
Nutrition and Cancer

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/hnuc20

Nutrient Intakes in Prostate Cancer Survivors in
the United States: A Nationally Representative
Study

Maximilian Andreas Storz, Carla Schmidt & Alvaro Luis Ronco

To cite this article: Maximilian Andreas Storz, Carla Schmidt & Alvaro Luis Ronco (2025)
Nutrient Intakes in Prostate Cancer Survivors in the United States: A Nationally Representative
Study, Nutrition and Cancer, 77:2, 188-199, DOI: 10.1080/01635581.2024.2408766

To link to this article:  https://doi.org/10.1080/01635581.2024.2408766

© 2024 The Author(s). Published with
license by Taylor & Francis Group, LLC

View supplementary material 

Published online: 06 Oct 2024.

Submit your article to this journal 

Article views: 675

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=hnuc20

https://www.tandfonline.com/journals/hnuc20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01635581.2024.2408766
https://doi.org/10.1080/01635581.2024.2408766
https://www.tandfonline.com/doi/suppl/10.1080/01635581.2024.2408766
https://www.tandfonline.com/doi/suppl/10.1080/01635581.2024.2408766
https://www.tandfonline.com/action/authorSubmission?journalCode=hnuc20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=hnuc20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/01635581.2024.2408766?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/01635581.2024.2408766?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/01635581.2024.2408766&domain=pdf&date_stamp=06%20Oct%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/01635581.2024.2408766&domain=pdf&date_stamp=06%20Oct%202024
https://www.tandfonline.com/action/journalInformation?journalCode=hnuc20


Nutrition and Cancer
2025, VOL. 77, NO. 2, 188–199

Nutrient Intakes in Prostate Cancer Survivors in the United States: A 
Nationally Representative Study

Maximilian Andreas Storza , Carla Schmidta and Alvaro Luis Roncob,c

aDepartment of Internal Medicine II, Center for Complementary Medicine, Medical Center - University of Freiburg, Faculty of Medicine, 
University of Freiburg, Germany; bUnit of Oncology and Radiotherapy, Pereira Rossell Women’s Hospital, Montevideo, Uruguay; 
cBiomedical Sciences Center, University of Montevideo, Montevideo, Uruguay

ABSTRACT
There are currently more than 3.3 million prostate cancer (PC) survivors in the United States. 
Conformance with national dietary guidelines and a good diet quality may lower the risk for 
Gleason grade progression in PC patients. Assessing the nutritional status of PC survivors is 
thus of paramount importance from a public health nutrition perspective. We used 24-h 
dietary recall data from the National Health and Nutrition Examination Surveys (NHANES) to 
systematically estimate nutrient intakes in n = 360 PC survivors (which may be extrapolated to 
represent n = 1,841,030 PC survivors) aged 70.69 years on average, and contrasted the results 
to the daily nutritional goals (DNG) in the 2020–2025 Dietary Guidelines for Americans (DGA). 
Diet quality in PC survivors was found to be generally poor, and the DNG as specified in the 
DGA were not met for many micronutrients, including calcium, magnesium and potassium. 
PC survivors had an insufficient intake of many vitamins (including vitamins A, C, D and E), 
and did not meet the intake recommendations for dietary fiber. Racial disparities in PC were 
reflected in the lower overall DQ in Non-Hispanic Black participants. Our results reiterate the 
need for nutritional assessment and counseling to improve DQ in PC patients.

Background

Cancer continues to be the second most common 
cause of death in the United States (US) (1). According 
to the American Cancer Society (ACS), more than 
1.9 million new cancer cases and 609,820 cancer 
deaths occurred in 2023 in the US alone (1). Following 
skin cancer, Prostate Cancer (PC) is the most common 
cancer in American men with 299,010 estimated new 
cases in 2024 (2). Behind lung cancer, PC is a leading 
cause of cancer death in American men (3).

PC death rates dropped by about 50% from 1993 
to 2013, which can be attributed to advances in treat-
ment and earlier detection. Five-year relative survival 
rates now exceed 99% for PC patients with a local or 
regional SEER (Surveillance, Epidemiology, and End 
Results) stage (4). PC survivorship has thus increased 
substantially within the last decades, and the ACS 
estimates that there are currently more than 3.3 mil-
lion PC survivors in the US (2). As such, PC exerts 

a tremendous toll on patients and their families as 
well as on healthcare systems and society (5).

In addition to stage-dependent classical treatments 
(active surveillance, prostatectomy, ablative radiother-
apy, androgen deprivation therapy, chemotherapy), 
lifestyle modifications for PC survivors have received 
increasing attention within recent years (6, 7). The 
2022 general ACS nutrition and physical activity 
guidelines emphasize that “diet, physical activity, and 
obesity may affect risk for recurrence and overall 
survival after a cancer diagnosis” (8).

According to the teachable moment heuristic, 
receiving a cancer diagnosis has the potential to serve 
as a powerful catalyst for health behavior change (9, 
10). This might be of particular importance for PC 
survivors, who may additionally experience unfavor-
able side effects of the employed oncological therapies, 
e.g. androgen deprivation therapy (11). It is now 
widely accepted that cardiovascular disease, diabetes, 
as well as muscle and bone loss are important 
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comorbidities frequently encountered in PC survivors 
(12–14). Tailoring an individual’s diet to address these 
comorbidities and to reduce cardiovascular risk factors 
is generally recommended.

Further to that, several studies suggested that 
nutrition has been directly associated with improved 
survival rates in selected PC populations (7, 8, 15). 
Adherence to a Western diet was associated with 
increased overall mortality (Hazard Ratio (HR)=1.67; 
95% confidence interval (CI) 1.16 to 2.42) and pros-
tate cancer-specific mortality (HR = 2.53; 95% CI 
1.00 to 6.42) among non-metastatic prostate cancer 
survivors. Prudent diets, on the other hand, were 
inversely associated with overall mortality (Relative 
Risk (RR)=0.64; 95% CI 0.44 to 0.93) (16). Of note, 
the number of available studies in this particular 
field is limited, and with the exception of a study 
by Gregg et  al., there is a paucity of data regarding 
dietary habits in PC survivors (17). The latter 
revealed that higher Diet Quality (DQ) and confor-
mance with national dietary guidelines may lower 
the risk of Gleason grade progression in PC survi-
vors – a finding that underscores the potential 
importance of nutrition and nutritional assessment 
in this particular population (17).

Considering the increasing number of PC survivors 
in the US and the associations between DQ and can-
cer survival, large-scale studies assessing diet quality 
in PC survivors are warranted. Analyzing data from 
the National Health and Nutrition Examination 
Surveys (NHANES), we systematically captured nutri-
ent intake data of PC survivors in the US (18). The 
NHANES is a continuous program of studies that 
seeks to assess the health and nutritional status of 
the non-institutionalized US population (18). The 
survey’s special complex, multistage, probability 
sampling design enables healthcare professionals to 
perform nationally-representative nutritional assess-
ments (19).

Focusing on PC survivors, we estimated macro- 
and micronutrient intakes and used two nutrient-based 
diet quality scores that particularly focus on 
under-consumed nutrients (e.g. the Food Nutrient 
Index (FNI) and the Diet Quality Score (DQS)  
(20, 21)). The major aim was to contrast DQ in PC 
survivors to the 2020–2025 Dietary Guidelines for 
Americans (DGA) and to investigate conformance 
with national dietary recommendations (22). With 
this approach, we aimed to identify potential nutri-
ents of concern in PC survivors, thereby raising 
awareness and pathing the way for targeted dietary 
recommendations.

Materials and Methods

The NHANES

The herein presented study on nutritional epidemiol-
ogy in US PC survivors is based on population-based, 
cross-sectional data from the National Health and 
Nutrition Examination Surveys (18). The NHANES is 
an ongoing program which surveys approximately 
10,000 people per cycle in 15 different counties across 
the United States (23). The NHANES includes both 
interview and examination data, ranging from socio-
demographic information to health- and diet-related 
questions (24). Five consecutive NHANES cycles 
(2007/2008, 2009/2010, 2011/2012, 2013/2014, and 
2015/2016) were appended for this analysis, to increase 
the potential sample size for analyses stratified by 
population subgroups (24). The National Center for 
Health Statistics (NCHS) research ethics review board 
approved the NHANES and all participants gave writ-
ten informed consent to participate in the surveys (25).

Prostate Cancer History Assessment

Following the approach from one of our previous stud-
ies (24), cancer-related data was obtained from the 
NHANES medical conditions section. Said section 
included the question “Have you ever been told by a 
doctor or other health professional that you had cancer 
or a malignancy of any kind?”. Those participants reply-
ing with “Yes” were subsequently asked the following 
question: “What kind of cancer was it?”. Participants 
who reported “Prostate” were considered prostate can-
cer survivors, whereas those who reported no cancer 
diseases were considered “non-matched controls”. 
Prostate cancer survivor status was thus self-reported 
and not based on a medical record or other data.

Nutrient Intake Data Assessment

Nutrient intake data was obtained from the NHANES 
nutritional assessment section and based on a 24-h 
dietary recall interview (24). Dietary recall interviews 
were conducted face-to-face, in private rooms and with 
the help of specially trained dietary interviewers fluent 
in Spanish and English (26). Details on the nutritional 
assessment component may be found elsewhere (26). 
For this study, we only considered participants with a 
reliable dietary recall status, which implied that all 
relevant variables associated with the 24-h dietary 
recall contained a value. Apart from daily energy 
intake (kcal/d), the following macronutrients were 
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considered for this study: carbohydrate intake (in g/d 
and expressed as a percentage of the total energy 
intake), fat intake (in g/d and expressed as a percent-
age of the total energy intake), protein intake (in g/d 
and expressed as a percentage of the total energy 
intake). In addition to that, we estimated fiber intakes 
(in g/d) and saturated fat intake (in g/d and expressed 
as a percentage of the total energy intake). Moreover, 
we included the following minerals: calcium, magne-
sium, iron, phosphorus, potassium, sodium, and zinc 
(all reported in mg/d). As for the vitamins, we con-
sidered vitamin A (as retinol activity equivalents in 
mcg/d), vitamin E (as alpha-tocopherol in mg/d), 
vitamin D (in IU/d), vitamin C, thiamin, riboflavin, 
niacin, and vitamin B6 (all in mg/d), vitamin B12  
(in mcg/d) and folate (as dietary folate equivalents in 
mcg/d). Other nutrients included were selenium  
(in mcg/d), choline (in mg/d), lycopene (in mcg/d) 
and caffeine (in mg/d). Crude and energy-adjusted 
intakes (nutrient intake/1000 kcal) were estimated.

Nutrient intake data in prostate cancer survivors was 
contrasted to the intake recommendations found in the 
current DGA (22). Following established procedures 
(27,28), sex- and age-specific nutrient intake recom-
mendations for males ≥51 years were extracted from 
the DGA appendix (Tables A1–A2 on pages 133–134) 
(22). All nutrients listed in Tables A1–A2 on pages 
133–134 of the DGA were considered. The comparison 
was performed in a descriptive matter and considered 
prostate cancer survivors only. The DGA also empha-
size several nutrients of public health concern (e.g. 
fiber, potassium, and calcium) (22), for which we 
estimated the weighted percentage of prostate cancer 
survivors who met the respective recommendation. As 
discussed earlier, the daily nutritional goals (DNG) in 
the DGA are based on various different sources  
(22, 27, 28). Source concepts include Adequate Intake 
(AI), Acceptable Macronutrient Distribution Range 
(AMDR), Chronic Disease Reduction Level (CDRR), 
Dietary Guidelines for Americans (DGA), and the 
Recommended Dietary Allowance (RDA) (22, 27, 28).

Assessment of Under-Consumed Nutrients

Following established procedures, two nutrient-based 
diet quality scores were used: the Diet Quality Score 
(DQS) (21), and the Food Nutrient Index (FNI) for 
the assessment of potentially under-consumed nutrients 
(20). Both scoring systems have been reviewed in 
detail earlier (20, 21, 29). They were deemed partic-
ularly suitable for this analysis since both are 
nutrient-based (and not food-based) and since the 

DQS considers almost all nutrients listed in Tables 
A1–A2 on pages 133–134 of the DGA (22). The DQS 
aggregates 17 nutrients into an overall summary mea-
sure (21), whereas the FNI considers eight potentially 
under-consumed nutrients in the US (20). The FNI 
covers 4 vitamins (vitamins A, C, D, and E) as well 
as calcium, magnesium, potassium, and choline  
(20, 30). Eight nutrients are covered in total. The DQS 
covers the 3 macronutrients and saturated fat, eight 
vitamins (thiamin, riboflavin, niacin, vitamins A, B6, 
B12, C, and E) as well as phosphorus, magnesium, 
iron, zinc, and selenium (21, 29). Seventeen nutrients 
are covered in total. The DQS assesses the compliance 
with the Dietary References Intakes (DRIs) for these 
17 nutrients (see Supplementary Table 1). Depending 
on whether the DRIs for a particular nutrient are met 
or not, a value of 0 or 1 is given. All values are then 
summed, resulting in an overall score ranging from 
0 to 17 points. The higher the total score, the higher 
the DQ. As for the FNI, the overall score ranges from 
0 to 100. FNI components are expressed as a percent-
age of the RDA or AI found in the DGA (see 
Supplementary Table 2) (20, 30). The higher the FNI, 
the higher the alignment with the DGA in terms of 
the examined under-consumed nutrients.

Covariates

Important covariates included sociodemographic data 
such as age (continuous variable, in years), race/eth-
nicity (categorical variable with the following catego-
ries: Mexican American, Other Hispanic, Non-Hispanic 
White, Non-Hispanic Black, Other Race), marital sta-
tus (categorical variable: married or living with a 
partner, widowed/divorced/separated, never married), 
education level (categorical variable: less than 9th 
grade, 9–11th grade, high school graduate/general 
education diploma or equivalent, some college or asso-
ciate degree, college graduate or above) and annual 
household income (categorical variable: <$20,000 or 
≥$20,000). As for anthropometric data, we included 
the body mass index (BMI, continuous variable). 
Lifestyle factors included alcohol intake (categorical 
variable, assessed by the question “In any one year, 
have you had at least 12 drinks of any type of alco-
holic beverage? By a drink, I mean a 12 oz. beer, a 
5 oz. glass of wine, or one and half ounces of liquor.”) 
and smoking status (categorical variable, assessed by 
the question: “Have you smoked at least 100 cigarettes 
in your entire life?”). For descriptive purposes, we 
also obtained self-reported comorbidities from the 
NHANES medical conditions section.
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Inclusion and Exclusion Criteria

Only NHANES participants with a complete dataset 
were included, implying no missing data on any vari-
able of interest (see above). For a meaningful com-
parison to the DGA and in light of the typical age 
of prostate cancer occurrence, only male participants 
aged ≥51 years were considered for this analysis. 
Participants with missing or incomplete data were 
excluded from the analysis.

Statistical Analysis

The statistical analysis was performed in STATA 14 
statistical software (StataCorp. 2015. Stata Statistical 
Software: Release 14. College Station, TX: StataCorp 
LP). Appropriate survey commands (svyset and svy) 
were used with regard to the special NHANES survey 
design characteristics and population weights. A 
10-year weight (2007–2016) for dietary data was con-
structed to obtain weighted percentages adjusted to 
the US adult population. While the analysis mainly 
focused on nutrient intake data in prostate cancer 
survivors and the comparison to the DGA, we also 
contrasted the results to the US general population 
aged 51 years or older without a previous diagnosis 
of cancer. Participants were not matched in the sense 
of a case-control study.

The statistical analysis followed previously estab-
lished procedures [24]. Normally distributed contin-
uous variables were shown with their mean and 
corresponding 95%-CI. For categorical variables we 
reported the number of unweighted observations (n) 
as well as the weighted proportion with its corre-
sponding 95%-CI in parenthesis. The reliability of all 
estimated proportions was subsequently assessed with 
regard to the 2017 NCHS guidelines (31). Following 
previously established procedures [24], the user writ-
ten Stata command “kg_nchs” was employed as part 
of the checking process (32). Proportions that did not 
meet the 2017 NCHS criteria were flagged 
appropriately.

For the comparison between PC survivors and the 
general population, we relied on regression analyses 
followed by adjusted Wald tests. Statistical significance 
was determined at α = 0.05. Associations between can-
cer survivorship status and categorical variables were 
assessed with Stata’s design-adjusted Rao-Scott test. 
Finally, we constructed multivariate regression models 
to predict DQS and FNI scores after adjustment for 
important covariates. Following regression, we used 
Stata’s marginsplots function to graph statistics from 
fitted models. Plots of marginal predicted values for 

the FNI and DQS were generated separately. 
Considering the known racial disparities in prostate 
cancer burden (33), we also plotted marginal predicted 
values for both nutrient-based dietary scores depend-
ing on race/ethnicity.

Results

The final sample included 5,026 individuals, of which 
n = 362 had a history of prostate cancer. Figure 1 
displays the reasons for in- and exclusion. Table 1 
displays sample characteristics. Prostate cancer survi-
vors were on average 70.69 years old and overweight 
with a mean BMI of 28.77 kg/m2. Significant associ-
ations between race/ethnicity and prostate cancer sur-
vivor status were observed, with Non-Hispanic Blacks 
being disproportionally affected by prostate cancer in 
comparison to the general population. For descriptive 
purposes, Supplementary Table 3 shows selected 
self-reported comorbidities in the examined sample.

Table 2 displays macronutrient and fiber intakes in 
males with a history of prostate cancer in comparison 
to the DGA. Intakes of all macronutrients were within 
the acceptable macronutrient distribution range, 
although fat intake was close to the upper limit of 
35% of total energy intake. Mean protein intake in 
g/kg body weight was 0.98 in PC survivors and 1.04 
in the general population (p for the between group 
difference: 0.100). Likewise, mean energy intake in 
kcal/kg body weight was 25.15 in PC survivors and 
26.78 in the general population (p for the between 
group difference: 0.018). Mean saturated fat intake 
expressed as a percentage of total energy intake was 
higher as recommended by the DGA (11.50% vs 
<10%). Fiber intakes were well below the recom-
mended intakes. PC survivors consumed on average 
9.27 g of fiber/1000 kcal per day, whereas the DGA 
recommends an intake of at least 14 g/1000 kcal. When 
compared to the non-matched general population, PC 
survivors had a significantly lower total energy intake, 
possible due to the age differences in both groups.

Table 3 shows mineral and vitamin intakes in males 
with a history of prostate cancer in comparison to 
the DGA. As for the examined minerals, PC survivors 
did not meet the intake recommendations for calcium, 
magnesium and potassium. The chronic disease reduc-
tion level for sodium (2300 mg/d) was exceeded by 
prostate cancer survivors. PC survivors did not meet 
the daily nutritional goals for the following four vita-
mins: Vitamin A, vitamin C, vitamin D and vitamin 
E. When comparing crude nutrient intakes between 
PC survivors and the general population, statistically 
significant differences were found for magnesium, 
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192 M. A. STORZ ET AL.

phosphorus, sodium, niacin, selenium and caffeine. 
After energy-intake adjustments (nutrient 
intake/1000 kcal), however, very few differences 
remained statistically significant with a questionable 
clinical relevance (see Supplementary Table 4).

Nutrient-based diet quality scores in PC survivors 
are shown in Table 4. Participants with a history of 
prostate cancer had an average DQS of 10.68 points 
(maximum: 17 points), suggesting a rather poor over-
all diet quality. The FNI analysis revealed a compa-
rable picture. With 63.80 points on the FNI (maximum: 
100 points), the intake of potentially under-consumed 
nutrients was also limited in this cohort. Supplementary 
Table 5 takes a special look at nutrients of public 
health concern among prostate cancer survivors, sum-
marizing the percentage of PC survivors who met the 
daily nutritional goals for calcium, magnesium, potas-
sium and vitamin D. The highest weighted percentage 
was found for calcium 40.58% (33.73–47.82%), whereas 
only 12.19% (8.65–16.92%) and 28.32% (22.42–35.06%) 
of PC survivors met the intake recommendations for 
fiber and potassium, respectively. Supplementary Table 
6 displays weighted intake proportions of other nutri-
ents for which the DNG were not met among prostate 

cancer survivors. Of note, less than 25% of PC sur-
vivors met the intake recommendations for magne-
sium, sodium and vitamin E.

Marginal predicted values were graphed from mul-
tivariate linear regression models and are displayed 
in Figure 2. PC survivors had significantly higher 
predicted FNI scores as compared to general popula-
tion after adjustment for energy intake (and other 
covariates including race/ethnicity, age, marital status, 
iron intake, and caffeine intake). No differences were 
found for the DQS in a comparable model. Figure 2 
also shows marginal predicted values for the DQS 
and FNI depending on race/ethnicity. In both models, 
Non-Hispanic Blacks had a significantly lower overall 
diet quality when compared to Non-Hispanic Whites 
(reference group) and other races.

Discussion

In the herein presented study, we investigated nutrient 
intakes in PC survivors in comparison to national 
dietary guidelines, given that higher adherence to the 
DGA may be beneficial in PC survivors. Our results 
suggested an overall poor to moderate diet quality in 

Figure 1.  Participant inclusion flowchart.
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PC survivors, who consumed more saturated fatty 
acids and much less fiber than recommended in the 
DGA. Daily nutritional goals as specified in the DGA 
were not met for many important micronutrients, 
including calcium, magnesium and potassium. As for 
the examined vitamins, participants with a history of 
PC did not meet the daily nutritional goals for the 
following vitamins: Vitamin A, vitamin C, vitamin D 
and vitamin E.

Recent studies by Gregg et  al. and Su et  al. empha-
sized the paramount importance of nutrition in pros-
tate cancer survivors (17, 34, 35). Gregg et  al. 
prospectively investigated diet quality (defined via the 
Healthy Eating Index-2015) in relation to Gleason 
grade progression in men with newly diagnosed pros-
tate cancer (Gleason score 6 or 7) who were enrolled 
on a biennial active surveillance monitoring regimen 

at MD Anderson Cancer. The study included data 
from more than n = 400 prostate cancer patients. After 
adjustment for confounders and clinical factors, the 
authors observed an inverse association between base-
line diet quality and Gleason grade progression (17). 
Consistent with previous investigations reporting asso-
ciations between the Mediterranean diet and a reduc-
tion in cancer morbidity and mortality, the authors 
also observed a lower risk of Gleason grade progres-
sion in men on active surveillance following the 
Mediterranean diet (34). Su et  al. recently provided 
additional data suggesting that an adequate nutrient 
intake may alter the risk of Gleason grade upgrading 
for men with PC on active surveillance (35). Using 
data from the Johns Hopkins prospective PC active 
surveillance cohort, the authors investigated said asso-
ciation in n = 886 men with a median follow-up of 

Table 1.  Sample characteristics.
General population

n = 4664
Prostate cancer survivors

n = 362 p Value

Mean age 62.15 [61.83–62.48] 70.69 [69.39–71.98] <0.001*
Mean BMI 29.20 [28.86–29.53] 28.77 [27.99–29.54] 0.325*
Race/ethnicity 0.002**
  Mexican American n = 716

(6.02% [4.63–7.79%])
n = 19
(2.39% [1.51–3.77%])

<0.001

 O ther Hispanic n = 499
(3.98% [3.09–5.10%])

n = 23
(2.47% [1.47–4.13%])

0.003

  Non-Hispanic White n = 2,005
(74.20% [70.92–77.23%])

n = 186
(74.39% [68.46–79.54%])

0.945

  Non-Hispanic Black n = 1,046
(9.70% [8.13–11.52%])

n = 115
(15.62% [12.03–20.05%])

0.001

 O ther Raceb n = 398
(6.11% [5.04–7.39%])

n = 19
(5.13% [2.54–10.09%]) ***

0.587

Education level 0.050**
  Less than 9th grade n = 766

(7.65% [6.58–8.87%])
n = 39
(5.99% [4.11–8.66%])

0.156

  9–11th gradec n = 682
(10.94% [9.46–12.62%])

n = 44
(8.14% [5.50–11.88%])

0.106

  High school graduated n = 1,062
(23.02% [21.17–24.98%])

n = 70
(17.60% [12.73–23.83%])

0.056

  Some college or AA degree n = 1,115
(27.27% [25.33–29.31%])

n = 98
(29.59% [23.05–37.09%])

0.501

  College graduate or above n = 1,039
(31.12% [28.19–34.21%])

n = 111
(38.68% [31.16–46.79%])

0.045

Marital status 0.007**
  Married or living with a partner n = 3,265

(74.65% [72.53–76.66%])
n = 259
(74.75% [69.00–79.76%])

0.971

 D ivorced/separated/widowed n = 1,065
(18.15% [16.39–20.07%])

n = 88
(22.37% [17.47–28.19%])

0.115

  Never married n = 334
(7.20% [5.90–8.76%])

n = 15
(2.87% [1.61–5.06%]) ***

<0.001

Alcohol consumption 0.122**
  Yes n = 843

(14.79% [13.39–16.31%])
n = 80
(18.84% [13.81–25.17%])

0.157

  No n = 3,821
(85.21%[83.69–86.61%])

n = 282
(81.16% [74.83–86.19%])

0.157

Smoking status 0.980**
  Yes n = 2,895

(59.77%, [56.97–62.50%])
n = 218
(59.85%, [53.58–65.82%])

0.980

  No n = 1,769
(40.23%, [37.50–43.03%])

n = 144
(40.14%, [34.18–46.42%])

0.980

Sample characteristics of prostate cancer survivors aged ≥51 years and the US general population aged ≥51 years. Table 1 is based on n = 5,026 obser-
vations. Categorical data is displayed as: n = x (weighted proportion [95%-confidence interval]). Continuous data displayed as mean [95%-confidence 
interval]. The category “Other Race” also includes multi-racial. The category 9–11th grade also includes 12th grade with no diploma. * based on 
post-regression adjusted Wald tests; **based on Stata’s Rao-Scott-T-test; *** indicates an unreliable proportion.
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6.5 years. Hereby, an inverse association between 
dietary intakes of fiber from grains, grains, carbohy-
drates and Gleason grade upgrading was found (35).

Data from Su and Gregg independently highlighted 
that a higher adherence to national American dietary 
recommendations may reduce the risk of Gleason 
grade progression. Such data is of paramount impor-
tance from a public health nutrition perspective, con-
sidering that PC is among the leading causes of cancer 
deaths in American men (3), and considering the 
growing population of PC survivors in the US (2). 
The herein presented data may allow for further 
insights into the actual DQ of PC survivors in the 
United States. The low intake of fiber in PC survivors 
appears to be particularly worrisome. Fiber is a nutri-
ent of public health concern in the US, with many 
proven benefits for human health (36). An inverse 
association between fiber intake and prostate cancer 
risk has been reported more than a decade ago 
(37,38). A more recent study by Liu et  al. reinforced 
that a regular intake of fiber-rich plant foods may be 

beneficial to PC survivors (39). Analyzing longitudinal 
data from more than n = 2062 men diagnosed with 
non-metastatic prostate cancer from a diet and life-
style sub-study within the Cancer of the Prostate 
Strategic Urologic Research Endeavor (CaPSURE) 
cohort, the authors reported that the consumption of 
a primarily plant-based diet may be associated with 
better prostate cancer–specific health outcomes (39). 
As a consequence, Liu et  al. suggested that nutritional 
assessment and counseling should be recommended 
to PC patients in order to build the foundation for 
healthy dietary practices that may contribute to 
well-being and overall health (39).

Our data reinforce and strengthen this call, empha-
sizing a low adherence to national dietary guidelines 
and a low intake of many nutrients of public health 
concern in most PC survivors (22). Fiber, which can 
only be found in plant foods, is of high clinical rele-
vance in this context, as a regular intake may not only 
beneficially affect the prognosis but also the quality 
of life of PC patients (40, 41). Apart from fiber, many 

Table 2.  Macronutrient and fiber intake in males with a history of prostate cancer in comparison to the Dietary Guidelines  
for Americans.

Nutrient
General population

n = 4664
Prostate cancer survivors

n = 362 p Value Source of goal
DGA

M 51+
DNG
met?

Energy intake
(kcal/d)

2312.47
[2274.37–2350.58]

2116.53
[2009.14–2223.92]

0.001 DGA 2000 ↑

Carbohydrates
(%/kcal)

46.89
[46.44–47.35]

47.64
[46.01–49.27]

0.325 AMDR 45–65

Carbohydrates
(g)

267.71
[262.85–272.57]

248.75
[234.91–262.59]

0.011 RDA 130 ↑

Carbohydrates
(g/1000 kcal)

117.24
[116.09–118.38]

119.10
[115.03–123.18]

0.325

Protein
(%/kcal)

15.948
15.71–16.18

15.879
15.32–16.44

0.818 AMDR 10–35

Protein
(g)

90.10
[88.49–91.72]

83.01
[77.60–88.43]

0.017 RDA 56 ↑

Protein
(g/1000 kcal)

39.87
[39.29–40.46]

39.70
[38.30–41.10]

0.818

Total lipid
(%/kcal)

34.61
[34.17–35.04]

34.95
[33.66–36.23]

0.615 AMDR 20–35

Total lipid
(g)

90.63
[88.63–92.63]

83.50
[78.04–88.96]

0.018

Total lipid
(g/1000 kcal)

38.45
[37.97–38.94]

38.83
[37.40–40.26]

0.615

Saturated fat
(%/kcal)

11.10
[10.93–11.28]

11.50
[10.99–12.01]

DGA <10 ↑

Saturated fat
(g)

29.19
[28.44–29.94]

27.57
[25.72–29.42]

0.111

Saturated fat
(g/1000 kcal)

12.34
[12.14–12.53]

12.78
[12.22–13.34]

0.135

Fiber
(g)

18.72
[18.11–19.32]

18.76
[17.57–19.94]

0.950 DGA 14g/
1,000 kcal

↓

Fiber
(g/1000 kcal)

8.45
[8.21–8.69]

9.27
[8.58–9.96]

0.034 DGA 14g/
1,000 kcal

↓

18:2
Linoleic acid (g)

18.16
[17.67–18.66]

16.29
[15.06–17.52]

0.008 AI 14 ↑

18:3
Linolenic acid (g)

1.88
[1.82–1.95]

1.72
[1.56–1.87]

0.050 AI 1.6 ↑

Based on n = 5,026 observations. Data shown as means with their [95%-confidence interval]. The p values refer to differences in the examined nutrients 
between the general population and prostate cancer survivors; significant p values are displayed in bold. AMDR = Acceptable Macronutrient Distribution 
Range; DGA = Dietary Guidelines for Americans; DNG = Daily Nutritional Goal; RDA: Recommended Dietary Allowance; AI = Adequate Intake (based on 
DGA). Color legend: red = DGA goal not met; green = DGA goal met.
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prostate cancer survivors consumed insufficient 
amounts of calcium and potassium, which can be read-
ily found in plant foods. The low intake of potassium 

(only 28.32% of PC survivors met the daily nutritional 
goal) is particularly concerning, and also suggests a 
low overall intake of plant foods in this cohort. The 
low intake of plant foods and conformance with 
national dietary guidelines is also concerning with 
regard to other comorbidities frequently encountered 
in PC survivors. Improving fiber intake and reducing 
saturated fat intake may also be beneficial for cardio-
vascular and metabolic health in PC survivors (42).

Further to that, our data may help to identify other 
nutrients of concern in PC survivors, e.g. when it 
comes to the intakes of several vitamins. A reservation 
must be made, however, that our results do not suggest 
large dietary differences when compared to the general 

Table 3.  Mineral and vitamin intake in males with a history of prostate cancer in comparison to the Dietary Guidelines for 
Americans.

Nutrient
General population

n = 4664
Prostate cancer survivors

n = 362 p Value Source of goal
DGA

M 51+
DNG
met?

Minerals
Calcium
(mg)

990.90
[963.34–1081.46]

939.27
[873.57–1004.96]

0.141 RDA 1000 ↓

Iron
(mg)

16.28
[15.84–16.72]

16.45
[15.59–17.32]

0.710 RDA 8 ↑

Magnesium
(mg)

333.95
[326.48–341.41]

313.26
[296.55–329.97]

0.030 RDA 420 ↓

Phosphorus
(mg)

1493.13
[1466.31–1519.95]

1400.75
[1314.37–1487.13]

0.045 RDA 700 ↑

Potassium
(mg)

3047.49
[2986.35–3108.63]

2889.32
[2729.63–3049.01]

0.066 AI 3400 ↓

Sodium
(mg)

3830.65
[3756.50–3904.80]

3459.52
[3239.10–3679.93]

0.002 CDRR 2300 ↓

Zinc
(mg)

12.85
[12.24–13.45]

12.38
[11.54–13.22]

0.388 RDA 11

Vitamins
Vitamin A
(mcg RAE)

688.19
[637.93–738.46]

756.39
[688.61–824.16]

0.108 RDA 900 ↓

Vitamin E
(mg ATd)

9.19
[8.89–9.50]

8.86
[8.07–9.65]

0.441 RDA 15 ↓

Vitamin D
(IU)

212.25
[198.56–225.93]

204.38
[174.56–234.19]

0.623 RDA 600 ↓

Vitamin C
(mg)

87.50
[82.14–92.86

88.21
[77.46–98.95]

0.901 RDA 90 ↓

Thiamin
(mg)

1.78
[1.74–1.82]

1.79
[1.63–1.95]

0.907 RDA 1.2 ↑

Riboflavin
(mg)

2.42
[2.35–2.48]

2.34
[2.18–2.49]

0.347 RDA 1.3 ↑

Niacin
(mg)

27.99
[27.43–28.55]

25.03
[23.48–26.58]

<0.001 RDA 16 ↑

Vitamin B6
(mg)

2.27
[2.21–2.34]

2.14
[2.00–2.28]

0.120 RDA 1.7 ↑

Vitamin B12
(mcg)

5.85
[5.33–6.38]

5.29
[4.84–5.73]

0.108 RDA 2.4 ↑

Folate
(mcg DFE)

576.23
[558.29–594.18]

558.10
[522.30–593.90]

0.368 RDA 400 ↑

Others
Selenium
(mcg)

126.55
[123.69–129.41]

114.48
[106.96–121.99]

0.006

Choline
(mg)

387.65
[379.13–396.17]

372.73
[345.67–399.79]

0.305 AI 550 ↓

Lycopene
(mcg)

5893.85
[5410.16–6377.55]

4869.15
[3658.81–6079.49]

0.119

Caffeine
(mg)

238.00
[225.42–250.58]

183.48
[153.61–213.35]

0.001 DGA <400 ↓

Based on n = 5,026 observations. Data shown as means with the corresponding [95%-confidence interval]. The p values refer to differences in the 
examined nutrients between the general population and prostate cancer survivors; significant p values are displayed in bold. AMDR = Acceptable 
Macronutrient Distribution Range; DGA = Dietary Guidelines for Americans; DNG = Daily Nutritional Goal; RDA: Recommended Dietary Allowance; 
AI = Adequate Intake (based on DGA). CDRR = chronic disease reduction level. Color legend: red = DNG goal not met; green = DNG goal met.

Table 4.  Crude nutrient-based diet quality scores in prostate 
cancer survivors in comparison to the general population.

Nutrient
General population

n = 4664

Prostate cancer 
survivors
n = 362 p value

FNI 62.83
[61.95–63.71]

63.80
[61.42–66.18]

0.437

DQS 10.76
[10.61–10.90]

10.68
[10.25–11.11]

0.730

Based on n = 5,026 observations. Data shown as means with the corre-
sponding [95%-confidence interval]. The p values refer to differences in 
the examined nutrients between the general population and prostate 
cancer survivors; significant p values are displayed in bold. FNI = Food 
Nutrient Index. DQS = Diet Quality Score.
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US population. Minor differences between PC survivors 
and the general population were only found after (mul-
tivariate) energy adjustments. Nutrients which generally 
fall short on a typical American diet are also the main 
nutritional topic for PC survivors, who, according to 
our data, have much room for improvement when it 
comes to nutrient intakes. While not a primary out-
come, our data also reinforce the existing racial dis-
parities in PC (33). Racial/ethnic differences in diet 
quality may affect Non-Hispanic Blacks disproportion-
ally (43), and our data revealed lower DQS and FNI 
scores in Non-Hispanic Blacks when compared to other 
ethnicities. This may reflect a lower intake of critical 
and under-consumed nutrients in Non-Hispanic Blacks. 
The lower DQ could have contributed to the higher 
burden of PC in said population, however, our study 
design does allow for any causal inferences here.

To a certain degree, our data also suggest some 
sort of stagnation when it comes to the DQ of PC 
survivors. Almost 10 years ago, Zhang and colleagues 
also used NHANES data to evaluate dietary intakes 
and diet quality in 1,533 US cancer survivors (44). 
Their analysis was built on NHANES cycles from 1999 
to 2010, and also suggested that cancer survivors gen-
erally did not meet the daily nutritional goals in the 
American dietary guidelines (see Figure 2 in the orig-
inal publication by Zhang et  al. (44)). Many nutrients 
that were deemed critical in our analysis were already 
under-consumed in the older NHANES cycles as sug-
gested by Zhang et  al. (44). While differences in the 
study methodologies do not allow for a 1:1 compar-
ison, one could assume a stagnating intake of many 
important nutrients from plants (potassium, fiber, 
magnesium). From a public health nutrition 

Figure 2.  Marginsplots: Predictive margins for the Food Nutrient Index (top row) and Diet Quality Score (bottom row).
a = Plot of marginal predicted values for the FNI based on a multivariable regression model adjusting for race/ethnicity (categorical), age (continuous), energy in-
take (continuous), marital status (categorical), iron intake (continuous), and caffeine intake (continuous). The FNI between both groups differed significantly at a p 
value of 0.007. b = plot of marginal predicted values for the FNI, illustrating differences in the relationship of the FNI and prostate cancer history (no/yes) depending 
on race/ethnicity. The FNI of NHB was significantly lower (-5.637 [-6.84–(-4.44)]) as compared to NHW at a p value of <0.001. c = Plot of marginal predicted values 
for the DQS based on a multivariable regression model adjusting for race/ethnicity (categorical), age (continuous), energy intake (continuous), marital status (cat-
egorical), and caffeine intake (continuous). d = plot of marginal predicted values for the DQS, illustrating differences in the relationship of the DQS and prostate 
cancer history (no/yes) depending on race/ethnicity. The DQS of NHB was significantly lower (-0.95 [-1.21–(-0.69)]) as compared to NHW at a p value of <0.001. 
MA = Mexican American; OH = Other Hispanic; NHW = Non-Hispanic White; NHB = Non-Hispanic Black; OR = Other Race.
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perspective, a lot of work is to be done. And the call 
from Liu et  al. toward a better and more frequent 
nutritional assessment and counseling in prostate can-
cer patients is more topical than ever before (39).

In summary, key findings suggested by our study 
are as follows: (1) DQ in prostate cancer survivors in 
the US is improvable, with an overall low alignment 
with the daily nutritional goals in the DGA. (2) 
Nutrients of concern in PC survivors do generally not 
differ from the general male US population, with low 
intakes of fiber, potassium and magnesium. (3) Racial 
disparities in PC are reflected in the lower overall 
DQ in Non-Hispanic Black participants, who have 
the lowest predicted overall DQ when compared to 
all other ethnicities.

This investigation has several strengths and limita-
tions that warrant further discussion. Strengths include 
the large and nationally representative cohort of pros-
tate cancer survivors (NHANES), which may be 
extrapolated to represent n = 1,841,030 PC survivors. 
The head-to-head comparison with established dietary 
guidelines and the usage of two validated nutrient-based 
diet quality scores is an additional plus. The analyzed 
data is not confined to a single institution (e.g. a 
specific cancer center) but was drawn from counties 
all over the US. As for the weaknesses, we acknowl-
edge the lack of PC-specific parameters (e.g. the 
Gleason grading). This information would have been 
valuable to allow for a more detailed description of 
cancer cases, and for potential correlations with DQ. 
Discussing these parameters in the context of the 
DGA alignment would have certainly enriched our 
study. Unfortunately, such specific data was not avail-
able in the examined NHANES cycles. Moreover, PC 
status was self-reported which could theoretically lead 
to bias. While the absence of matching methods as 
in the context of a case-control study could also be 
seen as a limitation, it is important to note that such 
an approach would be impractical considering the 
unique NHANES design. Then again, the major aim 
of this study was to compare nutrient intakes in PC 
survivors to the DGA. For this reason, we considered 
nutrients from foods only; supplements were not con-
sidered. This may also be interpreted as another draw-
back. The analysis of food groups contributing to the 
inadequate intake of certain nutrients (e.g. fiber or 
saturated fat) will be subject to future work.

Our results suggest a poor conformance with 
national dietary guidelines in US PC survivors, and 
reiterate that regular nutritional assessment and coun-
seling in prostate cancer patients could be of utmost 
importance, particularly in light of the increasing 
number of PC survivors in the US. From a public 

health nutrition perspective DQ in PC survivors aligns 
poorly with national guidelines, emphasizing the need 
for additional educational work in this area.
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