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ABSTRACT
Background: High calcium intake has been associated with an in-
creased risk of advanced-stage and high-grade prostate cancer. Sev-
eral studies have found a positive association between phosphorus
intake and prostate cancer risk.
Objective: We investigated the joint association between calcium
and phosphorus and risk of prostate cancer in the Health Profes-
sionals Follow-Up Study, with a focus on lethal and high-grade
disease.
Design: In total, 47,885 men in the cohort reported diet data in 1986
and every 4 y thereafter. From 1986 to 2010, 5861 cases of prostate
cancer were identified, including 789 lethal cancers (fatal or meta-
static). We used Cox proportional hazards models to assess the
association between calcium and phosphorus intake and prostate
cancer, with adjustment for potential confounding.
Results: Calcium intakes .2000 mg/d were associated with greater
risk of total prostate cancer and lethal and high-grade cancers.
These associations were attenuated and no longer statistically sig-
nificant when phosphorus intake was adjusted for. Phosphorus
intake was associated with greater risk of total, lethal, and high-
grade cancers, independent of calcium and intakes of red meat,
white meat, dairy, and fish. In latency analysis, calcium and phos-
phorus had independent effects for different time periods between
exposure and diagnosis. Calcium intake was associated with an
increased risk of advanced-stage and high-grade disease 12–16 y
after exposure, whereas high phosphorus was associated with in-
creased risk of advanced-stage and high-grade disease 0–8 y after
exposure.
Conclusions: Phosphorus is independently associated with risk of
lethal and high-grade prostate cancer. Calcium may not have a strong
independent effect on prostate cancer risk except with long latency
periods. Am J Clin Nutr 2015;101:173–83.

Keywords calcium, epidemiology, phosphorus, prostate cancer,
fatal prostate cancer, high-grade prostate cancer, diet, nutritional
epidemiology

INTRODUCTION

Dairy foods have generally been associated with an increased
risk of prostate cancer, with a 2005 meta-analysis reporting
a summary relative risk of 1.11 (95% CI: 1.03, 1.19) for the
highest compared with the lowest total dairy intakes (1). Some
but not all studies published since this meta-analysis have tended
to support an association between higher milk or dairy con-
sumption and prostate cancer risk (2–5).

Dairy foods represent a major dietary source of calcium and
are also rich in other nutrients. Trying to disentangle the in-
dependent effects of various components of dairy foods on prostate
cancer risk is challenging because of the high correlations between
these components. However, cohort studies that have tried to
separate effects generally suggest that calcium may be the pre-
dominant player underlying positive associations with prostate
cancer. The 2005 meta-analysis found a relative risk of 1.39
(95% CI: 1.09, 1.77) for extreme categories of calcium intake (1).
In the Health Professionals Follow-Up Study (HPFS),4 with 16 y
of follow-up and 3544 prostate cancer cases, we previously found
that calcium intakes .1500 mg/d were associated with a higher
risk of advanced-stage and fatal prostate cancers as well as cancer
defined by higher tumor grade (Gleason score $7) (6, 7).

Phosphorus is another mineral found in dairy foods, although it
is more widely distributed in the diet than is calcium. Fewer studies
have examined phosphorus intake and prostate cancer risk. We
previously reported that higher phosphorus intake was associated
with an increased risk of high-grade disease in the HPFS, in-
dependent of calcium intake (6). Three other cohort studies have
looked at phosphorus and prostate cancer; 2 found an increased risk
with higher intakes, whereas another found a suggestion of a positive
association (8–10). Whether the association for phosphorus is in-
dependent of calcium intake has not been fully investigated.

In this article, we update our analysis of calcium and phos-
phorus intake with 24 y of follow-up and 5861 cases of prostate
cancer. With additional cases and follow-up time, we were better
able to separate the effects of calcium and phosphorus, examine
lethal and high-grade (Gleason scores 8–10) prostate cancer, and
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study different latency periods between exposure and cancer
diagnosis.

SUBJECTS AND METHODS

Study population

The HPFS started in 1986 when 51,529male health professionals
aged 40–75 y completed a mailed questionnaire on personal and
lifestyle characteristics and disease history. New medical diagnoses
and lifestyle factors are updated with new questionnaires every 2 y,
and diet information is collected every 4 y. Men who adequately
completed the baseline food-frequency questionnaire (FFQ) in
1986 form the study population for this analysis. After excluding
men who reported a diagnosis of cancer (except nonmelanoma skin
cancer) before baseline, a total of 47,885 men were followed pro-
spectively for cancer incidence, metastases, and mortality until
2010. The HPFS is approved by the Human Subjects Committee
at the Harvard School of Public Health.

Assessment of dietary intakes

Semiquantitative FFQs with more than 130 food items were
administered in 1986 and every 4 y thereafter, through 2006. The
FFQ specifies a portion size and asks the participant how often, on
average, he has consumed each item over the past year, with 9
possible frequency responses. Supplement use, including the dose
and frequency of specific brands of multivitamins and calcium
supplements, is also assessed. Nutrient intakes are calculated by
multiplying the frequency of consumption of each food by the
serving size and the nutrient content of the food. Dairy intake is
calculated as the sum of servings per day of the following foods:
skim or 1% fat milk, whole milk, cream, sour cream, ice cream
and sherbet, yogurt, cottage cheese, cream cheese, and other
cheese. (Butter is not included in dairy intake.) Processed meat is
the sum of servings per day of sausage/salami/bologna, hot dogs,
and bacon. A validation study comparing 2 wk of diet records
with the FFQ found a correlation of 0.61 for total calcium, 0.60
for calcium without supplements, and 0.63 for phosphorus,
adjusting for energy intake (11).

Identification and follow-up of prostate cancer cases

Prostate cancer diagnoses were initially identified by self-
reports from the participants or their next of kin on the biennial
questionnaires and then confirmed by review of medical records
and pathology reports. Deaths in the cohort were ascertained
through reports from family members and searches of the Na-
tional Death Index. Underlying cause of death was assigned by
an endpoints committee based on all available data, including
medical history, medical records, registry information, and death
certificates. We followed men with prostate cancer starting in
2000 with a biennial prostate cancer–specific questionnaire,
separate from the regular HPFS questionnaire, to ascertain dis-
ease progression and diagnosis of metastases.

We studied total prostate cancer incidence excluding stage T1a
cancers, which are discovered incidentally during treatment of
benign prostatic hypertrophy. Because of the considerable het-
erogeneity in the biological potential of prostate cancer, we also
examined the data for men with advanced-stage, lethal, or lo-
calized cancers separately to distinguish those patients in whom

the cancer was likely to progress clinically. Advanced-stage cancers
were those that had spread beyond the prostate, including to the
seminal vesicle, lymph nodes, or bone. This category included men
with stage T3b, T4, N1, or M1 prostate cancer at diagnosis; men
who developed lymph node or distant metastases during follow-up;
and men who died of prostate cancer before the end of follow-up.
Lethal cancers, a subset of advanced-stage cancers, were those that
caused death or distant metastases before the end of follow-up.
Localized cancers were stage T1 or T2 and N0 andM0 at diagnosis
and did not progress to the lymph node or distant metastases or
death during the follow-up period. Cancers were also categorized as
high grade (Gleason scores 8–10), grade 7, or low grade (Gleason
scores 2–6) at diagnosis based on prostatectomy or biopsy pa-
thology reports.

Statistical analysis

Each participant contributed person-time from the date on
which he returned the baseline questionnaire in 1986 until prostate
cancer diagnosis, death, or the end of the study period, 31 January
2010. Participants’ data were divided according to energy-
adjusted mineral intake, and relative risks of prostate cancer were
calculated as the incidence rate in a given category of intake di-
vided by the rate in the lowest category.

We used the cumulative average intake as our primary measure
of exposure to best represent long-term dietary intake. That is, the
intake in 1986 was used as the exposure for the 1986–1990
follow-up period, the average of the intakes reported in 1986 and
1990 was used for the 1990–1994 follow-up period, the average
of the intakes reported in 1986, 1990, and 1994 was used for the
1994–1998 follow-up period, and so on. In addition, we used our
repeated measures to analyze the effect of latency time (time
from exposure to cancer diagnosis) by relating each measure of
mineral intake to prostate cancer incidence during specific time
periods: 0–4, 4–8, 8–12, and 12–16 y after exposure.

We used Cox proportional hazards regression to adjust for
potential confounding by prostate cancer risk factors previously
identified in this cohort and in other studies. Age-adjusted models
were adjusted for age in months and calendar year. Multivariable
models were also adjusted for race (Caucasian, African American,
Asian American, or other); height (quartiles); BMI (in kg/m2) at age
21 y (,20, 20 to,22.5, 22.5 to,25, or$25); current BMI (,21,
21 to ,23, 23 to ,25, 25 to ,27.5, 27.5 to ,30, or $30); vig-
orous physical activity (quintiles, metabolic equivalents-hours/wk);
smoking (never, former quit.10 y ago, former quit#10 y ago, or
current); diabetes (type I or II, yes or no); family history of prostate
cancer in father or brother (yes or no); multivitamin use (yes or no);
history of prostate-specific antigen (PSA) testing (yes or no, lagged
by 1 period to avoid counting diagnostic PSA tests as screening;
collected from 1994 onward); intakes of tomato sauce, a-linolenic
acid, supplemental vitamin E, and alcohol (all quintiles); and
energy intake (continuous). Some models were also adjusted for
quintiles of animal protein intake or dairy, red meat, white meat,
and fish intake. All covariates except race, height, and BMI at age
21 y were updated in each questionnaire cycle. Dietary data from
the previous questionnaire were carried forward for missing
questionnaires. Other missing covariates were handled by using
missing indicator variables. To test for a linear trend across
categories of intake, we modeled nutrient intake as a continuous
variable by using the median intake for each category.

174 WILSON ET AL.



All P values were 2-sided, with a P value ,0.05 considered
statistically significant. Analyses were performed by using SAS
version 9.2 (SAS Institute).

RESULTS

From 1986 to January 2010, we documented 5861 incident
prostate cancer cases (excluding T1a cases) during 941,471
person-years. Age-adjusted characteristics of the study pop-
ulation according to intakes of calcium and phosphorus are
shown in Table 1. Men consuming higher levels of total calcium
were slightly more likely to be Caucasian, were less likely to
smoke, engaged in more vigorous physical activity, and used
more dietary supplements than did men consuming lower levels.
In addition, they reported more intensive PSA testing. Higher

total calcium intakes were associated with higher intakes of
phosphorus, supplemental vitamin E, and animal protein and
lower intakes of alcohol and coffee.

Men consuming higher levels of total phosphorus were also
more likely to be Caucasian, were less likely to smoke, engaged
in more vigorous physical activity, and reported more intensive
PSA testing than did men consuming lower levels. Higher intakes
were associated with somewhat greater supplement use, although
to a lesser extent than was calcium. Men consuming the most
phosphorus also consumed higher levels of calcium, supple-
mental vitamin E, and animal protein and lower intakes of alcohol
and coffee. Men with the highest intakes of phosphorus were also
more likely to be diabetic.

In 2002, the contributors to total calcium intake were dairy
foods (milk, cheese including on pizza, yogurt, and ice cream;

TABLE 1

Age-adjusted characteristics of the study population in 1986 by category of intake1

Category of total calcium Quintile of total phosphorus

,750 mg 1000–1249 mg $1500 mg 1 3 5

N 21,486 6480 3869 9546 9640 9601

Age, y 53.9 6 9.62 54.7 6 9.8 56.3 6 9.7 54.5 6 9.8 54.3 6 9.7 55.2 6 9.8

BMI, kg/m2 25.6 6 3.4 25.4 6 3.3 25.4 6 3.3 25.3 6 3.3 25.6 6 3.3 25.6 6 3.5

BMI at age 21 y, kg/m2 22.9 6 3.1 23.0 6 2.9 23.3 6 3.0 22.6 6 3.0 23.1 6 3.0 23.3 6 3.1

Height, inches 70.0 6 2.9 70.2 6 2.7 70.3 6 2.8 70.0 6 2.9 70.1 6 2.8 70.2 6 2.9

% Caucasian 94 97 97 94 96 97

% Never smokers 41 47 49 39 45 49

% Current smokers 11 9 8 15 9 7

Vigorous activity, % top quintile 14 16 19 12 15 18

Has diabetes, % 3 4 4 1 3 6

Family history of PCa, % 12 12 12 11 13 12

PSA test in previous 2 y, 1994, % 35 40 36 31 40 40

PSA test in previous 2 y, 2006, % 54 69 63 57 68 64

No. of periods with PSA test, 1994–20063 3.7 6 2.4 4.6 6 2.2 4.4 6 2.3 3.8 6 2.5 4.5 6 2.2 4.4 6 2.3

Daily dietary intakes

Calcium, mg 586 6 106 1117 6 72 1942 6 467 617 6 269 828 6 287 1344 6 499

Dietary calcium, mg 580 6 108 997 6 202 1240 6 502 543 6 124 743 6 158 1174 6 359

Phosphorus, mg 1240 6 171 1526 6 193 1752 6 347 1079 6 90 1365 6 33 1783 6 195

Energy, kcal 1977 6 625 2105 6 616 1869 6 586 1983 6 632 1981 6 614 1982 6 611

Alcohol, g 13.8 6 17.5 9.8 6 14.0 7.6 6 11.9 18.4 6 21.6 10.4 6 13.3 6.5 6 9.6

a-Linolenic acid, g 1.1 6 0.4 1.1 6 0.3 1.0 6 0.4 1.1 6 0.4 1.1 6 0.3 1.0 6 0.3

Supplemental vitamin E, mg 23.8 6 67.8 45.4 6 89.3 101 6 128 28.4 6 74.7 36.6 6 82.5 50.4 6 97.2

Animal protein, g 65.4 6 18.1 69.7 6 16.8 74.2 6 19.1 54.7 6 13.3 68.2 6 15.1 79.6 6 19.0

Dairy, servings 1.2 6 0.9 2.8 6 1.4 3.2 6 2.2 1.2 6 1.0 1.7 6 1.1 3.1 6 1.8

Milk, servings 0.3 6 0.3 1.6 6 1.0 2.1 6 1.8 0.3 6 0.3 0.7 6 0.6 2.0 6 1.4

Cheese, servings 0.3 6 0.3 0.5 6 0.6 0.5 6 0.7 0.3 6 0.3 0.4 6 0.4 0.4 6 0.6

Red meat, servings 1.1 6 0.8 1.0 6 0.7 0.7 6 0.6 1.1 6 0.8 1.0 6 0.7 0.8 6 0.6

Beef, servings 0.5 6 0.4 0.4 6 0.3 0.3 6 0.3 0.4 6 0.3 0.4 6 0.4 0.4 6 0.3

Processed meat, servings 0.4 6 0.5 0.4 6 0.4 0.2 6 0.3 0.5 6 0.5 0.4 6 0.4 0.3 6 0.3

White meat, servings 0.4 6 0.3 0.3 6 0.3 0.3 6 0.2 0.3 6 0.2 0.4 6 0.3 0.4 6 0.4

Fish, servings 0.4 6 0.3 0.4 6 0.3 0.4 6 0.3 0.3 6 0.2 0.4 6 0.3 0.5 6 0.4

Nuts, servings 0.5 6 0.7 0.5 6 0.7 0.4 6 0.6 0.4 6 0.5 0.5 6 0.7 0.5 6 0.7

Tomato sauce, servings/wk 0.97 6 1.25 0.94 6 1.18 0.82 6 1.07 0.94 6 1.30 0.97 6 1.23 0.85 6 1.06

Bread, servings 1.4 6 1.2 1.6 6 1.3 1.3 6 1.2 1.5 6 1.4 1.4 6 1.2 1.4 6 1.2

Cereal, servings 0.3 6 0.4 0.5 6 0.5 0.4 6 0.5 0.2 6 0.4 0.4 6 0.4 0.6 6 0.6

Coffee, servings 2.0 6 1.8 1.9 6 1.8 1.6 6 1.8 2.1 6 1.8 2.0 6 1.8 1.7 6 1.8

Multivitamin supplement use, % 32 50 66 35 41 49

Calcium supplement use, % 2 26 64 13 15 21

Zinc supplement use, % 6 16 37 8 11 17

1Values are standardized to the age distribution of the study population (except for age). PCa, prostate cancer; PSA, prostate-specific antigen.
2Mean 6 SD (all such values).
3Number of 2-y questionnaire periods in which participant reported having a PSA test in the previous 2 y, 1994–2008. Maximum is 8.
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38%), supplements (multivitamins and calcium pills; 20%),
grains (cereal, breads, pasta, rice, and crackers; 9%), vegetables
(8%), juice and fruit (including calcium-fortified orange juice;
9%), meat/fish/eggs (4%), and other foods (12%). The contributors
to total phosphorus intakewere dairy (26%), meat/fish/eggs (23%),
grains (16%), vegetables (9%), juice and fruit (4%), baked goods
(4%), potatoes (4%), nuts (4%), supplements (multivitamins; 2%),
and other foods (8%). The correlation was 0.68 between total
calcium and total phosphorus and 0.75 between dietary calcium
and dietary phosphorus. The correlation with dairy was 0.59 for
total calcium and 0.48 for total phosphorus. Of the dairy foods,
skim milk was most correlated with mineral intakes (0.57 for
calcium, 0.59 for phosphorus), whereas whole milk was not
strongly correlated with either (0.01 for calcium, 20.07 for
phosphorus). Both calcium and phosphorus were positively cor-
related with intakes of yogurt and cottage cheese (r w 0.2), and
calcium was positively correlated with other cheese intake (r =
0.16). The correlation with animal protein was 0.17 for total
calcium, 0.20 for dietary calcium, and 0.50 for total phosphorus.
Phosphorus intake was positively correlated with fish and white
meat intake (r = 0.20, 0.15) and negatively correlated with red
and processed meats (r = 20.18, 20.19).

The highest intakes of total calcium were associated with higher
risk of prostate cancer (adjusted relative risk, RR, for $2000 mg/d
compared with 500–749 mg/d = 1.24; 95% CI: 1.02, 1.51; P value
for linear trend across categories = 0.02) (Table 2). Risk of lethal
and advanced-stage cancers was significantly increased in the
highest category of intake, although P values for linear trends
across categories were not significant (P-trend = 0.06 for lethal,
0.07 for advanced). Calcium intake was not associated with the
risk of localized cancers. Intakes of 2000 mg/d or more were also
associated with high-grade and grade 7 cancers. Calcium intake
was not associated with low-grade cancers. Age-adjusted results
were very similar to the fully adjusted results and are not shown.

The associations between calcium intake of 2000 mg/d or more
and total, advanced-stage, and higher grade cancers were at-
tenuated and no longer statistically significant when phosphorus
intake was also included in the models, except for grade 7
cancers, which remained statistically significant in the top cat-
egory, although the P value for trend was no longer statistically
significant (P-trend = 0.15) (Table 2). Adjustment for quintile of
dairy intake, with (Table 2) or without (data not shown) phos-
phorus in the models, had no important effect.

We examined separately calcium from dietary and supple-
mentary sources (Table 3) and found that the highest quintiles of
dietary calcium were associated with increased risk of total,
lethal, advanced-stage, high-grade, and grade 7 prostate cancers.
Again, these associations were attenuated and no longer statis-
tically significant when phosphorus intake was also included in
the model. Supplementary calcium intake of.400 mg/d was not
associated with prostate cancer risk (Table 3). Supplemental
calcium intake of .800 mg/d was also not associated with risk
of total, lethal, advanced-stage, or grade 7 cancers, but it was
associated with significantly higher risk of high-grade disease
(adjusted RR: 1.53; 95% CI: 1.00, 2.34); this association was
attenuated and no longer statistically significant when phosphorus
was also adjusted for. (Other results for supplemental calcium
.800 mg/d are not shown.)

Higher quintiles of phosphorus intake were associated with
greater risk of prostate cancer (adjustedRR for quintile 5 compared

with quintile 1: 1.12; 95% CI: 1.03, 1.23; P-trend = 0.003)
(Table 4). In particular, higher intakes were associated with
greater risk of lethal, advanced-stage, high-grade, and grade 7
cancers. Phosphorus intake was not associated with the risk of
localized or low-grade cancer. Again, age-adjusted results were
very similar to the fully adjusted results and are not shown.

The associations between the highest quintile of phosphorus
intake and risk of lethal, advanced-stage, and high-grade cancer
remained when category of total calcium intakewas also included
in the models; however, the P values for linear trend across
quintiles remained significant only for high-grade cancer (P-
trend = 0.006 for high grade, 0.22 for lethal, and 0.06 for ad-
vanced stage). Adjustment for quintile of dairy or animal protein
intake had not effect on the associations (Table 4); adjustment
for quintiles of red meat, white meat, and fish intake also had no
effects (data not shown).

We used the repeated measures of diet over time to study the
effect of latency time by relating each measure of intake to
prostate cancer incidence during specific time intervals after
exposure. Calcium intake was associated with significantly in-
creased risk of advanced-stage and grade 7–10 cancers 12–16 y
after exposure but not for shorter latency periods (Table 5).
These associations were independent of phosphorus intake.
Phosphorus intake, on the other hand, was more strongly asso-
ciated with advanced and grade 7–10 cancers for shorter time
lags, 0–4 and 4–8 y after exposure (Table 6). These associations
were independent of calcium intake. Neither calcium nor
phosphorus was associated with localized or low-grade disease
for any latency period.

DISCUSSION

In this cohort, we previously reported that high intakes of calcium
were associated with fatal and high-grade prostate cancer but not
with localized or low-grade cancers (6). In that study, phosphorus
intake was associated with high-grade prostate cancer independent
of calcium intake but not with fatal or advanced-stage cancers.

With additional diet assessments and follow-up time, we again
found that very high calcium intakes, .2000 mg/d, were associ-
ated with the risk of lethal, advanced-stage, high-grade, and grade
7 prostate cancer; however, these associations were attenuated and
no longer statistically significant when phosphorus was also ad-
justed for. In addition, we found that the positive associations
between phosphorus intake and lethal, advanced-stage, high-grade,
and grade 7 cancers persisted when calcium was also adjusted for.
The calcium and phosphorus associations were both independent
of dairy and other animal food or animal protein intake.

Given the high correlation between calcium and phosphorus
intake, because dairy is the major contributor of both minerals in
this population, it is difficult to truly separate their effects. When
we looked separately at dietary and supplemental calcium in-
takes, the increased risk was associated with higher quintiles of
dietary intake but not with higher supplemental intake. This is in
contrast to our previous results with 16 y of follow-up, in which
we found increased risks for both dietary and supplemental
calcium (6). The current results suggest that the observed as-
sociation for dietary calciummay, in fact, be due to confounding
by phosphorus intake, because dietary calcium and phosphorus
are correlated, but supplemental calcium is not strongly asso-
ciated with phosphorus intake. Indeed, when phosphorus was
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adjusted for along with dietary calcium, the association with
dietary calcium disappeared.

However, the results from the latency analysis suggest that
phosphorus and calcium may each have an independent effect on
advanced-stage and high-grade prostate cancer in different time
periods. Calcium intake was associated with increased risk 12–16 y
later, whereas phosphorus intake was associated with increased risk
more immediately, between 0 and 8 y after exposure. This would
indicate that calcium intake has an impact early in the development
of prostate cancer, whereas phosphorus intake has much later effects,
not showing an association until several years before diagnosis.

Ten prospective studies have looked at calcium intake and
prostate cancer since our earlier publication; however, most did

not examine or adjust for phosphorus intake, making it difficult to
directly compare our results. Four studies found some suggestion of
an increased risk of prostate cancer with higher calcium intakes,
although the associations by grade and stage were somewhat in-
consistent (2, 4, 8, 9). Five studies found no associations for total
calcium intake, and one found a significantly decreased risk of high-
grade cancer and a significantly increased risk of low-grade cancer
with higher total calcium intake (3, 4, 12–15). Total calcium intakes
varied widely across study populations; the highest category of
intake was,1000 mg/d in 3 studies, whereas the highest category
was .2000 mg/d in 3 other studies (3, 4, 9, 12–14).

The finding from the European Prospective Investigation into
Cancer and Nutrition (EPIC) study that dairy calcium, but not

TABLE 4

RRs (95% CIs) of prostate cancer by quintile of phosphorus intake, 1986–20101

Quintile of phosphorus intake, mean intake/d

P-trend1 (1079 mg) 2 (1248 mg) 3 (1365 mg) 4 (1499 mg) 5 (1783 mg)

All cancer, n 1039 1125 1193 1255 1249

Fully adjusted RR 1.00 1.04 (0.95, 1.13) 1.06 (0.97, 1.16) 1.12 (1.03, 1.22) 1.12 (1.03, 1.23) 0.003

With adjustment for Ca 1.00 1.03 (0.94, 1.12) 1.04 (0.95, 1.15) 1.10 (1.00, 1.22) 1.11 (1.00, 1.24) 0.04

Also with dairy 1.00 1.03 (0.94, 1.12) 1.04 (0.95, 1.14) 1.10 (0.99, 1.21) 1.11 (0.99, 1.24) 0.04

Also with animal protein 1.00 1.03 (0.94, 1.13) 1.05 (0.95, 1.16) 1.11 (1.00, 1.24) 1.13 (1.00, 1.27) 0.04

Lethal cancer2 138 148 149 163 191

Fully adjusted RR 1.00 1.08 (0.85, 1.38) 1.04 (0.82, 1.33) 1.15 (0.90, 1.46) 1.28 (1.01, 1.62) 0.04

With adjustment for Ca 1.00 1.13 (0.88, 1.45) 1.11 (0.86, 1.45) 1.25 (0.95, 1.64) 1.36 (1.01, 1.84) 0.22

Also with dairy 1.00 1.13 (0.88, 1.45) 1.11 (0.86, 1.45) 1.24 (0.94, 1.64) 1.34 (0.99, 1.83) 0.20

Also with animal protein 1.00 1.16 (0.90, 1.49) 1.15 (0.87, 1.51) 1.30 (0.96, 1.74) 1.43 (1.02, 1.99) 0.22

Advanced-stage cancer2 180 197 185 211 248

Fully adjusted RR 1.00 1.11 (0.90, 1.37) 1.01 (0.81, 1.24) 1.16 (0.94, 1.43) 1.31 (1.06, 1.61) 0.01

With adjustment for Ca 1.00 1.15 (0.93, 1.42) 1.05 (0.84, 1.33) 1.23 (0.97, 1.57) 1.39 (1.07, 1.81) 0.06

Also with dairy 1.00 1.15 (0.93, 1.42) 1.06 (0.84, 1.33) 1.24 (0.97, 1.58) 1.40 (1.08, 1.83) 0.04

Also with animal protein 1.00 1.16 (0.93, 1.45) 1.07 (0.84, 1.37) 1.27 (0.98, 1.64) 1.45 (1.08, 1.94) 0.06

Localized cancer2 706 748 834 875 813

Fully adjusted RR 1.00 0.98 (0.89, 1.09) 1.06 (0.95, 1.17) 1.11 (1.00, 1.23) 1.07 (0.96, 1.19) 0.06

With adjustment for Ca 1.00 0.96 (0.86, 1.07) 1.01 (0.90, 1.13) 1.07 (0.95, 1.20) 1.04 (0.91, 1.19) 0.10

Also with dairy 1.00 0.96 (0.86, 1.07) 1.01 (0.90, 1.13) 1.06 (0.94, 1.19) 1.04 (0.90, 1.20) 0.13

Also with animal protein 1.00 0.95 (0.85, 1.06) 1.00 (0.89, 1.12) 1.05 (0.92, 1.19) 1.02 (0.88, 1.19) 0.20

High-grade cancer3 109 124 151 157 170

Fully adjusted RR 1.00 1.17 (0.90, 1.52) 1.33 (1.03, 1.72) 1.44 (1.11, 1.86) 1.56 (1.20, 2.02) 0.0002

With adjustment for Ca 1.00 1.17 (0.89, 1.54) 1.32 (1.00, 1.74) 1.39 (1.03, 1.87) 1.50 (1.09, 2.08) 0.006

Also with dairy 1.00 1.19 (0.90, 1.56) 1.34 (1.01, 1.77) 1.43 (1.06, 1.92) 1.54 (1.10, 2.14) 0.005

Also with animal protein 1.00 1.17 (0.89, 1.55) 1.32 (0.98, 1.77) 1.40 (1.02, 1.92) 1.51 (1.06, 2.17) 0.01

Grade 7 cancer 316 331 374 379 383

Fully adjusted RR 1.00 0.98 (0.84, 1.15) 1.09 (0.93, 1.27) 1.11 (0.95, 1.30) 1.17 (0.99, 1.37) 0.02

With adjustment for Ca 1.00 0.97 (0.82, 1.14) 1.05 (0.89, 1.24) 1.08 (0.90, 1.29) 1.12 (0.92, 1.37) 0.27

Also with dairy 1.00 0.97 (0.82, 1.14) 1.05 (0.89, 1.25) 1.08 (0.90, 1.30) 1.13 (0.92, 1.38) 0.23

Also with animal protein 1.00 0.98 (0.83, 1.16) 1.08 (0.91, 1.30) 1.13 (0.93, 1.37) 1.19 (0.95, 1.48) 0.14

Low-grade cancer3 444 483 507 529 505

Fully adjusted RR 1.00 1.00 (0.88, 1.14) 1.01 (0.88, 1.15) 1.05 (0.92, 1.20) 1.03 (0.90, 1.18) 0.54

With adjustment for Ca 1.00 1.00 (0.87, 1.15) 1.01 (0.87, 1.16) 1.06 (0.91, 1.24) 1.08 (0.91, 1.28) 0.20

Also with dairy 1.00 1.00 (0.87, 1.14) 1.00 (0.86, 1.15) 1.05 (0.90, 1.23) 1.8 (0.91, 1.28) 0.21

Also with animal protein 1.00 0.98 (0.85, 1.13) 0.98 (0.84, 1.13) 1.02 (0.87, 1.21) 1.03 (0.85, 1.24) 0.50

1Models adjusted for age in months; calendar time; race; height (quartiles); BMI at age 21 y (4 categories); current BMI (6 categories); vigorous physical

activity (quintiles); smoking (never, former quit .10 y ago, former quit #10 y ago, or current); diabetes; family history of prostate cancer; intakes of tomato

sauce, a-linolenic acid, supplemental vitamin E, and alcohol (all quintiles); energy intake (continuous); multivitamin use (yes/no); and history of prostate-

specific antigen testing (yes/no, lagged by one questionnaire cycle). Model with adjustment for Ca also includes calcium intake (categories). Model also with

dairy includes terms from fully adjusted model, calcium, and also quintiles of dairy intake. Model also with animal protein includes terms from fully adjusted

model, calcium, and also quintiles of animal protein intake (it does not include dairy).
2Lethal prostate cancer: prostate cancer death or distant metastases. Advanced: lethal or stage T3b or T4 or N1 or M1 at diagnosis or during follow-up.

Localized: T1, T2, T3, or T3a, and N0, M0 without progression during follow-up.
3High-grade prostate cancer: Gleason scores 8–10. Low-grade prostate cancer: Gleason scores 2–6.
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nondairy calcium, was associated with total and high-grade
prostate cancer risk is consistent with our finding that phos-
phorus, but not calcium, was independently associated with risk
(2). Phosphorus intake was not examined in that EPIC study.

Three studies have looked at both calcium and phosphorus
intakes. All 3 of these studies found suggestions that both calcium
and phosphorus intake increased prostate cancer risk; however,
the independent effects of these nutrients were not fully in-
vestigated. In the Alpha-Tocopherol Beta-Carotene Cancer
Prevention (ATBC) trial cohort, calcium was associated with
a statistically significantly increased risk of total prostate cancer
(RR: 1.63; 95% CI: 1.27, 2.10 for $2000 mg/d compared with
,1000 mg/d) and non–advanced-stage cancer, with similar but
nonsignificant point estimates for advanced-stage, high-grade,
and low-grade disease (9). These results were unchanged when
calcium-adjusted phosphorus intake was included in the models;
however, because this phosphorus intake variable was adjusted
for calcium intake by using the residual method, the variable
should be uncorrelated with calcium intake and would be un-
likely to affect the calcium estimates. This study found a sug-

gestion of increased risk with higher phosphorus intakes (RR:
1.17; 95% CI: 0.97, 1.40 for extreme quintiles for total prostate
cancer), with similar associations by stage and grade. These
results were unchanged when adjusted for phosphorus-adjusted
calcium intake.

In the SUpplementation en VItamines etMinéraux AntioXydants
(SU.VI.MAX) trial cohort, both total calcium and phosphorus in-
take were associated with an increased risk of total prostate cancer
(RR: 2.43; 95% CI: 1.05, 5.62; P-trend = 0.04 for highest com-
pared with lowest quartile of calcium; RR: 1.83; 95% CI: 0.89,
3.73; P-trend = 0.04 for phosphorus) (8). There were only 69 cases
overall, so analysis by stage or grade was not possible. The asso-
ciation for calcium was not affected by adjustment for phosphorus
intake. The effect of calcium adjustment on the phosphorus asso-
ciation was not reported.

Tseng et al. (10) found a significantly increased risk of total
prostate cancer with higher calcium and phosphorus intakes in the
National Health and Nutrition Examination Survey I Epidemi-
ologic Follow-up Study (RR: 2.2; 95% CI: 1.4, 3.5; P-trend =
0.001 for highest compared with lowest tertile of calcium; RR:

TABLE 6

RRs (95% CIs) of prostate cancer by quintiles of phosphorus intake for various latency periods between exposure and cancer diagnosis1

Total prostate cancer Advanced prostate cancer2 Grades 7–10 prostate cancer

n Adjusted RR

With adjustment

for Ca n Adjusted RR

With adjustment

for Ca n Adjusted RR

With adjustment

for Ca

0- to 4-y lag

Q1 (low) 1069 1.00 1.00 177 1.00 1.00 429 1.00 1.00

Q2 1106 1.01 (0.92, 1.10) 0.98 (0.90, 1.07) 207 1.21 (0.98, 1.48) 1.23 (0.99, 1.52) 451 1.02 (0.89, 1.17) 1.01 (0.88, 1.16)

Q3 1142 1.01 (0.92, 1.10) 0.98 (0.89, 1.07) 165 0.93 (0.75, 1.16) 0.96 (0.76, 1.22) 491 1.09 (0.95, 1.24) 1.06 (0.92, 1.22)

Q4 1274 1.10 (1.01, 1.20) 1.07 (0.97, 1.17) 234 1.29 (1.05, 1.59) 1.35 (1.07, 1.70) 558 1.22 (1.07, 1.39) 1.18 (1.02, 1.36)

Q5 (high) 1270 1.09 (1.00, 1.18) 1.06 (0.95, 1.17) 238 1.27 (1.03, 1.56) 1.30 (1.01, 1.68) 565 1.25 (1.09, 1.42) 1.21 (1.03, 1.42)

P-trend 0.01 0.05 0.02 0.06 ,0.0001 0.001

4- to 8-y lag

Q1 (low) 989 1.00 1.00 153 1.00 1.00 396 1.00 1.00

Q2 1058 1.03 (0.95, 1.13) 1.03 (0.94, 1.13) 158 1.07 (0.85, 1.34) 1.06 (0.84, 1.34) 434 1.07 (0.93, 1.22) 1.08 (0.94, 1.25)

Q3 1128 1.08 (0.99, 1.18) 1.08 (0.98, 1.19) 170 1.14 (0.91, 1.43) 1.14 (0.90, 1.45) 509 1.24 (1.08, 1.42) 1.27 (1.10, 1.47)

Q4 1187 1.13 (1.03, 1.23) 1.13 (1.02, 1.24) 186 1.23 (0.98, 1.53) 1.23 (0.95, 1.58) 543 1.32 (1.16, 1.51) 1.36 (1.17, 1.59)

Q5 (high) 1120 1.05 (0.96, 1.15) 1.04 (0.93, 1.16) 185 1.14 (0.91, 1.43) 1.16 (0.87, 1.53) 491 1.19 (1.03, 1.36) 1.23 (1.04, 1.46)

P-trend 0.18 0.24 0.17 0.23 0.003 0.007

8- to 12-y lag

Q1 (low) 791 1.00 1.00 108 1.00 1.00 360 1.00 1.00

Q2 862 1.05 (0.95, 1.16) 1.07 (0.96, 1.18) 99 0.94 (0.71, 1.24) 0.96 (0.72, 1.28) 382 1.02 (0.88, 1.18) 1.02 (0.88, 1.19)

Q3 923 1.12 (1.01, 1.23) 1.12 (1.01, 1.25) 109 1.02 (0.77, 1.34) 1.04 (0.77, 1.40) 401 1.07 (0.92, 1.24) 1.04 (0.89, 1.22)

Q4 913 1.11 (1.00, 1.22) 1.10 (0.98, 1.23) 118 1.09 (0.83, 1.43) 1.09 (0.79, 1.49) 423 1.15 (0.99, 1.33) 1.08 (0.92, 1.28)

Q5 (high) 887 1.08 (0.98, 1.20) 1.05 (0.93, 1.19) 112 0.99 (0.75, 1.31) 0.98 (0.69, 1.39) 396 1.08 (0.93, 1.25) 0.98 (0.81, 1.18)

P-trend 0.11 0.25 0.75 0.80 0.15 0.54

12- to 16-y lag

Q1 (low) 595 1.00 1.00 60 1.00 1.00 276 1.00 1.00

Q2 653 1.04 (0.93, 1.16) 1.05 (0.93, 1.18) 59 0.96 (0.66, 1.38) 0.93 (0.64, 1.37) 291 1.00 (0.84, 1.18) 1.00 (0.84, 1.19)

Q3 664 1.05 (0.94, 1.18) 1.04 (0.92, 1.18) 71 1.14 (0.80, 1.62) 1.05 (0.71, 1.55) 284 0.96 (0.81, 1.14) 0.94 (0.78, 1.13)

Q4 668 1.06 (0.95, 1.19) 1.04 (0.91, 1.19) 69 1.11 (0.78, 1.59) 0.94 (0.62, 1.42) 305 1.06 (0.90, 1.26) 1.01 (0.83, 1.23)

Q5 (high) 675 1.11 (0.99, 1.24) 1.08 (0.93, 1.25) 78 1.24 (0.87, 1.77) 0.93 (0.59, 1.44) 327 1.19 (1.00, 1.41) 1.11 (0.89, 1.37)

P-trend 0.08 0.23 0.15 0.99 0.02 0.28

1Multivariable model adjusted for age; calendar time; race; height (quartiles); BMI at age 21 y (4 categories); current BMI (6 categories); vigorous

physical activity (quintiles); smoking (never, former quit.10 y ago, former quit#10 y ago, or current); diabetes; family history of prostate cancer; intakes of

tomato sauce, a-linolenic acid, supplemental vitamin E, and alcohol (all quintiles); energy intake (continuous); multivitamin use (yes/no); and history of

prostate-specific antigen testing (yes/no, lagged by one questionnaire cycle). Model with adjustment for Ca also includes calcium intake (categories). Mean

intakes of phosphorus (in mg/d) by quintile, from Q1 to Q5, are as follows: 0- to 4-y lag: 1164, 1311, 1408, 1515, and 1727; 4- to 8-y lag: 1154, 1304, 1404,

1515, and 1734; 8- to 12-y lag: 1144, 1297, 1400, 1515, and 1743; and 12- to 16-y lag: 1131, 1288, 1395, 1513, and 1754. Q, quintile.
2Advanced: lethal or stage T3b, T4, N1, or M1 at diagnosis or during follow-up.
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1.5; 95% CI: 1.0, 2.4; P-trend = 0.08 for phosphorus). Phos-
phorus was no longer associated with risk when calcium was
adjusted for (RR: 0.9; 95% CI: 0.5, 1.6). The effect of adjusting
for phosphorus on the calcium association was not given. This
study had 131 total prostate cancer cases, so analysis by stage or
grade was not possible.

One possible mechanism linking calcium intake and prostate
cancer is the action of calcium on the calcium-sensing receptor
(CaSR) in prostate cells. We previously found a significant
association between genetic variation across CaSR and lethal
prostate cancer risk in Caucasian men in this cohort, suggesting
a role for CaSR in lethal disease (16). In the prostate cancer
cell line, PC-3, stimulation of CaSR by its agonists caused
secretion of parathyroid-related protein, a protein that promotes
invasion and the development of bone metastases (17). In-
terestingly, in colon cancer, in which dietary calcium is protective,
activation of CaSR decreases proliferation and increases differ-
entiation, whereas in prostate cancer, overexpression of CaSR is
associated with increased cell proliferation and bone metastasis
(18–24).

High phosphorus intake may affect prostate cancer progression
through its effects on bone turnover. High phosphorus intake
increases parathyroid hormone, which promotes bone remodel-
ing (25). Prostate cancer preferentially metastasizes to bone and
is more likely to spread to bone with higher remodeling activity
(26, 27). Mice treated with parathyroid hormone show a 3-fold
increase in metastases to bone (27). An effect of phosphorus
intake on the bone, later in prostate cancer progression, would be
consistent with the short latency period that we observed between
phosphorus intake and cancer diagnosis.

Strengths of our study include the prospective design, col-
lection of multiple FFQs over time, high follow-up rates, and
large case numbers, which allow us to look at prostate cancer
endpoints by stage and grade.We also have extensive and updated
information on possible confounders. The updated questionnaire
information also has the effect of reducing some of the mea-
surement error inherent to the FFQ (28). The major limitation of
this study is likely measurement error in phosphorus intake.
Phosphorus content of processed and restaurant foods is high,
because phosphate additives are used to improve appearance,
shelf life, and cooking properties of these foods (29). Intake of
phosphorus has increased over time in the United States, at-
tributable largely to the increased use of processed foods (29). It
has been found that nutrient composition databases do not
measure these sources of dietary phosphorus well, and phos-
phorus intake is probably substantially estimated in this and other
studies (30). As such, the observed associations for phosphorus
are likely underestimated. In addition, our results by Gleason
score are somewhat limited due to our reliance on pathology
reports. Gleason scoring has shifted over time, and having slides
regraded at a single point in time by a single pathology team
has been shown to greatly improve the predictive ability of the
Gleason score (31). The measurement error in our Gleason
data is likely unrelated to calcium and phosphorus intakes,
which suggests that the true association between calcium,
phosphorus, and high-grade cancer may be greater than esti-
mated here.

In conclusion, we found that phosphorus intake is associated
with increased risk of poorly differentiated and clinically ad-
vanced-stage prostate cancer, independent of calcium intake.

Calcium intake was associated with these prostate cancers but
only at very high intakes and not independently of phosphorus
intake. From our latency analysis, calcium may affect advanced-
stage and high-grade tumors early in their development, $12 y
before diagnosis, whereas phosphorus may affect tumors at later
stages, 0–8 y before diagnosis. Given the high correlation be-
tween calcium and phosphorus intake, as well as their correla-
tion with dairy and meat (for phosphorus) intake, our findings
should be interpreted cautiously. However, future studies should
thoroughly examine both calcium and phosphorus with respect
to prostate cancer. In addition, efforts to improve the measure-
ment of phosphorus intake and the accuracy of nutrient com-
position databases should be made.

We thank the following state cancer registries for their help: Alabama,

Arizona, Arkansas, California, Colorado, Connecticut, Delaware, Florida,

Georgia, Idaho, Illinois, Indiana, Iowa, Kentucky, Louisiana, Maine, Maryland,

Massachusetts, Michigan, Nebraska, New Hampshire, New Jersey, New York,

North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode

Island, South Carolina, Tennessee, Texas, Virginia, Washington, andWyoming.

The authors assume full responsibility for analyses and interpretation of these

data.

The authors’ responsibilities were as follows—KMW, LAM, and EG:

designed the study; KMW and IMS: analyzed data; KMW, IMS, LAM,

and EG: wrote the manuscript; and EG: had primary responsibility for final

content. All authors read and approved the final manuscript. The authors

reported no conflicts of interest related to this study.

REFERENCES
1. Gao X, LaValley MP, Tucker KL. Prospective studies of dairy product

and calcium intakes and prostate cancer risk: a meta-analysis. J Natl
Cancer Inst 2005;97:1768–77.

2. Allen NE, Key TJ, Appleby PN, Travis RC, Roddam AW, Tjønneland
A, Johnsen NF, Overvad K, Linseisen J, Rohrmann S, et al. Animal
foods, protein, calcium and prostate cancer risk: the European Pro-
spective Investigation into Cancer and Nutrition. Br J Cancer 2008;98:
1574–81.

3. Rohrmann S, Platz EA, Kavanaugh CJ, Thuita L, Hoffman SC,
Helzlsouer KJ. Meat and dairy consumption and subsequent risk of
prostate cancer in a US cohort study. Cancer Causes Control 2007;18:
41–50.

4. Park Y, Mitrou PN, Kipnis V, Hollenbeck A, Schatzkin A, Leitzmann
MF. Calcium, dairy foods, and risk of incident and fatal prostate
cancer: the NIH-AARP Diet and Health Study. Am J Epidemiol 2007;
166:1270–9.

5. Koh KA, Sesso HD, Paffenbarger RS Jr, Lee IM. Dairy products,
calcium and prostate cancer risk. Br J Cancer 2006;95:1582–5.

6. Giovannucci E, Liu Y, Stampfer MJ, Willett WC. A prospective study
of calcium intake and incident and fatal prostate cancer. Cancer
Epidemiol Biomarkers Prev 2006;15:203–10.

7. Giovannucci E, Liu Y, Platz EA, Stampfer MJ, Willett WC. Risk
factors for prostate cancer incidence and progression in the Health
Professionals Follow-up Study. Int J Cancer 2007;121:1571–8.

8. Kesse E, Bertrais S, Astorg P, Jaouen A, Arnault N, Galan P, Hercberg
S. Dairy products, calcium and phosphorus intake, and the risk of
prostate cancer: results of the French prospective SU.VI.MAX (Sup-
plementation en Vitamines et Mineraux Antioxydants) study. Br J Nutr
2006;95:539–45.

9. Mitrou PN, Albanes D, Weinstein SJ, Pietinen P, Taylor PR, Virtamo J,
Leitzmann MF. A prospective study of dietary calcium, dairy products
and prostate cancer risk (Finland). Int J Cancer 2007;120:2466–73.

10. Tseng M, Breslow RA, Graubard BI, Ziegler RG. Dairy, calcium, and
vitamin D intakes and prostate cancer risk in the National Health and
Nutrition Examination Epidemiologic Follow-up Study cohort. Am J
Clin Nutr 2005;81:1147–54.

11. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB,
Willett WC. Reproducibility and validity of an expanded self-
administered semiquantitative food frequency questionnaire among male

182 WILSON ET AL.



health professionals. Am J Epidemiol 1992;135:1114–26, discussion
27–36.

12. Kurahashi N, Inoue M, Iwasaki M, Sasazuki S, Tsugane AS. Dairy
product, saturated fatty acid, and calcium intake and prostate cancer in
a prospective cohort of Japanese men. Cancer Epidemiol Biomarkers
Prev 2008;17:930–7.

13. Ahn J, Albanes D, Peters U, Schatzkin A, Lim U, Freedman M,
Chatterjee N, Andriole GL, Leitzmann MF, Hayes RB. Dairy products,
calcium intake, and risk of prostate cancer in the prostate, lung, co-
lorectal, and ovarian cancer screening trial. Cancer Epidemiol Bio-
markers Prev 2007;16:2623–30.

14. Butler LM, Wong AS, Koh WP, Wang R, Yuan JM, Yu MC. Calcium
intake increases risk of prostate cancer among Singapore Chinese.
Cancer Res 2010;70:4941–8.

15. Kristal AR, Arnold KB, Neuhouser ML, Goodman P, Platz EA, Albanes
D, Thompson IM. Diet, supplement use, and prostate cancer risk: re-
sults from the prostate cancer prevention trial. Am J Epidemiol 2010;
172:566–77.

16. Shui IM, Mucci LA, Wilson KM, Kraft P, Penney KL, Stampfer MJ,
Giovannucci E. Common genetic variation of the calcium-sensing re-
ceptor and lethal prostate cancer risk. Cancer Epidemiol Biomarkers
Prev 2013;22:118–26.

17. Chakravarti B, Dwivedi SK, Mithal A, Chattopadhyay N. Calcium-
sensing receptor in cancer: good cop or bad cop? Endocrine 2009;35:
271–84.

18. Bhagavathula N, Kelley EA, Reddy M, Nerusu KC, Leonard C, Fay K,
Chakrabarty S, Varani J. Upregulation of calcium-sensing receptor
and mitogen-activated protein kinase signalling in the regulation of
growth and differentiation in colon carcinoma. Br J Cancer 2005;93:
1364–71.

19. Cross HS, Huber C, Peterlik M. Antiproliferative effect of 1,25-dihy-
droxyvitamin D3 and its analogs on human colon adenocarcinoma cells
(CaCo-2): influence of extracellular calcium. Biochem Biophys Res
Commun 1991;179:57–62.

20. Cross HS, Pavelka M, Slavik J, Peterlik M. Growth control of human
colon cancer cells by vitamin D and calcium in vitro. J Natl Cancer Inst
1992;84:1355–7.

21. Chakrabarty S, Radjendirane V, Appelman H, Varani J. Extracellular
calcium and calcium sensing receptor function in human colon carci-
nomas: promotion of E-cadherin expression and suppression of beta-
catenin/TCF activation. Cancer Res 2003;63:67–71.

22. Liao J, Schneider A, Datta NS, McCauley LK. Extracellular calcium as
a candidate mediator of prostate cancer skeletal metastasis. Cancer Res
2006;66:9065–73.

23. Yano S, Macleod RJ, Chattopadhyay N, Tfelt-Hansen J, Kifor O,
Butters RR, Brown EM. Calcium-sensing receptor activation stimulates
parathyroid hormone-related protein secretion in prostate cancer cells:
role of epidermal growth factor receptor transactivation. Bone 2004;35:
664–72.

24. Sanders JL, Chattopadhyay N, Kifor O, Yamaguchi T, Brown EM.
Ca(2+)-sensing receptor expression and PTHrP secretion in PC-3
human prostate cancer cells. Am J Physiol Endocrinol Metab 2001;
281:E1267–74.

25. Berruti A, Dogliotti L, Gorzegno G, Torta M, Tampellini M, Tucci M,
Cerutti S, Frezet MM, Stivanello M, Sacchetto G, et al. Differential
patterns of bone turnover in relation to bone pain and disease extent in
bone in cancer patients with skeletal metastases. Clin Chem 1999;45:
1240–7.

26. Sturge J, Caley MP, Waxman J. Bone metastasis in prostate cancer:
emerging therapeutic strategies. Nat Rev Clin Oncol 2011;8:357–68.

27. Schneider A, Kalikin LM, Mattos AC, Keller ET, Allen MJ, Pienta KJ,
McCauley LK. Bone turnover mediates preferential localization of
prostate cancer in the skeleton. Endocrinology 2005;146:1727–36.

28. Willett WC. Nutritional epidemiology. New York: Oxford University
Press; 1998.

29. Anderson JJB. Potential health concerns of dietary phosphorus: cancer,
obesity, and hypertension. Ann N Y Acad Sci 2013;1301:1–8.

30. Calvo MS, Uribarri J. Public health impact of dietary phosphorus ex-
cess on bone and cardiovascular health in the general population. Am J
Clin Nutr 2013;98:6–15.

31. Stark JR, Perner S, Stampfer MJ, Sinnott JA, Finn S, Eisenstein AS,
Ma J, Fiorentino M, Kurth T, Loda M, et al. Gleason score and lethal
prostate cancer: does 3 + 4 = 4 + 3? J Clin Oncol 2009;27:3459–64.

CALCIUM, PHOSPHORUS, AND PROSTATE CANCER 183


