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Abstract

Purpose: Biological and experimental evidence support restoration of normal zinc levels in 

malignant prostate cells as a promising prostate cancer treatment, yet the influence of zinc 

supplementation after diagnosis on prostate cancer survival in a human population is unknown.

Materials and Methods: We prospectively assessed post-diagnostic zinc supplementation in 

relation to prostate cancer survival among 5788 men with nonmetastatic prostate cancer in the 

Health Professionals Follow-up Study (1986–2019). We used Cox regression models to estimate 

the multivariable hazard ratios (HRs) and 95% confidence intervals (CIs) of lethal prostate cancer 

(distant metastases or prostate cancer-specific death) and all-cause mortality according to post-

diagnostic zinc supplement use and dosage.

Results: During a median follow-up of 11 years, we documented 527 lethal prostate cancer 

events and 3198 all-cause deaths. 15% of men reported zinc supplement use post-diagnosis. 

Compared to non-users, post-diagnostic zinc supplement use was associated suggestively with 

a lower risk of lethal prostate cancer (HR [95% CI], 0.82 [0.60–1.13]) and significantly with 

all-cause mortality (0.84 [0.74–0.96]). The inverse association was mostly observed among men 

who used post-diagnostic zinc supplements of 1–24 mg/day (lethal prostate cancer: 0.55 [0.32–

0.96]; all-cause mortality: 0.77 [0.64–0.93]), while higher dosage did not show a lower risk.

Conclusions: Post-diagnostic low-dose zinc supplement use among nonmetastatic prostate 

cancer patients was associated with lower risk of lethal prostate cancer and all-cause mortality. 
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A potential benefit of low-dose post-diagnostic zinc supplement for prostate cancer survival merits 

further study.
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Introduction

Normal prostate tissue contains one of the highest concentrations of zinc in the body, 

and mechanistic evidence indicates zinc is important for prostate health1. In prostate 

cancer patients, decreased zinc levels are consistently observed in malignant tissue samples 

compared to normal prostate tissue across different populations and at various stages of 

malignancy2,3. This observation has led to the hypothesis that zinc treatment could slow 

or inhibit prostate cancer growth and invasion4. Numerous in vitro and animal studies 

showed that treatment of malignant prostate cells with zinc can induce apoptosis, inhibit 

cell migration and invasion5–7. However, few studies have investigated post-diagnosis zinc 

supplementation and prostate cancer survival in a human population.

Currently, only one Swedish cohort study examined dietary zinc level at diagnosis and 

prostate cancer survival8, which found men with adequate dietary zinc intake (15.6–20.1 

mg/day) had lower risk of prostate cancer-specific mortality (hazard ratio [HR], 0.64; 

95% confidence interval [CI], 0.44–0.94) compared to lower dietary intake (9–12.8 mg/

day). The study, however, did not assess zinc intake at higher dosages attained through 

supplementation. While the recommended dietary allowance (RDA) of zinc for men aged 

19 or above in the United States is 11 mg/day, some zinc supplements have much higher 

dosage, exceeding the RDA ten-fold. Previously in the Health Professionals Follow-up 

Study (HPFS), we found that men with supplemental zinc ≥100 mg/day had an increased 

risk of advanced prostate cancer among initially cancer-free men9.

Thus, we prospectively examined post-diagnostic zinc supplement use in relation to lethal 

prostate cancer and all-cause mortality among men diagnosed with nonmetastatic prostate 

cancer in the HPFS. We hypothesized that low-dose post-diagnostic zinc supplementation 

may associated with better survival while high-dose may do harm.

Methods

Study Population

The HPFS is an ongoing prospective cohort study of 51,529 US male health professionals 

who enrolled in 1986 at age of 40 to 75. Participants were mailed questionnaires at 

baseline and biennially to collect updated information on demographic, lifestyle factors, 

medical history, and disease outcome, with dietary information collected using validated 

semi-quantitative food frequency questionnaire (FFQ) every 4 years. The follow up rates 

exceeded 90% for each questionnaire. For this study, we included participants in the 

cohort diagnosed with incident prostate cancer between 1986 and 2016 whose cancers were 

nonmetastatic (TNM stage: T1-T3a, N0, M0) at the time of diagnosis.
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Zinc Supplement and Dietary zinc

Participants completed detailed information on use and dosage of dietary supplements 

biennially beginning in 198610. At baseline, participants were asked to identify themselves 

as “never-user”, “past only” or “current regular user” for each dietary supplement. 

Subsequent questionnaires collected updated information on current use status (yes, no) and 

dosage (pre-defined four levels) at each follow-up cycle. The pre-defined categories for zinc 

supplement dosage were: < 25, 25–74, 75–100 and ≥ 101 mg per day. Men who reported 

current zinc supplement use but missing dosage (<2.0% for each questionnaire cycle) were 

assigned the most common dosage level (25–74 mg/day).

Dietary zinc intake was calculated by multiplying the reported frequency of consumption 

of each item on FFQs by its zinc content, summing across from all foods, and adjusting 

for total caloric intake using the nutrient residual methods11. The validity of zinc intake 

was confirmed with validation studies using dietary records (Pearson correlation is 

0.71)12. To avoid assessment during the period of active treatment and match dietary and 

supplement zinc information on the same questionnaire year, we defined post-diagnostic 

zinc supplement use as the exposure reported on the first questionnaire with FFQ collected 

at least 6 months after diagnosis. Pre-diagnostic zinc supplement use was based on the last 

questionnaire with FFQ reported before prostate cancer diagnosis.

Outcome Assessment and Follow-up

Our primary outcomes were lethal prostate cancer (distant metastases or prostate cancer 

specific death) and all-cause mortality. Self-reported prostate cancer diagnoses were 

confirmed through medical record and pathology report review. Stage, Gleason score, 

prostate-specific antigen (PSA) values at diagnosis, and distant metastases were collected 

by medical records, pathology reports, and study questionnaires sent to prostate cancer 

survivors and their attending physicians. Deaths in the cohorts were ascertained through 

reports by family members and searches of National Death Index. The underlying cause of 

death was determined by a physician endpoint review committee (blinded to any exposure 

information). The mortality ascertainment in the cohort is more than 98%13.

Statistical Analyses

We used Cox proportional hazards regression models with time since diagnosis as the time 

scale, accounting for left truncation due to differences between participants in the timing 

of post-diagnostic assessment14. For lethal prostate cancer, person-time was calculated from 

the return date of the questionnaire that was used for post-diagnostic assessment until date 

of diagnosis of distant metastases, death, or the end of follow-up (January 2019), whichever 

came first. For all-cause mortality, person time was calculated from the return date of 

the questionnaire used for post-diagnostic assessment until death or the end of follow-up 

(January 2019). (See Figure 1)

We evaluated post-diagnostic zinc supplement by usage (non-user vs. user) and dosage 

(non-user, 1–24, 25–74, ≥75 mg/day). Basic model was adjusted for age at diagnosis, 

stage, Gleason score and primary treatment. The second model for lethal prostate 

cancer additionally included body mass index, vigorous physical activity, smoking, pre-
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diagnosis zinc supplement, selenium supplement15,16 and total number of different types 

of supplements (an indicator of behavioral tendency to use supplements). We included 

pre-diagnosis zinc supplement because we were interested in the association between 

post-diagnosis supplement use and prognosis, independent of pre-diagnostic use. We also 

considered models adjusted for PSA at diagnosis, multivitamin, vitamin A and E supplement 

use. The addition of these variables did not affect the main estimates and were excluded 

from the final models. For all-cause mortality, we additionally included history of diabetes 

mellitus, elevated cholesterol, high blood pressure, parental history of myocardial infarction 

and comorbid conditions. The proportional assumption was tested by plotting Schoenfeld 

residuals of the exposure against follow-up time and found to be satisfied. Other major 

causes of death including total cancer and cardiovascular disease mortality were evaluated as 

secondary outcomes.

The joint association of pre- and post-diagnostic zinc supplement use was assessed by 

classifying men according to their zinc supplement use status before and after diagnosis 

and treating non-users in both periods as the reference group. We conducted stratified 

analysis by primary treatment (radical prostatectomy vs. other), Gleason score (≤3+4, ≥4+3) 

and stage (T1, T2, T3a). We also examined whether the association differed by dietary 

zinc intake (<11, below RDA, vs. ≥11 mg/d) and multivitamin use (non-users vs. users). 

Finally, we examined total zinc intake post-diagnosis and simple updated post-diagnosis zinc 

supplement use with 2- or 4-year lag.

All analyses were performed using SAS version 9.4 (SAS Institute, Inc; Cary, NC) and 

results with a two-sided p-value <0.05 were considered statistically significant. The study 

protocol was approved by the institutional review boards of Harvard T.H. Chan School of 

Public Health, and those of participating registries as required.

Results

Among 5788 nonmetastatic prostate cancer patients, 851 reported zinc supplements use 

post-diagnosis. We observed 527 events of lethal prostate cancer and 3198 all-cause 

deaths during a median follow-up of 11 years. The primary causes of death were 

cardiovascular disease (26.3%), other cancers (15.5%), and prostate cancer (14.7%). The 

median time interval between prostate cancer diagnosis and the return of the post-diagnostic 

questionnaire was 2.4 years. Overall, post-diagnostic zinc supplement non-users and users 

had similar dietary zinc intake levels and clinical characteristics (all p-values > 0.1) except 

non-users were more likely to have radical prostatectomy as primary treatment (p<0.001, 

Table 1). Men who used post-diagnostic zinc supplement were more likely to use other 

dietary supplements compared to non-users (all p-values < 0.0001).

Overall, we observed that post-diagnosis zinc supplements users had better prostate 

cancer survival (Table 2). Compared to non-users, post-diagnosis zinc supplement use was 

associated with a suggestively lower risk of lethal prostate cancer (HR [95% CI], 0.82 [0.60–

1.13]) and significantly lower all-cause mortality (0.84 [0.74–0.96]). The inverse association 

was mostly observed at 1–24 mg/day (lethal prostate cancer: 0.55 [0.32–0.96]; all-cause 

mortality: 0.77 [0.64–0.93]), while higher dosage did not show any association.
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Compared to non-users both before and after diagnosis, continued-users at 1–24 mg/day 

had lower risk of all-cause mortality (0.79 [0.63–0.99]), while discontinued users had worse 

survival (1.24 [1.07–1.44], Table 3). When stratified by dietary zinc intake, patients with 

25–74 mg/day zinc supplement intake had significant lower risk of all-cause mortality (0.74 

[0.75, 0.96]) in the low diet zinc group (<11 mg/day), while among high diet zinc group 

(≥11 mg/day), the inverse association was observed for patients with zinc supplement use 

of 1–25 mg/day (0.70 [0.55, 0.90], Table 4). Similar associations were observed for lethal 

prostate cancer (eTable1 and 2), although with limited sample size across dosage groups. As 

for total zinc intake, compared to men with post-diagnosis total zinc intake of <10 mg/day, 

those with 30–40 mg/day had lower risk of all-cause mortality (eFigure 1).

In stratified analysis, the inverse associations between low-dose post-diagnosis zinc 

supplement and prostate cancer survival were observed in men who had radical 

prostatectomy, among men with low-risk cancer (Gleason score ≤3+4 or T1–2 stage, eTable 

3), and in both multivitamin non-user and user group (eTable 4). For death of other major 

causes (eTable 5), post-diagnostic zinc supplement was associated with lower risks of 

respiratory diseases (0.43 [0.25, 0.72]) and other disease mortality (0.76 [0.59, 0.99]). When 

examining simple-update post-diagnosis zinc supplement use with 2- or 4- year lag, similar 

inverse association was observed for 1–24 mg/d and all-cause mortality (0.78 [0.63, 0.96], 

eTable 6).

Discussion

In this large prospective cohort study, we found that low-dose (1–24 mg/day) post-diagnostic 

zinc supplement use was associated with a lower risk of lethal prostate cancer and all-cause 

mortality among men with nonmetastatic prostate cancer. These associations persisted after 

adjusting for various confounding factors and in both low and high dietary zinc intake 

groups. Our findings provide novel evidence for a potential benefit of low-dose zinc 

supplementation among nonmetastatic prostate cancer patients.

To date, most epidemiologic studies had examined the association between zinc 

supplementation and prostate cancer incidence9,17–19, providing limited support for a 

protective role of zinc supplementation in prostate carcinogenesis as suggested by 

mechanistic studies. Only one Swedish study examined dietary zinc at diagnosis and 

prostate cancer survival8. It reported that compared to men whose dietary zinc intake <12.8 

mg/day, men with adequate dietary zinc (15.6–20.1 mg/day) had lower risk of prostate 

cancer-specific mortality (0.64 [0.44–0.94]), especially localized tumors patients (0.24 

[0.09–0.66]). In current study, we also observed that the inverse associations persisted with 

low-risk cancers (Gleason score ≤3+4 or T1–2 stage), but not in high-risk groups (Gleason 

score ≥4+3 or T3a stage). Possible reasons could be the small number of cases in high-risk 

groups but could also be that early-stage prostate cancer may still respond to modification by 

an adequate dosage of zinc supplementation, whereas advanced-stage disease have limited 

reaction to nutritional intervention. Laboratory studies have showed that ZIP1 transporter, 

which functions to uptake zinc from the circulation, is lost in poorly differentiated prostate 

tumors3,20.
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Previously in the HPFS, we showed excessive zinc supplementation (>100 mg/day) may 

substantially increase the risk of aggressive prostate cancer among initially cancer-free 

men9. In current study, we were interested how post-diagnosis zinc supplementation 

could influence prognosis among nonmetastatic prostate cancer patients. Our restriction 

to nonmetastatic cancer patients also minimized potential reverse causation from advanced 

cancer, as men with more advanced stage might be more likely to use zinc supplement 

for self-care. In addition, zinc supplement use was not more common among men with 

advanced stage (Table 1). Our joint analysis of pre- and post-diagnosis zinc supplement 

use showed that compared to non-users in both periods, continued users at a low dosage 

had lower risk of all-cause mortality, whereas discontinued users had a significantly worse 

survival. It is possible systemic adaptations to a high zinc level before diagnosis may 

lead to a withdrawal effect (zinc transporters unable to pick up enough zinc from a low 

zinc environment) among discontinued users and negatively influence prognosis. Lastly, the 

reason we did not observe any association between excessive dosage of post-diagnostic 

zinc supplementation and prostate cancer survival could be the diminished expression of 

zinc uptake transporters in the tumors, which result in the inability to continually increase 

intratumorally zinc levels despite higher zinc supplement intake21.

In the stratified analysis by dietary zinc intake (<11, below RDA, vs. ≥11 mg/day), the 

potential beneficial dosage level of zinc supplement was higher in low diet zinc group 

compared to the one in high diet zinc group, suggesting there might be an optimal level 

of adequate zinc intake that is important for prostate cancer survival. Our analysis on total 

zinc intake suggests, compared to men with inadequate zinc intake (<10 mg/day), having 

30–40 mg/day (from foods and low-dose supplemental zinc) may associated with lower risk 

of all-cause mortality (eFigure 1). Both laboratory22–24 and epidemiological9,19 studies had 

suggested that zinc at an optimal level is beneficial whereas at both deficient and high levels 

it may enhance tumor growth.

Relatively few studies have investigated zinc supplementation on all-cause mortality25–27. 

A randomized clinical trial of antioxidants and zinc supplement on eye diseases showed 

that participants randomized to zinc (80mg/d) had a reduction in all-cause mortality 

(0.83 [0.73–0.95], p=0.008), largely related to a decrease in circulatory system disease 

deaths26. Data from the National Health and Nutrition Examination Survey suggested 

adequate zinc intake (from foods not supplements) was associated with reduced all-cause 

or cardiovascular disease mortality27. Besides prostate cancer specific survival, our analysis 

showed post-diagnosis zinc supplement use seems also lower respiratory diseases and 

other disease mortality. Zinc has critical effects in immune function, oxidative stress and 

aging. Concurrent zinc deficiency may complicate many chronic diseases, affect adversely 

immunological status, increase oxidative stress, and lead to generation of inflammatory 

cytokines28.

Study strengths include prospective and repeated assessment of supplement use and dosage 

biennially, long follow-up, and verified disease and death endpoints. However, our study 

is not without limitations. First, zinc supplement dosage was pre-defined on questionnaires 

and we were unable to accurately calculate total zinc supplementation from multivitamin 

and individual zinc supplement. However, our stratified analysis showed similar inverse 
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association in both multivitamin users and non-user groups. Second, as our population 

were mostly dietary zinc sufficient, we were unable to separate a truly zinc deficient 

group. Nonetheless, the stratified analysis showed the beneficial effect persisted in both 

low and high dietary zinc groups. Third, we did not have information on drugs and foods 

that can block zinc absorption or biological measures of zinc concentration in prostate 

cancer tissue. Forth, potential measurement errors in the self-reported questionnaires exist. 

However, given the prospective study design, any mismeasurement in the exposures would 

tend to be non-differential, typically attenuating associations. Finally, our results may not 

be generalizable to all populations as our cohort consists of health professionals who were 

mostly well-nourished. Future studies evaluating how baseline nutritional status modify the 

effect of post-diagnostic zinc supplementation on prostate cancer prognosis are needed.

In conclusion, we observed that low-dose post-diagnosis zinc supplement use was associated 

with lower risk of lethal prostate cancer and all-cause mortality among men with 

nonmetastatic prostate cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Multivariable hazard ratios (and 95% confidence intervals) of post-diagnosis zinc 

supplement use in relation to lethal prostate cancer and all-cause mortality among men 

with nonmetastatic prostate cancer. Multivariable model was adjusted for the same set of 

covariates as in Model3 in Table2.
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