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Abstract

Purpose—Although a growing body of evidence supports an early-life contribution to prostate 

cancer (PCa) development, few studies have investigated early-life diet, and only three have 

examined early-life dairy product intake, a promising candidate risk factor because of its known/

suspected influence on insulin-like growth factor levels and height.

Methods—We used recalled dietary data from 162,816 participants in the NIH-AARP Diet and 

Health Study to investigate associations for milk, cheese, ice cream, total dairy, and calcium intake 

at ages 12–13 years with incident total (n=17,729), advanced (n=2,348), and fatal PCa (n=827) 

over 14 years of follow-up. We calculated relative risks (RRs) and 95% confidence intervals (CIs) 

by Cox proportional hazards regression.

Results—We observed suggestive positive trends for milk, dairy, and calcium intake with total 

and/or advanced PCa (p-trends=0.016–0.148). These trends attenuated after adjustment for 

additional components of adolescent diet, particularly red meat and vegetables/potatoes. In 

contrast, suggestive inverse trends were observed for cheese and ice cream intake with total and/or 
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advanced PCa (p-trends=0.043–0.153), and for milk, dairy, and calcium intake with fatal PCa (p-

trend=0.045–0.117).

Conclusion—Although these findings provide some support for a role of adolescent diet in 

increasing PCa risk, particularly for correlates of milk intake or overall dietary patterns, our 

protective findings for cheese and ice cream intake with PCa risk and mortality, and for all dairy 

products with PCa mortality suggest alternative explanations, such as the influence of early-life 

socioeconomic status, and increased PCa screening, earlier detection, and better PCa care.

INTRODUCTION

An estimated 1,276,106 men were diagnosed and 358,985 died from prostate cancer (PCa) 

in 2018 worldwide, making it the second most common and fifth most lethal cancer globally 

[1]. Despite persistent efforts to elucidate the etiology of PCa, few modifiable risk factors 

have been identified [2]. To date, most epidemiologic studies have focused on mid- to later-

life exposures, but studying earlier-life exposures – for instance, those experienced during 

adolescence when the prostate grows and develops rapidly – may represent a promising new 

avenue of research [3]. In rodent studies, stronger associations have been observed for 

pubertal than adult exposures with prostate lesion development [4–6], and in humans, 

mathematical models suggest that the first genomic alteration in PCa development may 

occur as early as puberty [7]. In line with these findings, PCa precursor lesions and even 

small PCa foci have been observed in men as young as their twenties and thirties [8–15], and 

differences in the prevalence of these lesions [16], as well as in PCa incidence and mortality, 

have been observed by race in men as young as their thirties and forties [17].These findings 

suggest that exposures responsible for these differences must have occurred years to decades 

earlier, similar to hypothesized for other cancers, including those of the breast, colorectum, 

endometrium, and pancreas [18–20].

Of the many candidate risk factors studied in relation to PCa, diet, particularly dairy product 

and calcium intake, is among the most promising [21]. In recent systematic reviews and 

meta-analyses, positive associations have been observed for adult intake of both dairy 

products and calcium [22–25]. These foods and nutrients may possibly increase PCa risk by 

several potential mechanisms, including suppression of 25(OH) vitamin D conversion to 

1,25(OH)2 vitamin D, a molecule shown to increase cellular proliferation and reduce 

cellular differentiation in vitro, as well as elevation of insulin-like growth factor 1 (IGF-1) 

levels [26]. This latter mechanism is particularly relevant for adolescence because increased 

IGF-1 levels may alter the timing of onset and speed of puberty [27], as well as attained 

height [28], all of which are suspected or established PCa risk factors [29–33]. Consistent 

with this hypothesis, positive associations have been observed for early-life dairy product 

intake with adolescent height, height growth, and attained height in the small number of 

studies conducted [34–38]. Although findings from previous studies of early-life dairy 

product intake and PCa have been less supportive [39–41], wide differences across these 

studies with respect to geography (Sweden, Britain, and Iceland) and dairy product intake 

(<0.5 cup/day up to 10 glasses/day), as well as study design characteristics, such as exposure 

assessment (measured household intake versus 6–7 decades-long individual recall), study 
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design (case-control versus cohort), and sample size (n=41 to 346 PCa cases), may explain 

their variation in findings.

To address some of these limitations, we performed an ambidirectional analysis of 

adolescent dairy product (cow’s milk, cheese, and ice cream) and calcium intake with PCa 

risk and mortality in the large National Institutes of Health – American Association of 

Retired Persons Diet and Health Study (AARP Study).

MATERIALS AND METHODS

Study population and design

The AARP Study is an ongoing cohort study of AARP members aged 50–71 years at 

enrollment in 1995–1996. Participants were recruited from six states (California, Florida, 

Louisiana, New Jersey, North Carolina, and Pennsylvania) and two metropolitan areas 

(Atlanta and Detroit). At baseline, 342,099 male participants completed a mailed, self-

administered questionnaire regarding their demographic and lifestyle characteristics, 

including their diet in the past year. In 1996–1997, 213,090 of these participants completed a 

second risk factor questionnaire (RFQ) that inquired about additional lifestyle 

characteristics, including their adolescent diet (ages 12–13 years). Finally, in 2004, 

participants completed a follow-up questionnaire to update and expand their medical and 

lifestyle information. All participants are followed for cancer incidence through linkage with 

cancer registries in the eight original recruitment areas and states where AARP members 

commonly relocate. Vital status is obtained from the US Social Security Administration 

Death Master File, National Death Index, cancer registries, questionnaire responses from 

next of kin, and responses to other mailings [42]. The AARP Study was approved by the 

Special Studies Institutional Review Board of the National Cancer Institute.

We limited the present analysis to men who responded to the RFQ (n=213,090). Additional 

exclusions were men who: a) completed the baseline questionnaire (n=15,760) or RFQ 

(n=3,424) by proxy; b) were diagnosed with cancer before completing the RFQ (n=15,703); 

c) were missing information on ⩾4 adolescent food items (n=4,121) to avoid imputing a 

large number of food item values; d) reported extreme adolescent energy intake (<500 or 

>4,500 kcal/day, n=10,003 [43]); or e) did not complete all adolescent dairy items 

(n=1,263), except for skim milk, which was not commonly consumed when participants 

were adolescents (92.5% of participants reported no skim milk intake). These exclusions left 

162,816 participants in the analysis.

Adolescent dairy and calcium intake assessment

The RFQ included a 37-item food frequency questionnaire (FFQ) about participants’ diet at 

ages 12–13 years (Appendix Figure 1 [44]). Food items were chosen because of their major 

contributions to nutrients of greatest interest for cancer at the time of FFQ development: fat, 

fiber, beta-carotene, and vitamin C. Nine frequency options were included for each item, 

ranging from never to ⩾2 times/day. Portion size was not assessed on the FFQ. We assigned 

missing values to the median for the study population.
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We calculated the frequency of total dairy intake as the sum of whole milk, cheese, and ice 

cream intake, and we modeled each of these exposures in times/week. We also performed 

sensitivity analyses using cut-off points from previous analyses of milk consumption (<1 

versus ≥1 time/day [39]; and ≤3–4 times/week [≤0.5 times (or cups)/day] as the reference 

group [41]). Calcium intake was calculated by matching each food item to foods reported by 

boys aged 12–13 years on the US Department of Agriculture 1965–66 Household Food 

Consumption Survey, the first nationwide individual food consumption survey. These data 

were used to estimate: 1) portion size as the median portion size for boys aged 12–13 years; 

2) calcium content; and 3) frequency for the highest category as the median age- and sex-

specific intake frequency (2 servings/day, except for whole milk, for which 3 servings/day 

was assigned). Calcium intake was then estimated as the product of portion size, calcium 

content, and intake frequency. We divided calcium intake by total adolescent energy intake 

(calculated in the same manner as for calcium intake) and modeled it as quintiles.

PCa assessment

Information on PCa, including grade (histological) and stage (SEER disease extent and 

summary stage), was obtained from state cancer registries and information on PCa death was 

obtained from the National Death Index Plus.

We defined total PCa as a first primary diagnosis of PCa (ICD-9 185 or ICD-10 C61) and 

advanced PCa as stages T3-T4, N1, M1, or PCa death. Additional PCa outcomes were more 

advanced PCa (advanced PCa excluding stage T3), fatal PCa (PCa death), and early-onset 

PCa (PCa diagnosed at age<65 [45], approximately the 25th percentile of age at diagnosis in 

the AARP Study). We examined early-onset PCa because we hypothesized that early-life 

exposures might lead to earlier PCa development.

Statistical analysis

We explored potential confounding by examining the distribution of covariates by 

frequency/quintile of total dairy and calcium intake. Age-adjusted associations were 

investigated by Cox proportional hazards regression. Men contributed time-at-risk from the 

month of return of the RFQ to the month of PCa diagnosis, loss to follow-up, death, or 

December 31th, 2011, whichever came first. P-trends were calculated by assigning the mid-

point (or the weighted median for lower and upper categories) for each intake frequency 

category; and the median for each quintile.

We performed adjustment in a sequential fashion. Our first set of models included only 

variables that could serve as potential confounders or could address detection bias (age; 

adolescent energy intake; race; family history of PCa; education; marital status; smoking 

history; adult alcohol intake; adult body mass index [BMI]; adult waist circumference; 

adolescent and adult physical activity; history of prostate-specific antigen [PSA] tests, 

digital rectal examinations [DREs], and diabetes; and father’s occupation). Our second set 

included additional variables that might potentially serve as either confounders or mediators 

(adolescent BMI and attained height). Finally, our third set included adult intake of milk, 

cheese, ice cream, dairy products, and calcium, as appropriate, to control for the correlation 

between adolescent and adult dietary exposures, and our fourth set included all other 
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adolescent foods or food groups (red meat, grains, vegetables, fruits, potatoes, and sweets) to 

determine whether observed associations were specific to our exposures of interest or were 

observed because of correlations between foods. As few differences were observed between 

our second and third sets of models, we limited our presentation to the age-adjusted, third 

set, and fully-adjusted models.

To further explore the independent influence of adolescent dairy and calcium intake on PCa, 

we ran several stratified/restricted analyses, including analyses: 1) stratified by tertile of 

adult milk, cheese, ice cream, total dairy, and calcium intake; 2) stratified by father’s 

occupation; and 3) restricted to men with at least two PSA tests and two DREs in the 3 years 

before the RFQ. We also performed subgroup analyses restricted to men <55 years of age at 

the time of completion of the RFQ because more accurate recalled adolescent dietary data 

have been observed in participants <55 (mean r=0.30–0.67 [46–48]) than ⩾55 years of age 

(r=0.12–0.31 [49–51]) in previous studies.

Finally, as food availability varied greatly over the time period that participants entered 

adolescence (1936–1958), we performed stratified analyses to determine whether 

associations were modified by passing through puberty during the Great Depression and 

World War II (WWII) versus later. Furthermore, because puberty may last up to 19 years of 

age, but our dietary exposure was limited to early adolescence, we created an additional 

category to capture men who may have entered puberty during WWII, but completed it after 

the war. Thus, in total, we investigated three strata of men: those who passed through 

puberty before the end of WWII, those who entered puberty during WWII but completed it 

after WWII, and those who passed through puberty after WWII.

RESULTS

Of the 162,816 eligible participants, 17,729 were diagnosed with any PCa, 2,348 with 

advanced PCa, and 827 with fatal PCa. On average, men were in their early 60s when they 

enrolled, and the majority were non-Hispanic White, had completed some post-secondary 

education, and were married. In adolescence, they tended to be normal weight (mean 

BMI=21.6–21.8 kg/m2) and to engage in daily physical activity, whereas in later adulthood, 

they tended to be overweight (mean BMI=26.8–27.6 kg/m2) and to engage in less physical 

activity (Table 1). Most of the cohort had also smoked cigarettes and been screened for PCa.

In adolescence, 41% of participants consumed dairy products 1–2 times/day, with smaller 

proportions consuming <1 time/day (12% ⩽4 times/week and 11% 5–6 times/week) and ⩾2 

times/day (20% 3 times/day and 16% ⩾4 times/day). The most common dairy product 

consumed was whole milk (76% of servings). Adolescent calcium intake ranged from 66–

318 mg/1000 kcal in the lowest quintile to 627–1675 mg/1000 kcal in the highest quintile. 

On average, 74% of calcium was derived from dairy sources (primarily milk). Adolescent 

dairy and calcium intake were only modestly correlated with adult intake (Spearman rank 

correlation coefficient=0.22, 0.19, 0.02, 0.03, and 0.18 for whole milk, cheese, ice cream, 

dairy, and calcium intake, respectively).
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Compared to men with low adolescent dairy and calcium intake, those with high intake were 

more likely to be non-Hispanic White, well-educated, and married (Table 1). They were also 

more likely to have had a higher social class during adolescence based on their father’s 

occupation; have been more physically active and consumed milk with greater frequency, 

and vegetables and red meat with lesser frequency, during adolescence; have a lower adult 

BMI; consume more dairy and calcium as adults; have a family history of PCa; be a non-

smoker; and have been screened for PCa at least twice. They were also less likely to have 

diabetes. Focusing on adolescent dairy intake only, men with a higher intake were slightly 

younger; more likely to have passed through adolescence after WWII; and consumed cheese 

and ice cream with greater frequency, and grains with lesser frequency, during adolescence. 

In contrast, men with higher adolescent calcium intake were slightly older; more likely to 

have passed through adolescence during the Great Depression/WWII; and consumed ice 

cream less frequently during adolescence.

In age-adjusted analyses, greater adolescent milk intake was associated with an increased 

risk of total PCa (p-trend=0.004), whereas cheese and ice cream were not (Table 2). Positive 

trends were observed when these three dairy items were combined (p-trend=0.006) and 

when adolescent calcium was examined (p-trend<0.001). In analyses adjusted for lifestyle 

and medical characteristics, similar, albeit slightly attenuated, trends were observed for milk, 

dairy, and calcium, and a non-significant inverse trend was observed for ice cream (p-

trend=0.110). Trends for milk, dairy, and calcium attenuated further and became non-

significant after adjustment for other components of adolescent diet, particularly red meat 

and vegetables. In contrast, the inverse trend for ice cream strengthened and became 

significant after further adjustment for other adolescent food groups (p-trend=0.046). A 

similar pattern of findings was observed for early-onset PCa, although all fully-adjusted 

trends were weaker and non-significant (data not shown).

Similar to findings for total PCa, greater adolescent milk, dairy, and calcium intake were 

associated with significant or suggestive increased risks of advanced PCa in age-adjusted 

analyses (Table 3). Inverse trends were observed for cheese and ice cream. Trends for milk, 

dairy, and calcium attenuated after adjustment for adolescent and adult lifestyle and medical 

characteristics, and attenuated further to non-significant estimates after additional 

adjustment for other components of adolescent diet, particularly red meat, potatoes, and 

sweets. Inverse trends for cheese persisted after adjustment, whereas those for ice cream 

attenuated slightly, particularly after adjustment for adolescent sweets. Generally similar 

results were observed for early-onset advanced PCa (data not shown), but a slightly different 

pattern was observed for more advanced PCa. Null associations were observed for milk, 

dairy, and calcium in fully-adjusted models, whereas suggestive inverse trends were 

observed for cheese and ice cream (Appendix Table 1).

With respect to fatal PCa, a different pattern of findings was observed for adolescent milk, 

dairy, and calcium intake than with total, advanced, and more advanced PCa. No 

associations were observed in age-adjusted analyses, whereas suggestive inverse trends were 

observed in fully-adjusted models, particularly after adjustment for adolescent red meat and 

potatoes (Table 4). Associations of similar direction and magnitude, but minimal statistical 
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significance, were observed for cheese and ice cream in age- and multivariable-adjusted 

models.

In stratified analyses, no clear patterns were observed: 1) across strata of adult dairy and 

calcium intake; 2) across strata of father’s occupation; 3) in men who had ⩾2 PSA tests and 

DREs in the three years before the RFQ; 4) in younger men (<55 years) at the time of 

exposure assessment; and 5) across strata of calendar time during which participants passed 

through adolescence. Similar findings were also observed in sensitivity analyses using dairy 

and milk cut-off points from previous analyses.

DISCUSSION

In this large, ambidirectional cohort analysis, we observed several associations for 

adolescent dairy and calcium intake, but they varied by type of dairy product, adjustment 

variables, and PCa outcome. In age- and lesser-adjusted multivariable analyses, suggestive 

positive trends were observed for milk, dairy, and calcium intake with risks of total and 

advanced PCa, whereas inverse trends were observed for cheese and ice cream. Positive 

trends for milk, dairy, and calcium attenuated after further adjustment for additional 

components of adolescent diet, particularly red meat and vegetables/potatoes, suggesting 

that these additional components or perhaps the totality of diet (e.g., a dietary pattern) may 

have been responsible for the original positive trends. The opposite pattern of findings was 

observed for fatal PCa, with suggestive inverse trends for milk, dairy, and calcium, 

particularly after adjustment for adolescent red meat and potatoes. Trends for cheese and ice 

cream were also inverse in direction, but not statistically significant.

Our findings for adolescent dairy, milk, and calcium intake are difficult to compare to the 

small body of literature on this topic because of wide differences across studies, particularly 

with respect to dairy and milk intake. Comparing our findings to those from the study with 

the most similar distribution of dairy intake – the British Boyd Orr Study [41] – our findings 

differ from their statistically null, but suggestively inverse, associations for measured 

household dairy and milk intake at a mean age of 8 years and PCa risk in both minimally-

adjusted analyses and those adjusted for other components of childhood diet (i.e., fruit 

intake; multivariable-adjusted odds ratio [OR] comparing ⩾1.2 to <0.5 cups of milk/

day=0.41, 95% confidence interval [CI]: 0.16–1.05, p-trend=0.16). These differences 

persisted even when we used similar intake categories as the Boyd Orr Study.

The other two previous studies were conducted in Iceland [39] and Sweden [40] where dairy 

and milk intake was and is still more common than in the United States. Nevertheless, our 

age- and lesser-adjusted findings for total and advanced PCa are in general agreement with 

those from the previous Icelandic study that observed positive associations between recalled 

adolescent milk intake and total (OR=1.26, 95% CI: 0.90–1.75) and advanced PCa 

(OR=2.88, 95% CI: 1.14–7.26) comparing ⩾1 to <1 time/day in lesser-adjusted analyses. 

Our magnitudes of association may potentially have been weaker because of our likely lesser 

distribution of milk intake in the highest category. However, our fully-adjusted attenuated 

findings differ from their persistent fully-adjusted results (OR=1.40, 95% CI: 0.99–1.97 for 

total PCa, and OR=3.22, 95% CI: 1.25–8.28 for advanced PCa) for reasons that are unclear, 
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but may possibly relate to differences in dietary correlates and patterns by geography. 

Finally, although our findings differ from the null association observed in the previous 

Swedish study (OR=0.8, 95% CI: 0.5–1.4 comparing 10 to 3 glasses of whole milk/day), 

their comparisons of adolescent milk intake were considerably higher than ours, essentially 

fitting within our top category and perhaps making it difficult to detect associations across 

these higher categories. Thus, overall, it is difficult to comment on the consistency of our 

findings for PCa risk with the literature. In addition, no previous studies have examined fatal 

PCa separately, precluding comparisons with our suggestive inverse findings.

In contrast to our findings for total dairy, milk, and calcium intake, our findings for cheese 

and ice cream tended to be inverse, with occasional strengthening or weakening after 

adjustment for other components of adolescent diet, particularly vegetable, red meat, and 

sweet intake. These findings differ from the null results observed for adolescent cheese 

intake in the previous Swedish study [40], although it is possible that their smaller sample 

size precluded detecting weaker associations. To our knowledge, no studies have examined 

adolescent ice cream intake to date.

Overall, our variable findings across dairy products, adjustment variables, and PCa outcomes 

may be interpreted in several ways. First, it is possible that our attenuated findings for milk, 
dairy, and calcium intake after adjustment for other components of adolescent diet suggest 

that these other components (red meat and vegetables/potatoes) are either more important 

than or act together with dairy products to influence PCa risk. These additional dietary 

components or patterns are plausible risk factors for PCa risk, as red meat intake has been 

found to increase exposure to mutagenic heterocyclic amines, polycyclic aromatic 

hydrocarbons, N-nitroso compounds, and heme iron [52, 53]; and overall dietary patterns, 

such as a “Western” or “meat and potatoes” pattern, have been associated with earlier 

puberty [54–60] and greater attained height [60] in some studies. However, why these 

additional dietary components or patterns would serve to raise PCa risk but lower PCa 

mortality is unclear.

Another possible explanation for our milk, dairy, and calcium findings could be residual 

detection bias by increased PCa screening and a survival advantage from earlier diagnosis 

and better PCa care. Although adjustment for PCa screening and restriction to men who had 

at least two PSA tests and DREs in the three years before analytic baseline did not 

appreciably alter our findings, the observed differences in PCa screening history at baseline 

by adolescent dairy and calcium intake may speak to additional differences after baseline 

that we could not control for in our analyses. Residual detection bias by greater PCa 

screening frequency and a survival advantage from earlier PCa detection and better PCa care 

among men with higher adolescent dairy and calcium intake and their dietary correlates 

could explain both the weakly positive trends with risks of total and advanced PCa (which 

was primarily T3 disease), and the protective trends for fatal PCa. Without this possible 

detection bias and survival advantage, our findings may have been more similar to the null 

results observed in the previous Swedish study, which was conducted before PSA screening 

became widespread.
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In contrast to findings for milk, dairy, and calcium intake, our generally inverse trends for 

cheese and ice cream intake are unlikely to be explained by increased PCa screening or a 

protective, nutritional component exclusive to cheese and ice cream. Instead, we believe a 

more plausible explanation is that greater adolescent cheese and ice cream intake, 

particularly in the 1930–50s, reflects other protective aspects of participants’ early-life 

exposures, such as greater early-life socioeconomic status. We attempted to control for 

early-life socioeconomic status by adjusting for father’s occupation, but residual 

confounding may still have occurred. Although the literature on early-life socioeconomic 

status and PCa risk is very small, some evidence exists to suggest it may be important. One 

study found a protective association for parental car ownership during childhood/

adolescence with non-aggressive PCa [61], but findings for father’s occupation have been 

mixed [40, 61–63]. Alternatively, greater adolescent ice cream intake may potentially 

capture other factors or biologic processes (e.g., lesser stress and anxiety) [64] protective for 

PCa, as ice cream intake has been found to protect against other conditions, such as diabetes, 

for reasons that are still unclear [65].

Despite the inconclusiveness of our findings, our study had many strengths. The 

ambidirectional data collected in the AARP Study allowed us to establish a temporal relation 

between adolescent diet and PCa onset, and to avoid concerns of differential recall bias. Our 

large sample size also gave us sufficient power to detect associations of smaller magnitude 

and the detailed data collected allowed us to control for many potential confounders. Our 

study also had several weaknesses. Although our study was amdirectional and we performed 

analyses restricted to younger men (<55 years of age), adolescent diet was still assessed by 

recall several decades after adolescence, which may have led to non-differential exposure 

misclassification and an attenuation of our findings towards the null. In addition, only diet 

earlier in puberty was assessed, which may not have been reflective of diet throughout 

puberty. We attempted to address this concern by performing stratified analyses among men 

whose diet was unlikely to have changed during puberty (either entirely before or after 

WWII), with similar findings as in our main analysis. Our adolescent diet FFQ was also 

limited to questions on the frequency, but not portion size, of only 37 food items rather than 

a full FFQ that typically includes >100 items. However, imputation of portion size using 

contemporary national data should have helped to reduce the former concern and inclusion 

of several of the major contributors to dairy intake, especially at the time of participants’ 

adolescence, should have helped to reduce the latter concern.

In summary, in one of the few studies to investigate early-life diet and PCa risk, we found 

conflicting evidence for a role of adolescent diet in PCa development. Although our 

attenuated, multivariable-adjusted findings for milk, dairy, and calcium intake with PCa risk 

provide some support for a role of dietary correlates of milk intake (red meat and potatoes/

vegetables) or overall dietary patterns in increasing PCa risk, our protective findings for 

cheese and ice cream with PCa risk and mortality, and for all dairy products with PCa 

mortality suggest alternative explanations. These include the possible influence of early-life 

correlates of adolescent cheese and ice cream intake (e.g., early-life socioeconomic status) 

on PCa risk and mortality, and/or the possible influence of increased PCa screening, earlier 

detection, and better PCa care among those with greater adolescent milk intake. Additional 
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studies with further early-life exposure information and more detailed PCa screening data 

may help us better understand these associations.

ACKNOWLEDGMENTS

We thank Dr. Linda Liao for assistance with acquiring AARP Study data, and Dr. Stephanie Smith-Warner, Sherry 
Yaun, and Tao Hou for assistance defining prostate cancer outcomes. This analysis was funded by the Barnes-
Jewish Hospital Foundation, the Alvin J. Siteman Cancer Center, and the Institute for Clinical and Translational 
Sciences.

Appendix

Lan et al. Page 10

Cancer Causes Control. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Appendix Figure 1: 
Adolescent food frequency questionnaire in the NIH-AARP Diet and Health Study
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Appendix Table 1:

Relative risks (RRs) and 95% confidence intervals (CIs) for dairy and calcium intake from 

12–13 years of age in relation to more advanced prostate cancer (T4, N1, M1 or death from 

PCa) in the NIH-AARP Diet and Health Study, 1996–2011

Intake categories P-
trend

Milk 
intake

≤2/week 3–4/week 5–6/week 1/day ≥2/day Per 
time/day

No. of 
cases/pyrs

94/205,418 113/237,861 172/324,946 230/435,864 328/660,208

Age-
adjusted 
RR

1.00 1.06 (0.80–
1.39)

1.17 (0.91–
1.51)

1.12 (0.88–
1.42)

1.09 (0.87–
1.38)

1.01 
(0.95–
1.06)

0.858

Adjusted 
RR

1 1.00 1.03 (0.78–
1.35)

1.12 (0.87–
1.45)

1.07 (0.83–
1.37)

0.99 (0.76–
1.29)

0.98 
(0.91–
1.05)

0.493

Adjusted 
RR

2 1.00 1.04 (0.79–
1.37)

1.13 (0.87–
1.47)

1.07 (0.83–
1.37)

0.97 (0.73–
1.29)

0.97 
(0.89–
1.05)

0.389

Cheese 
intake

≤3/month 1–2/week 3–4/week ≥5/week Per 
time/day

No. of 
cases/pyrs

412/747,283 295/622,214 178/339,181 52/155,618

Age-
adjusted 
RR

1.00 0.91 (0.78–
1.05)

1.05 (0.88–
1.25)

0.68 (0.51–
0.91)

0.79 
(0.58–
1.07)

0.133

Adjusted 
RR

1 1.00 0.89 (0.77–
1.04)

1.01 (0.84–
1.22)

0.66 (0.49–
0.90)

0.75 
(0.53–
1.05)

0.096

Adjusted 
RR

2 1.00 0.89 (0.76–
1.04)

1.00 (0.83–
1.22)

0.66 (0.48–
0.90)

0.74 
(0.52–
1.05)

0.093

Ice cream 
intake

≤3/month 1–2/week 3–4/week ≥5/week Per 
time/day

No. of 
cases/pyrs

473/853,048 271/586,080 140/282,632 53/142,537

Age-
adjusted 
RR

1.00 0.92 (0.79–
1.06)

1.03 (0.85–
1.24)

0.77 (0.58–
1.02)

0.83 
(0.61–
1.14)

0.246

Adjusted 
RR

1 1.00 0.89 (0.76–
1.04)

0.98 (0.80–
1.20)

0.72 (0.53–
0.97)

0.75 
(0.53–
1.22)

0.109

Adjusted 
RR

2 1.00 0.89 (0.75–
1.04)

0.98 (0.79–
1.21)

0.73 (0.53–
1.00)

0.77 
(0.53–
1.11)

0.158

Dairy 
intake

≤4/week 5–6/week 1–2/day 3/day ≥4/day Per 
time/day

No. of 
cases/pyrs

105/221,998 116/203,857 384/767,429 190/360,819 142/310,193

Lan et al. Page 12

Cancer Causes Control. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Intake categories P-
trend

Age-
adjusted 
RR

1.00 1.24 (0.95–
1.61)

1.10 (0.89–
1.37)

1.12 (0.88–
1.42)

1.06 (0.83–
1.37)

1.00 
(0.94–
1.06)

0.886

Adjusted 
RR

1 1.00 1.20 (0.92–
1.57)

1.03 (0.82–
1.30)

0.99 (0.75–
1.30)

0.93 (0.69–
1.27)

0.96 
(0.89–
1.04)

0.275

Adjusted 
RR

2 1.00 1.21 (0.92–
1.58)

1.04 (0.82–
1.31)

0.96 (0.71–
1.30)

0.91 (0.66–
1.26)

0.95 
(0.87–
1.03)

0.214

Calcium 
intake 
(mg/1000 
kcal)

Q1 (<318) Q2 (318–386) Q3 (386–487) Q4 (487–627) Q5 (>627) Per 
quintile

No. of 
cases/pyrs

173/372,645 206/373,159 181/372,942 197/373,610 180/371,940

Age-
adjusted 
RR

1.00 1.18 (0.97–
1.45)

1.01 (0.82–
1.24)

1.11 (0.90–
1.36)

1.00 (0.81–
1.23)

0.92 
(0.61–
1.38)

0.675

Adjusted 
RR

1 1.00 1.18 (0.96–
1.45)

1.06 (0.86–
1.31)

1.17 (0.94–
1.46)

0.97 (0.78–
1.21)

0.88 
(0.58–
1.36)

0.574

Adjusted 
RR

2 1.00 1.16 (0.94–
1.43)

1.03 (0.83–
1.28)

1.13 (0.89–
1.43)

0.92 (0.71–
1.19)

0.80 
(0.47–
1.36)

0.411

1
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette 

smoking history; adult alcohol intake; adult waist circumference; body mass index at ages 18, 35, 50, and baseline; 
adolescent and adult physical activity; prostate-specific antigen and digital rectal examination screening history; diabetes 
history; father’s occupation; attained height; and adult intake of whole milk, cheese, ice cream, total high-fat dairy products 
and calcium, as appropriate.
2
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette 

smoking history; adult alcohol intake; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical 
activity; prostate-specific antigen and digital rectal examination screening history; father’s occupation; attained height; 
adult intake of whole milk, cheese, ice cream, total high-fat dairy products and calcium, as appropriate; and adolescent 
intake of grains, vegetables, fruits, potatoes, red meat, and sweets.
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Table 1:

Baseline demographic, lifestyle, and medical characteristics of men by adolescent total dairy and calcium 

intake, NIH-AARP Diet and Health Study, 1996-2011

Frequency of energy-adjusted total dairy 
intake

Quintile of energy-adjusted calcium intake (mg/
1000 kcal)

≤4/week 1–2/day ≥4/day Q1 (<318) Q3 (386–487) Q5 (>627)

No. 19,559 66,803 26,829 32,563 32,564 32,563

Demographic characteristics:

Age (mean, years) 61.8 61.7 61.6 61.6 62.0 62.1

Non-Hispanic White (%) 90.9 94.2 96.8 92.5 94.3 95.9

Education (%)
1

12 years or less 25.0 18.1 12.9 22.2 18.6 15.9

Post-high school or some college 32.7 30.7 28.8 32.7 31.1 30.7

College graduate 19.7 23.4 25.6 21.4 23.0 24.2

Post graduate 19.7 25.7 31.3 21.2 25.3 27.6

Married (%) 84.0 85.2 86.8 84.3 85.9 86.6

Adolescent characteristics:

Father’s occupation (%)

Professional or technical (e.g., 
doctor, lawyer)

3.9 5.8 8.4 4.2 6.0 7.2

Managerial (e.g., plant manager, 
CEO)

6.7 9.8 12.2 8.2 9.5 10.3

Other non-manual (e.g., bank 
teller)

6.3 9.7 11.9 7.9 9.6 10.6

Manual (e.g., carpenter, electrician) 18.5 18.5 18.0 18.5 18.6 17.7

Other manual (e.g., farm laborer) 21.1 16.4 14.2 18.9 16.9 16.6

Unknown 43.4 39.8 35.4 42.3 39.5 37.6

Participants’ age in 1945 (years, %)

<12 47.5 47.6 49.0 49.3 45.2 44.9

12 to 18 45.5 45.5 44.2 44.4 47.0 47.3

>18 7.0 6.9 6.8 6.3 7.9 7.9

Body mass index at age 18 (kg/m2) 21.8 21.8 21.6 21.8 21.7 21.6

Physical activity ≥5 times/week 
(%)

49.4 49.6 51.6 47.9 49.0 51.5

Mean intake of:

Milk (times consumed/d) 0.19 0.86 3.03 0.43 1.10 2.87

Cheese (times consumed/d) 0.17 0.29 0.41 0.23 0.25 0.21

Ice cream (times consumed/d) 0.18 0.27 0.32 0.24 0.22 0.18

Calcium (mg/1000 kcal) 195 377 708 262 430 744

Grains (times consumed/d) 1.25 1.11 1.05 1.07 1.05 1.11

Fruits (times consumed/d) 0.85 0.99 0.95 0.79 0.91 0.86
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Frequency of energy-adjusted total dairy 
intake

Quintile of energy-adjusted calcium intake (mg/
1000 kcal)

≤4/week 1–2/day ≥4/day Q1 (<318) Q3 (386–487) Q5 (>627)

Vegetables (times consumed/d) 1.82 1.66 1.34 1.59 1.52 1.40

Red and processed meat (times 
consumed/d)

1.43 1.35 0.98 1.48 1.09 0.91

Total fats (% of kcal) 49 50 49 51 49 49

Adult (baseline) lifestyle and 
medical characteristics:

Body mass index (kg/m2) 27.6 27.2 26.8 27.5 27.1 26.8

Height (meters) 1.78 1.78 1.79 1.78 1.78 1.79

Physical activity ≥5 times/ week 
(%)

21.8 23.0 22.4 21.7 22.2 22.2

Mean intake of:

Dairy (g/day) 40.8 43.1 51.3 41.1 44.7 54.9

Calcium (mg/1000 kcal) 364 401 451 373 411 457

Family history of prostate cancer (%)

Yes 9.2 9.5 9.7 9.2 9.6 9.9

Unknown 21.2 19.4 17.8 20.6 19.4 18.3

Never smoker (%) 26.4 30.6 32.4 27.4 30.9 30.8

Diabetes mellitus status (%) 11.7 10.0 7.4 11.0 9.5 8.4

History of PSA screening (%):

Never 21.2 20.3 20.3 21.0 20.4 20.3

Once 24.8 24.2 23.6 24.6 23.7 23.9

More than once 45.7 48.0 48.8 46.6 48.2 48.4

Unknown 8.3 7.5 7.3 7.9 7.7 7.3

History of DRE screening (%)

Never 14.6 13.3 13.6 14.3 13.6 13.8

Once 27.2 26.6 24.8 27.1 26.2 25.7

More than once 55.6 57.6 59.5 56.0 57.6 58.4

Unknown 2.7 2.5 2.1 2.7 2.6 2.1

DRE=digital rectal examination; PSA=prostate-specific antigen.

1
Some percentages may not sum to 100% because of missing values.
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Table 2:

Relative risks (RRs) and 95% confidence intervals (CIs) for dairy and calcium intake from 12–13 years of age 

in relation to total prostate cancer in the NIH-AARP Diet and Health Study, 1996-2011

Intake categories P-trend

Milk intake ≤2/week 3–4/week 5–6/week 1/day ≥2/day Per time/day

No. of cases/pyrs 1,803/205,418 2,287/237,861 3,110/324,946 4,108/435,864 6,421/660,208

Age-adjusted RR 1.00 1.10 (1.04–1.17) 1.10 (1.03–1.16) 1.06 (1.00–1.12) 1.11 (1.05–1.17) 1.02 (1.01–
1.03)

0.004

Adjusted RR
1 1.00 1.08 (1.01–1.14) 1.06 (1.00–1.13) 1.03 (0.97–1.09) 1.08 (1.02–1.15) 1.02 (1.00–

1.03)
0.036

Adjusted RR
2 1.00 1.07 (1.01–1.14) 1.05 (0.99–1.12) 1.02 (0.96–1.08) 1.06 (0.99–1.14) 1.01 (0.99–

1.03)
0.211

Cheese intake ≤3/month 1–2/week 3–4/week ≥5/week Per time/day

No. of cases/pyrs 7,174/747,283 6,007/622,214 3,177/339,181 1,371/155,618

Age-adjusted RR 1.00 1.03 (0.99–1.06) 1.01 (0.97–1.06) 0.97 (0.91–1.02) 0.97 (0.91–
1.04)

0.461

Adjusted RR
1 1.00 1.01 (0.98–1.05) 1.00 (0.95–1.04) 0.97 (0.91–1.03) 0.96 (0.89–

1.04)
0.355

Adjusted RR
2 1.00 1.01 (0.98–1.05) 1.00 (0.96–1.05) 0.98 (0.92–1.04) 0.98 (0.91–

1.06)
0.640

Ice cream intake ≤3/month 1–2/week 3–4/week ≥5/week Per time/day

No. of cases/pyrs 8,226/853,048 5,654/586,080 2,603/282,632 1,246/142,537

Age-adjusted RR 1.00 1.04 (1.01–1.08) 1.01 (0.97–1.06) 0.96 (0.91–1.02) 0.97 (0.91–
1.04)

0.417

Adjusted RR
1 1.00 1.01 (0.98–1.05) 0.98 (0.94–1.03) 0.95 (0.89–1.01) 0.94 (0.87–

1.01)
0.110

Adjusted RR
2 1.00 1.01 (0.97–1.05) 0.98 (0.93–1.02) 0.94 (0.88–1.00) 0.92 (0.84–

1.00)
0.046

Dairy intake ≤4/week 5–6/week 1–2/day 3/day ≥4/day Per time/day

No. of cases/pyrs 2,013/221,998 1,934/203,857 7,251/767,429 3,653/360,819 2,878/310,193

Age-adjusted RR 1.00 1.06 (0.99–1.13) 1.06 (1.01–1.11) 1.12 (1.06–1.18) 1.06 (1.00–1.13) 1.02 (1.00–
1.03)

0.006

Adjusted RR
1 1.00 1.05 (0.98–1.11) 1.05 (0.99–1.10) 1.11 (1.04–1.18) 1.06 (0.99–1.14) 1.02 (1.00–

1.04)
0.025

Adjusted RR
2 1.00 1.04 (0.98–1.11) 1.04 (0.98–1.10) 1.10 (1.03–1.18) 1.04 (0.97–1.12) 1.01 (0.99–

1.03)
0.177

Calcium intake 
(mg/1000 kcal)

Q1 (<318) Q2 (318–386) Q3 (386–487) Q4 (487–627) Q5 (>627) Per quintile

No. of cases/pyrs 3,334/372,645 3,548/373,159 3,599/372,942 3,478/373,610 3,770/371,940

Age-adjusted RR 1.00 1.06 (1.01–1.11) 1.06 (1.01–1.11) 1.03 (0.98–1.08) 1.11 (1.06–1.17) 1.18 (1.08–
1.30)

<0.001

Adjusted RR
1 1.00 1.05 (1.00–1.10) 1.05 (1.00–1.10) 1.01 (0.96–1.07) 1.09 (1.03–1.14) 1.13 (1.02–

1.25)
0.016
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Intake categories P-trend

Adjusted RR
2 1.00 1.04 (0.99–1.09) 1.04 (0.99–1.09) 1.00 (0.95–1.06) 1.08 (1.01–1.14) 1.11 (0.98–

1.25)
0.098

1
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette smoking history; adult 

alcohol intake; adult waist circumference; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical activity; prostate-specific 
antigen and digital rectal examination screening history; diabetes history; father’s occupation; attained height; and adult intake of whole milk, 
cheese, ice cream, total high-fat dairy products and calcium, as appropriate.

2
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette smoking history; adult 

alcohol intake; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical activity; prostate-specific antigen and digital rectal 
examination screening history; father’s occupation; attained height; adult intake of whole milk, cheese, ice cream, total high-fat dairy products and 
calcium, as appropriate; and adolescent intake of grains, vegetables, fruits, potatoes, red meat, and sweets.
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Table 3:

Relative risks (RRs) and 95% confidence intervals (CIs) for dairy and calcium intake from 12–13 years of age 

in relation to advanced prostate cancer (T3–T4, N1, M1 or death from PCa) in the NIH-AARP Diet and Health 

Study, 1996–2011

Intake categories P-
trend

Milk intake ≤2/week 3–4/week 5–6/week 1/day ≥2/day Per time/day

No. of cases/pyrs 230/205,418 286/237,861 413/324,946 535/435,864 884/660,208

Age-adjusted RR 1.00 1.08 (0.91–1.28) 1.14 (0.97–1.34) 1.09 (0.93–1.27) 1.20 (1.04–1.39) 1.05 (1.01–
1.08)

0.011

Adjusted RR
1 1.00 1.04 (0.87–1.24) 1.07 (0.91–1.26) 1.03 (0.87–1.20) 1.12 (0.94–1.32) 1.03 (0.99–

1.08)
0.148

Adjusted RR
2 1.00 1.05 (0.88–1.25) 1.07 (0.91–1.26) 1.00 (0.85–1.18) 1.03 (0.86–1.24) 1.00 (0.95–

1.06)
0.931

Cheese intake ≤3/month 1–2/week 3–4/week ≥5/week Per time/day

No. of cases/pyrs 956/747,283 802/622,214 436/339,181 154/155,618

Age-adjusted RR 1.00 1.02 (0.93–1.12) 1.03 (0.92–1.15) 0.80 (0.67–0.94) 0.84 (0.70–
1.02)

0.074

Adjusted RR
1 1.00 0.98 (0.89–1.08) 0.97 (0.86–1.09) 0.76 (0.63–0.91) 0.77 (0.62–

0.95)
0.015

Adjusted RR
2 1.00 0.98 (0.89–1.08) 0.99 (0.87–1.12) 0.78 (0.65–0.94) 0.80 (0.64–

0.99)
0.043

Ice cream intake ≤3/month 1–2/week 3–4/week ≥5/week Per time/day

No. of cases/pyrs 1,107/853,048 736/586,080 359/282,632 146/142,537

Age-adjusted RR 1.00 0.99 (0.90–1.09) 1.01 (0.90–1.14) 0.81 (0.69–0.97) 0.85 (0.70–
1.03)

0.096

Adjusted RR
1 1.00 0.94 (0.86–1.04) 0.94 (0.83–1.07) 0.77 (0.64–0.93) 0.77 (0.62–

0.95)
0.017

Adjusted RR
2 1.00 0.96 (0.87–1.07) 0.99 (0.86–1.13) 0.83 (0.68–1.01) 0.85 (0.67–

1.06)
0.153

Dairy intake ≤4/week 5–6/week 1–2/day 3/day ≥4/day Per time/day

No. of cases/pyrs 264/221,998 269/203,857 918/767,429 507/360,819 390/310,193

Age-adjusted RR 1.00 1.12 (0.94–1.32) 1.02 (0.89–1.17) 1.18 (1.02–1.37) 1.08 (0.92–1.26) 1.03 (0.99–
1.07)

0.113

Adjusted RR
1 1.00 1.07 (0.90–1.27) 0.94 (0.81–1.09) 1.06 (0.90–1.27) 0.99 (0.82–1.20) 1.01 (0.96–

1.06)
0.682

Adjusted RR
2 1.00 1.08 (0.91–1.28) 0.94 (0.81–1.09) 0.99 (0.82–1.20) 0.93 (0.76–1.14) 0.98 (0.93–

1.03)
0.434

Calcium intake 
(mg/1000 kcal)

Q1 (<318) Q2 (318–386) Q3 (386–487) Q4 (487–627) Q5 (>627) Per quintile

No. of cases/pyrs 421/372,645 476/373,159 446/372,942 474/373,610 531/371,940

Age-adjusted RR 1.00 1.13 (0.99–1.29) 1.05 (0.92–1.20) 1.12 (0.98–1.27) 1.25 (1.10–1.42) 1.53 (1.18–
1.97)

0.001
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Intake categories P-
trend

Adjusted RR
1 1.00 1.10 (0.97–1.26) 1.05 (0.91–1.20) 1.13 (0.98–1.30) 1.19 (1.04–1.36) 1.39 (1.06–

1.82)
0.017

Adjusted RR
2 1.00 1.07 (0.94–1.22) 1.01 (0.88–1.16) 1.05 (0.90–1.23) 1.10 (0.94–1.29) 1.17 (0.84–

1.63)
0.352

1
Adjusted RR2 1.00 1.07 (0.94–1.22) 1.01 (0.88–1.16) 1.05 (0.90–1.23) 1.10 (0.94–1.29) 1.17 (0.84–1.63) 0.3521 Adjusted for age; adolescent 

energy intake; race; family history of prostate cancer; education; marital status; cigarette smoking history; adult alcohol intake; adult waist 
circumference; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical activity; prostate-specific antigen and digital rectal 
examination screening history; diabetes history; father’s occupation; attained height; and adult intake of whole milk, cheese, ice cream, total high-
fat dairy products and calcium, as appropriate.

2
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette smoking history; adult 

alcohol intake; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical activity; prostate-specific antigen and digital rectal 
examination screening history; father’s occupation; attained height; adult intake of whole milk, cheese, ice cream, total high-fat dairy products and 
calcium, as appropriate; and adolescent intake of grains, vegetables, fruits, potatoes, red meat, and sweets.
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Table 4:

Relative risks (RRs) and 95% confidence intervals (CIs) for dairy and calcium intake from 12–13 years of age 

in relation to fatal prostate cancer in the NIH-AARP Diet and Health Study, 1996–2011

Intake categories P-
trend

Milk intake ≤2/week 3–4/week 5–6/week 1/day ≥2/day Per time/day

No. of cases/pyrs 91/240,746 109/281,197 150/383,471 193/515,169 284/784,756

Age-adjusted RR 1.00 1.05 (0.79–1.38) 1.04 (0.80–1.35) 0.95 (0.74–1.21) 0.96 (0.76–1.21) 0.98 (0.92–
1.04)

0.490

Adjusted RR
1 1.00 1.04 (0.79–1.38) 1.04 (0.79–1.35) 0.95 (0.73–1.23) 0.92 (0.70–1.21) 0.97 (0.90–

1.04)
0.372

Adjusted RR
2 1.00 1.05 (0.79–1.39) 1.04 (0.79–1.36) 0.93 (0.71–1.21) 0.84 (0.62–1.13) 0.93 (0.86–

1.02)
0.117

Cheese intake ≤3/month 1–2/week 3–4/week ≥5/week Per time/day

No. of cases/pyrs 372/882,941 254/737,596 150/401,834 51/182,968

Age-adjusted RR 1.00 0.87 (0.74–1.02) 0.98 (0.81–1.19) 0.76 (0.57–1.02) 0.81 (0.58–
1.12)

0.198

Adjusted RR
1 1.00 0.89 (0.75–1.04) 1.00 (0.82–1.23) 0.78 (0.57–1.07) 0.84 (0.58–

1.21)
0.343

Adjusted RR
2 1.00 0.88 (0.75–1.04) 1.01 (0.82–1.24) 0.79 (0.57–1.08) 0.85 (0.59–

1.20)
0.405

Ice cream intake ≤3/month 1–2/week 3–4/week ≥5/week Per time/day

No. of cases/pyrs 415/1,011,435 244/693,028 122/333,648 46/167,228

Age-adjusted RR 1.00 0.95 (0.81–1.12) 1.05 (0.86–1.29) 0.79 (0.59–1.08) 0.87 (0.62–
1.22)

0.409

Adjusted RR
1 1.00 0.96 (0.82–1.14) 1.05 (0.85–1.30) 0.76 (0.55–1.05) 0.83 (0.57–

1.21)
0.331

Adjusted RR
2 1.00 0.96 (0.81–1.14) 1.05 (0.84–1.32) 0.76 (0.54–1.07) 0.83 (0.56–

1.23)
0.357

Dairy intake ≤4/week 5–6/week 1–2/day 3/day ≥4/day Per time/day

No. of cases/pyrs 99/261,026 112/241,032 329/905,744 167/429,737 120/367,800

Age-adjusted RR 1.00 1.26 (0.96–1.65) 1.00 (0.80–1.25) 1.03 (0.80–1.31) 0.95 (0.73–1.24) 0.96 (0.91–
1.03)

0.255

Adjusted RR
1 1.00 1.25 (0.95–1.64) 0.98 (0.76–1.25) 0.96 (0.72–1.27) 0.88 (0.64–1.23) 0.94 (0.87–

1.02)
0.162

Adjusted RR
2 1.00 1.24 (0.94–1.63) 0.96 (0.75–1.23) 0.87 (0.63–1.19) 0.81 (0.57–1.15) 0.91 (0.83–

1.00)
0.045

Calcium intake 
(mg/1000 kcal)

Q1 (<318) Q2 (318–386) Q3 (386–487) Q4 (487–627) Q5 (>627) Per quintile

No. of cases/pyrs 176/437,694 168/441,351 147/441,060 177/442,350 159/442,884

Age-adjusted RR 1.00 0.93 (0.75–1.15) 0.78 (0.63–0.97) 0.95 (0.78–1.18) 0.84 (0.68–1.04) 0.77 (0.50–
1.20)

0.243

Adjusted RR
1 1.00 0.96 (0.77–1.18) 0.83 (0.67–1.04) 1.07 (0.85–1.34) 0.85 (0.68–1.07) 0.82 (0.52–

1.30)
0.406
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Intake categories P-
trend

Adjusted RR
2 1.00 0.93 (0.75–1.15) 0.79 (0.63–1.00) 0.99 (0.77–1.26) 0.75 (0.57–0.99) 0.62 (0.36–

1.09)
0.098

1
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette smoking history; adult 

alcohol intake; adult waist circumference; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical activity; prostate-specific 
antigen and digital rectal examination screening history; diabetes history; father’s occupation; attained height; and adult intake of whole milk, 
cheese, ice cream, total high-fat dairy products and calcium, as appropriate.

2
Adjusted for age; adolescent energy intake; race; family history of prostate cancer; education; marital status; cigarette smoking history; adult 

alcohol intake; body mass index at ages 18, 35, 50, and baseline; adolescent and adult physical activity; prostate-specific antigen and digital rectal 
examination screening history; father’s occupation; attained height; adult intake of whole milk, cheese, ice cream, total high-fat dairy products and 
calcium, as appropriate; and adolescent intake of grains, vegetables, fruits, potatoes, red meat, and sweets.
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