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Abstract
Purpose To test for racial differences in associations between family history (FH) of prostate cancer (PC) and prostate cancer 
aggressiveness in a racially diverse equal access population undergoing prostate biopsy.
Subjects/patients and methods We prospectively enrolled men undergoing prostate biopsy at the Durham Veterans Adminis-
tration from 2007 to 2018 and assigned case or control status based on biopsy results. Race and FH of PC were self-reported 
on questionnaires. Logistic regression was used to test the association between FH and PC diagnosis overall and by tumor 
aggressiveness [high- (Grade Group 3–5) or low-grade (Grade Group 1–2) vs. no cancer], overall, and stratified by race. 
Models were adjusted for age and year of consent, race, PSA level, digital rectal exam findings, prostate volume, and previ-
ous (negative) biopsy receipt.
Results Of 1,225 men, 323 had a FH of PC and 652 men were diagnosed with PC on biopsy. On multivariable analysis, FH 
was associated with increased odds of high-grade PC in black (OR 1.85, p = 0.041) and all men (OR 1.56, p = 0.057) and 
was unrelated to overall or low-grade PC diagnosis, overall, or stratified by race (all p ≥ 0.325). In sensitivity analyses among 
men without a previous biopsy, results were slightly more pronounced.
Conclusion In this setting of equal access to care, positive FH of PC was associated with increased tumor aggressiveness in 
black men, but not non-black men undergoing prostate biopsy. Further research is required to tease apart the contribution of 
genetics from increased PC awareness potentially influencing screening and biopsy rates in men with FH.

Keywords African American · Family history of prostate cancer · Prostate biopsy · Prostate cancer · Tumor grade

Abbreviations
BMI  Body mass index
BPH  Benign prostatic hyperplasia

DRE  Digital rectal examination
DVAMC  Durham Veterans Affairs Medical Center
FH  Family history
OR  Odds ratio
PC  Prostate cancer
TRUS  Transurethral ultrasound

Introduction

Approximately 20% of all new cancer cases in the USA in 
2019 are expected to be due to prostate cancer, affecting an 
estimated 174,650 men. Additionally, prostate cancer is pro-
jected to account for around 10% of all US cancer deaths [1]. 
For black men during the same time period, it is expected 
that prostate cancer will account for approximately 30% of 
all new cancer cases and 15% of all cancer deaths, one of 
the largest racial disparities of any cancer type [2]. Even 
when adjusting for clinical and socioeconomic risk factors, 
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black men have a disproportionate burden of aggressive 
prostate cancer [3], suggesting that biological factors may 
also contribute.

Family history of prostate cancer is an established risk 
factor for prostate cancer [4] and the disease has previously 
been found to have a high estimate of heritability of 57% in a 
white European population [5]. Many previous studies have 
explored prostate cancer risk in men with a family history of 
the disease in predominantly white study populations [4–7]. 
Whether these findings apply or not to black men is not clear. 
Only four studies, to our knowledge, have examined risk of 
overall prostate cancer in both black and white men with a 
family history of the disease and they found no substantial 
differences in associations by race [8–12]. However, these 
previous studies did not consider tumor aggressiveness. Of 
studies examining tumor aggressiveness, two found that fam-
ily history of prostate cancer was associated with increased 
risk of fatal prostate cancer [6, 13], though these studies 
were limited to white men. Finally, a study including < 2% 
black men found that family history of prostate cancer was 
associated with an increased overall prostate cancer risk, as 
well as low-grade and high-grade prostate cancer risk [4]. 
There were not, however, enough black men in the study to 
test for race interactions by tumor aggressiveness.

Given the excess burden of aggressive and fatal prostate 
cancer in black men, we hypothesized that a positive family 
history of prostate cancer would be more strongly associ-
ated with prostate tumor aggressiveness in black men than 
non-black men. To test this, we prospectively enrolled men 
undergoing a prostate biopsy at the Durham Veterans Affairs 
Medical Center (DVAMC) in Durham, North Carolina. The 
current analysis uses data from a case–control study nested 
within this prospective cohort of men undergoing prostate 
biopsies. This location serves a racially diverse patient popu-
lation to allow for exploration of racial differences in associ-
ations between family history of prostate cancer and prostate 
cancer aggressiveness in the context of equal access to care.

Materials and methods

Study design

Men undergoing prostate biopsy for an elevated PSA and/or 
abnormal digital rectal examination (DRE) at the DVAMC 
from January 2007 to October 2018 were prospectively 
enrolled. Methods for identification and accrual of partici-
pants have been described previously [14]. Men were at least 
18 years of age, had a PSA test within 12 months prior to 
enrollment, and had no history of prostate cancer. A total 
of 1,313 men meeting these eligibility criteria undergoing 
biopsy were enrolled between January 2007 and October 
2018. We excluded 70 men due to previous positive biopsies. 

Of the remaining 1,243 men, we excluded 18 for missing 
data on body mass index (BMI), biopsy result, DRE, tran-
surethral ultrasound (TRUS) prostate volume or Grade 
Group, resulting in a study cohort of 1,225 patients. The 
current analysis uses data from a case–control study nested 
within this prospective cohort of men undergoing prostate 
biopsies. Of the 1,225 men who underwent a biopsy and 
were included in the analysis, 652 (53%) were biopsy posi-
tive (cases) and 573 (47%) were biopsy negative (controls). 
The study was approved by the Institutional Review Board 
at the DVAMC and all patients provided written informed 
consent.

Data collection

Patients completed a questionnaire, including demographic, 
medical, and lifestyle characteristics. In the family his-
tory section of the questionnaire, patients were prompted 
to “indicate the number of blood relatives you have who 
have been diagnosed with prostate cancer.” A chart was 
included below this question with the following categories 
of blood relatives: father, grandfathers, great grandfathers, 
brother(s), half-brother(s), son(s), uncle(s), great uncle(s), 
first cousin(s), and nephew(s). The response categories for 
each blood relative were yes, no, don’t know, and N/A. In 
instances where this section was left blank, or only “don’t 
know” and/or “N/A” were indicated, the family history of 
prostate cancer for that patient was categorized as unknown. 
Patients who responded yes to any blood relative were clas-
sified as having a family history of prostate cancer.

Affected blood relatives were categorized as first-degree 
[father, son(s), brother(s)] or second-degree only [half-
brother(s), uncle(s), great uncle(s), first-degree cousin(s), 
nephew(s)]. For men verbally reporting a family history of 
prostate cancer during the consenting process at the clinic, 
but who did not indicate the affected relative on the ques-
tionnaire (n = 90), a chart review was conducted, and family 
history degree data were abstracted if available (n = 80). We 
categorized the remaining 10 patients as having a second-
degree family history of prostate cancer, since this was more 
likely given the patients’ lack of knowledge regarding which 
specific relative had a diagnosis of prostate cancer in the 
past.

All questionnaires were self-administered and typically 
filled out shortly after the biopsy procedure, but prior to 
patients being aware of their biopsy results, and returned 
by mail. Race was self-reported on questionnaires and cat-
egorized as black vs. non-black (> 98% white). Anthropo-
metric measurements (measured weight and height, used to 
calculate BMI), DRE findings, prostate volume, and PSA 
level were abstracted from urology clinic notes from either 
the visit at which biopsy was performed, or the most recent 
visit prior to biopsy.
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Outcome ascertainment

Biopsy tissue was assessed by a pathologist per standard of 
care. Among those with a positive biopsy, prostate cancer 
grade was abstracted from the resulting pathology report. 
Grade was assigned using Epstein’s five-Grade Group sys-
tem where low-grade disease was defined as Grade Group 
1–2 (Gleason score ≤ 3 + 4) and high-grade prostate cancer 
as Grade Group 3–5 (Gleason score ≥ 4 + 3) [15].

Statistical analysis

Demographic and clinical characteristics of men undergo-
ing prostate biopsy with positive, negative, or unknown 
family history of prostate cancer were compared using 
Kruskal–Wallis and chi-square tests for continuous and cat-
egorical variables, respectively. Logistic regression was used 
to test the association between family history of prostate 
cancer (positive, negative, or unknown) and odds of overall 
prostate cancer diagnosis on biopsy. Similarly, multinomial 
logistic regression was used to test the association between 
family history of prostate cancer and tumor aggressiveness 
[high-grade (Grade Group 3–5) or low-grade (Grade Group 
1–2) vs. no cancer]. Both age-adjusted and multivariable-
adjusted models were considered. Multivariable-adjusted 
models included age, year of consent, race (black vs. non-
black), PSA (log transformed), DRE findings (normal vs. 
suspicious), prostate volume (log transformed), and previous 
(negative) biopsy (yes vs. no). Given that our outcomes of 
overall, low-grade, and high-grade prostate cancer do not fit 
the rare disease assumption, odds ratios (ORs) should not be 
interpreted as relative risk ratios.

In sub-analysis, positive family history of prostate cancer 
was further categorized as first degree or second degree, 
treating men with no family history of prostate cancer as 
the referent group and omitting men with unknown family 
history. Men reporting both first- and second-degree family 
history were classified as having first-degree family history 
of prostate cancer.

All analyses were conducted among all men and stratified 
by race. Further, we tested for interactions between fam-
ily history of prostate cancer and race by including both 
main effect terms and an interaction term, which represented 
the cross-product of the two main effect terms in the same 
model. The coefficient of the cross-product term was tested 
by the Wald test.

In sensitivity analysis, we restricted models to men with-
out a previous negative prostate biopsy.

Analyses were performed using SAS 9.4 (SAS Institute, 
Inc. Cary, NC). Statistical significance was two-sided with 
a threshold of p < 0.05.

Results

Patient characteristics

Of 1,225 men included in the analysis, 323 (26%) reported 
a family history of prostate cancer, 627 (52%) reported 
no family history of prostate cancer, and 275 (22%) did 
not know if they had a family history of prostate cancer 
(Table 1). Median (IQR) age at biopsy did not differ sig-
nificantly by family history status (p = 0.083). Men with a 
positive family history tended to be consented in more recent 
years, relative to those with unknown or no family history 
(p < 0.001). Median PSA was similar across categories of 
family history, as was median prostate volume and BMI. 
Men with a positive family history had slightly higher rates 
of previous (negative) biopsy, relative to those without a 
family history of prostate cancer (21% vs. 17%), though 
biopsy rates were not significantly different across all three 
categories of family history (p = 0.410). Frequency of previ-
ous negative prostate biopsy did not differ by race (19% of 
black men vs. 18% of non-black men; chi-square p = 0.456), 
neither did the frequency of family history vary by race (27% 
black men vs. 25% non-black men, p = 0.316). Among men 
with family history, the degree of family history did not vary 
by race (p = 0.270), with 74% first-degree among black men 
and 80% first-degree among non-black men.

Family history and prostate cancer

Overall, 652 (53%) men were diagnosed with prostate can-
cer at biopsy, of which 184 (28%) had high-grade prostate 
cancer and 468 (72%) had low-grade prostate cancer. Among 
all men, family history of prostate cancer was not associated 
with either overall or low-grade prostate cancer on either age-
adjusted or multivariable-adjusted analysis (Tables 2, 3). How-
ever, family history of prostate cancer was associated with 
increased odds of high-grade disease on age-adjusted analysis 
[Odds Ratio (OR) 1.52, 95% CI 1.04–2.23, p = 0.03] with a 
similar magnitude of association observed following multi-
variable adjustment (OR 1.56, 95% CI 0.99–2.46, p = 0.057). 
After stratification by race, family history of prostate cancer 
remained unassociated with overall and low-grade prostate 
cancer among both black men and non-black men, in both age-
adjusted and multivariable analysis. However, family history 
of prostate cancer was more strongly associated with increased 
odds of being diagnosed with a high-grade prostate cancer in 
black men (OR 1.85, 95% CI 1.03–3.34, p = 0.04) than in non-
black men (OR 1.32; 95% CI 0.63–2.81; p = 0.455), though no 
statistically significant interaction was found between family 
history of prostate cancer and race in predicting high-grade 
prostate cancer (p ≥ 0.66). Unknown family history of pros-
tate cancer was not associated with overall prostate cancer, 
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low- or high-grade prostate cancer in the entire cohort, or in 
race-stratified analyses (p ≥ 0.50).

First‑ and second‑degree family history 
and prostate cancer

Among all men, relative to those with no family history, 
neither first- nor second-degree family history of prostate 
cancer was associated with overall or low-grade prostate 
cancer diagnosis (p ≥ 0.14, Tables 4, 5). However, while 
second-degree family history was unrelated to high-grade 
prostate cancer, first-degree family history of prostate 
cancer was associated with increased odds of high-grade 

prostate cancer (OR 1.86 95% CI 1.12–3.07, p = 0.016). In 
race-stratified analyses, similar magnitudes of association 
between first-degree family history of prostate cancer and 
increased odds of high-grade prostate cancer were observed 
in black (OR 1.85 95% CI 0.96–3.54, p = 0.065) and non-
black men (OR 2.11; 95% CI 0.92–4.98; p = 0.077). In black 
men, associations between second-degree family history and 
high-grade prostate cancer were similar to those for first-
degree family history. However, among non-black men, 
second-degree family history of prostate cancer was associ-
ated with reduced odds of overall prostate cancer diagnosis 
(OR 0.29, 95% CI 0.10–0.84, p = 0.02), with similar asso-
ciations for both low-grade (OR 0.29, 95% CI 0.09–0.95, 

Table 1  Characteristics of men 
undergoing prostate biopsy by 
family history status

PC prostate cancer, PSA prostate-specific antigen, BMI body mass index, TRUS transrectal ultrasound
*p-values compare characteristics according to family history status (yes, no, unknown)
a Kruskal–Wallis
b Chi-Square

Total
(N = 1,225)

Family history of prostate cancer

Yes (N = 323) No (N = 627) Unknown (N = 275) p-value*

Age at consent 0.083a

 Median 63 64 64 62
 (IQR) (59, 68) (60, 68) (59, 68) (59, 67)

Race 0.316b

 Non-black 508 (42) 128 (40) 273 (44) 107 (39)
 Black 717 (58) 195 (60) 354 (56) 168 (61)

Year of consent  < 0.001a

 Median 2011 2014 2011 2010
 (IQR) (2009, 2016) (2009, 2016) (2008, 2016) (2009, 2014)

PSA at biopsy (ng/mL) 0.131a

 Median 6.1 5.9 6.0 6.4
 (IQR) (4.7, 8.6) (4.5, 8.4) (4.6, 8.4) (4.9, 9.4)

Digital rectal exam 0.082b

 Not suspicious for cancer 925 (75) 233 (72) 472 (75) 220 (80)
 Suspicious for cancer 300 (25) 90 (28) 155 (25) 55 (20)

TRUS prostate volume (cc) 0.474a

 Median 42.0 42.0 42.0 40.6
 (IQR) (29.9, 61.0) (30.8, 61.5) (29.0, 61.0) (29.0, 61.8)

BMI (kg/m2) 0.199a

 Median 29.1 29.7 29.1 28.6
 (IQR) (26.1, 32.9) (26.1, 33.7) (26.2, 32.9) (25.4, 32.3)

Previous negative biopsy 0.410b

 No 998 (81) 256 (79) 519 (83) 223 (81)
 Yes 227 (19) 67 (21) 108 (17) 52 (19)

Cancer on current biopsy 0.633b

 No Cancer 573 (47) 144 (45) 300 (48) 129 (47)
 Cancer 652 (53) 179 (55) 327 (52) 146 (53)

Cancer Grade 0.094b

 No Cancer 573 (47) 144 (45) 300 (48) 129 (47)
 Low-grade 468 (38) 116 (36) 239 (38) 113 (41)
 High-grade 184 (15) 63 (19) 88 (14) 33 (12)
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p = 0.04) and high-grade prostate cancer (OR 0.24, 95% CI 
0.04–1.51; p = 0.129), though results for high-grade prostate 
cancer were not significant.

Findings were similar, albeit slightly stronger, among 
men without a previous negative prostate biopsy (Supple-
mental Tables 1, 2).

Discussion

It is now recognized that prostate cancer is among the most 
heritable cancer types [16]. Evidence for the large herit-
ability component of this disease, however, mainly comes 
from white populations of European descent and less is 
understood regarding how family history of prostate cancer 
in black men affects prostate cancer risk. Moreover, despite 
established clinical and biological heterogeneity of prostate 
cancer, relatively few studies have considered tumor aggres-
siveness when analyzing family history. Using data from a 
racially diverse cohort of men undergoing prostate biopsy, 
we found that a family history of prostate cancer was asso-
ciated with increased odds of high grade, but not overall 
prostate cancer diagnosis. In analyses stratified by race, we 
found that the magnitude of this association was stronger and 
reached statistical significance only in black men. Our study 
is one of the few to examine associations between family his-
tory of prostate cancer and tumor aggressiveness in a racially 
diverse population and could inform our understanding of 
the relationship of prostate cancer family history to prostate 
cancer aggressiveness in black and non-black men.

Despite evidence for a stronger association between posi-
tive family history and high-grade prostate cancer in black 
vs. non-black men in the present analysis, we found that 
a first-degree family history of prostate cancer was posi-
tively associated with high-grade prostate cancer regardless 
of race. Past research testing the association between first-
degree prostate cancer family history and overall prostate 
cancer risk in black and white men, though limited to four 
studies none of which considered tumor aggressiveness, 
has not found substantial racial differences [9–12], as sum-
marized by a recent review [8]. These four studies [9–12] 
reported effect sizes in black men that were similar in mag-
nitude to two other studies [17, 18] examining associations 
between family history and prostate cancer risk in black men 
only. Hayes reported increased odds of overall prostate can-
cer in association with positive first-degree family history 
(OR 3.2, 95% CI 2.0–5.0), but found similar associations 
for both black men and white men when stratifying by race 
[11]. The results from studies by Cunningham [black men 
(OR 1.58, 95% CI 1.05–2.29), non-black men (OR 1.65, 
95% CI 1.06–2.15)] [9], Whittemore [black men (OR 3.2, 
95% CI 2.0–5.0), white men (OR 1.9, 95% CI 1.9–2.9)] [10] 
and Sanderson [black men (OR 2.40, 95% CI 1.28–4.51), 
white men (OR 2.29, 95% CI 1.36–3.85)] [12] also found no 
definitive differences by race in associations between first-
degree family history and overall prostate cancer risk. As 
such, our study provides some of the first data to suggest 
that while associations between any positive family history 
of prostate cancer and high-grade prostate cancer may vary 
by race, a first-degree family history was associated with 

Table 2  Odds ratios and 95% confidence intervals for associations of 
family history of prostate cancer with overall prostate cancer diagno-
sis at biopsy, relative to those with a biopsy negative for prostate can-
cer, among all men and stratified by race

p-interaction between family history and race in predicting overall PC 
was 0.657
PC prostate cancer, OR odds ratio, CI confidence interval, Ne num-
ber of men with a negative biopsy, or diagnosed with overall prostate 
cancer, N total number of men undergoing prostate biopsy
*Adjusted for age at consent, race (unless stratified by race), year 
of consent, PSA (log transformed), DRE, TRUS volume (log trans-
formed), and previous negative biopsy

Prostate biopsy result

Negative Positive

Ne/N Ne/N OR (95% CI) p-value

All men (n = 1,225)
 Family History 

of PC
 No 300/627 327/627 Ref
 Yes 144/323 179/323
  Age-adjusted 1.14 (0.87–1.50) 0.337
  Multivariable* 1.17 (0.86–1.60) 0.325

 Unknown 129/275 146/275
  Age-adjusted 1.05 (0.79–1.39) 0.749
  Multivariable* 1.08 (0.78–1.49) 0.651

Black men (n = 717)
 Family History 

of PC
  No 151/354 203/354 Ref
  Yes 76/195 119/195
   Age-adjusted 1.16 (0.81–1.66) 0.411
   Multivariable* 1.21 (0.80–1.83) 0.364

 Unknown 68/168 100/168
  Age-adjusted 1.10 (0.76–1.60) 0.607
  Multivariable* 1.23 (0.80–1.89) 0.356

Non-Black men 
(n = 508)

 Family History 
of PC

  No 149/273 124/273 Ref
  Yes 68/128 60/128
   Age-adjusted 1.08 (0.71–1.65) 0.717
   Multivariable* 1.18 (0.73–1.91) 0.500

 Unknown 61/107 46/107
  Age-adjusted 0.92 (0.58–1.45) 0.713
  Multivariable* 0.90 (0.55–1.50) 0.693
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high-grade prostate cancer regardless of race. These find-
ings will, however, require validation by other larger studies.

Even in predominantly white populations, relatively few 
prior studies have examined associations between degree 
of family history of prostate cancer and risk of aggressive 
prostate cancer. An analysis of the Swiss screening arm of 
the European Randomized Study of Screening for Prostate 
Cancer (ERSPC) by Randazzo did not find a significant 
association between first-degree prostate cancer family his-
tory and high-grade prostate cancer risk, though the results 
were suggestive (OR 1.52, 95% CI 0.92–1.51). Their lack 
of statistically significant results could be due to the diag-
nosis of high-grade prostate cancer in only < 0.5% of the 

study population and the inclusion of men with a second-
degree prostate cancer family history in the reference group, 
which may have attenuated the associations [19]. Another 
study by Thomas et al., using data from the multinational 
REDUCE prostate cancer chemoprevention trial, reported 
a positive association between a first-degree family history 
of prostate cancer and high-grade prostate cancer (OR 1.51, 
95% CI 1.10–2.06), with a similar association observed 
for low-grade cancer [4]. These findings may only apply 
to white men since the study population included an insuf-
ficient number of black participants to examine associations 
in this group separately. Another study in the US, also in 
a predominantly white population, reported an increased 

Table 3  Odds ratios and 95% confidence intervals for associations of family history of prostate cancer with low-grade and high-grade prostate 
cancer diagnosis at biopsy, relative to those with a biopsy negative for prostate cancer, among all men and stratified by race

p-interaction between family history and race in predicting PC aggressiveness was 0.767
PC prostate cancer, OR odds ratio, CI confidence interval, Ne number of men with a negative biopsy, or diagnosed with low-grade or high-grade 
prostate cancer, N total number of men undergoing prostate biopsy
*Adjusted for age at consent, race (unless stratified by race), year of consent, PSA (log transformed), DRE, TRUS volume (log transformed), and 
previous negative biopsy

Prostate biopsy result

Negative Positive: low-grade prostate cancer Positive: high-grade prostate cancer

Ne/N Ne/N OR (95% CI) p-value Ne/N OR (95% CI) p-value

All men (n = 1,225)
 Family history of PC
  No 300/627 239/627 Ref 88/627 Ref
  Yes 144/323 116/323 63/323
   Age-adjusted 1.01 (0.75–1.36) 0.947 1.52 (1.04–2.23) 0.032
   Multivariable* 1.08 (0.78–1.50) 0.644 1.56 (0.99–2.46) 0.057

 Unknown 129/275 113/275 33/275
  Age-adjusted 1.09 (0.80–1.48) 0.572 0.91 (0.58–1.43) 0.681
  Multivariable* 1.10 (0.78–1.53) 0.595 0.99 (0.59–1.69) 0.983

Black men (n = 717)
 Family History of PC
  No 151/354 154/354 Ref 49/354 Ref
  Yes 76/195 75/195 44/195
   Age-adjusted 0.97 (0.66–1.43) 0.876 1.78 (1.09–2.92) 0.022
   Multivariable* 1.08 (0.70–1.66) 0.729 1.85 (1.03–3.34) 0.041

 Unknown 68/168 80/168 20/168
  Age-adjusted 1.15 (0.77–1.70) 0.502 0.94 (0.52–1.71) 0.840
  Multivariable* 1.24 (0.80–1.93) 0.341 1.13 (0.56–2.28) 0.728

Non-Black men (n = 508)
 Family History of PC
  No 149/273 85/273 Ref 39/273 Ref
  Yes 68/128 41/128 19/128
   Age-adjusted 1.07 (0.67–1.71) 0.789 1.12 (0.60–2.10) 0.721
   Multivariable* 1.13 (0.68–1.88) 0.633 1.32 (0.63–2.81) 0.455

 Unknown 61/107 33/107 13/107
  Age-adjusted 0.95 (0.58–1.57) 0.847 0.86 (0.42–1.73) 0.662
  Multivariable* 0.93 (0.55–1.58) 0.782 0.79 (0.34–1.86) 0.592



343Cancer Causes & Control (2021) 32:337–346 

1 3

risk of both low-grade (OR 1.75, 95% CI 1.59–1.93) and 
high-grade (OR 1.66, 95% CI 1.43–1.92) prostate cancer in 
men with a first-degree family history of prostate cancer [6]. 
However, another US study reported that family history of 
prostate cancer was associated with more aggressive tumor 
characteristics, including seminal vesical invasion (OR 1.91, 

95% CI 0.98–3.73) and high tumor stage (OR 1.43, 95% 
CI 1.00–2.05) [20]. While these studies focused on tumor 
aggressiveness at diagnosis, a first-degree family history of 
prostate cancer has also been associated with fatal prostate 
cancer, with associations reaching statistical significance in 
two studies (OR 1.72, 95% CI 1.25–2.38 [13] and OR 1.60, 
95% CI 1.31–1.97 [21]) and falling short of significance in 
another study potentially due to low numbers of fatal events 
(OR 2.97, 95% CI 0.85–10.38 [19]). A Utah study found 
that having one or more first-degree relatives (OR 2.67, 95% 
CI 2.45–2.91) or one or more second-degree relatives (OR 
1.65, 95% CI 1.50–1.81) deceased from prostate cancer was 
associated with increased odds of lethal prostate cancer [22]. 
In summary, although many studies have reported similar 
associations between family history of prostate cancer and 
risk of overall and aggressive disease, our findings are some 
of the first to suggest that associations with family history 
may be more pronounced for high-grade prostate cancer.

In the present study, a family history of prostate cancer 
in second-degree relatives only was associated with reduced 
odds of overall, low-grade and high-grade prostate cancer 
diagnosis in non-black men. However, caution should be 
used in interpreting these results as they are based on only 
six prostate cancer cases diagnosed in non-black men report-
ing a second-degree family history of the disease. In con-
trast to these results in non-black men, the direction and 
magnitude of estimates for overall, low-grade or high-grade 
prostate cancer did not vary substantially by degree of family 
history in black men. In line with our findings in black men, 
a US study conducted in a predominantly white population 
found an increased risk of prostate cancer in patients with 
no first-degree family history of prostate cancer and at least 
one second-degree relative with prostate cancer (OR 1.51, 
95% CI 1.47–1.56) [23]. Although larger studies of racially 
diverse populations are needed to further clarify these rela-
tionships, our findings provide some preliminary suggestive 
evidence that the risk of prostate cancer among men report-
ing a second-degree family history of the disease may vary 
by race.

This study relied on self-reported family history, which 
allows for the potential of recall bias. However, a previous 
study found an 86% accuracy rate in the self-reporting of 
family history of prostate cancer in a first-degree relative 
[24]. Records showed that 14% of the misreported cases of 
prostate cancer in a relative were in fact due to BPH (benign 
prostatic hyperplasia) and not malignancy. It is also pos-
sible that men reporting a second-degree family history of 
prostate cancer misreported a non-prostate cancer condition 
such as BPH rather than prostate cancer in the affected rela-
tive [25]. A second study found a similar accuracy rate of 
90% for reporting family history of prostate cancer in any 
degree of relative, also finding that reports of prostate cancer 
in first-degree relatives were even more accurate than for 

Table 4  Odds ratios and 95% confidence intervals for associations of 
degree of family history of prostate cancer with overall prostate can-
cer diagnosis at biopsy, relative to those with a biopsy negative for 
prostate cancer, among all men and stratified by race

p-interaction between degree of family history of PC and race in pre-
dicting overall PC was 0.039
PC prostate cancer, OR odds ratio, CI confidence interval, Ne num-
ber of men with a negative biopsy, or diagnosed with overall prostate 
cancer, N total number of men undergoing prostate biopsy
*Adjusted for: Age at consent, race (unless stratified by race), year 
of consent, PSA (log transformed), DRE, TRUS volume (log trans-
formed), and previous negative biopsy

Prostate biopsy result

Negative Positive

Ne/N Ne/N OR (95% CI) p-value

All men (n = 950)
 Family history 

degree
  None 300/627 327/627 Ref
  First 105/247 142/247
   Age-adjusted 1.25 (0.93–1.69) 0.138
   Multivariable* 1.34 (0.95–1.89) 0.094

 Second 39/76 37/76
  Age-adjusted 0.85 (0.53–1.38) 0.512
  Multivariable* 0.76 (0.43–1.34) 0.350

Black men (n = 549)
 Family history 

degree
  None 151/354 203/354 Ref
  First 57/145 88/145
   Age-adjusted 1.15 (0.77–1.70) 0.501
   Multivariable* 1.18 (0.75–1.86) 0.480

 Second 19/50 31/50
  Age-adjusted 1.19 (0.64–2.19) 0.583
  Multivariable* 1.28 (0.62–2.67) 0.502

Non-Black men 
(n = 401)

 Family history 
degree

  None 149/273 124/273 Ref
  First 48/102 54/102 1.43 (0.90–2.27) 0.133
   Age-adjusted 1.68 (0.99–2.85) 0.054
   Multivariable*

 Second 20/26 6/26
  Age-adjusted 0.33 (0.13–0.86) 0.023
  Multivariable* 0.29 (0.10–0.84) 0.023



344 Cancer Causes & Control (2021) 32:337–346

1 3

second- or third-degree relatives [25]. A second limitation 
involves the 22% of participants with unknown family his-
tory due to uncertainty about their family history or missing 
questionnaire data. Since no association was found between 
unknown family history of prostate cancer and prostate can-
cer diagnosis, overall or when stratified by race or grade, it 
is unlikely that these missing data would have altered our 
results. Third, it is known that men with a negative prostate 
biopsy may in fact have prostate cancer detected on a future 
biopsy, though men in our study had multiple biopsies if 
clinically indicated, so the risk of this creating a bias is low. 
Finally, our analysis examined the relationship of family 
history to prostate cancer aggressiveness among men with 

an elevated PSA and/or abnormal DRE undergoing prostate 
biopsy, and therefore, our results may not be generalizable 
to all men. A strength of this study was the racial diversity 
of the study population, with black men comprising 59% of 
the participants, allowing us to test for race interactions. The 
VA is an equal access healthcare system, which should limit 
possible racial disparities in prostate cancer screening and 
detection [26]. Given that prostate cancer screening behavior 
may be affected by a known family history of the disease, 
equal access to care may serve to lessen the potential influ-
ence of differential screening based on knowledge of family 
history of prostate cancer.

Table 5  Odds ratios and 95% confidence intervals for associations of degree of family history of prostate cancer with low-grade and high-grade 
prostate cancer diagnosis at biopsy, relative to those with a biopsy negative for prostate cancer, among all men and stratified by race

*Adjusted for: Age at consent, race (unless stratified by race), year of consent, PSA (log transformed), DRE, TRUS volume (log transformed), 
and previous negative biopsy
p-interaction between degree of family history of PC and race in predicting PC aggressiveness was 0.132
PC prostate cancer, OR odds ratio, CI confidence interval, Ne number of men with a negative biopsy, or diagnosed with low-grade or high-grade 
prostate cancer, N total number of men undergoing prostate biopsy

Prostate biopsy result

Negative Positive: Low-grade prostate cancer Positive: High-grade prostate cancer

Ne/N Ne/N OR (95% CI) p-value Ne/N OR (95% CI) p-value

All men (n = 950)
 Family history degree
  None 300/627 239/627 Ref 88/627 Ref
  First 105/247 93/247 49/247
   Age-adjusted 1.12 (0.80–1.55) 0.514 1.66 (1.09–2.52) 0.018
   Multivariable* 1.23 (0.86–1.76) 0.252 1.86 (1.12–3.07) 0.016

 Second 39/76 23/76 14/76
  Age-adjusted 0.74 (0.43–1.27) 0.269 1.17 (0.60–2.26) 0.652
  Multivariable* 0.71 (0.39–1.29) 0.258 0.98 (0.43–2.22) 0.957

Black men (n = 549)
 Family history degree
  None 151/354 154/354 Ref 49/354 Ref
  First 57/145 56/145 32/145
   Age-adjusted 0.96 (0.63–1.48) 0.862 1.75 (1.02–3.01) 0.044
   Multivariable* 1.05 (0.65–1.69) 0.840 1.85 (0.96–3.54) 0.065

 Second 19/50 19/50 12/50
  Age-adjusted 0.97 (0.50–1.91) 0.935 1.85 (0.83–4.12) 0.130
  Multivariable* 1.14 (0.53–2.45) 0.732 1.92 (0.72–5.17) 0.196

Non-Black men (n = 401)
 Family history degree
  None 149/273 85/273 Ref 39/273 Ref
  First 48/102 37/102 17/102
   Age-adjusted 1.39 (0.84–2.31) 0.202 1.51 (0.77–2.96) 0.230
   Multivariable* 1.59 (0.92–2.76) 0.098 2.11 (0.92–4.98) 0.077

 Second 20/26 4/26 2/26
  Age-adjusted 0.33 (0.11–1.01) 0.053 0.33 (0.07–1.50) 0.152
  Multivariable* 0.29 (0.09–0.95) 0.040 0.24 (0.04–1.51) 0.129
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Given the higher incidence of aggressive prostate cancer 
in black men compared to other racial groups, there is likely 
a genetic component to the prostate cancer racial disparity 
[27] that could be captured by examining family history of 
the disease. This study sought to address the racial disparity 
in research regarding the association between prostate cancer 
family history and prostate cancer diagnosis, overall and by 
tumor grade, by utilizing a racially diverse, equal access 
healthcare population comprised of 59% black men. This is 
one of the few studies to stratify results by tumor aggressive-
ness, which we chose to study, since it is known that high-
grade prostate cancer is more prevalent in the black popula-
tion. Our results show that men undergoing prostate biopsy 
with a family history of prostate cancer had increased odds 
of being diagnosed with a high-grade prostate cancer, but 
not a low-grade prostate cancer. Upon stratifying by race, we 
found that the magnitude of this association was stronger and 
reached statistical significance only in black men, though 
the trend of positive association was observed in both black 
and non-black men. However, upon further exploration 
by degree of family history, we found similar associations 
between a first-degree family history of prostate cancer and 
tumor aggressiveness by race, perhaps pointing to a stronger 
effect of second-degree family history on aggressive prostate 
cancer in black vs. non-black men, though this should be 
confirmed by future studies. Though the majority of research 
in identifying risk variants associated with prostate cancer 
has focused on men of European ancestry, these variants are 
being validated and novel variants have been discovered in 
black men [27–34]. Further research is needed to determine 
the prevalence of such genetic markers in different racial 
groups as well as to identify variants preferentially associ-
ated with high-grade prostate cancer [35, 36]. Future studies 
should also assess whether awareness of family history has 
an impact on these findings by influencing screening and 
biopsy rates in men with a family history of prostate cancer.
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