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Abstract
Prostate cancer is the most common incident cancer and the
second leading cause of cancer mortality in U.S. males.
Higher milk intake has been relatively consistently associated with an increased risk of prostate cancer, especially
advanced prostate cancer. Some data suggest that high
intake of calcium might account for this association, but
this relationship remains controversial. We hypothesized
that high calcium intake, possibly by lowering 1,25(OH)2
vitamin D levels, is associated with poorer differentiation in
prostate cancer and thereby with fatal prostate cancer. We
examined calcium intake in relation to prostate cancer risk
using data from the Health Professionals Follow-up Study,
a prospective cohort study of 47,750 male health professionals with no history of cancer other than nonmelanoma skin
cancer at baseline. We assessed total, dietary, and supplementary calcium intake in 1986, 1990, 1994, and 1998, using a
validated food frequency questionnaire. We calculated the
multivariable relative risk (RR) and 95% confidence intervals (95% CI) using Cox proportional hazards regression.
Over 16 years of follow-up, we identified 3,544 total cases of
prostate cancer, 523 advanced (extraprostatic) cases, and
312 fatal cases. Higher calcium intake was not appreciably

associated with total or nonadvanced prostate cancer but
was associated with a higher risk of advanced and fatal
prostate cancer [for fatal prostate cancer, compared with
men whose long-term calcium intake was 500-749 mg/d
(excluding supplement use of <5 years); those with intakes
of 1,500-1,999 mg/d had a RR, 1.87; 95% CI, 1.17-3.01; and
those with z2,000 mg/d had a RR, 2.43; 95% CI, 1.32-4.48;
P trend = 0.003]. Dietary calcium and supplementary calcium
were independently associated with an increased risk. For
high-grade prostate cancer (Gleason z 7), an association was
observed for high versus low calcium intake (RR, 1.89; 95%
CI, 1.32-2.71; P trend = 0.005), but a nonsignificant, inverse
association was observed for organ-confined, low-grade
prostate cancer (RR, 0.79; 95% CI, 0.50-1.25; P trend = 0.09).
In a sample of this cohort, higher calcium intake was
associated with lower circulating 1,25(OH)2 vitamin D
levels. Our findings suggest that calcium intakes exceeding
1,500 mg/d may be associated with a decrease in differentiation in prostate cancer and ultimately with a higher risk
of advanced and fatal prostate cancer but not with welldifferentiated, organ-confined cancers. (Cancer Epidemiol
Biomarkers Prev 2006;15(2):203 – 10)

Introduction
In many case-control studies, men consuming relatively high
levels of milk and other dairy products are at an either
statistically significant increased risk (1-7) or suggestively
increased risk of prostate cancer (8-11) compared with low or
nonconsumers, although several studies have not supported
an association (12, 13). A recent meta-analysis of 11 casecontrol studies that met the specified inclusion criteria found a
combined odds ratio (OR) of 1.68 [95% confidence interval
(95% CI), 1.34-2.12] for prostate cancer comparing the highest
with the lowest quantile of consumption of milk (14). Dividing
the studies by number of cases, control source (hospital-based
or population-based), milk type, and rates of prostate cancer
incidence in the country yielded similar results. Some
prospective cohort studies (15-20), but not all (21-25), also
support an association between higher intake of milk or dairy
products and risk of prostate cancer. In addition, countries
with greater per capita consumption of milk have higher
prostate cancer mortality rates (26-28).
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Calcium intake has been hypothesized to be one of the
factors in milk underlying this increase in risk, but the
association between calcium intake and prostate cancer risk
has been less studied. Several case-control (7, 29) and
prospective cohort (18, 20, 25, 30) studies have found positive
associations between calcium intake and prostate cancer risk,
although other studies do not support (19, 24, 31, 32) or are
only weakly supportive of this association (10, 11). In contrast,
results from a secondary analysis of a randomized clinical
trial of calcium and colorectal adenoma recurrence showed no
association and, if anything, a suggestive lower risk of prostate
cancer in men randomized to 1,200 mg/d of calcium (33).
However, most of the cases diagnosed over the time period of
this trial were nonadvanced lesions detected through prostatespecific antigen (PSA) screening, whereas in the observational
studies noted above, calcium intake seemed to be associated
preferentially with clinically detected or clinically advanced
cancers.
In the Health Professionals Follow-up Study, based on 1,369
incident cases of prostate cancer and 201 cases of metastatic
prostate cancer in 8 years of follow-up (30), we previously
found that high calcium intake was associated with an
increased risk of metastatic prostate cancer. With 8 more
years of follow-up encompassing 3,544 total incident cases,
we examined whether higher calcium intake is associated with
poor differentiation, a strong determinant of progression
for prostate cancer. With the additional cases, we had greater
power to distinguish whether calcium had an independent role
from dairy products, to better characterize the dose-response
relation, and to examine fatal prostate cancer. In addition, we
were able to examine the relationship between calcium intake
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and prostate cancer in cases diagnosed in the PSA era.
Furthermore, in a sample of men, we examined whether
calcium intake was associated with lower concentrations of
circulating 1,25(OH)2 vitamin D, the vitamin D metabolite
known to induce differentiation (34).

Materials and Methods
Subjects and Procedures
Study Population. In 1986, 51,529 U.S. male health professionals completed a mailed questionnaire to initiate the Health
Professionals Follow-up Study cohort. The men in this cohort
are predominantly Caucasian (>91%) and were 40 to 75 years
old at baseline. Through the 1986 baseline questionnaire, we
collected information on age, marital status, height and weight,
ancestry, medications, smoking history, disease history,
physical activity, and diet. Every 2 years, we collected
information on new medical diagnoses and updated smoking
history, body weight, and physical activities. Every 4 years, we
updated dietary information. We identified >98% of the deaths
in this cohort through information from family members, the
postal system, and the National Death Index (35). The conduct
of this cohort study and these analyses was approved by the
Human Subjects Committee of the Harvard School of Public
Health.
Identification of Cases of Prostate Cancer. On the follow-up
questionnaires (response rate 96%), the study participant was
asked to report new diagnosis of prostate cancer. For new
reports, we then recontacted the participant (or next of kin
for decedents) and asked for permission to obtain relevant
hospital records and pathology reports. For staging, we used
information received from any procedures or tests conducted
during the initial diagnosis and treatment, including prostatectomies and bone scans. From 1986 to the end of this study
period (January 31, 2002), in 673,706 person years, we
documented 3,544 newly incident prostate adenocarcinoma
cases after excluding 71 cases (about 2% of total) of stage T1a
cancers (incidental histologic cancer found in V5% of tissue
resected). We typically exclude T1a cancers because these are
relatively innocuous and are especially prone to detection bias.
We were able to document 90% of the 3,544 cases through
medical records and pathology reports. The remaining 10% of
participants typically provided supporting data (e.g., evidence
of treatment) for the diagnosis. Based on the pathology report,
we had information on Gleason histologic grade for 2,702 cases
(76.2% of the total). Fatal prostate cancer was based on a
review of the medical records by a physician. We reviewed
medical records blinded to any exposure information.
Food Frequency Questionnaire. We used a semiquantitative
food frequency questionnaire to assess diet (previously described in detail; ref. 36). The diet questionnaire, first given in
1986, contained a list of 131 food and beverage items and
included an open-ended section. We specified a commonly used
unit or portion size for each item on the list and asked the
participant how often, on average, over the past year, he
consumed the specified amount of each item, choosing from
among nine possible responses for frequencies. We also
assessed current use, brand, dose, and duration of use of
supplements, including calcium supplements. Information
based on specific brand and type of multivitamin is taken into
account. In 1990, 1994, and 1998, we administered the dietary
questionnaire again (with slight modifications). We computed
nutrient intakes by multiplying the consumption frequency of
each unit of food by the nutrient content of the specified
portions, using composition values from U.S. Department of
Agriculture sources supplemented with other data.
We evaluated the validity of nutrient and food consumption
measured by the questionnaire among a sample of 127 cohort

members from the Boston area (36, 37). The mean intake (and
SD) for total energy-adjusted calcium was 815 F 280 mg/d
based on diet records and 839 F 346 mg/d based on the
questionnaire, and their correlation was 0.61.
Assessment of PSA and Other Exposure Information. On the
1986 baseline questionnaire, the men reported their current
height and weight and weight at age 21. Current weight was
also assessed on each biennial questionnaire. We used body
mass index (kg/m2) to estimate total adiposity (38). To assess
physical activity, we used MET-hours/wk calculated from a
list of activities reported in 1986 and updated every 2 years
thereafter (39). One MET-hour is the metabolic equivalent of
sitting at rest for 1 hour. Detailed lifetime tobacco use was
assessed at baseline and current smoking status biennially.
We began asking about screening for prostate cancer by PSA
beginning in 1994. In 1994 and every 2 years thereafter, we
assessed whether the man had had a PSA test in the prior
2-year period. In 1990, we asked the men whether their father
or any brothers had had a diagnosis of prostate cancer.
Vitamin D Assays. Plasma concentrations of 1,25(OH)2
vitamin D and 25(OH) vitamin D were determined by RIA
in the laboratory of Dr. Bruce Hollis as previously described
(40, 41). The samples, all drawn in 1993 to 1994 from the
cohort, came from men without a diagnosis of cancer (42, 43).
Here, we examined level of 1,25(OH)2 vitamin D and ratio of
1,25(OH)2 vitamin D to 25(OH) vitamin D by calcium intake.
The mean intrapair coefficients of variation calculated from
blinded quality control samples ranged from 5% to 7%.
Statistical Analysis. At baseline, we excluded men with
diagnosed cancer (except for nonmelanoma skin cancer)
and men who did not adequately complete a food frequency
questionnaire (3% of the total). After these exclusions, each of
the remaining 47,750 men accrued follow-up time beginning
on the month of return of the baseline questionnaire and
ending on the month of diagnosis of prostate cancer, month of
death from other causes, or January 31, 2002, whichever came
first. We calculated rates of total, advanced, nonadvanced, and
fatal prostate cancer for men in a specific category of calcium
intake by dividing the number of incident cases by the number
of person-years. Advanced cases were considered those that
had invaded other organs, including the seminal vesicle or
lymph nodes, as well as distant organs at the time of diagnosis,
or that were fatal by January 31, 2002. The remaining cases,
including those with minimal extension into the prostatic
capsule, were considered as nonadvanced.
For calcium intake, we used six categories to maximize
contrast (<500, 500-749, 750-999, 1,000-1,499, 1,500-1,999,
z2,000 mg/d). To assess long-term calcium intake, we used
cumulative updating, which uses the 1986 diet assessment to
assess risk from 1986 to 1990; the average of 1986 and 1990
assessments to assess risk from 1990 to 1994; the average of
1986, 1990, and 1994 intakes to assess risk from 1994 to 1998;
and the average of 1986, 1990, 1994, and 1998 intakes to assess
risk from 1998 to 2002. To better assess long-term calcium
intake, we conducted alternative analyses excluding men who
had used calcium supplements for <5 years at baseline. With
fatal prostate cancer as the end point, we updated data up until
the time of the diagnosis. We used the second lowest category
of calcium intake (500-749 mg/d) as the reference group to
increase statistical stability.
We computed relative risks (RR) defined as the incidence
rate of disease in one category (e.g., high category of calcium
intake) divided by the incidence rate in the specified category.
We used Cox proportional hazards modeling to control for
multiple time-varying variables simultaneously and to compute 95% CI. Age was controlled for in 1-year period and
time period in 2-year intervals. The following covariables were
included in the models: body mass index at age 21 years,
height, cigarette pack-years in the previous 10 years, vigorous
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physical activity level, family history of prostate cancer, history
of diabetes mellitus, race, and intakes of total calories, red meat,
fish, a-linolenic acid, and tomato sauce. We tested for trend
across categories controlling for multiple covariates by modeling the median values of calcium as a continuous variable in the
multivariate model. We also modeled calcium intake simultaneously with total dairy product intake or lactose intake to
assess whether the association was independent and assessed
calcium from food and from supplements separately in the same
model. Using a case-case approach, we also assessed the OR of
being diagnosed with a high-grade (Gleason z 7) versus a lowgrade (Gleason < 7) using multivariable logistic regression to
control for potentially confounding variables. We used least
square means from a regression model to measure plasma
1,25(OH)2D and the 1,25(OH)2D/25(OH)D ratio according to
calcium intake among the subset of men with these data. We
controlled for age, season of blood draw, and batch assay. All
reported Ps are two sided.

Results
Age-Standardized Distribution of Covariates by Calcium
Intake at Baseline. Intake of dietary calcium intake did not vary
appreciably with intake of supplementary calcium (Table 1). In
general, relative to men with low total calcium intakes, those
with high calcium intakes were less likely to smoke, had a
similar body mass index, and were more physically active. In
addition, their diets tended to be lower in total fat, red meat, alinolenic acid, and tomato sauce, and similar in fish intake. Men
with higher supplementary calcium intake were more likely
to take multivitamins and had higher intakes of vitamin D,
zinc, and vitamin E. Dietary calcium intake was not appreciably
related to supplement use, but men with high dietary calcium
intake had higher vitamin D intakes because milk is a common
source of both nutrients. Frequency of undergoing PSA tests did
not vary appreciably by calcium intake but was slightly higher
in men with higher calcium intakes.
Total Calcium Intake and Risk of Total, Nonadvanced,
Advanced, and Fatal Prostate Cancer. As shown in Table 2,
for total prostate cancer, no significant trend was noted for

calcium intake although a statistically significant higher risk
was observed for men in the highest intake category (z2,000
mg/d) relative to those whose intake was 500 to 749 mg/d.
No association was observed for nonadvanced prostate cancer,
and results did not change appreciably when we excluded
short-term calcium supplement users. For advanced and fatal
prostate cancer, an increased risk was observed at 1,500 to
1,999 mg/d and for z2,000 mg/d, and the associations became
stronger when men who had used calcium supplements for <5
years at baseline were excluded from the analyses. The ageadjusted results were quite similar to the multivariable results
(e.g., for advanced and fatal prostate cancer, the age-adjusted
RRs for z2,000 versus 500-749 g/d were 2.01 and 2.01, in
contrast to multivariable RRs of 2.02 and 2.02, respectively);
thus, only multivariable RRs are shown here. Although the
number of advanced and fatal prostate cancers diagnosed in
the PSA era was relatively low, the associations with calcium
were compatible with the overall results.
We did not include some nutrients that may influence
prostate cancer into the multivariable model because they
were highly correlated with calcium intake (see Table 1). These
included vitamin E, zinc, and vitamin D. Adding vitamin E,
zinc, or vitamin D to the multivariable model did not change
the results for calcium appreciably.
We had previously reported on cases diagnosed up to
January 31, 1994. From cases diagnosed from February 1, 1994
to January 31, 2002, we had relatively few advanced (n = 179)
or fatal cases (n = 80). Although the confidence intervals were
wide and included one, the results for high (z2,000 mg/d)
versus low calcium (500-749 mg/d) were compatible with the
previous findings (advanced prostate cancer: RR, 1.66; 95% CI,
0.65-4.22; fatal prostate cancer: RR, 2.12; 95% CI, 0.62-7.22).
Calcium Intake and Histologic Grade of Prostate Cancer.
For high-grade prostate cancer (Gleason score z 7), an
association was observed for high versus low calcium intake
(multivariable RR, 1.89; 95% CI, 1.32-2.71 for z2,000 versus
500-749 mg/d; P trend = 0.005). For low-grade cancer,
a nonsignificant inverse association was suggested (multivariable RR, 0.73; 95% CI, 0.46-1.14 for z2,000 versus 500-749
mg/d; P trend = 0.30); a similar association was observed for
low-grade and organ-confined prostate cancer (multivariable

Table 1. Mean or prevalence of age-standardized characteristics in 1986 by calcium intake (mg/d) of Health Professionals
Follow-up Study
Dietary calcium

Total calcium
Dietary calcium
Supplemental calcium
Age (not standardized)
Body mass index (kg/m2)
Leisure time activity*
Vigorous activity*
Multivitamin use (%)
Current smoker (%)
Total fat (g/d)
Saturated fat (g/d)
a-linolenic acid (g/d)
Zinc (mg/d)
Vitamin E (IU/d)
Vitamin D (IU/d)
Red meat (servings/d)
Fish (servings/d)
Tomato sauce (servings/wk)
Dairy foods (servings/d)
Lactose (g/d)
c
PSA test z1 (%)
c
PSA test z3 (%)

<585 (Q1)

z933 (Q4)

609
504
35
53.7
24.9
18.7
10.8
38.2
12.3
73.1
23.9
1.09
19.9
94
263
0.74
0.39
1.0
1.2
7.9
93.2
72.0

1,289
1146
40
54.2
24.9
21.5
13.3
44.0
8.5
69.4
25.4
1.03
22.0
100
495
0.52
0.36
0.88
3.1
30.9
93.6
73.8

Supplemental calcium
0
852
780
0
53.7
25.0
20.7
12.5
39.1
9.7
71.4
24.5
1.08
19.0
84
342
0.61
0.38
0.96
1.93
15.1
93.6
73.4

Total calcium intake

>400

<750

1,623
796
859
57.2
24.6
26.1
17.4
82.9
8.3
68.6
22.9
1.05
58.8
400
734
0.52
0.46
0.99
1.95
14.0
94.4
76.0

577
592
1
53.4
25.0
19.4
11.3
32.1
11.1
73.0
24.3
1.09
16.3
67
245
0.69
0.39
0.99
0.94
5.4
93.2
72.3

*MET-hours of vigorous leisure time physical activity.
cMen who had at least one PSA test between 1994 and 2000 and men who had at least three PSA tests between 1994 and 2000.
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z1,500
1,878
992
278
55.8
24.9
23.1
15.4
66.6
7.6
67.9
24.5
1.02
45.9
258
713
0.43
0.38
0.84
3.3
30.3
93.5
76.4
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Table 2. RR and 95% CI of prostate cancer in relation to total calcium intake in the Health Professionals Follow-up Study
(1986-2002)
P trend

Total calcium (mg/d)
<500

500-749

Total prostate cancer
All cases
Cases
183
1072
RR (95% CI)
0.98 (0.84-1.15)
1
Excluding men using calcium supplements <5 y
Cases
182
1040
RR (95% CI)
0.98 (0.84-1.15)
1
Limited to men with a PSA test (1992-2002)
Cases
114
745
RR (95% CI)
1.05 (0.86-1.28)
1
Nonadvanced prostate cancer
All cases
Cases
152
915
RR (95% CI)
0.98 (0.83-1.17)
1
Excluding men using calcium supplements < 5 y
Cases
151
888
RR (95% CI)
0.98 (0.82-1.17)
1
Limited to men with a PSA test (1992-2002)
Cases
109
674
RR (95% CI)
1.11 (0.91-1.37)
1
Advanced prostate cancer
All cases
Cases
31
157
RR (95% CI)
0.99 (0.67-1.46)
1
Excluding men using calcium supplements <5 y
Cases
31
152
RR (95% CI)
1.01 (0.68-1.49)
1
Limited to men with a PSA test (1992-2002)
Cases
5
71
RR (95% CI)
0.48 (0.19-1.19)
1
Fatal prostate cancer
All cases
Cases
21
94
RR (95% CI)
1.05 (0.65-1.69)
1
Excluding men using calcium supplements <5 y
Cases
21
94
RR (95% CI)
1.03 (0.64-1.66)
1
Limited to men with a PSA test (1992-2002)
Cases
2
31
RR (95% CI)
0.45 (0.11-1.90)
1

750-999

1,000-1,499

1,500-1,999

z2,000

1099
1.07 (0.98-1.16)

898
1.03 (0.94-1.12)

207
1.06 (0.91-1.23)

85
1.28 (1.02-1.60)

0.10

1016
1.09 (1.00-1.18)

743
1.03 (0.94-1.14)

155
1.10 (0.93-1.31)

57
1.28 (0.97-1.67)

0.09

820
1.08 (0.98-1.20)

673
1.05 (0.95-1.17)

144
1.06 (0.88-1.27)

41
1.01 (0.73-1.38)

0.65

952
1.07 (0.98-1.17)

769
1.02 (0.92-1.12)

170
1.01 (0.86-1.20)

63
1.13 (0.88-1.47)

0.55

879
1.09 (0.99-1.20)

632
1.02 (0.92-1.13)

125
1.03 (0.85-1.24)

38
1.02 (0.73-1.4)

0.80

741
1.08 (0.97-1.20)

611
1.06 (0.95-1.18)

131
1.07 (0.88-1.29)

32
0.87 (0.61-1.25)

0.95

147
1.02 (0.81-1.28)

129
1.05 (0.83-1.33)

37
1.36 (0.94-1.95)

22
2.02 (1.28-3.19)

0.005

137
1.06 (0.84-1.33)

111
1.12 (0.87-1.43)

30
1.60 (1.07-2.38)

19
2.60 (1.60-4.23)

0.0003

79
1.09 (0.79-1.51)

62
1.03 (0.72-1.45)

13
1.03 (0.57-1.88)

9
2.21 (1.09-4.50)

0.09

81
0.95 (0.70-1.28)

76
1.04 (0.77-1.42)

26
1.56 (1.00-2.43)

14
2.02 (1.14-3.58)

0.01

76
0.97 (0.71-1.31)

63
1.04 (0.75-1.44)

22
1.87 (1.17-3.01)

12
2.43 (1.32-4.48)

0.003

34
1.05 (0.79-1.51)

25
0.89 (0.64-1.72)

5
0.82 (0.52-1.53)

5
2.55 (0.96-6.76)

0.34

NOTE: Multivariable RR controlled for age, time period, body mass index at age 21, vigorous physical activity, height, cigarette pack-years in the previous 10 years,
family history of prostate cancer, history of diabetes mellitus, race, and intake of total calories, red meat, fish, a-linolenic acid, zinc supplements, and tomato sauce.

RR, 0.79; 95% CI, 0.50-1.25 for z2,000 versus 500-749 mg/d;
P trend = 0.09). In an analysis limited only to those who had
a prostate cancer, the multivariable OR of a man being
diagnosed with a high-grade cancer relative to low-grade
cancer was 2.73 (95% CI, 1.52-4.91) for z2,000 versus 500
to 749 mg/d. This association was even stronger when we
excluded men who did not use calcium for at least 5 years
(OR, 3.27; 95% CI, 1.52-7.03). For cases that were relatively
rapidly fatal, we frequently had missing information for
Gleason grade. If we assumed most of these were poorly
differentiated and included them in the analysis with poorly
differentiated prostate cancer, the results became even
stronger (OR, 4.0; 95% CI, 1.93-8.44). Furthermore, when
restricted to men with organ-confined prostate cancer (n =
860), this association with high grade versus low grade
persisted (OR, 2.47; 95% CI, 1.04-5.90).
Calcium, Milk, and Dairy Products. An important question
is whether the association with advanced prostate cancer
is due to calcium per se, or whether calcium is acting as a
surrogate of dairy products. We addressed this issue in several
ways. First, we examined separately calcium intake from
dietary and from supplementary sources together in a
multivariable model, and each was independently associated
with an elevated risk of advanced prostate cancer and of fatal
prostate cancer (Table 3). Second, we considered simulta-

neously in multivariable analyses, total calcium intake and
total dairy product intake, as well as simultaneously intakes
of total calcium and lactose, as a surrogate of the nonfat
component of dairy products (Table 4). For advanced prostate
cancer, when total calcium intake and total dairy products
were modeled simultaneously, a positive trend remained for
calcium, but dairy products were not significantly associated
with increased risk (Table 4). Similarly, when calcium intake
was modeled simultaneously with lactose intake, a trend was
persistent for calcium, but not for lactose intake (see Table 4),
although a suggestive increased risk in the top quintile of
lactose intake was observed. Similar findings were observed
for fatal prostate cancer (data not shown).
Finally, we examined phosphorus, a compound highly
concentrated in dairy products and correlated with total
calcium (r = 0.65) and dietary calcium (r = 0.77). When
controlling for phosphorus, the multivariable RR for >2,000
versus 500 to 749 mg/d of calcium was 1.56 (95% CI, 0.94-2.58)
for advanced prostate cancer, 1.74 (95% CI, 0.92-3.30) for fatal
prostate cancer, and 1.52 (5% CI, 1.03-2.23) for high-grade
prostate cancer. After excluding short-term (<5 years) calcium
supplement users, these RRs were 2.12 (95% CI, 1.23-3.64), 2.23
(95% CI, 1.12-4.42), and 1.68 (95% CI, 1.07-2.63), respectively.
When adjusting for calcium intake, the phosphorus was not
associated with an increased risk of advanced or fatal cancer,
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Table 3. Calcium intake from dietary and supplemental sources in relation to risk of advanced and fatal prostate cancer in
the Health Professionals Follow-up Study (1986-2002)
P trend

Dietary calcium intake, quartiles (mg/d)

Advanced prostate cancer
Cases
RR* (95% CI)
Fatal prostate cancer
Cases
RR* (95% CI)

<585

585-731

732-932

z933

98
1

109
1.11 (0.84-1.46)

124
1.22 (0.93-1.60)

149
1.46 (1.12-1.90)

0.003

59
1

68
1.16 (0.82-1.66)

77
1.26 (0.89-1.78)

84
1.36 (0.97-1.92)

0.08
P trend

Supplemental calcium intake (mg/d)

Advanced prostate cancer
Cases
RR* (95% CI)
Fatal prostate cancer
Cases
RR* (95% CI)

0

1-400

z401

408
1

15
1.08 (0.64-1.81)

57
1.22 (0.93-1.62)

0.17

237
1

9
1.05 (0.54-2.04)

42
1.51 (1.09-2.10)

0.05

*Multivariable RR controlled for age, time period, body mass index at age 21, vigorous physical activity, height, cigarette pack-years in the previous 10 years, family
history of prostate cancer, history of diabetes mellitus, race, and intake of total calories, red meat, fish, a-linolenic acid, zinc supplements, and tomato sauce; excluding
men using calcium supplements <5 years at baseline.

increasing intakes of total calcium, the circulating 1,25(OH)2
vitamin D concentration and the 1,25(OH)2 vitamin D/25(OH)
vitamin D ratio decreased (Table 5).

but a positive association was observed for high-grade prostate
cancer (multivariable RR, 1.35; 95% CI, 1.07-1.71 for high
versus low quintiles).
Influence of Calcium on Plasma Vitamin D Concentrations. Finally, we assayed 1,25(OH)2 vitamin D and 25(OH)
vitamin D in a subset of men, free from cancer when they
provided a blood sample in 1993 to 1994 and compared
the adjusted means across levels of calcium intake. Across

Discussion
In this cohort, we previously reported that higher intake
of calcium was associated with an increased risk of

Table 4. RR and 95% CI of prostate cancer in relation to dairy food and lactose intake in the Health Professionals Follow-up
Study (1986-2002)
P trend

Dairy food intake, quintiles (median servings/d)
0.50
Total prostate cancer
Cases
648
Multivariable model
RR (95% CI)
1.00
Multivariable model + calcium
RR (95% CI)
1.00
Advanced prostate cancer
Cases
81
Multivariable model
RR (95% CI)
1.00
Multivariable model + calcium
RR (95% CI)
1.00

1.05

1.57

2.28

3.72

713

696

771

716

1.04 (0.93-1.15)

1.02 (0.91-1.14)

1.11 (0.99-1.24)

1.07 (0.95-1.20)

0.20

1.03 (0.92-1.15)

1.00 (0.89-1.13)

1.09 (0.96-1.23)

1.05 (0.91-1.21)

0.44

116

90

111

125

1.25 (0.94-1.67)

0.95 (0.70-1.29)

1.08 (0.80-1.46)

1.21 (0.89-1.64)

0.39

1.25 (0.93-1.69)

0.93 (0.67-1.29)

1.04 (0.74-1.45)

1.08 (0.75-1.55)

0.99
P trend

Lactose intake, quintiles (median g/d)
3.8
Total prostate cancer
Cases
608
Multivariable model
RR (95% CI)
1.00
Multivariable model + calcium
RR (95% CI)
1.00
Advanced prostate cancer
Cases
82
Multivariable model
RR (95% CI)
1.00
Multivariable model + calcium
RR (95% CI)
1.00

7.7

12.0

17.5

31.1

656

720

766

794

1.02 (0.91-1.14)

1.07 (0.96-1.19)

1.11 (0.99-1.23)

1.13 (1.02-1.26)

0.01

1.02 (0.91-1.15)

1.07 (0.95-1.21)

1.12 (0.98-1.27)

1.18 (1.02-1.35)

0.02

103

94

109

135

1.14 (0.85-1.52)

0.99 (0.73-1.34)

1.08 (0.80-1.44)

1.35 (1.02-1.79)

0.03

1.15 (0.84-1.56)

1.01 (0.72-1.40)

1.10 (0.78-1.55)

1.36 (0.95-1.97)

0.09

NOTE: Multivariable RR controlled for age, time period, body mass index at age 21, vigorous physical activity, height, cigarette pack-years in the previous 10 years,
family history of prostate cancer, history of diabetes mellitus, race, and intake of total calories, red meat, fish, a-linolenic acid, zinc supplements, and tomato sauce.
Dairy foods based on servings/day of skim/low fat milk, whole milk, cream, sour cream, sherbet ice milk, ice cream, yogurt, cottage cheese, cream cheese, other
cheese.
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Table 5. Mean plasma 1,25(OH)2D, 25(OH)D, and 1,25(OH)2D/25(OH)D ratio according to calcium intake
P trend

Total calcium (mg/d)
<500
n
Plasma 1,25(OH)2D
Plasma 25(OH)D
Plasma 1,25(OH)2D/25(OH)D

90
35.5
23.0
1.83

500-749

750-999

243
34.5
22.5
1.68

276
33.9
23.3
1.62

1,000-1,499

1,500-1,999

230
32.9
24.5
1.46

58
32.6
25.1
1.42

z2,000
28
31.2
23.9
1.46

0.002
0.002
<0.0001

NOTE: Mean of plasma vitamin D is based on least square means from the regression model adjusting for age, season of blood drawn, and year of assay (1996 or 1998).
Calcium intake is from 1994 food frequency questionnaire because blood samples were drawn in 1993-1994.

advanced-stage prostate cancer (30). With further follow-up,
we were able to extend these findings to fatal prostate cancer
and to poorly differentiated (higher grade) cancers. For organconfined and moderately or well-differentiated cancers, we
observed no increased risk. Results for advanced and fatal
prostate cancer were substantially stronger when we excluded
men who used calcium supplements for <5 years. Our results
are compatible with the pattern that high calcium intake leads
to more poorly differentiated prostate cancers, that over time,
are more likely to progress and lead to fatality.
We considered several potential noncausal interpretations
of our findings. Chance is an unlikely explanation because the
results persisted over time and were consistent for clinically
advanced, fatal, and for poorly differentiated prostate cancers
even when limited to organ-confined cancers. The potential
for bias was minimized because dietary information was
ascertained prospectively, and follow-up rates were high. Less
frequent screening for prostate cancer could have led to a more
advanced stage of diagnosis and poorer prognosis, but men
with higher calcium intake had actually had PSA tests slightly
more frequently than those with lower intakes.
Although we controlled for known or suspected risk factors
for prostate cancer, the possibility that higher calcium intake
was a marker of another behavior (confounder) that directly
increased risk cannot be definitively excluded. Men who
consumed more calcium on average were less likely to smoke,
exercised more, consumed less total fat and red meat, and
more multivitamins and vitamin E, and were screened more
frequently, suggesting men who achieved high calcium intake
did so primarily because they perceived this as a healthful
choice. Although the evidence for these factors with regard to
prostate cancer risk is not definitive, for the most part, they
are believed to be associated with lower risk; thus, residual
confounding due to measurement error in controlling for these
factors would mostly likely attenuate any direct association
between calcium intake and prostate cancer risk. Some men
could have been taking calcium supplements because of a
concern for osteoporosis; however, higher bone density has
been shown to be positively related to prostate cancer risk (44),
and men at greater concern for osteoporosis would likely be
those with lower bone density. Thus, any use of calcium for
osteoporosis would have tended to attenuate rather than
accentuate the association between calcium and prostate
cancer risk. Use of high-dose zinc supplements has been
associated with a higher risk of advanced prostate cancer in
this cohort (45), but controlling for zinc supplement use did
not influence the association with calcium intake.
An important question is whether the increased risk of
advanced prostate cancer is due to calcium or to other
consequences of milk consumption, such as an increase in
insulin-like growth factor (46). For advanced and fatal prostate
cancer, we found positive associations independently for
both dietary and long-term supplemental calcium (see Table 3).
The maximal relative risk for either high dietary or supplemental calcium was about 1.5. Most men achieving very high
total calcium intakes (e.g., >1,500 mg) tended to have relatively
high dietary calcium intake plus they took supplements; these

men experienced 2- to 2.5-fold elevations in advanced prostate
cancer and 3.5- to 4-fold elevations in high-grade/fatal prostate
cancer. The finding that calcium from dietary and from
supplemental sources both independently increased risk of
advanced prostate cancer suggests calcium is the critical
component. Furthermore, when we modeled simultaneously
total calcium intake with total dairy products or lactose intakes,
only the association with calcium remained. However, there
was a suggestive increase in risk with high lactose or
phosphorus intakes, perhaps as an indicator of the nonfat
component of milk. These nutrients were highly correlated
with dietary calcium (phosphorus: r = 0.77; lactose, r = 0.91);
thus, these possibly were acting as a surrogate of dairy calcium.
A novel finding is that calcium intake was preferentially
associated with high-grade versus low-grade prostate cancer,
even among cancers diagnosed at a nonadvanced (organ
confined) stage. To our knowledge, this relationship has not
been examined previously. Interestingly, among all dietary
factors in our cohort shown to be associated with advanced
prostate cancer, including total energy, red meat, a-linolenic
acid, zinc intake, and low lycopene intake, only calcium intake
was preferentially associated with high-grade prostate cancer.
Our results suggest that the mechanism of calcium’s action
may be through a reduction in differentiation.
PSA screening has clearly altered the clinical presentation
and course of prostate cancer, decreasing the percentage of
men with metastatic prostate cancer at the time of diagnosis to
about V10% (47). In studies conducted entirely or partly in the
PSA era, associations with calcium have tended to be observed
only for advanced cancers or non – PSA-detected cancers (7, 25,
30), whereas before PSA screening, associations with milk
or calcium intake were generally observed for total prostate
cancer (1-4, 6, 11, 15, 16, 18-20, 29). Conceivably, frequent
PSA screening, by leading to diagnosis (and treatment) before
advanced stages, could minimize the potential deleterious
effects of high calcium intakes. However, if high calcium
intake decreases differentiation, perhaps rate of recurrence and
progression could still be higher, as Gleason score predicts
metastasis and mortality many years later even in men treated
for apparently organ-confined cancer (48).
One hypothesized mechanism between milk or calcium
intake and prostate cancer risk has been the 1,25(OH)2 vitamin
D lowering effect of high dietary calcium intakes (49). Most
human prostate cancer cells contain vitamin D receptors,
which when activated by 1,25(OH)2 vitamin D (50, 51), induces
differentiation and inhibits proliferation, invasiveness, angiogenesis, and metastatic potential (34, 52-54). Although many
cells have 1-a-hydroxylase activity to convert 25(OH) vitamin
D to 1,25(OH)2 vitamin D, prostate cancer cells generally lose
1-a-hydroxylase activity (55), which could limit their responsiveness to 25(OH) vitamin D and increase their dependence
on circulating 1,25(OH)2 vitamin D. In a subset of our population, high calcium intakes were associated with decreased
1,25(OH)2 vitamin D and a decreased 1,25(OH)2 vitamin D/
25(OH) vitamin D ratio. Interestingly, in two prospective
studies, risk of clinically aggressive prostate cancer was
highest for men with low 1,25(OH) 2 vitamin D and
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high 25(OH) vitamin D (56, 57), a pattern characteristic of high
calcium and dairy product intake. However, the relationship
between circulating 1,25(OH)2 vitamin D and prostate cancer
risk remains unsettled (58), and alternative mechanisms are
possible.
In contrast to most observational studies, in a secondary
analysis of a randomized clinical trial of calcium supplementation (1,200 mg/d) and adenoma risk, men randomized to
calcium had a nonsignificant lower risk of prostate cancer (33
prostate cancer cases in the calcium-treated group and 37 in
the placebo-treated group; rate ratio, 0.83; 95% CI, 0.52-1.32;
ref. 33). This study was conducted largely in the PSA era in the
United States; thus, most cases were organ confined, and the
mean Gleason score was 6.2. Interestingly, when we limited
our analysis to organ-confined, low-grade prostate cancers, our
findings for high versus low calcium were similar to those of
the trial (RR, 0.79; 95% CI, 0.50-1.25). These findings suggest
that high calcium intakes may have different if not opposing
effects on low-grade, organ-confined prostate cancer and highgrade, aggressive prostate cancer. Another possibility is that
if high calcium intake reduces differentiation in a prostate
cancer, the proportion of well-differentiated and moderately
differentiated cancers will be reduced. Alternatively, it is
possible that calcium intake may not increase risk, or may even
be protective, and that calcium in epidemiologic studies is
acting as a surrogate of other factors in dairy products.
An NIH Consensus Development Panel on Optimal Calcium Intake convened in 1994 concluded that in men over 65
years of age, calcium intake of 1,500 mg/d seems prudent (59).
Our results, as well as those from several other studies (7, 18,
20, 25, 29, 30) suggest that some caution may be warranted for
such high levels of calcium intake, especially in older men,
for whom the incidence of prostate cancer is high. Because
the food frequency questionnaire does not perfectly capture
absolute intakes, the apparent threshold of 1,500 mg/d for
prostate cancer risk should be taken as an approximation.
However, the means and SDs of energy-adjusted calcium
intake based on diet records (815 F 280 mg/d) and
questionnaires (839 F 346 mg/d) were comparable.
Important strengths of our study include the prospective
design, the use of multiple validated dietary questionnaire over
time to better assess long-term and consistent intake, the high
follow-up rates, the large number of cases, and the ability to
examine various prostate cancer end points. A limitation is that
our cohort was comprised predominantly of White men of
relatively high socioeconomic status. Although the make-up of
our cohort is a disadvantage in terms of generalizing results
to other groups, such as African-American men, the relatively
homogeneity is advantageous in limiting the possibility for
uncontrolled confounding. Although we had to rely on pathology reports for information on Gleason grade, misclassification
of grade is unlikely to differ by calcium intake. For this reason,
we may have underestimated rather than overstated the
association between calcium and high-grade prostate cancer.
In conclusion, we found that high calcium intake is
associated with an increased risk of poorly differentiated,
clinically advanced, and fatal prostate cancer but not with the
generally moderate to well-differentiated cancers diagnosed in
the PSA era. Although our findings seem to implicate calcium,
we could not entirely exclude a role of additional factors in the
nonfat component of dairy products. In addition, we confirm a
plasma 1,25(OH)2 vitamin D lowering effect of high calcium
intakes. These results suggest a degree of caution in recommending high intakes of calcium in middle age to older men.
Our findings also suggest that future studies of calcium and
dairy products and prostate cancer risk, particularly those
conducted in populations with widespread PSA screening,
focus on indicators of aggressive behavior, such as Gleason
grade, or metastatic or fatal prostate cancer rather than total
prostate cancer.
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