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Abstract
Black men are known to have a higher risk for prostate cancer (PC). Carotenoids and retinol, linked to PC, have not been compared
in different black populations at risk. We examined serum carotenoid and retinol levels between PC-free African-Caribbean (AC) Tobagonian
men with a high PC risk (high-grade prostatic intraepithelial neoplasia, atypical foci or repeated abnormal PC screenings) and
African-American (AA) men with elevated serum prostate-specific antigen (PSA) levels (≥4 ng/ml). AC men who participated in the 2003
lycopene clinical trial and AA men who participated in the 2001–2006 National Health and Nutrition Examination Survey were compared.
Serum specimens were analysed for carotenoid (β-carotene, α-carotene, β-cryptoxanthin, lutein/zeaxanthin and lycopene) and retinol levels
by isocratic HPLC. Quantile regression was used to examine the association between serum carotenoid and retinol levels and black ethnicity,
overall and among men with elevated serum PSA. There were sixty-nine AC men and sixty-five AA men, aged 41–79 years, included. AC men
were associated with lower serum lycopene and retinol levels, and higher serum α- and β-carotenes and lutein/zeaxanthin levels compared
with AA men, after adjusting for age, BMI, ever smoked cigarettes, education and hypertension (P≤ 0·03). Among men with elevated PSA,
serum retinol was no longer statistically significant with ethnicity (P= 0·06). Possible differences may be attributed to dietary intake, genetics
and/or factors that influence bioavailability of these micronutrients. Prospective studies are warranted that investigate whether these
differences in micronutrients between AC Tobagonian and AA men influence PC risk.

Key words: Carotenoids: Retinol: African-Caribbean men: African-American men: Prostate cancer

Prostate cancer is the second most common cancer and the fifth
leading cause of cancer death in men worldwide(1). African-
American (AA) men and African-Caribbean (AC) men are known
to have the highest prostate cancer incidence rates compared with
other racial groups(2). Men from the Caribbean have been reported
to have the highest prostate cancer mortality worldwide(1). Black
race, older age and family history of prostate cancer are known
risk factors for prostate cancer. Genetic susceptibility and
alterations, chronic inflammation, and diet are possible risk
factors for this disease. Dietary intake and high circulating levels of
carotenoids and retinol (vitamin A) have been linked to a
decreased risk of prostate cancer(3–7). However, associations
between these micronutrients and prostate cancer risk remain
inconclusive because of conflicting study results(3,5,7–10).
Carotenoids, which are natural pigments, and retinol are

found in certain fruits and vegetables. Studies suggest that
these micronutrients may influence prostate cancer risk and
progression because of their antioxidant abilities in reducing

oxidative stress(8), a factor which is believed to play a role in the
initiation and progression of cancers(7,11). There are six major
dietary carotenoids (β-carotene, α-carotene, β-cryptoxanthin,
lutein, lycopene and zeaxanthin). Lycopene, which is the most
well studied in prostate cancer, is considered the most potent
carotenoid because of its quenching singlet O2 and free radical
scavenging abilities(7,12–14). Retinol and its carotenoid precursors
(α-carotene, β-carotene and β-cryptoxanthin), also known as
provitamin A carotenoids, have been found to be important in
processes that influence carcinogenesis such as cell growth,
differentiation and apoptosis(5,15). Because of their antioxidant
and provitamin A activities, higher dietary intake or circulating
levels of these micronutrients may play a role in reducing prostate
cancer risk and preventing prostate cancer progression.

For the Caribbean island of Tobago, an overall prostate
cancer screening prevalence of 11% (n 342/3089) was found
among men, aged 40–79 years, in the Tobago Prostate
Survey(16), a population-based, longitudinal prostate cancer
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screening study in which 92% of men are of African descent(17).
From this screening survey, Tobagonian men were found to
have a higher age-specific prevalence of prostate cancer (1%
aged 40–49 years to 29% aged 70–79 years)(16) compared with
white American men (0·05% aged 40–49 years to 8·7% aged
70–79 years) and AA men (0·14% aged 40–49 years to 13·0%
aged 70–79 years) from the National Cancer Institute Surveil-
lance, Epidemiology, and End Results Program (SEER) based
on 2002 prostate cancer prevalence(18). The reasons for the
difference in prostate cancer prevalence between Tobagonian
and American men, in particular, AA men, are not known.
On the basis of the reported prostate cancer prevalence among
Tobagonian and AA men, we hypothesised that AC Tobagonian
men will have lower serum carotenoid and retinol levels in
comparison with AA men. To test this hypothesis, we examined
the distribution of serum carotenoid and retinol levels in AC
Tobagonian men who were prostate cancer free but had a high
prostate cancer risk and compared their levels with AA men
who participated in the 2001–2006 National Health and
Nutrition Examination Survey (NHANES).

Methods

Study design and study population

We conducted a cross-sectional study to describe serum
carotenoid (β-carotene, α-carotene, β-cryptoxanthin, lycopene
and lutein/zeaxanthin) and retinol levels among AC Tobagonian
men, aged 40–79 years, who were considered to be at high-risk
for prostate cancer compared with AA men, aged 40–79 years,
with elevated serum prostate-specific antigen (PSA) in the US
general population. AC Tobagonian men were drawn from the
Tobago Prostate Survey(17) who were participants in the rando-
mised, Phase I, lycopene supplementation clinical trial conducted
in August 2003(19). Tobagonian men were included if they had
conditions considered at high-risk for subsequent prostate cancer
diagnosis: high-grade prostatic intraepithelial neoplasia (HGPIN),
atypia (atypical small acinar proliferation), or persistently elevated
serum PSA (≥4ng/ml) and/or abnormal digital rectal examination
(DRE) at two study visits before randomisation. Additional
inclusion and exclusion criteria were described previously(19).
In the present study, AC Tobagonian men were excluded if they
had biopsy-confirmed prostate cancer before randomisation or
within 1 year after randomisation. Demographic information (age,
race, marital status and educational status), lifestyle behaviour
(ever smoked cigarettes), medical history (diabetes, CHD and
hypertension) and family history of prostate cancer were extrac-
ted from the Tobago Prostate Survey questionnaires. Clinical
information such as serum PSA, DRE results and biopsy results
were obtained from laboratory results, physical examination and
pathology reports, respectively, before randomisation. BMI (kg/
m2) was measured at randomisation. Blood samples were col-
lected at randomisation to test for serum carotenoid and retinol
levels and serum PSA. An FFQ was used to measure in-season and
out-of-season dietary lycopene intake, as described elsewhere(19).
AA men were drawn from the 2001–2006 US population-based

survey NHANES, which collects health and nutritional information
from a non-institutionalised, nationally representative sample of

the US population. Men were excluded if they have or had cancer
(including prostate cancer) at the time of enrolment, had no
serum carotenoid or retinol laboratory data, or had missing serum
PSA data. Men were included if they were of African descent and
had an elevated serum PSA. HGPIN, atypia and abnormal DRE
results were not collected from men who participated in
NHANES. Demographic information, lifestyle behaviour, medical
history and family history of prostate cancer were collected from
interviewer-administered questionnaires. BMI was measured.
Blood samples were collected and laboratory tests were
performed to examine serum carotenoid, retinol and PSA levels.
The average daily dietary intake of carotenoids based on the daily
total nutrient intake consumed by the participant was determined
from a 24-h dietary recall survey given on 2 separate days, except
for the 2001–2002 NHANES participants for whom the survey was
administered once.

All study participants signed an informed consent form. The
Tobago study was approved by the Institutional Review Board
of the Division of Health and Social Services, Tobago House of
Assembly and the Institutional Review Board of the University
of Pittsburgh. The 2001–2006 NHANES was approved by the
Research Ethics Review Board of the National Center for Health
Statistics. This study was conducted in accordance with The
Declaration of Helsinki’s ethical standards.

Laboratory methods

Blood samples from AC Tobagonian men were shielded from
light during clot formation. For both groups of men, blood
samples were separated by centrifugation to obtain serum. For
AC Tobagonian men, total serum PSA laboratory results
obtained from the clinical trial were used in the present study’s
analyses. Total serum PSA was determined by an automated
AxSYM assay system (Abbott Laboratories) conducted at the
University of Pittsburgh Medical Center Clinical Pathology
Laboratory. For AA men, total serum PSA was determined using
the Access Hybritech PSA assay (Beckman Coulter, Inc.). Serum
carotenoid and retinol levels were measured by an isocratic
HPLC procedure conducted by Genox Corporation and Craft
Technologies, Inc. for AC and AA men, respectively. The iso-
cratic HPLC procedure was standardised using the Standard
Reference Material (SRM) for fat-soluble vitamins provided by
the National Institute of Standards and Technology. For Toba-
gonian men, a CV of 8·3% for the serum carotenoid and retinol
levels was calculated between duplicates of nine study partici-
pants, approximately 12% of the clinical trial study population.
For the NHANES study population, a CV of ≤5·5% for serum
carotenoid and retinol levels was calculated among 200 or 221
samples, except for serum zeaxanthin, which had a CV as high
as 13·4% for one lot(20).

Data analysis

Pearson’s χ2 test, Fisher’s exact test or the Mann–Whitney test
was used to examine whether there were any differences in
study characteristics listed in Table 1 between AC Tobagonian
and AA men. Serum carotenoid and retinol levels measured in
µg/dl among AA men were converted into µg/ml by dividing by
100, and dietary intake of lycopene measured in µg among AA
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men was converted into mg by dividing by 1000, the same unit
used in AC Tobagonian men. Median serum carotenoid and
retinol levels, dietary lycopene intake (the only dietary intake
information available for both groups of men) and their
25th–75th percentiles were calculated, and the Mann–Whitney
test was used to examine whether there were differences in
these levels for the following groups: (1) AC Tobagonian men
with HGPIN, atypia and/or persistently elevated serum PSA
and/or abnormal DRE v. AA men with elevated serum PSA, and
(2) AC Tobagonian men with elevated serum PSA v. AA men
with elevated serum PSA. Spearman’s correlation coefficient (rs)
was calculated to examine the relationship between dietary
lycopene intake and serum lycopene levels for both groups of
men. Within both groups of men, median serum carotenoid
and retinol levels were examined by covariates such as age
(40–49, 50–59, 60–69, and 70–79 years), BMI (underweight/
normal (<25 kg/m2), overweight (25–29·9 kg/m2) and obese
(≥30 kg/m2)), ever smoked cigarettes (yes or no), and other
study variables found statistically significant in Table 1. The ever
smoked cigarettes variable was defined by >6 months of
cigarette smoking for Tobagonian men and smoking ≥100
cigarettes for NHANES men. Quantile regression or the
Mann–Whitney test was used to examine whether there was a
statistically significant difference in median serum carotenoid
and retinol levels for covariates. Quantile regression was used
to examine whether serum carotenoid and retinol levels were
associated with ethnicity (AC Tobagonian men compared with
AA men), after adjusting for confounding factors. Data analysis
was conducted at α level 0·05 in SAS version 9.2.

Results

A total of sixty-nine AC Tobagonian men, aged 43–78 years, and
sixty-five AA men, aged 41–79 years, were included in the final
analysis. AC Tobagonian men were statistically significantly
younger, less likely to have graduated from high-school and less
likely to have hypertension compared with AA men as shown in
Table 1 (P≤0·01). There was no difference in BMI, marital status,
ever smoked cigarettes, diabetes, CHD, family history of prostate
cancer, and elevated serum PSA between the two groups.
Compared with AA men, AC Tobagonian men had statisti-

cally significantly lower levels of serum lycopene, retinol,
and β-cryptoxanthin, and statistically significantly higher levels
of serum α- and β-carotenes and lutein/zeaxanthin (P< 0·02)
(Fig. 1). Among men with elevated serum PSA, these statistically
significant relationships of serum carotenoids remained
between AC Tobagonian and AA men, except for serum
β-cryptoxanthin where no difference in median levels was
observed (Fig. 2). As for the estimated daily dietary lycopene
intake, AC Tobagonian men overall (median= 9·6mg/d; n 69,
25th–75th percentile: 5·2–15·2mg/d) and AC Tobagonian men
with elevated PSA only (median= 7·5mg/d; n 36, 25th–75th
percentile: 2·9–14·5mg/d) had higher dietary lycopene intake
compared with AA men with elevated PSA (median= 2·2mg/d;
n 35, 25th–75th percentile: 0·42–6·66mg/d) (P< 0·01). The
Spearman’s correlation coefficient (rs) between dietary
lycopene intake and serum lycopene level was 0·15 for AC
Tobagonian men (P= 0·21) and 0·58 for AA men (P< 0·01).

As for the covariates, there were no differences in serum
carotenoid levels by age group and hypertension status within
each group of men (Tables 2 and 3). For BMI, there was no
statistically significant difference in serum carotenoid levels in
AC Tobagonian and AA men, except for serum retinol levels in
AA men where the median level increased from underweight/
normal-weight men (0·55 µg/ml) to overweight men (0·67 µg/
ml) (Table 3). For ever smoked cigarettes, serum α- and
β-carotenes and β-cryptoxanthin levels were statistically
significantly lower among AC Tobagonian smokers compared
with non-smokers (P≤ 0·04) (Table 2). Serum lycopene,
β-carotenes and β-cryptoxanthin levels were statistically
significantly lower among AA smokers compared with non-
smokers (P≤ 0·03) (Table 3). As for education, AC Tobagonian
men with ≥12 years of education had statistically significantly
higher serum lycopene levels compared with AC Tobagonian
men with ≤11 years of education. AA men with ≥12 years
of education had statistically significantly higher serum α-carotene
and β-cryptoxanthin compared with AA men with ≤11 years
of education.

Table 1. Study characteristics of African-Caribbean (AC) Tobagonian
men and African-American (AA) National Health and Nutrition Examina-
tion Survey (NHANES) men
(Medians and ranges; medians and 25th–75th percentiles; frequencies)

Characteristics

AC
Tobagonian
men (n 69)

AA
NHANES
men (n 65) P

Age (years) <0·01
Median 62 66
Range 43–78 41–79

BMI (kg/m2) n 69 n 64
Median 26·9 26·9 0·75
25th–75th percentile 24·7–29·1 24·1–31·0

Education (%)* n 69 n 65 <0·01
≤11 years 75·4 50·8
≥12 years 24·6 49·2

Ever married/lived as married (%) n 69 n 65 0·90
No 13·0 12·3
Yes 87·0 87·7

Ever smoked cigarettes (%) n 69 n 65 0·06
No 58·0 41·51
Yes 42·0 58·5

Diabetes (%) n 67 n 65 0·44
No 85·1 80·0
Yes 14·9 20·0

CHD (%) n 68 n 64 1·00
No 95·6 45·3
Yes 4·4 4·7

Hypertension (%) n 69 n 65 <0·01
No 63·8 38·5
Yes 36·2 61·5

Family history of prostate cancer (%) n 61 n 41 0·09
No 90·2 78·1
Yes 9·8 22·0

Serum PSA (ng/ml) n 69 n 65
Normal (<4) n 33

Median 1·1 –

25th–75th percentile 0·8–2·0 –

Elevated (≥4) n 36 n 65
Median 8·0 6·7 0·84
25th–75th percentile 5·1–11·2 5·4–10·4

PSA, prostate-specific antigen.
* ≤11 years includes 12th grade with no diploma for NHANES men.
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After adjusting for age, BMI, ever smoked cigarettes, educa-
tion and hypertension, AC Tobagonian men were associated
with lower serum lycopene and retinol levels, and higher serum
α- and β-carotenes and lutein/zeaxanthin levels compared
with AA men (Table 4). Among men with elevated PSA, AC
Tobagonian men were associated with lower serum lycopene,
and higher serum α- and β-carotenes and lutein/zeaxanthin
levels compared with AA men, after adjusting for confounding
factors (Table 4).

Discussion

To our knowledge, this was the first study to compare serum
carotenoid and retinols levels between different black popula-
tions at risk for prostate cancer. We found that AC Tobagonian
men were associated with lower levels of serum lycopene and

retinol, but higher levels of serum α- and β-carotenes and
lutein/zeaxanthin, compared with AA men. Among men with
an elevated serum PSA, the association found between these
serum carotenoids and ethnicity remained, except for serum
retinol, confirming their difference between these two groups of
men. Even though AC Tobagonian men had lower serum
lycopene levels, they had a higher dietary intake of lycopene
compared with AA men; this finding may explain the low cor-
relation observed between dietary intake and circulating lyco-
pene levels among AC Tobagonian men. Because the present
study was a descriptive study, the reasons for the difference in
serum carotenoid and retinol levels between these two groups
of men as well as the relationship observed between dietary
lycopene intake and serum lycopene level were not investi-
gated. Nevertheless, circulating carotenoid biomarkers have
been suggested to be a better measurement of levels in tissue
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Fig. 1. Median serum carotenoid and retinol levels in African-Caribbean (AC) Tobagonian men (n 69) compared with African-American (AA) National Health and
Nutrition Examination Survey men (n 65). + on box plot, mean. * Sample size is less than sixty-five men among AA (serum lycopene= forty-two men and
β-carotene= sixty-two men).
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than dietary intake(21), which implies that serum carotenoid
may be an appropriate biomarker for assessing their influence
on cancer risk.
Previous studies have shown dietary intake and higher

circulating levels of lycopene associated with decreased risk for
prostate cancer(3,4,22,23) and aggressive disease(7,9,24,25). AA men
have been reported to have lower serum lycopene levels
compared with US white men(24). However, it is not known
whether these lower levels in AA men explain the higher
prostate cancer incidence and more aggressive disease
observed among them compared with US white men. In the
present study, AC Tobagonian men were associated with lower
serum lycopene levels compared with AA men. These lower
circulating lycopene levels among AC Tobagonian men are
consistent when compared with levels reported in other AA
study populations from previous studies(26,27); these lower

levels support our study’s hypothesis. One possible explanation
for the difference in serum lycopene levels could be that AC
Tobagonian men differ in the types (raw or cooked) and
quantity of lycopene foods consumed such as tomato and
tomato-based products, factors that may influence bioavail-
ability, in comparison with AA men. Even though AC Tobago-
nian and AA men are descendants of West Africa, there may be
genetic differences between them, including low admixture –

which has been documented in the Tobagonian populations(28)

– which may explain the difference in serum lycopene
levels(29). Studies have found genetic variants in humans and in
foods associated with lycopene bioavailability(30). In addition,
health status may influence lycopene bioavailability(29). More
than half of AC Tobagonian men had HGPIN and/or atypia,
conditions considered precursors to prostate cancer(31,32).
These prostatic conditions may reflect the lower serum
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Fig. 2. Median serum carotenoid and retinol levels in African-Caribbean (AC) Tobagonian men with elevated serum prostate-specific antigen (PSA) (n 36) compared
with African-American (AA) National Health and Nutrition Examination Survey men with elevated serum PSA (n 65). + on box plot, mean. *Sample size is less than
sixty-five men among AA (serum lycopene= forty-two men and β-carotene= sixty-two men).
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Table 2. Baseline serum carotenoid and retinol levels by covariates among African-Caribbean Tobagonian men
(Medians with their standard errors)

Levels (µg/ml)

Lycopene α-Carotene β-Carotene Retinol Lutein/zeaxanthin β-Cryptoxanthin

Characteristics n Median SE Median SE Median SE Median SE Median SE Median SE

Age group (years)
40–49 8 0·18 0·03 0·16 0·04 0·34 0·09 0·52 0·05 0·20 0·02 0·04 0·01
50–59 20 0·16 0·02 0·16 0·02 0·33 0·05 0·51 0·05 0·22 0·02 0·05 0·01
60–69 25 0·17 0·03 0·22 0·02 0·41 0·11 0·52 0·03 0·24 0·02 0·06 0·02
70–79 16 0·12 0·02 0·20 0·04 0·45 0·14 0·56 0·03 0·20 0·02 0·05 0·02
P 0·21 0·18 0·83 0·86 0·53 0·66

BMI (kg/m2)
Underweight /normal (<25) 20 0·18 0·04 0·23 0·03 0·45 0·11 0·51 0·03 0·22 0·02 0·06 0·02
Overweight (25–29·9) 33 0·14 0·02 0·16 0·02 0·38 0·08 0·53 0·03 0·22 0·01 0·05 0·01
Obese (≥30) 16 0·14 0·02 0·20 0·03 0·26 0·09 0·54 0·03 0·19 0·02 0·04 0·01
P 0·64 0·39 0·10 0·87 0·57 0·73

Ever smoked cigarettes
No 40 0·16 0·02 0·22 0·02 0·45 0·08 0·53 0·02 0·23 0·01 0·07 0·01
Yes 29 0·16 0·02 0·14 0·02 0·30 0·06 0·51 0·04 0·20 0·02 0·05 0·00
P 0·61 <0·01 0·01 0·75 0·36 0·04

Education
≤11 years 52 0·14 0·02 0·20 0·02 0·43 0·07 0·51 0·02 0·22 0·01 0·05 0·01
≥12 years 17 0·24 0·02 0·19 0·02 0·31 0·09 0·53 0·03 0·18 0·02 0·05 0·02
P 0·01 0·85 0·19 0·27 0·44 0·81

Hypertension
No 44 0·17 0·02 0·18 0·02 0·39 0·07 0·53 0·03 0·21 0·01 0·06 0·01
Yes 25 0·12 0·02 0·21 0·02 0·38 0·09 0·50 0·03 0·23 0·02 0·04 0·02
P 0·09 0·98 0·81 0·21 0·86 0·32

Table 3. Baseline serum carotenoid and retinol levels by covariates among African-American National Health and Nutrition Examination Survey
(NHANES) men
(Medians with their standard errors)

Levels (µg/ml)

Lycopene† α-Carotene β-Carotene† Retinol Lutein/zeaxanthin β-Cryptoxanthin

Characteristics n Median SE Median SE Median SE Median SE Median SE Median SE

Age group (years)
40–49 2 0·41 0·03 0·01 0·01 0·24 0·21 0·62 0·12 0·24 0·14 0·09 0·04
50–59 13 0·40 0·09 0·02 0·01 0·08 0·03 0·65 0·08 0·14 0·02 0·07 0·02
60–69 26 0·35 0·05 0·02 0·01 0·14 0·03 0·64 0·05 0·18 0·03 0·08 0·02
70–80 24 0·21 0·05 0·02 0·01 0·20 0·06 0·58 0·03 0·18 0·01 0·07 0·01
P 0·10 0·95 0·17 0·72 0·51 0·25

BMI (kg/m2)
Underweight /normal (<25) 19 0·30 0·05 0·02 0·01 0·09 0·04 0·55 0·04 0·16 0·03 0·06 0·01
Overweight (25–29·9) 23 0·35 0·06 0·02 0·01 0·18 0·06 0·64 0·04 0·16 0·02 0·08 0·01
Obese (≥30) 22 0·38 0·06 0·02 0·01 0·13 0·03 0·67 0·06 0·18 0·02 0·08 0·02
P 0·40 0·90 0·23 0·04 0·65 0·48

Ever smoked cigarettes
No 27 0·40 0·05 0·02 0·01 0·20 0·03 0·65 0·04 0·18 0·02 0·08 0·02
Yes 38 0·30 0·03 0·02 0·00 0·09 0·04 0·62 0·04 0·16 0·01 0·07 0·01
P 0·01 0·07 <0·01 0·22 0·21 0·03

Education‡
≤11 years 33 0·29 0·05 0·01 0·01 0·13 0·05 0·63 0·04 0·17 0·02 0·06 0·01
≥12 years 32 0·38 0·05 0·02 0·01 0·18 0·03 0·65 0·04 0·17 0·02 0·09 0·01
P 0·06 0·01 0·54 0·56 0·98 <0·01

Hypertension
No 25 0·38 0·05 0·02 0·01 0·08 0·02 0·60 0·04 0·14 0·01 0·07 0·01
Yes 40 0·32 0·04 0·02 0·01 0·16 0·04 0·65 0·04 0·18 0·02 0·08 0·01
P 0·17 1·00 0·10 0·16 0·22 0·45

† Sample size is less than the total number of men in the sub-groups.
‡ ≤11 years includes 12th grade with no diploma for NHANES men.
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lycopene levels observed among AC Tobagonian men com-
pared with AA men with elevated serum PSA. On the basis of
this present study, it is not known whether lower serum lyco-
pene levels found among AC Tobagonian men explain the
higher age-specific prostate cancer prevalence reported among
them compared with SEER AA men(16,18); therefore, further
investigation is warranted.
The correlation between dietary intake of lycopene and

serum lycopene levels differed between AC Tobagonian and
AA men. There was a lower correlation observed for AC
Tobagonian (rs 0·15) compared with AA men (rs 0·58). Among
AA populations in previous studies, correlations between
dietary intake and circulating lycopene levels ranged from
0·06 to 0·37, depending on whether dietary intake was
determined from an FFQ and/or a 24-h dietary recall ques-
tionnaire(26,27,33,34). For AC Tobagonian men, an FFQ was
administered as opposed to a 24-h dietary recall questionnaire
that was used among AA NHANES men. Some studies
have reported higher correlations among AA populations using
the 24-h dietary recall questionnaire compared with the
FFQ(33,34), which may suggest that the 24-h dietary recall
questionnaire is a better measurement of dietary intake or a
more accurate representation of circulating lycopene levels.
This difference in dietary assessment for AC Tobagonian
men compared with AA men may explain the difference in
correlation observed between dietary intake and serum
lycopene levels. Other possible reasons for this correlation
difference may be attributed to factors such as age, genetic
influences, difference in bioavailability of lycopene within
individuals or laboratory error in assessing circulating lycopene
levels(33,34).
Overall, AC Tobagonian men had statistically significantly

lower serum retinol levels compared with AA men. Retinol is
found in cod liver oil, liver, butter, eggs and dairy products.
Studies suggest that retinol can inhibit cellular proliferation and
differentiation and induce apoptosis(5,15), mechanisms that
affect carcinogenesis. For prostate cancer, most studies have
reported either no associations or inverse associations between
retinol dietary intake and higher circulating levels and prostate
cancer(4–7,9,35–37). In the present study, there was no statistically
significant association between serum retinol levels and black
ethnicity among men with elevated serum PSA. This finding

may be due to the small sample size or to the fact that there was
no difference in serum retinol levels between these two groups
of men with elevated serum PSA.

AC Tobagonian men had greater serum α- and β-carotene
levels compared with AA men. α-Carotene and β-carotene are
found in many of the same vegetables such as carrots, sweet
potatoes and green leafy vegetables such as spinach and collard
greens as well as in fruits such as mangoes. Most studies have
found an inverse relationship as well as no association between
prostate cancer risk and higher α-carotene(4,8,37–39) and
β-carotene(4,5,8,35–38,40,41) intakes and higher circulating levels.
Even though higher serum levels of α- and β-carotenes among
AC Tobagonian men did not support our study’s hypothesis,
these higher levels could be due to the fact that Tobagonian men
consumed foods higher in α- and β-carotenes in comparison
with AA men, in particular around the time of enrolment
(July–August 2003) in comparison with AA NHANES men who
were recruited throughout the year. Circulating α- and β-carotene
levels have been found to have a higher correlation with dietary
intake compared with lycopene among AA men(26,27,33,34),
indicating that these circulating levels may be a better reflection
of diet in comparison with circulating lycopene. In addition,
cigarette smokers had lower α- and β-carotene levels among AC
Tobagonian men and lower β-carotene levels among AA men
compared with non-smokers. Oxidants from cigarette smoke are
known to affect carotenoid levels, causing lower levels(37).
Cigarette smoking did not differ between AC Tobagonian and AA
men; therefore, it may not explain the higher levels of α- and
β-carotenes observed among AC Tobagonian men compared
with AA men.

AC Tobagonian men had higher serum lutein/zeaxanthin
levels, carotenoids that are often examined together, compared
with AA men; this finding did not support our study’s hypo-
thesis. Lutein and zeaxanthin, found in dark-green leafy vege-
tables, are known to reduce the risk for age-related macular
degeneration. As for their relationship with prostate cancer,
no associations and inverse associations were found between
these carotenoids individually and collectively with prostate
cancer in previous studies(4,8,37,42). In the present study,
differences in serum levels between AC Tobagonian and AA
men could be due to dietary intake or factors that influence the
bioavailability of the carotenoids.

Table 4. Association of serum carotenoid and retinol levels (µg/ml) in African-Caribbean (AC) Tobagonian men compared with
African-American (AA) National Health and Nutrition Examination Survey (NHANES) men, adjusted for confounding factors*
(Quartile regression estimates with their standard errors and 95% confidence intervals)

Total population (69 AC men v. 64 AA men) Elevated serum PSA (36 AC men v. 64 AA men)

Models Estimate SE 95% CI P Estimate SE 95% CI P

Lycopene −0·16 0·04 −0·23, −0·08 <0·01 −0·17 0·03 −0·23, −0·10 <0·01
α-Carotene 0·17 0·01 0·15, 0·20 <0·01 0·18 0·02 0·14, 0·22 <0·01
β-Carotene 0·20 0·04 0·11, 0·29 <0·01 0·30 0·08 0·13, 0·46 <0·01
Retinol −0·09 0·04 −0·17, −0·01 0·03 −0·09 0·04 −0·17, −0·01 0·06
Lutein/zeaxanthin 0·06 0·02 0·02, 0·09 0·01 0·04 0·02 −0·01, 0·08 0·02
β-Cryptoxanthin −0·02 0·01 −0·04, 0·00 0·10 −0·01 0·01 −0·03, 0·02 0·59

PSA, prostate-specific antigen.
* Reference group is AA NHANES men; confounding factors are age (continuous), BMI (continuous), ever smoked cigarettes (yes or no), education (≤11

years or ≥12 years) and hypertension (yes or no).
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In the present study, there were limitations. In the lycopene
supplementation clinical trial, dietary intake was collected for
only lycopene but not for the other carotenoids and retinol
among Tobagonian men. There was a small sample size for
both groups of men. There were missing data for both groups of
men such as the following: (1) total serum lycopene was not
collected in NHANES 2001–2002; (2) there was no HGPIN and
atypia data on NHANES men, and (3) serum/plasma cholesterol
data, a covariate, was not collected for Tobagonian men. Data
such as smoking and education were collected differently for
both groups of men. Dietary lycopene intake among AA
NHANES men did not account for dietary lycopene-containing
supplements, which may have underestimated their total dietary
lycopene intake. However, among Tobagonian men, there was
only one man who reported supplement use. Finally, there were
two different laboratories used to analyse serum specimens of
Tobagonian and NHANES men. These laboratories used the same
standards based on SRM for serum carotenoid testing but different
methods for total serum PSA determination; therefore, there was a
chance of variability in laboratory results(43). However, a study
found that serum PSA assays such as the ones used in the present
study agreed well(44).
In conclusion, the lower levels of serum lycopene and retinol,

but higher levels of serum α- and β-carotenes and lutein/
zeaxanthin among AC Tobagonian men compared with AA
men may be attributed to dietary intake, genetics, and/or other
factors that influence bioavailability of carotenoids and retinol.
Prospective studies are warranted that investigate whether dif-
ferences in carotenoids and retinol between AC Tobagonian
and AA men influence prostate cancer risk.
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