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Abstract

Background—Although men presenting with clinically localized prostate cancer (PrCA) often
are treated with radical prostatectomy or radiation therapy with curative intent, about 25-40%
develop biochemically recurrent PrCA within 5 years of treatment, which has no known cure.
Studies suggest that carotenoid and tocopherol intake may be associated with PrCA risk and
progression. We examined plasma carotenoid and tocopherol levels in relation to prostate-specific
antigen (PSA) levels among men with PSA-defined biochemical recurrence of PrCA.

Methods—Data analyzed were from a 6-month diet, physical activity and stress-reduction
intervention trial conducted in South Carolina among biochemically recurrent PrCA patients
(n=39). Plasma carotenoids and tocopherol levels were measured using high-performance liquid
chromatography (HPLC). Linear regression was used to estimate least-square means comparing
PSA levels of men with high versus low carotenoid/tocopherol levels, adjusting for covariates.

Results—After adjusting for baseline PSA level, plasma cis-lutein/zeaxanthin level at 3 months
was related inversely to PSA level at 3 months (P=0.0008), while a-tocopherol (P=0.01), -
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cryptoxanthin (P=0.01), and all-trans-lycopene (P=0.004) levels at 3 months were related
inversely to PSA levels at 6-months. Percent increase in a-tocopherol and trans-p-carotene levels
from baseline to month 3 were associated with lower PSA levels at 3 and 6 months. Percent
increase in f—cryptoxanthin, cislutein/zeaxanthin and all-trans-lycopene were associated with
lower PSA levels at 6 months only.

Conclusions—Certain plasma carotenoids and tocopherols were related inversely to PSA levels
at various timepoints, suggesting that greater intake of foods containing these micronutrients
might be beneficial to men with PSA-defined PrCA recurrence.

Introduction

Prostate cancer (PrCA) is the most frequently diagnosed visceral tumor and the second most
lethal malignancy among men in the United States [1]. The majority (~94%) of these men
diagnosed with PrCA present with clinically localized disease; and they are often treated
with radical prostatectomy or radiation as primary therapy [2, 3]. Unfortunately, about 25—
40% of these men develop biochemical evidence of recurrent disease within five years of
these definitive therapies [4-7]. Biochemical recurrence of PrCA denotes rising serum
prostate-specific antigen (PSA) level on three or more successive tests after achieving post-
treatment nadir (lowest detectible PSA level) [8]. PSA-defined PrCA recurrence following
definitive therapy is often an early sign of metastasis, and precedes pathological and
radiographic evidence of metastasis by several years [9, 10]; in some instances by an
average of eight years [9]. Thus, the detection of biochemical recurrence of PrCA provides
ample time for intervention to alter the disease course.

There is currently no known cure for biochemically recurrent PrCA [11]. This disease state
is often managed with surgical or medical androgen ablation to delay the time to metastasis
and to prolong survival [11, 12]. Though initially successful, androgen ablation ultimately
fails in controlling the disease progression as most patients develop hormone-refractory
PrCA within two years, preceded by a continuous rise in PSA [13, 14]. Androgen ablation
also has been associated with severe side effects [11, 13]. Thus, there is continued interest in
the search for adjuvant and neoadjuvant therapies for the management of biochemical PrCA
relapse [15]. Epidemiologic data from migrant studies indicate that in addition to age, race/
ethnicity and a positive family history, diet plays an important role in PrCA [16, 17]. Greater
intake of cruciferous vegetables, fruits, and specific dietary nutrients such as lycopene, soy
isoflavones and polyphenols have been associated with modest reduction in PrCA risk,
while energy imbalance and increased consumption of fat, meat, calcium and dairy products
have been associated with increased risk of PrCA [18-21].

Few studies have investigated whether the progression of biochemically recurrent PrCA can
be altered using plant-based, dietary intervention [15, 22-27]. Most of these intervention
trials incorporated supporting interventions such as stress reduction [22, 24-26] and physical
activity [15] to reinforce dietary modifications. Five of the studies reported potential
inhibitory effect of the intervention on PrCA progression [22-26], while two reported null
results [15, 27]. Because these trials involved different combinations of diet, stress reduction
and physical activity, it is difficult to determine to what degree these factors were
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responsible for the beneficial effects reported. Others studies have investigated the effects of
dietary modifications alone among men with biochemical recurrence (reviewed in [19, 28,
29]); however, the diet used in these studies had multiple components, such as higher levels
of fruits, vegetables, legumes, and whole grain intake while decreasing meat and dairy
intake, which makes it difficult to examine the independent effects of specific food
components. Additional work is needed to evaluate the role of specific foods and nutrients.
Of particular interest are biomarkers of antioxidant intake, which have been inversely
associated with PrCA risk in some studies [30, 31] and therefore may have an inverse
relation with the progression of biochemically recurrent PrCA [28].

Our team previously reported results of a pilot intervention trial conducted in South Carolina
that investigated whether a plant-based, dietary intervention integrated with physical activity
and stress reduction could alter the progression of PrCA in men with biochemical recurrence
of after definitive therapy [15]. In the current report, we expand on that work by examining
whether plasma carotenoids (including all major carotenoids) and tocopherols (a— and y—
tocopherol) were associated with serum PSA levels, used as a marker of PrCA progression,
in these patients.

Materials and Methods

Study Population

Details of the study design and methods have been published [15]. Briefly, participants were
men with histologically confirmed, organ-confined, adenocarcinoma of the prostate, who
had been treated with radical prostatectomy, radiation, or both as primary therapy and had
experienced a minimum of three successive rises in serum PSA level of at least 1.5 ng/mL
above the post-treatment nadir level (which was usually at or close to zero) with each
assayed at 2- to 3-month intervals. Prospective participants were included in the study if
they: (1) were free of any other malignancy in the previous 5 years (with the exception of
non-malignant skin cancer); (2) spoke English as a first language; (3) were able to read at a
sixth-grade level; (4) were of sound mind, memory, and understanding; (4) had not been
taking thyroid medication, steroids, antibiotics, or diuretics; and (5) were willing to be
randomized to intervention or control (with an option to obtain the intervention at the end of
the study). The participants were required to enter the study with their spouse or another
partner of choice to provide support for compliance with the study protocol. Participant
ineligibility was determined by: (1) having received post-operative hormonal therapy for
treatment of PrCA,; (2) having a current diagnosis or symptoms of active ulcerative colitis or
cardiovascular, pulmonary, Crohn's or metabolic disease; (3) have experienced weight loss
of five or more pounds within the previous 3 months; (4) plan to use hormone supplements,
fish oil, or other -3 fatty acids-based supplements; or (5) having a diagnosis of post-
traumatic stress disorder (PTSD). All participants provided written informed consent prior to
enrollment. The research protocol of the parent study was reviewed and approved by the
Institutional Review Boards (IRBs) of the University of South Carolina (USC) and Palmetto
Health. The current analysis also was approved by the USC IRB.

All participants were recruited from major urological practices located in seven counties of
the Midlands Region of SC (i.e., Richland, Lexington, Orangeburg, Kershaw, Sumter,
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Fairfield, and Newberry). The majority of participants were from Richland (67%) and
Lexington (9%) counties, which are the two most densely populated counties in the greater
Columbia area. The intervention was conducted at locations near the recruitment sites under
the auspices of the primary investigator (JRH).

Study Design

Participants were randomly assigned to the intervention or control group blocked by age (+
5 years) and race (African American/European American). Participant involvement spanned
6 months, consisting of an initial 3-month period of active intervention followed by monthly
booster sessions for the following 3 months. The intervention consisted of dietary
modifications, physical activity, and mindfulness-based stress reduction training. The 3-
month active phase of the intervention involved individual diet and physical activity
counseling and goal-setting sessions, as well as twelve weekly group meetings that included
cooking classes and shared model meals. In addition, participants were given weekly
assignments on how to shop for and cook study-compliant meals, attain physical activity
goals, and practice meditation for stress management. The diet aspect of the intervention
emphasized increased intake of plant-based foods such as whole grains, fruits, vegetables,
and legumes (particularly soybeans and soybean products) along with decreased intake of
meat and dairy products. The physical activity aspect involved working with participants to
identify activities that they enjoyed and reinforcing those activities to promote physical
fitness and overall well-being, with the goal that each participant attains the Centers for
Disease Control and American College of Sports Medicine (CDC/ACSM) recommendations
of =30 minutes of moderate intensity physical activity for =5 days/week [32]. Because
comprehensive dietary change can be difficult to maintain, participants were taught to
meditate in a way that inculcates mindfulness about decisions concerning food choices in
order to promote their sense of control over the change in diet and culinary habits [33].
Partner support was integrated to provide an encouraging environment for the process of
change. Following the 3-month active phase, monthly booster sessions were held in a
supportive group environment for another 3 months. This phase of the intervention included
frequent telephone calls to each participant and their spouse/partner to check wellness, and
to provide encouragement to sustain the intervention.

Participants in the control group underwent the same general assessment as those in the
intervention group and, through the consent process, were made aware of the general nature
of the intervention. No attempt was made to restrict their access to psychosocial support or
any other educational resources available to PrCA patients in the community. These
participants, along with their spouse/partner, were given the opportunity to undertake the
intervention at the end of the 6-month study period at no cost to them. Further details can be
found elsewhere [15].

Data Collection and Phlebotomy

Data on clinical and pathologic attributes of PrCA were abstracted from participants’
medical records obtained from referring urologist. At baseline, participants responded to
questionnaires that solicited information on demographics and health-related behaviors,
including age, race, education, marital status, employment and smoking status. Data on diet,
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physical activity, and anthropometry were obtained at each of the three study checkpoints:
baseline, 3 months, and 6 months. Dietary assessment was performed using 24-hour dietary
recalls on three randomly selected days that included two weekdays and one weekend day; a
method found to be least prone to measurement error [34, 35]. Physical activity was
assessed using the CHAMPS questionnaire [36] and expressed as metabolic equivalent
(MET) value based on description of the activity as referenced in the Compendium of
Physical Activities [37], with one MET being equivalent to resting metabolic rate. Total
METs of physical activity were estimated for each participant as the sum of METs from
light, moderate, and vigorous physical activity per week. Anthropometric measurements
included standing height (cm) and weight (kg), waist-to-hip ratio, and bioelectric impedance
measures of percent body fat and lean body mass. Body mass index (BMI) was subsequently
calculated as: weight (kg)/height (m)Z2.

Each participant provided a 5 ml vial of blood from venipuncture obtained by a trained
phlebotomist at each of the three study timepoints. The samples were fractionated by
centrifuge, frozen at —80°C within 1 hour of collection, and transported on ice within 1 week
via overnight courier to Quest® Laboratories for analysis. PSA was measured in serum at
baseline, at 3 months and at 6 months. Carotenoids and tocopherols were measured in
plasma using high-performance liquid chromatography (HPLC) [38]. Because of limited
availability of samples, data on carotenoids and tocopherols were measured at baseline and
at 3 months only. The following carotenoids and tocopherols were measured: a- and y-
tocopherol, a-carotene, cis- and trans-p-carotene, lutein, zeaxanthin, cis-lutein/zeaxanthin,
a-and B-cryptoxanthin, cis- and all-trans-lycopene.

Statistical Methods

Overall, 54 men with a history of localized PrCA and rising PSA levels after definitive
treatment with radical prostatectomy, radiation or both were successfully randomized to
intervention (n = 29) and control (n = 25). Of these participants, seven were lost to follow-
up (intervention, n = 3; control, n = 4) [15]. Of the remaining 47 participants, data on plasma
carotenoid and tocopherol levels were available for 39 participants at baseline and 35
participants at 3 months.

Differences in baseline characteristics were assessed using Student's t-test to compare means
of continuous variables and Fisher's exact test for categorical variables. Means and standard
deviations (SDs) of plasma carotenoids and tocopherols at baseline and at 3 months also
were calculated and compared by intervention group. Because carotenoids and tocopherols
are transported in the blood by lipoproteins [39], we corrected for circulating lipid levels by
dividing each carotenoid and tocopherol (ug/ml) by total plasma cholesterol level (mg/dL).
These variables were subsequently categorized into binary groups in comparison to the
median due to nonlinear distribution patterns as assessed by the generalized additive model
procedure in SAS® (PROC GAM). A total antioxidant score was computed as a measure of
overall antioxidant status following the method described by Li et al. [40]. In estimating the
antioxidant score, the carotenoid and tocopherol variables (i.e., a— and y—tocopherol, a—
carotene, cis- and trans-p-carotene, a- and -cryptoxanthin, lutein, zeaxanthin, and cis- and
all-trans-lycopene) were first categorized into quartiles and scores assigned to each quartile
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in multiples of 3 (i.e., 3 to 12, from low to high). The scores were summed for each
participant across all carotenoids and tocopherols, then categorized into binary groups
(<median versus = median).

The associations between plasma carotenoids and tocopherol levels and serum PSA levels
were examined in three sets of analyses. First, we considered how baseline carotenoid and
tocopherol levels are related to baseline PSA level. Second, we explored whether carotenoid
and tocopherol levels at 3 months are related to PSA levels at 3 months and at 6 months,
adjusting for baseline PSA level, as baseline PSA is related to subsequent PSA values [41].
Finally, we examined percent change in carotenoid and tocopherol levels (from baseline to 3
months) in relation to PSA levels at 3 months and at 6 months, adjusting for baseline PSA
values. The sign for the percent change values was reversed [i.e., (3-month value - baseline)/
baseline] to ensure that a positive value represented an increase in plasma carotenoid and
tocopherol levels. These “percent change” variables also were categorized into binary
(increase versus decrease) as well as tertile [decrease, minimal increase (1-20%), or
substantial increase (>20 %)] groups. Linear regression was used for all of the analyses to
estimate least squares means and P values for testing the difference between group means,
modeling PSA values as a continuous variable. Natural log transformation was performed on
the positively skewed PSA data in order to achieve normality; results were back transformed
for presentation.

Analyses were performed in minimally adjusted (i.e., “crude model” that adjusted only for
age, race and randomized group), and in multivariable-adjusted models. Covariates chosen
for inclusion in the multivariable-adjusted models were age, race, education, marital status,
employment, smoking status, Gleason score, BMI, physical activity, energy intake and
randomized group, and modeled as continuous or categorical variables as presented in Table
1. These variables were selected based on evaluation of confounding effect (=10% change in
effect estimates) in conjunction with the backward elimination model selection procedure.
Additional variables considered but not included in the final analyses were the type of PrCA
treatment received; body fat mass; fruit, vegetables, fiber and dairy intake; and total dietary
fat and omega-3 fatty acids intake. All statistical tests were two-sided with P value <0.05
considered statistically significant. All analyses were performed using SAS® version 9.3.

Differences in the distribution of baseline characteristics and PSA levels at all three
timepoints are presented in Table I. The mean age of the study sample was 70 years (SD =
8), with mean BMI of 29.75 kg/m? (SD = 5.21), and included 28 (72%) European
Americans and 11 (28%) African Americans. Fifteen percent of the participants underwent
radical prostatectomy, 39% had radiation only, and 46% had both radiation and
prostatectomy prior to enrollment in the study. We compared tumor characteristics and
intervention group by type of treatment received prior to recruitment into the study and
noted no differences by treatment type (Supplemental Table I). Mean serum PSA levels
were 3.91, 5.01, and 4.72 ng/ml at baseline, at 3 months, and at 6 months, respectively.
None of the baseline characteristics, including education, marital status, employment,
smoking status, and tumor grade, differed significantly by intervention status. The plasma
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carotenoid and tocopherol concentrations did not vary significantly between the intervention
and control groups at baseline or at 3 months (Table I1). Analysis of baseline data also did
not show any significant difference in mean PSA levels between participants with high
versus low carotenoid/tocopherol levels or total antioxidant score (Table I11).

Table IV presents results for associations of plasma carotenoids and tocopherols at 3 months
in relation to serum PSA levels at 3 months and 6 months, after adjusting for baseline PSA
level in addition to age, race, education, marital status, employment, smoking status,
Gleason score, BMI, physical activity and randomization status. Participants with higher
carotenoid and tocopherol levels at 3 months tended to have lower PSA levels at 3 months
as compared to those with lower carotenoid and tocopherol levels, though the association
with PSA at 3 months after adjustment for covariates was statistically significant only for
cis-lutein/zeaxanthin (P = 0.008). The 3-month carotenoid and tocopherol levels appeared to
be more strongly associated with serum PSA levels at 6 months, as participants with high
plasma levels of a-tocopherol (P = 0.01), B-cryptoxanthin (P = 0.01), all-trans-lycopene (P
= 0.004), and total antioxidant score (P = 0.003) showed significantly lower mean PSA
levels at 6 months than those with low levels of these micronutrient antioxidants.

We further examined whether percent change in carotenoid and tocopherol levels from
baseline to month 3 was associated with PSA levels at 3 months and at 6 months, adjusting
for baseline PSA level (Table V). These results showed that participants who experienced an
increase in carotenoid and tocopherol levels generally had lower mean PSA levels at 3
months compared to those who had a decrease in carotenoid and tocopherol levels. The
evidence of an inverse relation with serum PSA at 3 months was particularly strong for a-
tocopherol (P = 0.0007). Although significantly lower mean PSA levels were observed for
higher levels of all-trans-B-carotene and a-cryptoxanthin in relation to PSA level at 3-
months, significant findings in the tertile categories was confined to participants who had a
minimal increase in their plasma levels (i.e., up to 20% increase). In the analysis of 6-month
PSA values, percent increase in carotenoid/tocopherol level was related inversely to mean
PSA level for atocopherol, trans-B-carotene, p-cryptoxanthin, cis-lutein/zeaxanthin, trans-
lycopene, and total antioxidant score. Results from this analysis were very similar to those
observed using a linear mixed models approach (Supplemental Table I).

Discussion

In this study, we examined the relations between plasma carotenoid and tocopherol levels,
and serum PSA levels among men with biochemical recurrence of PrCA who were enrolled
in a 6-month diet and lifestyle intervention trial conducted in South Carolina. In analysis of
baseline data, no significant differences in mean PSA levels were observed between
participants with high versus low carotenoid or tocopherol levels. We further explored
whether carotenoid and tocopherol levels at 3 months (during the study intervention period)
were associated with PSA levels at 3 months and at 6 months, adjusting for baseline PSA
values. Results from this analysis showed that participants with higher cis-lutein/zeaxanthin
level at 3 months had statistically lower mean PSA level at 3 months. Additionally,
participants with higher plasma levels of a—tocopherol, f—cryptoxanthin, all-trans-lycopene,
and higher antioxidant score at 3 months, had significantly lower mean PSA level at 6
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months. Finally, we examined whether percent change in plasma carotenoid and tocopherol
levels from baseline to month 3 were inversely related to PSA levels at 3 months and at 6
months, independent of baseline PSA values. These results showed significantly lower mean
PSA values at 3 months and at 6 months for participants with an increase in a-tocopherol
and trans-p-carotene levels compared to who had a decrease in the levels of these nutrients.
In addition, those with an increase in p—cryptoxanthin, cis-lutein/zeaxanthin, all-trans-
lycopene and antioxidant score had significantly lower mean PSA values at 6 months.
Overall, higher plasma levels of certain carotenoids and tocopherols were associated with
lower PSA level at various time points, with most pronounced effects in the 6-month data;
suggesting that it may take a few months before a clinical benefit on PSA is observed from
dietary intervention aiming to increase consumption of certain carotenoids and tocopherols.

The idea of using dietary agents as an alternate therapy or as a heoadjuvant to delay the use
of more traditional therapy such as androgen ablation is a prospect that would be appealing
to most patients because of the severe side effects associated with traditional therapy [11,
12]. While it is possible that intake of certain carotenoids and tocopherols may influence
serum PSA levels, it also is plausible that these nutrients could alter PSA levels without
affecting cancer progression. Interestingly, declines in PSA have been found to correlate
with inhibition of the androgen-sensitive LNCaP prostate tumor cell growth in animal
models [42], findings consistent with those from tissue culture studies using human prostate
carcinoma cell lines [23, 43]. Secretion of PSA by prostate epithelial cells, and the hormone-
dependent LNCaP tumor cell growth are both modulated by androgens [44, 45].
Physiological levels of antioxidants such as lycopene and a-tocopherol are shown to be
capable of down-regulating androgen activity [46-48]. Thus, suppression of androgen
activity could be an underlying mechanism for the potential effect of certain carotenoids and
tocopherols on PSA, and possibly, PrCA progression. Other mechanisms involving
antioxidative and anti-inflammatory activities also have been proposed [49, 50].

No study has yet examined serologic markers of carotenoid or tocopherol intake in relation
to PSA levels among men with biochemically recurrent PrCA. The literature on the
relationship between dietary and supplemental sources of carotenoids and tocopherols and
PSA levels among men with biochemical PrCA relapse is sparse (reviewed in [19, 28, 29]).
The majority of the available data emanates from intervention trials examining the potential
benefits of lycopene.

In a study involving 71 men with biochemical recurrence who were randomized to
intervention with supplemental lycopene alone (15 mg) or together with soy isoflavone
capsules (40 mg) taken twice daily for 6 months, no decline in serum PSA level was
observed in either group [51]. In that same study, however, the rate of PSA rise decreased in
95% of patients in the lycopene-only group and 67% of those in the lycopene plus soy
isoflavones group [51]. In another study in which 36 men with biochemical recurrence of
PrCA were given varying doses of lycopene (15, 30, 45, 60, 90 and 120 mg/day) for one
year, no change in serum PSA was observed across all the six dose groups [52]. In a related
study, Chen et al. [49] investigated the effects of lycopene on cancer progression among 32
patients with incident PrCA treated tomato sauce-based diet containing 30 mg of lycopene
per day for 3 weeks before their scheduled prostatectomy. The results showed significant
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reduction in serum PSA levels as well as declines in markers of oxidative DNA damage
measured in leukocytes and prostate tissue, when comparing pre— and post—intervention
measurements [49].

Ansari and Gupta [53] evaluated the effect of lycopene and orchiectomy versus lycopene
alone in 54 patients with metastatic PrCA, and found significantly lower PSA levels in the
lycopene-only group after 6 months of follow-up. Others have reported a decline in PSA
velocity and prolonged PSA doubling time among men treated with supplemental lycopene
[54]. Among studies conducted in disease-free men, one found an inverse association
between serum a—carotene levels and percent free PSA level (OR =0.49, 95% CI: 0.32—
0.76), but not total PSA, and no inverse association was found for other carotenoids [55].
Another study found no association between tocopherol intake and serum PSA level or PSA
velocity [56]. Systematic reviews of the literature suggest that lycopene intake may decrease
serum PSA levels in men with benign prostatic hyperplasia and in men with PrCA [57, 58].
The variability in these findings may be related to the source of the nutrients (e.g.,
supplement versus diet for lycopene) or the possibility that these nutrients may have varying
effects according to the natural history of PrCA.

The results of the current study show that after controlling for baseline PSA values, certain
plasma carotenoids and tocopherols as well as combined antioxidant score were associated
with low mean PSA values at various timepoints. Because the intervention of the parent
study encouraged increased intake of foods that are rich sources of carotenoids and
tocopherols, it is conceivable that the plasma carotenoids and tocopherol showing significant
associations may have served as surrogates for a pattern of food consumption, particularly
fruits and vegetables, which contain other beneficial dietary factors. Of note, the parent
study did not find a beneficial effect of the diet and lifestyle intervention on serum PSA
level [15], although at 3 months, increases in fruit and vegetable intakes were similar
between the intervention and control groups. Challenges associated with conducting an
intervention trial of lifestyle modification, such as an insufficient contrast between the
intervention and control groups due to treatment contamination or suboptimal compliance
[59] may partially explain the finding from that analysis. The current findings merit further
investigation and may be better understood by considering temporal relationship between
plasma carotenoid and tocopherol levels, and change in PSA levels. Thus, larger studies
with longer follow-up are warranted.

Limitations of the current study include the small sample size, which limits statistical power,
short duration, and the lack of plasma carotenoid and tocopherol data at 6 months, which
prohibited evaluation of temporal associations. Due to the exploratory nature of these
analyses, adjustment for multiple comparisons was not attempted [60]. This may have
increased the probability of chance findings. Because humans consume foods containing
many nutrients, there also is the possibility that the study results may reflect interactions
between nutrients, rather than the effect of a single nutrient per se [61]. Alternatively, some
of the findings may be reflecting an overall healthy lifestyle that might confer favorable
prognosis after PrCA recurrence [23]. Restricting the study to a subgroup of PrCA patients
with strictly defined disease attributes precludes generalizability of the findings to the larger
population of men with PrCA. However, because the study participants had already
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undergone radical prostatectomy or radiation, or both, for the treatment of organ-confined
disease, biochemical recurrence of PrCA as defined in this study most likely reflects
progressive disease, rather than residual normal tissue spared during prostatectomy or left
from radiation. Other strengths of the study include the use of biomarkers of nutrient intake,
which are free of recall bias; an error that is common in dietary assessment using food
frequency questionnaire [62]. To our knowledge, this is the first study to examine
biomarkers of carotenoids and tocopherols in relation to PSA levels among men with
biochemical recurrence of PrCA. Several potential confounders including BMI, smoking,
physical activity, tumor grade and race were controlled for in the analysis. The findings
from this study add to the limited data on potentially beneficial dietary factors for the
management of biochemically recurrent PrCA.

Conclusion

This study offers preliminary evidence that higher plasma levels of a—tocopherol, -
cryptoxanthin, trans-p—carotene, cis-lutein/zeaxanthin, and all-trans-lycopene are associated
with lower PSA levels among men with biochemically defined PrCA recurrence. A higher
antioxidant score, used as a measure of total antioxidant exposure, also was associated with
lower PSA levels at various timepoints. These findings suggest that increased intake of these
micronutrients, which are found in many fruits and vegetables, may slow the progression of
PSA among men with biochemical recurrence of PrCA. Considering the small sample size
and short duration, additional research in larger cohorts with longer follow-up is warranted.
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Baseline characteristics of study subjects and changes in PSA levels

Table |
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1duasnuen Joyiny

All subjects (n=39) | Intervention (n=22) | Control (n=17) p §
Mean + SD Mean = SD Mean + SD
Age, years 708 69+9 71+7 0.51
BMI, kg/m? 29.75+5.21 29.49 + 4.86 30.09 £ 5.77 0.73
Energy, kcal/day 1683.90 + 414.24 1741.24 + 367.52 1609.68 + 468.92 | 0.33
Physical activity, total METs/week 44.60 + 35.51 52.02 £41.29 35.43 £24.96 0.13
n (%) n (%) n (%)
Race
White/European American 28 (72) 17 (77) 11 (65) 0.48
Black/African American 11 (28) 5 (23) 6 (32)
Education
High school graduate or less 8 (20) 4(18) 4 (23) 0.70
High school and some college 12 (31) 8 (36) 4 (23)
College graduate 19 (49) 10 (45) 9 (53)
Marital status
Married or with partner 31 (79) 16 (73) 15 (88) 0.43
Widowed, divorced, or single 8(21) 6 (27) 2(12)
Employment
Yes, full time 7 (18) 3(14) 4(23) 0.68
Yes, part time 4 (10) 2(9) 2(12)
No 28 (72) 17 (77) 11 (65)
Smoking status
Never 14 (37) 8 (36) 7 (41) 0.80
Former 21 (53) 11 (50) 9 (53)
Current 4 (10) 3(14) 1(6)
Tumor grade (Gleason score)
Well differentiated (<5) 1(3) 1(5) 0(0) 0.95
Moderately differentiated (5-6) 9 (23) 5 (23) 4 (24)
Poorly differentiated (=7) 20 (51) 12 (54) 8 (47)
Missing 9 (23) 4(18) 5 (29)
Type of treatment
Prostatectomy 6 (15) 3(14) 3(18) 0.99
Prostatectomy and radiation 18 (46) 10 (45) 8 (47)
Radiation only 15 (39) 9 (41) 6 (35)
PSA levels, mean (range) ng/mLa
Baseline 3.91 (0.10-52.00) | 3.24 (0.10-37.90) | 4.78 (0.10-52.00) | 0.61
At 3-months 5.01 (0.10-68.30) | 4.37 (0.10-44.70) | 5.85 (0.10-68.30) | 0.70
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n (%)

n (%)

n (%)

At 6-months

4.72 (0.10-67.20)

4.26 (0.10-54.40)

5.27 (0.10-67.20)

0.80

Page 17

Abbreviations: PSA — prostate-specific antigen; SD — standard deviation; METs — metabolic equivalent task per week from physical activity

a .
Data represents actual PSA values, not logarithm transformed values.

§P value comparing intervention and control groups using Student's t-test for continuous variables and Fisher's exact test for categorical variables
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Table llI

Baseline PSA levels by baseline carotenoid and tocopherol levels

Crude model® Adjusted modelb
Plasma tocopherols and carotenoids at baseline® | " Mean (95% CI)d P 8 Mean (95% CI)d P 8
a-tocopherol low 19 | c=9,1=10 | 0.80(0.39-162) | 0.35 | 0.53(0.25-1.16) | 0.40
high 20 | c=8,1=12 | 1.34(057-3.14) 0.79 (0.30-2.07)
y~tocopherol low 20 | c=8,1=12 | 1.40(0.59-3.30) | 0.30 | 0.71(0.29-1.71) | 0.50
high 19 | €=9,1=10 | 0.78(0.38-1.58) 0.52 (0.23-1.20)
a—carotene low 191 C=81=11 1.10 (0.52-2.34) 0.67 | 0.49 (0.20-1.19) 0.45
high 20 | C=9,1=11 | 0.88(0.42-1.88) 0.70 (0.30-1.63)
Cis—f-carotene low 20 | C=51=15 0.77 (0.35-1.67) 0.37 | 0.67 (0.26-1.70) 0.71
high 19 | c=12,1=7 | 1.27(0.58-2.78) 0.55 (0.23-1.31)
Trans—f-carotene low 20 | C=7,1=13 0.91 (0.42-1.95) 0.75 | 0.50 (0.21-1.18) 0.44
high 19 [ c=10,1=9 | 1.07(0.49-2.34) 0.72 (0.30-1.74)
a—cryptoxanthin low 21 | c=7,1=14 | 094(0.44-2.00) | 0.86 | 0.87(0.35-2.19) | 0.20
high 18 [ c=10,1=8 | 1.03(0.48-2.22) 0.46 (0.20-1.05)
B-cryptoxanthin low 20 | c=10,1=10 | 0.92(0.45-1.89) | 0.76 | 0.56 (0.23-1.35) | 0.80
high 19 [ c=7,1=12 | 1.08(0.49-2.37) 0.66 (0.23-1.89)
Lutein low 191 C=81=11 0.91 (0.40-2.06) 0.79 | 0.70 (0.29-1.68) 0.52
high 20 | c=9,1=11 | 1.05(051-2.14) 0,51 (0.22-1.22)
Zeaxanthin low 18 | C=6,1=12 0.96 (0.43-2.16) 0.93 | 0.53(0.20-1.43) 0.74
high 21 | C=11,1=10 | 1.01(0.49-2.05) 0.63 (0.29-1.37)
Cis-lutein/zeaxanthin low 21 | C=9,1=12 0.94 (0.46-1.91) 0.82 | 0.61(0.28-1.34) 0.90
high 18 | €=8,1=10 | 1.05(0.47-2.38) 0.58 (0.23-1.42)
Cis-lycopene low 21 | c=8,1=13 | 1.39(0.60-3.22) | 0.30 | 0.46 (0.14-1.54) | 0.48
high 18 | c=9,1=9 0.72 (0.28-1.87) 0.30 (0.11-0.85)
Trans-lycopene low 20 | C=8,1=12 1.27 (0.35-2.07) 0.50 | 0.42(0.16-1.07) 0.14
high 19 | C=9,1=10 | 0.85(0.54-3.03) 0.22 (0.09-0.56)
Antioxidant score® low 19| C=81=12 1.16 (0.55-2.42) 0.51 | 0.77 (0.32-1.85) 0.31
high 20 | €=9,1=10 | 0.82(0.38-1.79) 0.45 (0.19-1.12)

Abbreviations: PSA — prostate-specific antigen, Cl — confidence interval, C — Control group, | — intervention group

aAdjusted for age, race and randomized group.
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bAdjusted for age, race, education, marital status, employment status, smoking status, Gleason score, body mass index, total metabolic equivalent
(MET) per week of physical activity, energy intake, and randomized group.

CCategorized by median splits as less than median (low) versus greater than or equal to median (high).

d
Data are reported as least square means.

eAntioxidant score; low : 57 — 83, high: 84 -123.

§P values from regression model comparing mean difference between low and high tocopherol/carotenoid categories

Cancer Epidemiol. Author manuscript; available in PMC 2016 October 01.



Page 20

Antwi et al.

(2£'0-€0'0) 0T'0 (ev'1-87°0) TS0 (82'0-€€'0) 150 (0T'1-95°0)820 | €T=1'§=0 | 8T ubiy

v000 | (L€zec0)680 | ¥50 | (SLT-v€0) 20 | 090 | (e80-0v0)850 | 260 | (221-990)060 | 2=1'0T=0 | LT Mmoj auadoak|-sue.n-|1v
(€2'0-20°0) €70 (9€'1-02°0) 250 (TL'0-v€0) 670 (66'0-25°0) 220 | €T=1'§=0 | 8T ubiy

800 | (sTzszo)eso | v&o | (GL1ve0) 2.0 | 620 | (880-€v0)T90 | 020 | (0£T-220)260 | L=1'0T=D | LT Moj 8uadodA|-s1d
(98'0-TT'0) €0 (16'0-GT7°0) LE'0 (29'0-€€'0) 5¥'0 (z6'0-6%°0) 290 | €T=1"v=0 | LT ubiy

910 | (052€20)920 | 600 | (SE2-9v0)SOT | 8000 | (20T-250)GL0 | S00 | (S€T-220)20T | L=1'TT=D | 8T Mmoj uIUEXe3Z/UIeIn|-s1)
(80'T-€T'0) 8€°0 (8L'T-2€°0) 92°0 (89'0-62°0) ¥¥'0 (S0'1-650) 620 | 8=1'0T=2 | 8T ubiy

660 | (oezsT0)650 | €90 | (L€T-€T0)950 | 210 | (28°0-€v°0)090 | 870 | (627-990)260 | eT=1'6=0D | LT Mmoj UIUEXeaZ
(98'0-600) 82°0 (92'1-¥2°0) 550 (€£'0-G€'0) TS0 (S6'0-¥50) 120 | TT=1'2L=2 | 8T ubiy

L0 | (s9zzz0) 220 | €50 | (16T-€€0)080 | Sv0 | (€6°0-T¥'0) 190 | 600 | (9€T-G20)T0T | 6=1'8=D | LT Mmoj ureIn
(€5'0-50°0) LT'0 (€9'1-62°0) 29'0 (82'0-9€0) €50 (L6'0-¥50) 220 | 0T=1'8=D | LT ubiy

700 | (982€€0) 260 | 980 | (br1-,20)690 | ¢80 | (€8°0-6€0)950 | €10 | (eeT-v20)660 | OT=1'2=D | 8T Mmoj unyuexoydA1o—
(¥0'1-21°0) 9€°0 (05'1-92°0) £9'0 (€8'0-0£'0) 050 (L6'0-¥50) 220 | 0T=1'L=D | LT ubiy

9v'0 | (cze-s10)690 | 060 | (L5T1-620)290 | S90 | (080-T#0) 260 | sT0 | (0E€T-€L0)260 | 0T=1'8=D | 8T Mmoj unypuexodA1a-
(€2'T-¥T°0) TV'0 (LT'1-12°0) 6¥°0 (0£'0-G€'0) 050 (06'0-6%°0) 990 | 0T=1'2=2 | LT ubiy

180 | (oLT-2ro)ovo | 90 | (G6T-,£0)580 | Sz0 | (260-€v°0)€90 | €00 | (S€T-820)€0T | 0T=1'8=D | 8T MoJ 2UB)0Jed-g-suel |
(ST'T-0T'0) €€°0 (6€'1-€2°0) 950 (89'0-¥€'0) 670 (26'0-25°0) 690 | 8=1'0T=2 | 8T ubiy

260 | (0sT-81°0) TS50 | 590 | (B9T-ze0) L0 | 910 | (96°0-54°0)99°0 | S00 | (TrT-2L0)¥0T | 2T=1'6=0 | LT Moj 3U810.B0-¢-S1D
(€£'0-200) €2°0 (56'0-67°0) 20 (99'0-0£°0) ¥7°0 (€6'0-05'0) 69°0 6=18=0 | LT ubiy

800 | (s6'2-9z0)880 | ¢t0 | (ove-sro) 0T | €10 | (€6°0-54°0)G9°0 | L00 | (eeT-920)00T | TI=1'2=D | 8T Moj 8U810.J23-D
(80'1-0T'0) €€°0 (6€'1-12°0) S50 (€8'0-€€'0) €50 (82'1-€2°0) 260 | TI=1'2=0 | 8T ubiy

G0 | (6529T0)¥90 | 290 | (eLT-2e0) L0 | ¢80 | (€80-6€0)950 | 910 | (86°0-050) 00 6=1'8=0 | /T Moj j0Jaydooo)-A
(8v'0-€0°0) €T°0 (€6'0-97°0) 8€'0 (59'0-22°0) 2v'0 (¥6'0-6°0) 890 | TT=1'9=0 | LT ubiy

100 | (T0z8z0)920 | TT0 | (Teesro)o0T | 010 | (580-54°0)290 | 600 | (62T-v20)860 | 6=1'6=0 | 8T Mmoj [0J3ydoo0}-n

§9 [ 10 0ese) suean | §9 | (10 %sge)sueaw | 59 | (10 9656) sueam | 8 | (10 9656) suean
U_mvoE paisnipy ,8PoW 3pnIo v_mcoE paisnipy ,l3pow spnid u QmE:oE € Je spIoualoJed pue sjoaaydodo) ewse|d
SUILOW 918 59A9] YSd GSUIUOW € 1€ S|oA3| VSd

Cancer Epidemiol. Author manuscript; available in PMC 2016 October 01.

[9A8] W/Sd auljaseq 4o) Bunsnipe ‘syiuow-9 pue -g 18 S|aAs] YSd 01 UONB|al Ul SYIUOW-E 18 S|aA3] [048Yd0oa0] pue PIous)oted JO SUOIRI0SSY

Al 3lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Antwi et al.

sa110681ed plousloled;/|0saydoaoy ybiy pue moj usamIag aduaiaIp ueaw Buledwod [apow uoissalfal Wwolj sanjen d

§

“TTT- 18 b1y ‘08 — G : MO| ‘81008 JuepIxonuY,

‘|aA9] WSd auljaseq pue dnoub paziwopuel
‘axeiul ABiaus ‘Ananoe eaisAyd Jo aam Jad (13N) JusjeAInba d1jogelaw [e10] ‘Xapul ssew Apoq ‘8109s uoses|S ‘snyels Buijows ‘sniels JuawAoldwsa ‘snieis [elsew ‘uoleonpa ‘aoel ‘abe 1oy parsnipy

p

'[3A3] WSd auljaseq pue dnoib paziwopuel ades ‘abe 1oy uoums.:;\o

*(yBiy) ueipaw o1 [enba Jo uey) 181e31H SnsIaA (MO]) Uelpaw UeY) SS9| Se SH|ds uelpaw Aq paziiobared

q

sueaw aJenbs 1sea| se payiodal ase Smﬁ_m

dnouf uonuaatlul = | ‘sdnoub 103U0d — D ‘[eAIBIUI 3OUBPIHUOD — |D ‘UdbiIue J14193ds-31e1504d — \YSd :UOIRINBIGQQY

(#7'0-70°0) ¥T°0 (LT1-220) 150 (89°0-2€°0) L¥'0 (26'0-250)690 | 0T=1'8=D | 8T ybiy
9J03S Jue (0]
€000 | (szzze0) 980 | se0 | (96T-9c0) w80 | 810 | (govv0o)zo0 | soo | Get-2200€0T | or=12=0 | 21 Moj oI008 JEpBXOUY
§9 | 1o wse)sueaw | s | (10 96se)suean | 89 | (10 96s6) sueaw | §F | (10 ese) surein
plaPow paisnlpy ,lepow epnid plapou pasnlpy Hlepow 8pnid u | gsnuow € e sproustores pue sj04aydo20) ewise|d

SUILOW 9 7 S13A9] VSd

SUIUOW € 1 S1A9] VSd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2016 October 01.



Page 22

Antwi et al.

21 | (€0°'T-69°0) ¥8'0 $1 | (v0'T-vL°0) 88°0 $1 | (v0'T-15°0) 2L°0 $1 | (2r'1-280080T | 6=10T=0 | 6T asea109Q aua)oIed-g-suel |
€9°0 | (98°0-62°0) €90 ST0 | (82°0-6€0) 990 v6'0 | (86'0-€50) 280 | 820 | (L0T-970) T80 | 9=12=0 | 8 | (%0¢ <) sseasour [enueisgns
820 | (68'0-9€°0) 120 950 | (68'0-21'0) 620 690 | (98'0-6T0)890 | 910 | (60T-T¥'0) 290 | €=1'v=2 | £ (%02-T) 8seasoul [ewWIUIN
j1 | (06'0-€9°0) G20 $81 | (20'T-0L°0) ¥8°0 j1 | (€6'0-15°0) 060 a1 | (€0'T-GL'0) L60 | OT=1'6=D | 6T asea108Q
¥8'0 | (¢8°0-v£'0) 890 6€0 | (18'0-vr'0)ELO 250 | (/80-€£0)6L0 | 620 | (96°0-06°0)920 | 6=1'9=02 | GT asealou]
ja1 | (88°0-19°0) ¥2'0 1 | (20'1-69°0) ¥8°0 j1 | (66°0-87°0) 260 a1 | (€0'T-GL'0) L60 | 0T=1'6=D | 6T asea108Q 3ua)01ed-g-s10
170 | (L90-LT0) ¥€0 9e0 | (¥2°0-6T°0) LEO 86'0 | (TST-6T0)¥S0 | €50 | (06T-¥¥'0)€80 | T=1T=0 | ¢ | (%0 <) aseasoul [enueisgns
Ge0 | (PST-v7°0) 28°0 2€0 | (rz'1-2£°0) 2970 8¢'0 | (06'T-z€0) 620 | 660 | (9zz-0e0)T60 | 2=1T=0 | € (%02-T) aseasour [ewuln
91=
ja1 | (92°0-05°0) 290 a1 | (58'0-19°0) 220 ja1 | (eL'0-88°0) €50 a1 | (60'1-29°0) 580 1'€T=0 | 62 asealaq
280 | (¥6'0-€€°0) S50 €20 | (58'0-2€0) 250 050 | (9e'1-€€0) L90 | 260 | (b9T-Lv'0)880 | €=1'2=D2 | § asealou]
91=
ja1 | (€L0-L'0) 6G°0 Ja1 | (¥8°0-09°0) TL'0 ja1 | (120-8€°0) 250 a1 | (60°'T-29°0) 580 1'eT=0 | 62 asealosg 8U310JB0-D
16'0 | (¥8°0-¥7°0) 09°0 670 | (00'T-950) G20 €6'0 | (68°0-€€0)G50 | 990 | (82T-95°0)¥80 | S=1'v=2 | 6 | (%0Z <) aseasul [enueisgns
020 | (89°0-2£0) 050 020 | (¥8'0-G7'0) 19°0 ¥9'0 | (22°0-2€0)050 | Szo | (B0T-S¥'0)0L0 | v=1'%=2| 8 (%02-T) 8sealoul [eWIUIN
31 | (6L0-87°0) 29°0 $31 | (68°0-G5°0) 0L°0 31 | (08'0-6€'0) 950 $81 | (1€7-69°00660 | 0T=1'2=0D | LT asealssd
8¢0 | (T2°0-2v'0) ¥50 /80 | (58'0-55°0) 89°0 €10 | (920-9¢0)250 | ¥€0 | (G0T-95°0) 220 | 6=1'8=D | LT asealou]
31 | (6L0-87°0) 29°0 $31 | (06'0-G5°0) 0L°0 31 | (08'0-6€'0) 950 $81 | (2e1-6900960 | 0T=1'2=0D | LT asealssd [013ydod0)-A
1000°0> | (85°0-G€'0) S7'0 600 | (08'0-0v'0) 260 | ¥000 | (19°0-920) 0’0 | OT0 | (eT'T-G70)TL0 | S=1C=0 | L | (%0z <) aseaoul [enuelsans
1000°0> | (£9'0-G¥°0) 550 G20 | (¥8'0-250)99°0 | 8000 | (22'0-,€0)¥50 | 800 | (€0T-€50) 20 | L=12=D | ¥T (%02-T) 8seasoul [ewWIUIN
a1 | (ET'T-¥L'0) 26°0 a1 | (50°'7-€9°0) T8°0 ja1 | (92°1-19°0) 88°0 $a1 | (€0T-€SO)ETT | L=1'9=D | €T asealssd
1000°0> | (09°0-¥¥°0) TS0 110 | (2202600 €90 | L0000 | (29:0-9€°0) 2v'0 | 00 | (G66'0-950) €20 | 2T=1'6=D | T2 asealou]
ja1 | (0T'T-2L°0) 68°0 a1 | (90°'7-€9°0) 28°0 ja1 | (12°'1-85°0) ¥8°0 $a1 | (6ST-080)ETT | L=1'9=D | €T asealssd [0Jaydoo0}-1
gd gd gd gd
o_wﬁoE Uwﬁ:.—ﬁ( |spow spni1d o_wﬁoE UBm:.-U( |spow spnid syjuow g 03 suljsseq

q

q

w04 splousloes pue sjoaydoooy ewseld ui sbuey)

SUILOW 9 T8 [9A9] VS

SUIUOW €38 [9A9] VSd

(1D 9%G6) sueay

Author Manuscript

Author Manuscript

A 3lgeL

Author Manuscript

[9A3]
WVSd auljaseq Joy Bunsnlpe ‘syiuow-9 pue -g 1e S|aAs| Sd 01 UOIR[a] Ul SYIUOW-E 01 aUI|aseq WOy S|aA3] [048ydoao) pue plousloted ul abueyd 1uadiad

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2016 October 01.



Page 23

Antwi et al.

(£0'1-09'0) 08°'0 Ja1 | (TT'1-€9°0) ¥8°0 (00'1-6€°0) £9'0 $a1 | (ZzT-v500 780 | €=1'8=0 | 1T asealssd ulyluexesz/uten|-sty
98°'0 | (08°0-2£0) ¥5°0 620 | (60'T-€5°0) ¥9°0 16'0 | (2206200870 | 890 | (€2T-TY0)TL0 | €=12=0 | § | (%0 <) aseasnul [enueisgns
G690 | (9T'T-¥50) LL0 G20 | (62'1-850) 99°0 120 | (00'T-0v0) ¥S50 | 020 | (L8T-TL0)9TT | 2=1'§=D0 | . (%02-T) 8sealoul [eWIUIN
81 | (89°0-v¥'0) 550 $1 | (72°0-05°0) T9°0 a1 | (€9°0-G€°0) L0 $81 | (S0'T-19°0)080 | ¥T=1'8=0 | 22 asealssd
620 | (68°0-87°0) €9°0 ee'0 | (60°'T-67'0) G9°0 010 | (66'0-97'0) €50 | S50 | (LET-¥90)¥60 | S=12=D | T asealou]

81 | (0L°0-G7'0) LG50 $1 | (72°0-05°0) T9°0 31 | (19'0-G€°0) 8°0 $21 | (80°'T-290)280 | ¥T=1'8=0D | 22 asealssd ulyiuexesz
120 | (98°0-77'0) €9°0 910 | (22°0-2¥0) 09°0 €€0 | (€8°0-0v'0)850 | 080 | (OTT-¥5°0) 220 | 0T=1'€=0D | €T | (%0g <) aseaioul [enuelsqns
6.0 | (86'0-G€'0) G20 G660 | (S2'1-870) 820 L€0 | (8T'T-6€0)¥90 | 2z0 | (T1€2-2v0)S90 | ¢=1'v=2 ] 9 (%02-T) 8seasoul [ewWIUIN
ja1 | (18'0-G7°0) T9°0 a1 | (96'0-19°0) 9L°0 ja1 | (69°0-2€°0) L0 $a1 | (217-090)280 | L=1'8=D | ST asealosd
v2°0 | (€£°0-G7'0) 890 120 | (61:0-150) €9°0 620 | (€8°0-2v'0)650 | 590 | (¥2'T-99'0) 060 | 2T=12=2 | 6T asealou]

ja1 | (08'0-9%'0) 09°0 a1 | (96'0-09°0) 9L°0 ja1 | (69°0-2€°0) L0 $21 | (116500780 | L=1'8=D | ST aseal0sQ ueIn
6000 | (85°0-€€0) ¥¥°0 68'0 | (28'0-87'0) €9°0 G20 | (cLo1€0) 0 | TL0 | (BT'T-060)220 | 9=1'€=2 | 6 | (%0 <) aseasnul [enueisgns
280 | (¥O'T-L¥'0) 0L°0 120 | (8€'T-¥L0) TO'T 620 | (620-920)Gv'0 | 250 | (19T-T9°0) 00T | v=1'€=2 | L (%02-T) 8sealoul [eWIUIN
a1 | (€8'0-€5°0) £9°0 $1 | (92°0-67'0) T9°0 31 | (68°0-€¥'0) 29°0 1| (PTT2900¥80 | 6=1'6=0D | 8T asealssd
100 | (59°0-2£0) 6¥°0 120 | (L6'0-19°0) LL°0 810 | (29°0-2€0) ¥'0 | 260 | (02T-T9°0) 980 | 0T=19=D | 9T asealou]

81 | (¥8'0-26°0) 99°0 $1 | (61°0-05°0) 29°0 31 | (68°0-€¥'0) 29°0 $81 | (9T'1-€90)680 | 6=1'6=0D | 8T asealssd unuexodAio—g
810 | (¥9°0-T¥'0) ¥9°0 160 | (¥8'0-€5°0) 290 Sv'0 | (58'0-2'0)09°0 | 6v°0 | (STT-290)¥80 | 2T=1'2=0 | 6T | (%0z <) aseaioul [enuelsqns
ev'0 | (¢6'0-87°0) 69°0 950 | (96'0-G¥'0) 99°0 €00 | (19°0-€20) €0 | 870 | (OTT-2€0)¥90 | €=12=2 | § (%02-T) 8seasoul [ewWIUIN
ja1 | (92'1-G9°0) 06°0 $a1 | (20°'7-95°0) 9L°0 ja1 | (8T'T-G¥'0) €L°0 Ja1 | (87'1-89°0)T0T | ¥=1'9=D | 0T asealssd
6€0 | (L9°0-9v°0) LL°0 8v'0 | (18'0-G50) £9°0 910 | (69°0-8°0) 150 | €0 | (v0T-09°0)6L0 | ST=1'6=2 | Ve asealou]

a1 | (LZ2'T-¥9°0) 06°0 Ja1 | (20°'7-95°0) 9L°0 a1 | (0Z'T-v7'0) €L°0 Ja1 | (87'7-89°0)00T | ¥=1'9=0D | OT asealnsQ uigauexoydA1o—n
1000°0> | (2G°0-¥€0) ¥¥7'0 | T000'0> | (85°0-2€°0) E¥'0 680 | (90'T-2v'0) 90 | 800 | (BOT-0v'0)S9°0 | 9=10=2 | 9 | (%0z <) aseasoul [enueisgns
1000°0> | (85°0-2€°0) 970 2000 | (¢2'0-€7'0) S50 | S0000 | (67°0-€20) €0 | 200 | (260-€v'0) €90 | ¥=1'5=D0 | 6 (%02-T) 8sealoul [eWIUIN
81 | (€0°'T-69°0) ¥8'0 $1 | (¥0'T-GL'0) 68°0 31 | (66°0-1G°0) TL'O $1 | (2r'1-280)80T | 6=10T=0 | 6T asealssd
1000°0> | (#5°0-8€'0) G¥'0 | T000°0> | (09°0-T¥°0) 6¢°0 100 | (09°0-2€0) 7’0 | 6000 | (98'0-2¥'0) €90 | 0T=1'G=D | GT asealou]

gd gd gd gd
olepow paisnlpy |apow apnid olepow paisnlpy |apow apnid Syauow € 03 suljsseq

q

q

w04 splousloes pue sjoaydoooy ewseld ui sbuey)

SUILOW 9 T8 [9A9] VS

SUIOW € 1€ |3N3] VSd

(1D 9%G6) sueay

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2016 October 01.



Page 24

Antwi et al.

19A8] WSd auljaseq pue dnoib paziwopuel
‘axeiul ABiaua ‘Ananoe [eaisAyd Jo ¥aam Jad (1 JIN) JusjeAinba o1j0geIBW |10} ‘XBpUl SSeW Apog ‘8103s U0Sea|S) ‘sniels Buiyows ‘snyels JuswAojdwa ‘sniels [eyltew ‘uoieanps ‘adel ‘afe 1oy uwums._u/\o

19A8] WSd auljaseq pue dnoif paziwopue. ‘aoes ‘abe Joy uwum:_c,qg
S|eAJBIUI BOUBPILUOD pue Ssueaw alenbs ises| se paliodal ae eled,,

“TTT- T8 :UBIY ‘08 — G : MO 21038 JUBPIXONUY 4

dnoJb uonuaniaul | ‘dnoib [013U0d = D ‘[eAIBIUI BOUBPIIUOD — | ‘Uabnue J13193ds-a1e1s04d — WS :UONRIASIqaY

T0000> | (€5°0-L£°0) 70 0£0 | (¥8'0-25°0) 990 010 | (09°0-0¢0) €70 | €50 | (00T-050)TL0 | 6=12=0 | TT | (%0¢ <) 8seaiout [enueisgns
100 | (82°0-050) 29°0 1€°0 | (28°0-L7'0) ¥9°0 690 | WT'T-Lr0)€L0 | €v0 | (6ST-€4°0) 20T | 9=1'v=2 | 8 (%02-T) 8sealoul [eWIUIN
ja1 | (9T'1-2L°0) 26°0 a1 | (0T'1-65°0) T80 a1 | (T0'T-27°0) S9°0 o1 | (1€'7-G5°0)G80 | v=1'v=2 | ¥T aseannsq
1000°0> | (09°0-¢¥°0) 050 920 | (62°0-¥50) 590 L€0 | (02°0-2€0) 150 | 960 | (TT°T-99'0) 58'0 1'TT mﬁw 6T asealou]
ja1 | (12°T-2L°0) €6°0 a1 | (0T'1-65°0) T8°0 ja1 | (20'T-07°0) ¥9°0 a1 | (5£0-65°0) 280 | ¥=1'v=2 | ¥T asealidsq p 8103S JUEPIXONUY
2000 | (95°0-9€0) S¥°0 6€0 | (18°0-67'0) €9°0 €90 | (c20-v€0) 050 | 560 | (0TT-950)620 | 8=1'G=0 | €T | (%0z <) aseasour [enuelsgns
2.0 | (26'0-650) €L°0 680 | (0T'T-€50) 920 190 | (90'T-6€0)¥9°0 | ¥T0 | (667T-9.0)€2T | S=12=2| . (%02-T) 8sealoul [eWIUIN
81 | (18'0-G5°0) 69°0 $1 | (€6'0-260)€L°0 a1 | (€8'0-L€'0) 950 $1 | (@T1-260080 | 9=18=0 | ¥T asealssd
100 | (99'0-27°0) €50 650 | (€8°0-¥5°0) L9°0 680 | (62'0-8€'0)€50 | 250 | (12T-89°0) 160 | €T=12=02 | O¢C asealou]
81 | (16'0-€5°0) 69°0 $1 | (€6'0-260)€L°0 a1 | (€8'0-L€'0) 550 1| (ITT-66006L0 | 9=18=0 | ¥T asealssd auadooA|-suel |
820 | (¢8°0-v€'0) ¥9°0 LT0 | (80-G7'0) 650 v€0 | (120-€€0) 870 | SL0 | (00T-6¥'0)0L0 | L=1"%=02 | TT | (%0g <) aseaioul [enuelsqns
690 | (T0'T-950) 220 89°0 | (¥T'1-09°0) €8°0 oro | (280-0r0)650 | 280 | (TTT-T9°0)€L0 | S=1'€=D0 | 8 (%02-T) 8seasoul [ewWIUIN
Ja1 | (86'0-59°0) 8L°0 a1 | (66°0-65°0) 9L°0 a1 | (9€'T-v¥'0) LL'O 81 | (L0T-¥S009L0 | L=1',1=D | ¥T asealssd
6T0 | (98°0-6€0) L9°0 6v'0 | (58'0-G5°0) 89°0 16'0 | (6L°0-£0)¥50 | ov'0 | (G2T-0.0)€60 | 2T=12=2 | 6T asealou]
ja1 | (¥6'0-LG°0) €L°0 $a1 | (00°'T-65°0) LL°0 ja1 | (18'0-L€°0) SS°0 1 | (ITT-€50)2L0 | L=1'L=D | ¥T asealssd auadooA|-s1o
70000 | (250-8€°0) Lt'0 900 | (S2°0-2¥'0) 650 Gv'0 | (12°0-9€0) 250 | 890 | (82T-#9'0) 060 | TT=1'v=2 | ST | (%0z <) aseasoul [enuelsgns
920 | (€8°0-6v°0) ¥9°0 9v'0 | (86'0-250) 220 870 | (62°0-€€0) 150 | ¥6°0 | (62T-€50)€80 | S=1'€=2 | 8 (%02-T) 8sealoul [eWIUIN
81 | (20°'T-09°0) 8L'0 1| (IT'T-v9°0) ¥8°0 81 | (10°'T-6€°0) €9°0 $1 | (ZzTv50 1780 | €=18=0 | 1T asealssd
€000 | (¥9°0-2v'0) 250 TT°0 | (2£0-25°0) €9°0 2r0 | (120-8€0) TG0 | 920 | (9T'T-99°0)880 | 9T=1'2.=0 | €¢ asealou]
gd gd gd gd
olopoul parsnipy n_w_ooE 8pnio olopou parsnlpy n_onE opnio u | wouy Splousloded pue m_ohm:aomeMccﬁ“MM_w ﬂ_ MM_DMm%w
GSUIUOW 9 1€ |99] VSd GSUIUOW € 1€ [9A9)] VSd
(1D 9%56) sueaN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2016 October 01.

in

available

1

Cancer Epidemiol. Author manuscript



Page 25

Antwi et al.

AJ9A1109dsa1 35BaIOUI [BIIURISNS 4O 9SBRJOUI [RLUIUIW ‘BSB8I0UI UB UM S3110631ed pIousiose/|01aydodo) Ul asesioap Usamlag aoualaip uesl Buriedwod sjapow uoissalfial woly senjea d

Author Manuscript

Author Manuscript

Author Manuscript

§
Author Manuscript

Cancer Epidemiol. Author manuscript; available in PMC 2016 October 01.



