Carotenoid intake

Quartile 1 0�053 0�006 0�470 0�06 0�142 0�01 0�283 0�01 1.21 0�07
Quartile 2 0�062 0�006 0�667 0�06 0�157 0�01 0�327 0�01 1.25 0�06
Quartile 3 0�065 0�006 0�793 0�06 0�196 0�01 0�318 0�01 1.37 0�07
Quartile 4 0�085* 0�006 0�798* 0�06 0�219* 0�01 0�351* 0�01 1.43* 0�07

Average of four 24 h recalls (n 5 401)
Carotenoid intake

Quartile 1 0�048 0�006 0�611 0�06 0�129 0�01 0�281 0�01 1.19 0�07
Quartile 2 0�064 0�006 0�612 0�06 0�171 0�01 0�305 0�01 1.26 0�07
Quartile 3 0�071 0�006 0�800 0�06 0�177 0�01 0�330 0�01 1.33 0�07
Quartile 4 0�081* 0�006 0�717* 0�06 0�237* 0�01 0�363* 0�01 1.48* 0�07

JHS, Jackson Heart Study; DPASS, Diet and Physical Activity Sub-Study; FFQ, food-frequency questionnaire.
*Test for trend across quartiles: P , 0�05.
-

-

Mean serum carotenoid concentrations adjusted for age, sex, energy intake from the appropriate assessment tool, body mass index, serum cholesterol,
current smoker (Y/N), month of administration (only for the FFQs).
y(1) For a-carotene; median intakes in the quartile categories were 173, 289, 446, 733 mg/d on the short FFQ; 109, 227, 354, 689 mg/d on the long FFQ; and 21,
67, 290, 782 mg/d on the average of the recalls.
(2) For b-carotene; median intakes in the quartile categories were 1950, 2781, 3372, 4302 mg/d on the short FFQ; 1413, 2312, 3347, 5165 mg/d on the long
FFQ; and 863, 2444, 4256, 7874 mg/d on the average of the recalls.
(3) For b-cryptoxanthin; median intakes in the quartile categories were 40, 86, 147, 230 mg/d on the short FFQ; 37, 83, 151, 268 mg/d on the long FFQ; and 16,
62, 139, 254 mg/d on the average of the recalls.
(4) For lutein plus zeaxanthin; median intakes in the quartile categories were 1436, 1896, 2465, 3575 mg/d on the short FFQ; 1143, 1591, 2119, 3334 mg/d on
the long FFQ; and 912, 1893, 3991, 7697 mg/d on the average of the recalls.
(5) For lycopene; median intakes in the quartile categories were 1220, 2472, 3646, 6247 mg/d on the short FFQ; 1219, 2265, 3318, 5858 mg/d on the long FFQ;
and 36, 918, 2342, 6999 mg/d on the average of the recalls.
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enrolled into the DPASS on a rolling basis as well.

Because the short FFQ was administered on the day of

the blood draw (date of clinic visit), it could be expected

that the correlations between carotenoid intake and bio-

chemical status may be artefactually higher than for the

FFQ administered later; however this was not the case.

Correlations for b-carotene and lutein plus zeaxanthin

were higher for the long FFQ than for the short, despite

the greater distance in time between measures.

In this population of African Americans, orange vege-

tables were the top contributors to a-carotene intake and

greens and sweet potato were the top contributors to

b-carotene intake. In a study conducted in the LMD

region(20), we previously reported that sweet potatoes

were the top contributor to vitamin A intakes in the

African American subgroup. Citrus fruit juices were the

main contributors of b-cryptoxanthin intakes in this

population. This has been reported in several diverse

study populations(31,41,42). Dark green leafy vegetables

were the main source of lutein plus zeaxanthin. Nebeling

et al.(43) reported similar findings in the African American

subgroup of a national survey. In our study, tomato and

tomato products were the top contributors of lycopene

intake. This is in agreement with other studies conducted

in the USA, where most of the lycopene is accounted for

by tomato and tomato-containing products(44).

Contrary to our expectation, carotenoid intakes and

status did not appear to be lower in this population of

southern African American adults than in the general

US population. The deattenuated adjusted correlations

obtained using the 24 h recalls were higher than those

obtained from either FFQ. This could indicate that mul-

tiple recalls may be a better way to capture carotenoid

intake. However, the range of correlations seen with

these FFQs is similar to those published from validation

studies of carotenoids with other FFQs. This, taken with

the advantages of single administration and lower cost,

suggests that FFQs provide relatively valid and useful

measures of carotenoid intake in this population.
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