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Although lycopene intake and risk of prostate cancer have been explored for decades,

recent studies show that Non-Hispanic Black Prostate Cancer (PCa) patients benefit

less than Non-Hispanic White patients from a lycopene intake intervention program. This

study examined whether a lycopene intake-related racial disparity exists in reducing the

risk of PCa in healthy adults. Data on healthy, cancer-free Non-Hispanic Black (NHB)

men (n = 159) and Non-Hispanic White (NHW) men (n = 478) from the 2003 to 2010

NHANES dataset were analyzed. Total lycopene intake from daily diet, age, living status,

race/ethnicity, education level, poverty income ratio, body mass index, and smoking

status were studied as independent variables. The combination of total Prostate-Specific

Antigen (PSA) level and the ratio of free PSA was set as criteria for evaluating the risk of

PCa. Multivariable logistic regression was used in race-stratified analyses to compute

odds ratios (OR) and 95% confidence intervals (95% CI) comparing high PCa risk with

low PCa risk. We found, in the whole population, race/ethnicity was the only factor that

influenced lycopene intake from the daily diet. NHB men consumed less lycopene than

NHWmen (3,716 vs. 6,487 (mcg), p= 0.01). Sufficient lycopene intake could reduce the

risk of PCa (OR: 0.40, 95% CI: 0.18–0.85, p = 0.02). Men aged between 66 and 70 had

high PCa risk (OR: 3.32, 95% CI: 1.12–9.85, p = 0.03). Obesity served as a protective

factor against the high risk of PCa (OR: 0.25, 95% CI: 0.12–0.54, p = 0.001). NHW

men aged between 66 and 70 had a high risk of PCa (OR: 4.01, 95% CI: 1.02–15.73,

p = 0.05). Obese NHW men also had lower risk of PCa (OR: 0.18, 95% CI: 0.07–0.47

p = 0.001). NHB men had a high risk of PCa compared to NHW men (OR: 2.27, 95%

CI: 1.35–3.81 p = 0.004). NHB men who were living without partners experienced

an even higher risk of PCa (OR: 3.35, 95% CI: 1.01–11.19 p = 0.07). Sufficient
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lycopene intake from daily food could serve as a protector against PCa. Such an

association was only observed in NHW men. Further studies are needed to explore the

dose-response relationship between lycopene intake and the association of PCa risk in

NHB men.

Keywords: prostate cancer, PSA, lycopene, obesity, living status

INTRODUCTION

The association between lycopene and the risk of prostate cancer
(PCa) has been studied for over two decades (1). Lycopene
can inhibit PCa cell growth and proliferation (2, 3), upregulate
tumor suppressor genes (4), and lower oxidative DNA damage
(5). Increased plasma lycopene levels can lower the risk of PCa
(6, 7). However, lycopene absorption is highly associated with
diet composition, in particular, the amount of fat (8) or calcium
(9). Inconsistent lycopene exposure and PCa outcomes have been
observed in Non-Hispanic Black (NHB) men and Non-Hispanic
White (NHW) PCa patients (10). A recent study on dietary intake
and TMPRSS2:ERG protein expression indicated that lycopene
intake could lower the risk of death for ERG-fusion positive
cases by 54%, but was not effective for ERG-fusion negative cases
(11). ERG-fusion negative cases are mostly observed in NHB
PCa patients compared to NHW PCa patients (12). Although
aggressive PCa patients could benefit from taking an extra
amount of lycopene (13), β-cryptoxanthin is more effective
at protecting NHBs against aggressive PCa (14). Of note, for
the healthy, metabolic syndrome-free population, no significant
racial differences in lycopene intake have been observed (15).
For this sake, it is necessary to explore the association between
lycopene exposure and risk of PCa among NHB and NHWmen.

Previous research suggests the lack of lycopene consumption
in NHB men could be attributed to the individual level of
knowledge, usage of supplemental diets, cultural values, and
socioeconomic status. Black men commonly have a lower usage
of supplemental diets than White men (16). This could be due
to socioeconomic factors, such as lack of health insurance or
regular visits with a primary care provider (16). Cultural practices
and values dictate the dietary preferences of people from varying
cultures and backgrounds. Since 2014, PCa trends have changed
with an abundance of new cases and new deaths (16). This
can all be taken into consideration when examining if a racial
disparity exists in the intake of lycopene to reduce the risk of PCa
developing in adult men.

The prostate-specific antigen (PSA) blood test is an effective
but controversial method to diagnosis the risk of PCa. In
general, 4.0 nanograms per milliliter (ng/mL) of blood is a well-
accepted cutoff value for PCa risk. Recent evidence indicates
free PSA level, prostate health index (17), PSA velocity (18),
and 4Kscore (19) should also be considered in PCa screening
for more accurate diagnosis. Age is one of the strongest risk
factors that require extra attention when screening susceptible
PCa risk populations. Men in their early 50’s to later 60’s
could benefit from taking the PSA test (20). Men younger
than 55 or older than 70 are not recommended to undergo
a screening test unless it is proposed by the men themselves

(21). NHB men or men with first-degree relatives who were
diagnosed with PCa are a high-risk population, and therefore
should consider taking the PSA test early (22). Other risk
factors such as Body Mass Index (BMI) (23), smoking history
(24), poverty income ratio (PIR) (25), education level (26), and
marital status (27), should be taken into account as general
confounders when measuring the risk of PCa for certain types
of exposures.

The purpose of this study is to explore whether lycopene
intake plays a different role in PCa prevention among different
race groups. We constructed a multivariable logistic regression
model using daily lycopene intake from the total diet as
the exposure variable and the risk of PCa as the outcome.
How numerical confounders, such as age, BMI, PIR, and
descriptive variables, are associated with the risk of PCa were
tested sequentially via stratification analysis after confirming
that race acts as a moderator. To investigate why NHB
individuals consume less lycopene than NHW individuals,
subgroup comparisons were conducted based on preselected
demographic and socioeconomic factors that were significantly
associated with the risk of PCa.

METHODS

We extracted and combined four consecutive 2-year survey
cycle datasets (2003–2004, 2005–2006, 2007–2008, 2009–2010)
from the US Centers for Disease Control NHANES dataset for
this study. A total of 637 male adults aged between 55 and
75 years old, with a completed response to the questions on
lycopene intake and a recorded PSA level, were included (28).
The lycopene consumption level from dietary was collected
from two-day dietary interview questionnaires on total nutrient
intakes, based on recall responses from survey participants.
As a national survey, NHANES uses multistage, stratified, and
probability clustering sampling methods under the supervision
of the National Center for Health Statistics of the CDC (29).
If participants met the selection criteria, an in-person face-
to-face interview was conducted at the participant’s home by
trained staff. Individual demographic, health and nutrition
data were collected through examination. In addition, collected
blood and urine samples from the participants were sent to
laboratories for further analysis (29). The National Center
for Health Statistics Research Ethics Review Board revised
and approved the survey protocol (30). Before starting the
data collection process, a paper-based informed consent was
signed by every participant. Our study was reviewed and
approved by the Institutional Review Board of Xavier University
of Louisiana.
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MEASUREMENTS

The main exposure of interest for this study was lycopene intake.
NHANES uses the five-step U.S. Department of Agriculture’s
Automated Multiple Pass Method (AMPM) to collect dietary
intakes, including lycopene. More details on AMPM are provided
in the NHANES dietary interviewer procedure manuals (31). A
dose-response meta-analysis showed that 5 mg/day of lycopene
intake could be the lowest amount that decreases the risk of PCa
(32). We defined sufficient lycopene intake from daily food as
≥8000mcg (33). Anyone who consumed zero lycopene or<8000
mcg was defined as lycopene intake insufficient. Smoking status
was categorized into never smoker, former smoker, and current
smoker based on the following questions: “Have you smoked
at least 100 cigarettes in your entire life?” and “Do you now
smoke cigarettes?” Never smoker was defined as a respondent
who reported that they smoked <100 cigarettes in their lifetime;
former smoker was defined as respondents who reported
smoking ≥100 cigarettes in their lifetime and currently do not
smoke cigarettes; current smoker was defined as respondents
who reported smoking ≥100 cigarettes in their entire lifetime
and were currently smoking every day or some days (34). The
demographic information for included participants included
age (55–59, 60–65, 6–70, 70–75), ace/ethnicity (Non-Hispanic
White, Non-Hispanic Black), and education (less than high
school and high school and above). Family PIR was defined
by three consecutive levels (≤1.99, 2–2.99, and ≥3) after being
adjusted for state-dependent gross income vs. the total capital
per household across the nation. Living status was defined as
living alone or with partners. Based on the martial status options,
a participant who selected “married” or “living with a partner”
was defined as living with a partner; a participant who selected
“widowed,” “divorced,” “separated,” or “never married” were
defined as living alone (35). In addition, BMI was classified as
underweight/normal, overweight, and obese, respectively (36).

OUTCOME

The risk of PCa in terms of PSA level was the primary outcome of
interest for this study. We used a combination of total PSA and
the ratio of free PSA to determine the risk of PCa. Specifically,
high risk of PCa was defined as when total PSA ≥4.0 (ng/ml)
and the ratio of free PSA was ≤25%; low risk of PCa was
defined as when total PSA <4.0 (ng/ml) and the ratio of free PSA
>25% (37). Subjects who were diagnosed with prostate infection,
prostate cancer, or any type of cancer were excluded.

STATISTICAL ANALYSIS

Participants’ demographic, behavioral, and clinical features were
summarized using descriptive statics, stratified by risk of PCa.
The associations of these demographics with risk of PCa were
validated using Rao-Scott Chi-square test for categorical variables
and Fisher’s exact test for small samples. A one-way ANOVA
test was used to examine differences for continuous variables.
Lycopene intake associated sampling weights were selected based
on previous guidelines (38). All analyses were performed in R

command (svydesign) by using the package “survey” (39) to
create the weighted analysis groups for displaying percentage
(%) (svyciprop) and means with standard error of the mean
(svymean). Sampling weighted univariable logistic regression
models (svyglm) were applied to examine the association between
lycopene intake and high risk of PCa. We included the suggested
confounders: age, race, living status, BMI, smoking status,
PIR, and education level to construct the multivariable logistic
regression model (24, 26, 27, 40, 41). A two-sample t-test
(svyttest) was conducted for lycopene intake for different marital
groups. All variables had no multicollinearity in the model. We
followed the weighting instructions provided on the CDCwebsite
(42). All analyses were conducted using R version 3.6.3 with
packages “survey” and “dplyr.” All tests were 2-sided, and a P <

0.05 was considered statistically significant for all tests.

RESULT

A total of 637 cancer-free male adults aged between 55 and 75
years were included from NHANES 2003–2010. Table 1 provides
weighted percentage and raw sample sizes for demographics and
lycopene intake by risk of PCa—high PCa risk (total PSA ≥4.0
(ng/ml) and ratio of free PSA ≤25%) and low PCa risk (total
PSA <4.0 ng/ml) and ratio of free PSA >25%). For the overall
study population, 28.4% of participants (n = 155) had sufficient
lycopene intake; 71.6% of participants (n = 482) had insufficient
lycopene intake. People in the low PCa risk group consumed
more lycopene than people in the high PCa risk groups: 6471 ±
456, mcg vs. 4287 ± 461, mcg, p = 0.003. The average age in the
low PCa risk group was younger than the high PCa risk group:
62.7 ± 0.3 vs. 65.2 ± 0.9, p = 0.01. The total PSA level and free
PSA ratios were 1.03± 0.04 ng/ml, 37.93± 0.61% in the low PCa
risk group and, 6.52± 0.34 ng/ml, 16.87± 0.64% in the high PCa
risk group, respectively. Although the living condition was not
distributed differently among the two risk groups (p = 0.42), the
living alone group had more people with high PCa risk than the
living with partners group: 11.5 vs. 8.9%. Age has been strongly
associated with the risk of PCa. The percentage of high PCa risk
increased from the middle 50’s group to the middle 70’s group:
5.0–13.3%, p= 0.04. The NHB population had more people with
the high PCa risk than the NHW population: 18.0 vs. 8.7 %, p =
0.0006. Families with high incomes, PIR ≥ 3, had low PCa risk
compared to those who were lower-income, PIR <1.99: 8.3 vs.
10.0%, p = 0.34, respectively. Interestingly, the obese population
had a lower percentage of high-risk PCa individuals than the
under/normal weight population, 5.1 vs. 17.3%, respectively,
p= 0.002. Overall, lycopene intake, age, race, and BMI were risk
factors significantly associated with risk of PCa.

The computed results from weighted logistic regression
models are given in Table 2. In raw analyses, individuals with
sufficient lycopene intake had 0.41 times lower odds (95%
CI: 0.21–0.78) of having a high risk of PCa. However, NHB
individuals had 2.29 times greater odds (95% CI: 1.40–3.75)
of having a high risk of PCa. Of note, obese people only had
0.25 times lower odds (95% CI: 0.11–0.52) of having a high
risk of PCa. Further moderation analysis confirmed race as a
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TABLE 1 | Characteristics of 637 male adults with different PCa risk using NHANES 2003–2010 Data.

Characteristic Overall Low PCa Risk High PCa Risk P-value

Total, n (%) 637 557 (90.6) 80 (9.4)

Mean total PSA ± SEM (ng/mL) 1.55 ± 0.08 1.03 ± 0.04 6.52 ± 0.34 <0.00001a

Mean free PSA ratio ± SEM (%) 35.94 ± 0.65 37.93 ± 0.61 16.87 ± 0.64 <0.00001a

Mean lycopene Intake ± SEM (mcg) 6,265 ± 428 6,471 ± 456 4,287 ± 461 0.003a

Mean age ± SEM (year) 62.9 ± 0.3 62.7 ± 0.3 65.2 ± 0.9 0.01a

Lycopene intake, n (%) 0.03b

Insufficient 482 (71.6) 418(88.8) 64 (11.2)

Sufficient 155 (28.4) 139 (95.1) 16 (4.9)

Living status, n (%) 0.42c

With partners 484 (80.3) 429 (91.1) 55 (8.9)

Alone 153 (19.7) 128 (88.5) 25 (11.5)

Age, n (%) 0.04b

55–59 141(35.0) 130 (95.0) 11(5.0)

60–65 174 (27.0) 157 (90.5) 17 (9.5)

66–70 178 (22.7) 150 (86.3) 28 (12.7)

71–75 144 (15.4) 120 (86.7) 24 (13.3)

Race, n (%) 0.0006c

Non-Hispanic White 478 (92.0) 428 (91.3) 50 (8.7)

Non-Hispanic Black 159 (8.0) 129(82.0) 30 (18.0)

Education level, n (%) 0.98c

Less than high school 153 (15.9) 132 (90.6) 21 (9.4)

High school and above 484 (84.1) 425 (90.5) 59 (9.5)

PIR, n (%) 0.34b

1.99 225 (22.0) 193 (90.0) 32 (10.0)

2–2.99 102 (16.8) 88 (87.0) 14 (13.0)

3 310 (61.3) 276 (91.7) 34 (8.3)

BMI, n (%) 0.002c

Under/normal weight 133 (18.8) 106 (82.7) 27 (17.3)

Overweight 278 (46.0) 247 (90.4) 31 (9.6)

Obese 226 (35.2) 204 (94.9) 22 (5.1)

Smoking Status, n (%) 0.66b

Non-smoker 218 (35.1) 188 (89.3) 30 (10.7)

Ever smoker 300 (49.7) 268 (90.9) 32 (9.1)

Current smoker 119 (15.2) 101 (92.2) 18 (7.8)

One-way ANOVAa test found total PSA, free PSA ratio, lycopene intake, and age are distributed differently between low and high PCa risk groups. The categorical analysis found

race/BMI (Rao-Scott Chi-squarec test), lycopene intake/age (Fisher’s exactb test) have statistically different distribution between low and high PCa risk groups. SEM, standard error of

the mean; NHANES, National Health and Nutrition Examination Survey; PCa, prostate cancer; BMI, body mass index; PIR, Poverty Income Ratio.

moderator between lycopene intake associated high risk of PCa
(p = 0.05). After adjusting for confounders, lycopene intake,
race, and BMI were still statistically significantly associated with
a high risk of PCa (ORs: 0.40, 2.27, 0.25, 95% CIs: 0.18–0.85,
1.35–3.81, and 0.12–0.54, respectively). People between ages
66 and 70 had a significantly higher risk of PCa (OR: 3.32,
95% CI: 1.12–9.85).

Factors that are associated with a high risk of PCa across
race groups are listed in Table 3. For NHW individuals, the
sufficient lycopene intake population had 0.31 times lower odds
(95% CI: 0.12–0.81, p = 0.02) of having a high risk of PCa.
NHB individuals who were living alone had 3.35 times greater
odds (95% CI: 1.01–11.19, p = 0.07) of having a high risk of
PCa. For ages 66–70, NHW individuals had 4.01 times greater

odds (95% CI: 1.02–15.73, p = 0.05) of having high risk of PCa.
In addition, obese NHW individuals had 0.18 times lower odds
(95% CI: 0.07–0.47, p = 0.001) of having a high risk of PCa. An
association of high PCa risk and other confounders (i.e., PIR,
smoking, and education level) was not observed. Overall, mean
lycopene intake was significantly lower in the NHB group (3,716
± 591 mcg) than the NHW group (6,487 ± 452 mcg). NHB
individuals averaged 1,851 ± 550 mcg lycopene when compared
to NHW individuals, who averaged 6,062 ± 1,247 mcg lycopene
per day if they were living alone. For those ages 66–70, NHB
individuals consumed less lycopene than NHW individuals (p =

0.02). In addition, overweight NHW individuals consumed more
lycopene (6,663 ± 815 mcg) than overweight NHB individuals
(3,197 ± 648 mcg). More comparison details on living status,
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TABLE 2 | Factors associated with a high risk of PCa (Total PSA 4.0 ng/ml and ratio of free PSA 25%).

Characteristic Unadjusted OR 95% CI P-value Adjusted OR 95% CI P-value

Lycopene intake

Insufficient (ref) 1 1

Sufficient 0.41 0.21–0.78 0.01 0.4 0.18–0.85 0.02

Living status

With partners (ref) 1 1

Alone 1.32 0.66–2.65 0.43 1.29 0.58–2.86 0.53

Age

55–59 (ref) 1 1

60–65 1.99 0.63–6.25 0.24 2.28 0.76–6.82 0.15

66–70 3.02 0.89–10.18 0.08 3.32 1.12–9.85 0.03

71–75 2.91 0.98–8.62 0.06 2.8 1.00–7.85 0.05

Race

Non-Hispanic White (ref) 1 1

Non-Hispanic Black 2.29 1.40–3.75 0.0001 2.27 1.35–3.81 0.004

Education level

Less than high school (ref) 1 1

High school and above 1.01 0.48–2.10 0.98 1.14 0.53–2.43 0.73

PIR

1.99 (ref) 1 1

2–2.99 1.35 0.57–3.15 0.49 1.39 0.59–3.28 0.31

3 0.81 0.45–1.44 0.48 1.16 0.55–2.43 0.58

BMI

Under/normal weight (ref) 1 1

Overweight 0.5 0.25–1.01 0.06 0.55 0.28–1.06 0.08

Obese 0.25 0.11–0.52 0.0005 0.25 0.12–0.54 0.001

Smoking status

Non-smoker (ref) 1 1

Ever smoker 0.83 0.40–1.69 0.61 0.84 0.41–1.71 0.64

Current smoker 0.7 0.33–1.51 0.37 0.6 0.27–1.36 0.23

The adjusted linear logistic regression models show that a high risk of PCa is associated with lycopene intake (P = 0.02), race (P = 0.004), and obesity (P = 0.001). The interaction term

(race and lycopene intake) had a statistical significance (P = 0.04). OR, odds ratio; CI, confidence interval; BMI, body mass index; PCa, prostate cancer; PIR, Poverty Income Ratio.

age, and BMI on lycopene intake across different race groups are
given in Table 4.

DISCUSSION

This study investigated the association between lycopene intake
from daily food and the risk of PCa by using accumulated
NHANES datasets. Major findings of this study indicate that
sufficient lycopene intake could reduce the risk of PCa. This
association, however, was observed in NHW individuals only.
This disparity could be due to several factors. Consistent with a
previous study reporting that NHB individuals usually consume
less lycopene (28), we found that only 16.8% of NHB respondents
had sufficient intake, compared to 29.4% of NHW respondents.
Stratification analysis using pre-determined independent PCa
risk factors confirmed living alone is a major barrier for NHB
individuals to consume lycopene. Future work should focus on
the interaction between living status and lycopene intake for the
prevention of the PCa risk in NHB individuals.

NHB individuals consume less lycopene from daily food than
NHW individuals (40). Of note, NHB individuals with sufficient
lycopene intake had an associated high risk of PCa (OR: 2.67,
95% CI: 0.81–8.83, p = 0.13). For the high PCa risk group,
overweight or obese NHB individuals consumed more lycopene,
but this was not the case for NHW individuals. Furthermore,
more overweight and obese NHB individuals had a high PCa risk
than NHW individuals (Table 5). Such inconsistent observations
might explain why a reverse association occurs among NHB
individuals. In addition, age is a well-known risk factor of PCa,
although lycopene intake was slightly higher in NHW individuals
aged 66–70 than aged 55–59, (6,772± 830 mcg vs. 6,351± 1,027
mcg), this trend was not found to be statistically significant after
conducting a two-sample t-test (p= 0.78).

The association between the risk of PCa and lycopene intake
was derived based on the filtering standard for PCa risk.
Although a lower cut-off value for total PSA (i.e., 2 ng/ml)
could better predict PCa risk in a four-year surveillance interval
(43), we decided to use the most widely accepted cut-off value
(4 ng/ml) for total PSA, then combined the ratio of free PSA
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TABLE 3 | Factors associated with a high risk of PCa across different race groups.

Characteristics Non-Hispanic Black Non-Hispanic White

Adjusted OR 95% CI P-value Adjusted OR 95% CI P-value

Lycopene

Insufficient (ref) 1 1

Sufficient 2.67 0.81–8.83 0.13 0.31 0.12–0.81 0.02

Living status

With partners (ref) 1 1

Alone 3.35 1.01–11.19 0.07 1.17 0.43–3.18 0.75

Age

55–59 (ref) 1 1

60–65 0.39 0.08–1.82 0.26 3.13 0.78–12.55 0.12

66–70 1.48 0.39–5.55 0.57 4.01 1.02–15.73 0.05

71–75 3.85 0.74–19.98 0.13 3.03 0.81–11.35 0.11

BMI

Under/normal weight (ref) 1 1

Overweight 0.36 0.09–1.41 0.17 0.53 0.26–1.06 0.08

Obese 0.79 0.22–2.81 0.73 0.18 0.07–0.47 0.001

All variables had no multicollinearity in the adjusted model. The adjusted linear logistic regression models found a high risk of PCa is associated with living status in the Non-Hispanic

Black population (P = 0.07). For Non-Hispanic White, insufficient lycopene intake (P = 0.02) and obesity (P = 0.001) are associated with a high risk of PCa. CI, confidence interval; PIR,

poverty income ratio; BMI, body mass index; OR, odds ratio.

TABLE 4 | Non-Hispanic Black individuals consume less lycopene than Non-Hispanic White individuals.

Characteristics Non-Hispanic Black Non-Hispanic White P-value

Sufficient, n (%) 26 (16.8) 129 (29.4)

Insufficient, n (%) 133 (83.2) 349 (70.6)

Mean lycopene intake ± SEM, (%)

Overall 3,716 ± 591 6,487 ± 452 0.01a

Living status 0.01b 0.7b

With partners 4,304 ± 741, (76.0) 6,859 ± 498, (80.6) 0.13a

Alone 1,851 ± 550, (24.0) 6,062 ± 1247, (19.4) 0.02a

Age (%)

55–59 5,172 ± 1,181, (34.6) 6,351 ± 1,027, (35.0) 0.73a

60–65 3,955 ± 813, (29.0) 6,393 ± 712, (26.8) 0.05a

66–70 2,087 ± 758, (24.1) 6,772 ± 830, (22.5) 0.02a

71–75 2,243 ± 958, (12.3) 6,612 ± 1,097, (15.7) 0.23a

BMI (%)

Under/normal weight 2,801 ± 775, (28.1) 5,821 ± 953, (18.0) 0.16a

Overweight 3,197 ± 648, (38.0) 6,663 ± 815, (46.7) 0.04a

Obese 5,054 ± 1,416, (33.9) 6593 ± 589, (35.3) 0.34a

Non-Hispanic Black when living alone, or at the age between 66 and 70, or BMI following the overweight range have significantly lower lycopene intake than Non-Hispanic White.

Statistical test using one-way ANOVAa and two-sample t-testb. SD, standard deviation; BMI, body mass index; SEM, standard error of the mean.

to address the heterogeneity of PSA measurement across NHB
and NHW individuals (37). Based on re-defined filtering criteria,
we confirmed that age is the main contributor to the high risk
of PCa (44). The average age of the sampled population was
62.9 years old, and age was distributed differently across the two
PCa risk groups. NHW individuals aged between 66 and 70 had
a higher risk of PCa. Overall, sufficient lycopene intake could
reduce this high risk of PCa. Such a conclusion is consistent
with findings from other studies (45, 46). Further interaction

analysis confirmed the role of race/ethnicity as a moderator
between lycopene intake and the risk of PCa. Except for lycopene
intake, other co-variables that were associated with a high risk
of PCa did not share the same patterns between NHB and
NHW individuals. Consistent with a previous study that found
that obesity is associated with higher plasma lycopene levels
(47), our multivariable logistic regression model confirmed that
obesity is negatively associated with a higher risk of PCa in the
NHW population (41).
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TABLE 5 | Comparison of lycopene intake (mcg) between PCa risk groups under different BMI conditions.

Characteristics Mean lycopene intake ± SEM, (%)

Non-Hispanic Black Non-Hispanic White

BMI Low PCa Risk High PCa Risk Low PCa Risk High PCa Risk

Under/normal weight 3,353 ± 967, (76.9) 958 ± 442, (23.1) 6,227 ± 1,115, (83.5) 3,767 ± 1,090, (16.5)

Overweight 3,110 ± 702, (88.0) 3,833 ± 1,392, (12.0) 6,944 ± 920, (90.6) 3,963 ± 598, (9.4)

Obese 3,506 ± 1,118, (79.6) 11,088 ± 3,983, (20.4) 6,656 ± 604, (96.2) 4,989 ± 1,162, (3.8)

PCa, prostate cancer; BMI, body mass index; SEM, standard error of the mean.

This study has some limitations. First, NHANES relies on
self-reported data, including data on height and weight that are
required for computing BMI. Second, only 2003–2010 data were
used to derive the association between lycopene intake and risk
of PCa. This is because this period was the maximum time length
that allowed us to use matched PSA data based on our selection
criteria. Finally, to explore the association between exposures and
outcome, the coefficients were calculated sequentially by regular
multiple regression models. The actual contribution of sufficient
lycopene intake on reducing the risk of PCa may be affected by
other nutrient consumption. More advanced analysis methods
are required to address this issue in further studies (48).

CONCLUSION

A racial disparity in lycopene intake associated with the risk
of PCa was observed in this study. Sufficient lycopene intake
could be protective against the high risk of PCa, but such an
effect was observed in the NHW population only. Overall, NHB
individuals consumed less lycopene from their daily diet than
NHW individuals. Age, BMI, and living status affected lycopene
intake differently between NHB and NHW individuals. Extra
attention should be given to these variables when designing
lycopene-based nutrition programs for PCa prevention in the
NHB population.
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