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Abstract

NIH-PA Author Manuscript

Epidemiologic evidence on the association of antioxidant intake and prostate cancer incidence is
inconsistent. Total antioxidant intake and prostate cancer incidence has not previously been
examined. Using the ferric reducing antioxidant potential (FRAP) assay, the total antioxidant
content (TAC) of diet and supplements were assessed in relation to prostate cancer incidence. A
prospective cohort of 47,896 men aged 40-75 years was followed from 1986 to 2008 for prostate
cancer incidence (N=5,656), and they completed food frequency questionnaires (FFQ) every 4
years. A FRAP value was assigned to each item in the FFQ, and for each individual, TAC scores
for diet, supplements and both (total) were calculated. Major contributors of TAC intake at
baseline were: coffee (28%), fruit and vegetables (23%) and dietary supplements (23%). In
multivariate analyses for dietary TAC a weak inverse association was observed; (highest versus
lowest quintiles: 0.91 (0.83-1.00, p-trend=0.03) for total prostate cancer, 0.81 (0.64-1.01, ptrend=0.04) for advanced prostate cancer); this association was mainly due to coffee. No
association of total TAC on prostate cancer incidence was observed. A positive association with
lethal and advanced prostate cancer was observed in the highest quintile of supplemental TAC
intake: 1.28 (0.98-1.65, p-trend<0.01) and 1.15 (0.92-1.43), p-trend=0.04). The weak association
between dietary antioxidant intake and reduced prostate cancer incidence may be related to
specific antioxidants in coffee, to non-antioxidant coffee compounds, or other effects of drinking
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coffee. The indication of increased risk for lethal and advanced prostate cancer with high TAC
intake from supplements warrants further investigation.
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Introduction
Among men in western countries prostate cancer is the most commonly diagnosed cancer
and the second leading cause of cancer death [1]. The 60-fold variation in incidence across
countries may partly reflect differences in screening and diagnosis, but also suggests that
modifiable lifestyle-related risk factors may contribute [2, 3]. One area of interest in prostate
cancer research has been the hypothesis that foods rich in antioxidants may protect against
prostate cancer, but the evidence is mixed [3].
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The latest review from the World Cancer Research Fund concluded that there is evidence
that intake of foods containing lycopene and selenium are associated with a lower risk of
prostate cancer. For legumes and foods containing vitamin E and vitamin E supplements
there is suggestive evidence for a protective effect. Intervention trials with single antioxidant
supplements have consistently shown no beneficial effects of beta-carotene supplementation
on prostate cancer risk. The evidence for a beneficial effect of selenium supplements is
conflicting, and limited evidence suggests a protective effect of vitamin E among smokers[2,
4].
If antioxidants have cancer protective properties, because of their ability to reduce oxidative
stress, examining the total intake of antioxidants rather than single antioxidants in relation to
prostate cancer incidence may provide a stronger estimate of the effect. There is evidence
suggesting that multiple antioxidants work synergistically to reduce oxidative stress [4-6].
For example, it is known that vitamin C (ascorbic acid) may recycle tocopherol radicals to
tocopherols [7], but it is suggested that the concept of antioxidant recycling and networking
could have a much broader validity [5-7].
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The term “antioxidants” refers to several families of compounds, but only a few antioxidants
have been studies so far. Examples of dietary antioxidants studied to some extent include
ascorbic acid, tocopherols, β-carotene, lycopene, resveratrol, curcumin, quercetin, catechins
and caffeic acid. Most of the dietary antioxidants are phytochemicals that originate in plants.
There are probably more that 10,000 different phytochemicals in a normal diet, and most of
these are antioxidants (i.e. that are redox active)[2, 6, 8]. These various antioxidants each
have their specific bioavailability (absorption, transport and accumulation in tissues and
subcellular localizations) and redox reactivity.
Hence, it would therefore not be expected that all dietary antioxidants would inhibit all
oxidative stress-related pathogenesis. Such an inhibition would only occur if the specific
dietary antioxidant (or one of its metabolites) is absorbed, transported to and accumulate at
the relevant subcellular physiological site. Furthermore, the specific dietary antioxidant must
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also have the ability of react efficiently with the reactive molecular species that are involved
in that particular disease development.
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In the present study, we have focused on the concept of total intake of all dietary
antioxidants combined. Several methods to quantify the total antioxidant capacity (TAC) in
different foods have been developed [9]. The ferric-reducing antioxidant potential assay
(FRAP), which measures the reduction of Fe3+ (ferric ion) to Fe2+ (ferrous ion), has been
used extensively to quantify total antioxidants in foods [8, 10]. We have recently measured
TAC of more than 3,100 foods used worldwide [8]. Other studies have examined a
combined score of antioxidants and prooxidants in relation to prostate cancer risk . Agalliu
and coworkers used a combined score consisting of 8 antioxidants and 5 prooxidants. They
found no association with prostate cancer risk in the Canadian Study of Diet, Lifestyle and
Health cohort [11]. In the Netherlands Cohort study, a combined pro- and antioxidant score
were created consisting of 5 antioxidants and prooxidants. Geybels and coworkers found no
association between the score and advanced and total prostate cancer incidence [12].
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No study to date has examined total antioxidant capacity in relation to prostate cancer. In the
Health Professionals Follow-up Study, a large prospective cohort of men, we examined the
association between TAC intake, measured by FRAP, and the risk of prostate cancer during
22 years of follow-up and with updated data on diet.

Materials and methods
The Health Professionals Follow-up Study (HPFS) is a large prospective cohort study of
51,529 US male health professionals who were aged 40 to 75 years at baseline in 1986.
Information on lifestyle and health is collected with biennial questionnaires, and dietary
habits are assessed every four years. Men who completed the baseline food frequency
questionnaire (FFQ) in 1986 form the study population for this analysis (N=49911). We
excluded men with implausible energy intake, or who left more than 70 food items blank on
the baseline FFQ. Men reporting a diagnosis of cancer (except non-melanoma skin cancer)
prior to enrollment were also excluded, leaving a total of 47,896 men who were followed
prospectively for prostate cancer incidence to 2008. The Health Professionals Follow-up
Study is approved by the Human Subjects Committee at the Harvard School of Public
Health.
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Assessment of TAC intake
Dietary data were collected with semi-quantitative food frequency questionnaires (FFQs) at
baseline in 1986 and again in 1990, 1994, 1998,2002 and 2006. Men were asked their
frequency of consumption of over 130 food items over the previous year, with nine mutually
exclusive response categories ranging from almost never to ≥6 times/day. Dietary
supplement use was also reported including information on supplement type, dose,
frequency and duration of use. All FFQ items were assigned a FRAP value from analyses at
the Institute of Nutrition Research, University of Oslo [8]. When an FFQ item did not have a
specified FRAP value, the value was imputed based on knowledge of foods and beverages
with similar antioxidant profiles. FRAP values were also assigned to dietary supplements
from analyses at the University of Oslo. To calculate each participant's TAC intake, the
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frequency of consumption of each item was multiplied by its FRAP value and summed
across all items. Three exposure variables for TAC score were created: 1) Total TAC with
the antioxidant contribution from foods, beverages and supplements, 2) Dietary TAC with
the antioxidant contribution of only food and beverages and 3) Supplemental TAC was
calculated by subtracting the dietary TAC from the total TAC value, giving the TAC value
for each individual derived from dietary supplement use. To best reflect long-term diet, we
used the daily cumulative average TAC intake in mmol as our exposure measure; that is,
1986 TAC was used for 1986-1990 follow-up, the average of 1986 and 1990 TAC was used
for 1990-1994 follow-up, the average of 1986, 1990, and 1994 TAC was used for 1994-1998
follow-up, and so on. This also reduces within-person measurement error in the FFQ [13].
Ascertainment and classification of prostate cancer cases
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Initial reporting of prostate cancer comes from participants on the biannual questionnaires.
We seek to confirm prostate cancer using medical records and pathology reports, and 90
percent of prostate cancers are confirmed. All cases (N=5,656), including the remaining
10%, based on self-reports or death certificates were included, because the reporting of
prostate cancer among men with medical records is quite accurate (>98%). Men with
prostate cancer are sent additional questionnaires to monitor clinical outcomes, such as
disease progression and development of metastases. Deaths are recorded through reports
from family members and the National Death Index. An endpoints committee, using all
available data including medical history, records, registry information and death certificates,
determined the underlying cause of death. The prostate cancer cases were classified as
follows: All incident prostate cancer (excluding T1a cancers, which are discovered
incidentally during treatment for benign prostatic hyperplasia). Advanced prostate cancer
were defined as cancer with seminal vesicle infiltration (T3b), invasion of adjacent organs
(T4) or metastasis to lymph node (N+), or distant metastases (M1) at the time of diagnosis
and included also men who developed lymph node, distal metastases or death from prostate
cancer during follow up. Lethal cases, a subset of advanced cases, were defined as those
who died from the disease or had distant metastases during follow-up. Localized cases
included T1 and T2 cancers with no evidence of regional or distant metastases at diagnosis
or during follow up. Cases were also categorized according to grade at diagnosis: High
grade (Gleason score 8-10), Gleason score 7, and low grade (Gleason score 2-6) based on
pathology reports from prostatectomy specimens or biopsies.
Statistical analysis
Participants contributed person-time from date of return of baseline questionnaire in 1986
until prostate cancer diagnosis, death or the end of study period, January 31, 2008.
Participants were divided into quintiles of intake for the three TAC exposures (TAC from
diet only, TAC from diet and supplements and TAC from supplements only) To calculate
the incidence rates for prostate cancer we divided the number of incident cases in each
quintile of different TAC intakes by the number of person –years in that quintile. TAC
intakes were energy-adjusted using the residual method and adjusted for age and calendar
time [13]. We used Cox proportional hazards regression to adjust for potential confounding
by other factors. Multivariable models were adjusted for race (African-American, EuropeanAmerican, Asian and other), height (quartiles), BMI at age 21 (categories), current BMI
Int J Cancer. Author manuscript; available in PMC 2014 December 23.
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(categories), vigorous physical activity (quintiles), smoking (current, former quit>10 years
ago, former quit<10 years ago and never), diabetes mellitus (Type 1 or 2, yes/no), family
history of prostate cancer (yes/no), history of PSA testing in the previous questionnaire
period (yes/no), and intakes of calcium (quintiles), alpha-linolenic acid (quintiles), alcohol
(categories) and energy (continuous). All covariates except race, height and BMI at age 21
were updated in each questionnaire cycle. To test for a linear trend across quintiles of
antioxidant intake, we modelled the TAC intake as a continuous variable, using the median
intake for each quintile.
We also examined the associations of the major contributors to dietary TAC with prostate
cancer. Smoking increases oxidative stress and smokers have lower levels of circulating
antioxidants, possibly due to increased utilization[14]. We therefore performed a subgroup
analysis in never smokers, as the effect of antioxidant intake may be more apparent in these
men. Analyses were performed using SAS version 9.1 (SAS Institute, Inc: Cary, NC). All P
values were two-sided, with a P-value less than 0.05 considered to be statistically
significant.
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Results
The 47,896 men in HPFS contributed 879,879 person-years during which 5,656 men
reported a prostate cancer diagnosis through 2008. Of these, 929 as advanced prostate
cancer, and of those 670 were classified as lethal prostate cancer. 3,606 were classified as
localized prostate cancer. There were 571 high-grade cases, 1,566 cases with Gleason score
7, and 2,340 low-grade cases. Gleason grade was not available for all men early in the
follow up period. Some men that were diagnosed near the end of follow-up will be
misclassified as non-advanced cancer because they didn't have time for disease progression
before end of follow-up.
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The cumulative average intake of energy-adjusted dietary TAC (from foods and beverages
only) was 10.8 mmol/day and 3.4mmol/day for supplemental TAC (from supplements only).
For total TAC the energy-adjusted intake was 14.1 mmol/day . The range of TAC for the
whole cohort for dietary TAC was 1.8-41.9 mmol/day, for supplemental TAC: 0-68.5 mmol/
day, and for total TAC: 1.9-76.7mmol/day. The cumulative average daily intake for dietary
TAC compares well with results from other studies using TAC [15, 16]. The major
contributors to TAC intake in the cohort in 1986 were: coffee (28%), dietary supplements
(23%), fruits (16%), tea (8%) and vegetables (7%) (Figure 1). Vitamin C contributed threequarters of the TAC from supplements. Among single foods and beverages the major
contributors, in addition to coffee, were tea (8%), orange juice (5%), and red wine (2%).
These four items together constituted almost half of TAC from foods and beverages in 1986.
The change over time was very little among most items, but an increase in the amount of red
wine contributing to TAC was seen over the years from 2 to 6 % from 1986- 2006. Over the
same period of time, a decrease in the contribution from both coffee (28% to 20%) and tea
(8% to 6%). Fruits & vegetables contribution was very stable over the period with 23 % in
1986 to 24% in 2006. The same was observed for dietary supplements (23% in 1986 to 22%
in 2006).
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Dietary TAC showed inverse associations with total and advanced prostate cancer
(multivariate-adjusted RR (MV-RR) for highest vs. lowest quintiles: 0.91(0.83-1.00), ptrend=0.03) and 0.80 (0.64-1.01, p- trend=0.04) (Table 2). With the other case definitions,
there were no significant associations. There was no significant association between total
TAC intake and total prostate cancer incidence, or for risk of disease based on stage or
grade. We found a positive association with lethal and advanced prostate cancer in the
highest quintile of supplemental TAC intake: 1.28 (0.98-1.65, p-trend<0.01) and 1.15
(0.92-1.43), p-trend=0.04) (Table 2). Vitamin C supplements and multivitamins are widely
used in this cohort (30 % and 49 % respectively), and the TAC intake from dietary
supplements is comprised mainly of vitamin C supplements and multivitamins.

NIH-PA Author Manuscript

Since coffee is a large contributor to TAC intake and has previously been associated with
lower risk of advanced and lethal prostate cancer in this cohort, we tested coffee along with
the other contributors to dietary TAC in the multivariable models [17]. Including the major
dietary contributors to TAC, we mutually adjusted for them in the analyses. As earlier
published there was an inverse association with total prostate cancer incidence and coffee in
this cohort. Now with longer follow up the results were more robust. (multivariate and
mutually-adjusted RR (MV-RR) for individuals with highest intake vs. lowest intake: 0.77
(0.64-0.92, p- trend=0.01). The results were stronger for advanced cases: 0.46 (0.68-0.76),
p- trend=0.01 and lethal cases: 0.41(0.22-0.76), p-trend=0.06. There were weak but
significant inverse associations with total fruit and vegetable intakes and localized prostate
cancer MV-RR: 0.82 (0.72-0.93, p-trend<0,01) and low grade prostate cancer MV-RR
0.83(0.71-0.97,p-trend=0.04) For the other main contributors to the dietary TAC, tea and red
wine, the results were null with respect to the different prostate cancer outcomes (Table 3).
The results for dietary and total TAC intake among never smokers (N=21,358) were
qualitatively similar to those for the whole cohort. For all incident prostate cancer (N=2,157)
among never smokers, we observed an inverse association with dietary TAC MV-RR 0.81
(0.69-0.94, p-trend<0.01) for the highest vs. lowest quintile of intake. For lethal and
advanced cases there were 36 % and 40 % risk reduction respectively in the highest quintile
of dietary TAC compared to the lowest quintile, but the inverse associations were again
stronger for coffee intake rather than for dietary TAC. [5-7]
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Discussion
The results from this large prospective study did not provide evidence for a protective
association of total TAC and prostate cancer incidence or progression. However for dietary
TAC there was an inverse association with total and advanced prostate cancers. The
opposite effect was seen for supplemental TAC and lethal and advanced cancers. There is a
suggestion that different sources of TAC may have different associations with risk. For
example, coffee, which comprises a large proportion of dietary TAC, was inversely
associated with risk of total, advanced and lethal prostate cancer. This effect may either be
related to the specific antioxidants found in coffee, or to non-antioxidant coffee compounds.
One could argue that it is possible that some antioxidants in coffee, due to their in vivo
distribution could reach higher concentration in prostate tissue as is the case with lycopene
from tomatoes [18]. Other possible mechanisms for the apparent protective effect of coffee
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can be that coffee inhibits intestinal glucose absorption, and also lowers circulating levels of
c-peptide. Coffee may also inflict on the levels of circulating sex-hormones since it affects
the levels of SHBG (sex hormone-binding globulin) These and other possible mechanisms
has been reviewed in the previous manuscript on coffee intake and prostate cancer risk in the
Health Professionals Follow-up Study. [17]. Coffee intake is easier to measure more
accurately than other different types of antioxidant containing foods that are consumed less
frequently, and therefore easier to find a true association. Residual confounding could be the
reason the other antioxidant containing foods were not significantly associated with prostate
cancer risk since registration of for example different types of fruits are more uncertain.
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However, the total TAC in the diet does not seem to provide any protective effect for
prostate cancer. On the other hand, high intake of antioxidants derived from supplements
was associated with increased risk for lethal and advanced prostate cancer. The main
contributor to the antioxidant intake from supplements in the Health Professionals FollowUp study is vitamin C. There are in vitro data suggesting that at higher concentrations,
vitamin C, may work as a pro-oxidant [19, 20]. The PLCO trial reported no adverse effect of
vitamin C, but the number of cases was considerably lower than in our study, and lethal/fatal
prostate cancers were not analyzed separately [21]. A large cohort study from Netherlands
looked at intake of vitamin C from diet and supplements and found no association between
the exposure and prostate cancer incidence [22]. In Physicians Health Study II, the effect of
supplemental Vitamin C and Vitamin E on prostate cancer incidence was tested in a factorial
design. The Vitamin C dose used was 500 mg daily, and the adjusted RR for prostate cancer
incidence was 1.02(0.90-1.15). For prostate cancer deaths the adjusted RR was 1.46
(0.92-2.31) with 45 deaths in the active group vs. 31 in the placebo group[23].
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Multivitamins is the other big contributor to supplemental TAC intake. A few studies have
addressed the issue with multivitamin intake and the association with prostate cancer.
Lawson et. al who found almost 1.3-fold increased risk for advanced prostate cancer and
almost 2-fold increased risk for fatal prostate cancer among those who consumed more than
seven times per week compared to never users [24]. In the Cancer Prevention Study II, the
authors reported increased prostate cancer mortality among multivitamin users with a high
consumption of multivitamins [25]. Since the association was only seen in lethal and
advanced cancer and not for total prostate cancer, it may be a chance finding. There is a
higher intake of calcium in the highest quintile of supplementary TAC, and the association
may be influenced by the higher calcium intake in these individuals. In the multivariate
models calcium was adjusted for. Reverse causation may be another possible explanation.
Cases in the lethal and advanced prostate cancer groups may experience disease related
symptoms as fatigue and prostate related symptoms long before diagnosis, and could have
been using supplements for some time. Whether the association with antioxidant intake
derived from dietary supplement use and lethal and advanced prostate cancer is due to the
supplement use itself, or an unidentified behavior related to the supplement use is unknown
and warrants further investigation.
The inverse association between total fruit and vegetables (servings/day) was only seen in
the less serious disease categories. This finding is in line with other publications reporting
no or weak associations between fruit & vegetable intake and prostate cancer risk[26].
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There are several limitations to this study. First, the FRAP assay only measures the in vitro
antioxidant activity of foods and supplements. It does not necessarily reflect the in vivo
situation, since the body's total antioxidant defense system is comprised of both endogenous
and exogenous antioxidants. The endogenous antioxidant system can be induced by
exposure to different stimuli such as diet, and antioxidant enzymes such as superoxide
dismutase (SOD) may be more or less effective due to genetic polymorphisms [27-29]. The
bioavailability of all the different antioxidants is not fully known, and different substances
have different bioavailability and metabolism [30]. The analysis of total antioxidant content
based on an in vitro assay is therefore an approximation. This may underestimate the true
association between TAC intake and prostate cancer.

NIH-PA Author Manuscript

Second, the food frequency questionnaire was not originally designed to record specific
antioxidant rich foods. Some specific exotic foods such as pomegranates, and exotic berries
rich in antioxidants and different types of spices with very high antioxidant content were not
recorded. Given the low frequency of consumption of such foods in the US, it is unlikely
that this has biased the results. In addition, the FFQ has not been validated for TAC intake;
however, the correlations between two-week dietary records and FFQ-reported intakes for
the major food items contributing to TAC are high (Coffee: 0.92, Tea: 0.77, Orange juice:
0.78, Red wine: 0.83).
There are several strengths to this study. Most important, the large sample size and the 22
year follow-up with a large number of cases provides the opportunity to study various
prostate cancer disease outcomes, which is important given the biological heterogeneity of
prostate cancers. The repeated measurement of diets every four years reduces the random
within-person measurement error and allows us to account for changes in diet over time
[13]. During follow-up the information on possible confounding factors were also repeatedly
updated allowing for an accurate control of confounding. We know many good dietary
sources of well known antioxidants such as beta carotene, vitamin E and vitamin C. Natural
foods contain a vast amount of different bioactive substances not yet identified. Their
possible biological effects and antioxidant properties are not fully known. The FRAP assay
will capture the antioxidant potential in each food with an electrochemical value regardless
of the source of the contribution. Both known and unknown substances with antioxidant
properties will be assessed. Possible synergistic effects will also be taken into account.
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In conclusion, our study did not provide convincing evidence of an association between total
antioxidant intake (TAC) measured by FRAP and incidence of prostate cancer. The possible
protective effect seen for dietary TAC and total and advanced prostate cancer could be due
to the association seen for coffee. The finding of an association between high intake of
antioxidants derived from supplements (mainly vitamin C) and risk of lethal and advanced
prostate cancer warrants further investigation.
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This is the first study to examine prostate cancer incidence and the association with total
antioxidant intake. A weak inverse association between dietary antioxidant intake and
prostate cancer incidence was accounted for by coffee intake. A positive association for
lethal and advanced prostate cancer and antioxidant intake from dietary supplements was
found.
Antioxidants from dietary supplements and diet were separately analyzed. Many cases
and long follow up time gives the results a high validity.
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Figure 1.
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TAC (including supplements) by major contributors, food group and beverages according to
1986 Health Professionals Follow up Study food frequency questionnaire.
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Table 1

NIH-PA Author Manuscript

Baseline (1986) characteristics of the HPFS population by Dietary TAC, supplementary TAC (supplements
only) and Total TAC (diet and supplements) quintiles (energy-adjusted quintiles, Q1, Q3, Q5 are shown)
(N=47,896)
Dietary TAC

Supplementary TAC

Total TAC

Q1

Q3

Q5

Q1

Q3

Q5

Q1

Q3

Q5

No. of participants

12005

8557

9912

14121

8769

9961

12170

8323

9717

Mean age (years)

53.3

55.1

54.4

54.5

54.2

56.2

53.5

54.7

54.7

African-American (%)

2

1

0

1

1

1

2

1

1

Asian (%)

2

2

1

2

2

2

2

2

1

Current smoker (%)

6

9

14

10

10

9

7

10

11

In highest quintile vigorous activity (%)

14

15

15

13

15

19

13

15

19

Diabetes mellitus (%)

3

3

3

3

3

3

3

3

3

(kg/m2)

22.8

23.0

23.3

23.1

22.9

23.1

22.8

23.1

23.1

Mean body mass index (kg/m2)

25.5

25.6

25.7

25.7

25.5

25.2

25.6

25.6

25.4

Mean height (cm)

178

178

178

177

178

178

178

178

178

PSA test 1994 (%)

34

39

38

31

38

40

33

39

40

Family history of prostate cancer (%)

13

12

12

12

13

12

12

12

12

Total energy (kcal/day)

1928

2050

1905

1532

2440

1904

1928

2061

1911

Calcium (mg/day)

945

876

877

795

856

1104

859

851

1061

Alpha-linolenic acid (g/day)

1.1

1.1

1.1

1.1

1.1

1.1

1.1

1.1

1.1

Tomato sauce (servings/day)

0.1

0.1

0.1

0.1

0.2

0.1

0.1

0.1

0.1

Processed meat (servings/day)

0.4

0.4

0.4

0.4

0.5

0.3

0.3

0.4

0.3

Red meat (servings/day)

1.0

1.0

0.9

0.8

1.3

0.8

1.0

1.0

0.8

Fish (servings/day)

0.4

0.4

0.4

0.3

0.4

0.4

0.3

0.4

0.5

Coffee (cups/day)

0.4

1.8

3.8

1.9

2.1

1.7

0.5

2.2

2.6

Red wine (glasses/day)

0.0

0.1

0.1

0.1

0.1

0.1

0.0

0.1

0.1

Tea (cups/day)

0.1

0.4

0.9

0.4

0.5

0.4

0.1

0.4

0.7

Fruit (servings/day)

1.3

1.6

1.6

1.2

1.7

1.7

132

1.6

1.7

Vegetables (servings/day)

2.8

3.5

3.6

2.7

3.8

3.5

2.8

3.4

3.7

Fruit and vegetables (servings/day)

4.1

5.0

5.2

4.0

5.5

5.2

4.1

5.0

5.4

Alcohol consumption (grams/day)

7.2

12.5

14.1

9.2

13.4

11.3

7.9

12.6

12.7

Supplementary Vitamin E use (%)

19

19

18

3

9

57

6

14

48

Multivitamin use (%)

41

42

41

10

46

82

24

38

72

Supplementary Vitamin C use (%)

37

35

34

0

28

96

11

30

81

Mean body mass index at age 21

NIH-PA Author Manuscript

Mean intakes of:

NIH-PA Author Manuscript

Abbreviations: HPFS, Health Professionals Follow-up Study, FRAP, Ferric-reducing antioxidant power
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NIH-PA Author Manuscript

Multivariable-adjusted hazard ratios (and 95% CIs) for prostate cancer according to energy-adjusted quintile
of Dietary TAC, Supplementary TAC and Total TAC intake in the Health Professionals Follow up Study
Dietary TAC

Q1

Q2

Q3

Q4

Q5

All incident prostate cancer, N=5656

991

1187

1194

1203

1081

Multivariate RR

1.00

0.97(0.89-1.06)

0.92(0.85-1.01)

0.93(0.85-1.01)

0.91(0.83-1.00)

Lethal cases*, N=670

125

156

140

144

105

Multivariate RR

1.00

1.06(0.83-1.35)

0.94(0.73-1.22)

1.05(0.81-1.35)

0.87(0.66-1.14)

*
Advanced cases , N=929

181

215

194

191

148

Multivariate RR

1.00

1.00(0.81-1.22)

0.89(0.72-1.10)

0.92(0.74-1.14)

0.80(0.64-1.01)

**
Localized prostate cancer , N=3606

615

726

761

786

718

Multivariate RR

1.00

0.93(0.83-1.04)

0.90(0.81-1.01)

0.91(0.82-1.02)

0.91(0.81-1.02)

93

123

128

116

111

1.00

1.02(0.77-1.34)

0.96(0.73-1.27)

0.93(0.69-1.23)

0.95(0.71-1.27)

High grade cases

***

, N=571

Multivariate RR

NIH-PA Author Manuscript

Gleason score 7,N=1566

283

299

335

351

298

Multivariate RR

1.00

0.85(0.72-1.01)

0.88(0.75-1.04)

0.90(0.76-1.06)

0.83(0.70-0.99)

408

490

468

500

474

1.00

0.95(0.83-1.08)

0.85(0.74-0.98)

0.89(0.77-1.02)

0.92(0.80-1.06)

Q1

Q2

Q3

Q4

Q5

All incident prostate cancer, N=5656

1001

1029

1170

1260

1196

Multivariate RR

1.00

0.91(0.83-1.00)

0.97(0.88-1.07)

0.94(0.86-1.04)

0.97(0.89-1.07)

127

114

136

137

156

Multivariate RR

1.00

0.90(0.68-1.18)

1.00(0.76-1.33)

1.13(0.86-1.48)

1.28(0.98-1.65)

*
Advanced cases , N=929

180

158

192

196

203

Multivariate RR

1.00

0.87(0.69-1.10)

1.02(0.80-1.28)

1.11(0.88-1.39)

1.15(0.92-1.43)

**
Localized prostate cancer , N=3606

616

654

740

835

761

Multivariate RR

1.00

0.87(0.77-0.97)

0.92(0.81-1.04)

0.89(0.79-1.00)

0.92(0.81-1.03)

100

110

112

129

120

1.00

0.91(0.68-1.22)

0.83(0.61-1.13)

0.88(0.66-1.19)

0.95(0.71-1.27)

Low grade cases

***

, N=2340

Multivariate RR
Supplemental TAC

*

Lethal cases , N=670

High grade cases

***

, N=571

NIH-PA Author Manuscript

Multivariate RR

p trend

0.03

0.30

0.04

0.16

0.55

0.12

0.22

0.66

<0.01

0.04

0.87

0.72

Gleason score 7,N=1566

272

294

311

357

332

Multivariate RR

1.00

0.83(0.70-0.99)

0.80(0.67-0.97)

0.81(0.67-0.96)

0.86(0.72-1.02)

398

405

485

552

500

Multivariate RR

1.00

0.91(0.78-1.05)

1.05(0.90-1.22)

1.04(0.90-1.20)

1.03(0.89-1.18)

0.43

Total TAC

Q1

Q2

Q3

Q4

Q5

p trend

All incident prostate cancer, N=5656

957

1178

1187

1164

1170

Multivariate RR

1.00

1.01(0.93-1.11)

0.98(0.89-1.07)

0.96(0.88-1.05)

0.98(0.89-1.07)

120

131

162

121

136

1.00

0.98(0.76-1.27)

1.31(1.02-1.67)

1.02(0.78-1.33)

1.18(0.91-1.53)

Low grade cases

*

***

, N=2340

Lethal cases , N=670
Multivariate RR
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Total TAC

Q1

Q2

Q3

Q4

Q5

*
Advanced cases , N=929

175

191

206

174

183

Multivariate RR

1.00

0.96(0.78-1.19)

1.09(0.88-1.34)

0.97(0.78-1.20)

1.05(0.84-1.30)

**
Localized prostate cancer , N=3606

588

736

770

748

764

Multivariate RR

1.00

1.00(0.90-1.12)

0.97(0.86-1.08)

0.94(0.84-1.05)

0.96(0.86-1.08)

89

129

112

124

117

1.00

1.14(0.86-1.51)

0.93(0.69-1.24)

1.06(0.80-1.41)

1.04(0.77-1.38)

High grade cases

***

, N=571

Multivariate RR
Gleason score 7,N=1566

261

326

308

330

341

Multivariate RR

1.00

1.01(0.85-1.19)

0.87(0.73-1.03)

0.93(0.78-1.10)

0.97(0.82-1.15)

391

453

525

466

505

1.00

0.93(0.81-1.07)

1.02(0.89-1.16)

0.91(0.79-1.05)

0.99(0.86-1.14)

Low grade cases
Multivariate RR

***

, N=2340

p trend

0.67

0.37

1.00

0.72

0.99

Multivariable RRs adjusted for: age in months, calendar time, race, height (quartiles), BMI at age 21(categories), BMI (categories), vigorous
physical activity (quintiles), smoking status (current, former quit >10 years ago, former quit <10 years ago, never), diabetes, calcium intake
(quintiles), alpha-linolenic acid(quintiles), alcohol intake (categories), energy intake (continuous), PSA testing in previous period (yes/no).
*

Lethal prostate cancer: Prostate cancer death or metastasis to bone. Advanced prostate cancer: Lethal, or Stage T3b, T4, N1 or M1 at diagnosis, or
spread to lymph nodes or other metastases during follow-up.
**

Localized prostate cancer: T1 or T2 and N0/M0 at diagnosis with no spread to lymph nodes or other metastases or death during follow-up.

NIH-PA Author Manuscript

***

High grade cases: Gleason score 8-10. Low grade cases: Gleason score 2-6.

NIH-PA Author Manuscript
Int J Cancer. Author manuscript; available in PMC 2014 December 23.

Russnes et al.

Page 16

Table 3
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Multivariable hazard ratios (and 95% CIs) for prostate cancer according to intake of dietary contributors to
TAC in the Health Professionals Follow up Study.
Category or quintile of intake
Coffee (cups/day)

None

<1

1-3

4-5

>5

All incident prostate cancer, N=5656

631

1336

2733

796

160

Multivariate RR

1.00

0.93(0.84-1.03)

0.92(0.84-1.01)

0.89(0.80-1.00)

0.77(0.64-0.92)

92

157

314

95

12

Multivariate RR

1.00

0.75(0.57-0.98)

0.73(0.56-0.94)

0.79(0.58-1.08)

0.41(0.22-0.76)

*
Advanced cases , N=929

125

218

441

126

19

Multivariate RR

1.00

0.79(0.62-0.99)

0.76(0.61-0.95)

0.75(0.57-0.98)

0.46(0.28-0.76)

**
Localized prostate cancer , N=3606

376

858

1740

526

106

Multivariate RR

1.00

1.00(0.88-1.14)

0.97(0.86-1.10)

0.96(0.83-1.10)

0.85(0.68-1.06)

66

126

284

83

12

Multivariate RR

1.00

0.74(0.54-1.02)

0.80(0.60-1.07)

0.79(0.56-1.11)

0.50(0.27-0.95)

Gleason score 7, N=1566

182

357

727

254

46

Multivariate RR

1.00

0.88(0.73-1.06)

0.85(0.71-1.02)

0.94(0.77-1.16)

0.71(0.50-0.99)

251

556

1139

324

70

Multivariate RR

1.00

1.01(0.86-1.18)

0.97(0.84-1.13)

0.91(0.76-1.08)

0.87(0.66-1.15)

Tea (cups/day)

None

<1

1

2

>2

All incident prostate cancer, N=5656

1529

3339

130

413

245

Multivariate RR

1.00

1.04(0.98-1.11)

0.92(0.76-1.10)

0.98(0.87-1.09)

0.97(0.85-1.12)

211

356

33

31

39

Multivariate RR

1.00

1.14(0.95-1.37)

1.26(0.86-1.85)

0.93(0.62-1.38)

1.36(0.95-1.93)

*
Advanced cases , N=929

290

509

35

46

49

Multivariate RR

1.00

1.12(0.96-1.31)

0.95(0.66-1.37)

0.92(0.66-1.27)

1.20(0.88-1.63)

**
Localized prostate cancer , N=3606

924

2189

62

286

145

Multivariate RR

1.00

1.02(0.94-1.11)

0.84(0.65-1.09)

0.97(0.84-1.11)

0.91(0.76-1.09)

143

359

11

36

22

Multivariate RR

1.00

1.22(0.99-1.50)

0.80(0.43-1.50)

0.91(0.62-1.34)

0.94(0.59-1.48)

Gleason score 7, N=1566

404

933

32

125

72

Multivariate RR

1.00

1.01(0.89-1.14)

0.93(0.65-1.35)

0.98(0.79-1.21)

1.01(0.78-1.31)

626

1397

41

182

94

Multivariate RR

1.00

1.01(0.91-1.12)

0.78(0.57-1.07)

0.97(0.82-1.15)

0.89(0.72-1.11)

Red wine (glasses)

None

<1 glass/week

1gl/w-0.5gl/d

>0.5 glass/day

All incident prostate cancer, N=5656

2703

1683

945

325

Multivariate RR

1.00

0.98(0.91-1.05)

1.02(0.93-1.12)

1.05(0.92-1.20)

*

Lethal cases , N=670

High grade cases

NIH-PA Author Manuscript

Low grade cases

***

, N=571

***

, N=2340

*

Lethal cases , N=670

NIH-PA Author Manuscript

High grade cases

Low grade cases

***

, N=571

***

, N=2340
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0.01
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0.40

0.09

0.20

0.28
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Red wine (glasses)

None

<1 glass/week

1gl/w-0.5gl/d

>0.5 glass/day

406

157

79

28

Multivariate RR

1.00

1.14(0.91-1.41)

1.19(0.90-1.57)

1.29(0.85-1.96)

*
Advanced cases , N=929

537

236

120

36

Multivariate RR

1.00

1.08(0.90-1.29)

1.12(0.89-1.41)

1.06(0.73-1.52)

**
Localized prostate cancer , N=3606

1567

1135

653

251

Multivariate RR

1.00

0.93(0.85-1.02)

0.95(0.85-1.06)

1.04(0.89-1.21)

252

185

106

28

1.00

1.19(0.95-1.49)

1.31(0.99-1.73)

1.07(0.69-1.65)

*

Lethal cases , N=670

NIH-PA Author Manuscript

High grade cases

***

, N=571

Multivariate RR
Gleason score 7, N=1566

701

480

285

100

Multivariate RR

1.00

0.92(0.80-1.05)

0.95(0.80-1.12)

0.99(0.78-1.26)

1032

733

417

158

1.00

0.97(0.87-1.09)

0.98(0.86-1.13)

1.03(0.85-1.25)

Low grade cases

***

, N=2340

Multivariate RR

0.19

0.66

0.37

0.74

0.82

0.63

NIH-PA Author Manuscript

Total fruits and vegetables

Q1

Q2

Q3

Q4

Q5

All incident prostate cancer, N=5656

902

1079

1142

1261

1272

Multivariate RR

1.00

0.99(0.90-1.08)

0.94(0.86-1.03)

0.99(0.90-1.09)

0.95(0.86-1.04)

96

123

131

140

180

Multivariate RR

1.00

1.13(0.86-1.50)

1.08(0.82-1.42)

1.13(0.85-1.50)

1.23(0.93-1.64)

*
Advanced cases , N=929

142

181

183

190

233

Multivariate RR

1.00

1.13(0.90-1.42)

1.03(0.82-1.29)

1.03(0.81-1.30)

1.13(0.88-1.43)

**
Localized prostate cancer , N=3606

585

701

727

830

763

Multivariate RR

1.00

0.93(0.83-1.04)

0.85(0.76-0.96)

0.93(0.83-1.04)

0.82(0.72-0.93)

77

102

128

103

161

1.00

1.11(0.82-1.50)

1.20(0.89-1.62)

0.90(0.66-1.24)

1.32(0.96-1.80)

*

Lethal cases , N=670

High grade cases

***

, N=571

Multivariate RR
Gleason score 7, N=1566

248

303

318

361

336

Multivariate RR

1.00

0.95(0.80-1.13)

0.90(0.76-1.07)

0.96(0.81-1.15)

0.85(0.70-1.03)

384

462

469

541

484

1.00

0.96(0.83-1.10)

0.87(0.75-1.00)

0.96(0.83-1.10)

0.83(0.71-0.97)

Low grade cases
Multivariate RR

***

, N=2340

0.36

0.18

0.50

<0.01

0.11

0.10

0.04
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Multivariable RRs adjusted for: age in months, calendar time, race, height (quartiles), BMI at age 21 (categories), BMI (categories), vigorous
physical activity (quintiles),smoking status (current, former quit >10 years ago, former quit <10 years ago, never), diabetes, calcium intake
(quintiles), alpha-linolenic acid(quintiles), alcohol intake (categories), energy intake (continuous), PSA testing in previous period (yes/no),
additionally mutually adjusted for coffee intake (categories), tea intake (categories), red wine intake (categories), total fruit & vegetable intake
(quintiles).
*

Lethal prostate cancer: Prostate cancer death or metastasis to bone. Advanced prostate cancer: Lethal, or Stage T3b, T4, N1 or M1 at diagnosis, or
spread to lymph nodes or other metastases during follow-up.
**

Localized prostate cancer: T1 or T2 and N0/M0 at diagnosis with no spread to lymph nodes or other metastases or death during follow-up.

***

High grade cases: Gleason score 8-10. Low grade cases: Gleason score 2-6.
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