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Abstract

Background Black men have higher prostate-specific antigen (PSA) levels and higher prostate cancer incidence
and mortality than White men, while Asian men tend to have lower prostate cancer incidence and mortality
than White men. Much of the evidence comes from the USA, and information from UK populations is limited.

Methods This retrospective cohort study used data on patients registered at general practices in England contribut-
ing to the Clinical Practice Research Datalink (CPRD) Aurum dataset. Those eligible were men aged 40 and over with
a record of ethnicity and a PSA test result recorded between 2010 and 2017 with no prior cancer diagnosis.

The aim was to assess the incidence of prostate cancer following a raised PSA test result in men from different ethnic
groups. Additionally, incidence of advanced prostate cancer was investigated. Cancer incidence was estimated
from multi-level logistic regression models adjusting for potential confounding factors.

Results 730,515 men with a PSA test were included (88.9% White). Black men and men with mixed ethnicity had
higher PSA values, particularly for those aged above 60 years. In the year following a raised PSA result (using age-spe-
cific thresholds), Black men had the highest prostate cancer incidence at 24.7% (95% Cl 23.3%, 26.2%); Asian men had
the lowest at 13.4% (12.2%, 14.7%); incidence for White men was 19.8% (19.4%, 20.2%). The peak incidence of prostate
cancer for all groups was in men aged 70-79. Incidence of prostate cancer diagnosed at an advanced stage was simi-
lar between Black and White men.

Conclusions More prostate cancer was diagnosed in Black men with a raised PSA result, but rates of advanced pros-
tate cancer were not higher in this group. In this large primary care-based cohort, the incidence of prostate cancer

in men with elevated PSA levels increases with increasing age, even when using age-adjusted thresholds, with Black
men significantly more likely to be diagnosed compared to White or Asian men. The incidence of advanced stage
prostate cancer at diagnosis was similar for Black and White men with a raised PSA result, but lower for Asian men.
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Background

Prostate cancer is common, with an estimated 1.4 mil-
lion cases and 375,304 deaths reported worldwide in
2020 [1]. Detection of clinically significant prostate
cancer at an early stage is important to increase the
likelihood that it can be treated effectively [2]. Prior to
the COVID-19 pandemic, just over half of all prostate
cancers diagnosed in England were at an early stage
[3]. There is some debate whether lower urinary tract
symptoms (LUTS) are useful in the identification of
prostate cancer cases [4]. In the UK, as in many other
countries, there is currently no national screening pro-
gramme for prostate cancer [5] although asymptomatic
men aged 50 years and older can request a PSA test
from their general practitioner (GP) [6]. Levels of PSA
increase with age, and some countries have introduced
age-stratified diagnostic ranges for prostate cancer.
The National Institute for Health and Care Excellence
(NICE) last updated its guidance for PSA thresholds for
men with LUTS in England and Wales in 2021, which
includes a recommendation for age-specific thresholds
ranging from 2.5 to 6.5 ng/ml [7]. For asymptomatic
men concerned about possible prostate cancer, the
National Health Service (NHS) Prostate Cancer Risk
Management Programme (PCRMP) recommended age-
specific PSA thresholds between 2008 and 2016 and a
fixed threshold of 3 ng/ml between 2016 and 2021 [8].

Several studies have observed that there are differ-
ences in average PSA values for men from different eth-
nic groups [9]. The most consistently observed difference
is when comparing Black men with non-Hispanic White
men, with the former having higher PSA values on aver-
age [9-13]. It is unclear whether the diagnostic perfor-
mance of PSA for prostate cancer differs for patients
from different ethnic groups in the UK. This is impor-
tant considering there are notable differences in prostate
cancer incidence between patients from different ethnic
groups.

In the UK and USA, research has shown that Black
men have the highest risk of receiving a prostate cancer
diagnosis, with Asian men in the UK having the lowest
risk, a pattern repeated in the life-time risk of dying from
the disease [14—17]. However, a recent UK study showed
that Black men may be less likely to be diagnosed at an
advanced stage [18], in contrast to evidence from the
USA [17, 19]. In the USA, patients’ socio-economic sta-
tus plays an important role in prostate cancer outcomes,
but such evidence has not been replicated in the UK,
where access to care is universal.

This study used English primary care-linked patient
records to investigate prostate cancer diagnosis follow-
ing a PSA test and associated risk of advanced disease at
diagnosis by ethnic group.
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Methods

Data sources

The data for this study were provided by the Clinical
Practice Research Datalink (CPRD), where primary care
records can be linked to a selection of routine healthcare
datasets. The CPRD Aurum dataset holds information
on patient demographics, ethnicity, suspected cancer
symptoms, investigations, and diagnoses [20]. As of May
2022, the CPRD Aurum dataset contains information
on 41,200,722 patients in total, and 13,300,067 currently
registered patients, representing 19.8% of the UK popula-
tion [21]. Secondary care data from the Hospital Episode
Statistics Admitted Patient Care (HES APC) dataset [22]
was used to provide additional information for ethnicity
coding. The latest available data on cancer diagnoses and
stage from the English National Cancer Registration and
Analysis Service (NCRAS) cancer registration dataset
[23] were obtained for included patients.

Study population

The study cohort included men aged 40 years and over
who were registered with a GP practice in England con-
tributing data to the CPRD during the study period
(2010-2017). Eligible participants had a PSA test car-
ried out during this period, with a valid result recorded.
A PSA test result was considered to be valid if the result
was greater than 0, and the units recorded were either ng/
ml or pg/L. The study period began in 2010 as the com-
pleteness of the NCRAS prostate cancer data before this
date was low [24]. Individuals with any recorded cancer
(except for non-melanoma skin cancer) before the first
PSA test date were excluded from the analysis, as were
men who died within 1 year of the test date with no pros-
tate cancer diagnosis.

Outcome variables

Prostate cancer diagnoses within 1 year of PSA test were
identified from the NCRAS data, using ICD10 code C61.
Prostate cancer stage at diagnosis was defined using the
tumour, nodes and metastasis (TNM) classification,
with a T stage of 3 or 4 or an M stage of 1 classified as
advanced.

Main exposure variables

Participants’ ethnicity was defined based on the catego-
ries used in the UK Census, which aligns with those col-
lected in UK healthcare settings. This comprised White
(British, English, Welsh, Scottish, Northern Irish, any
other White background), Asian (Indian, Pakistani,
Bangladeshi, Chinese, any other Asian background),
Black (African, Caribbean, any other Black background),
Mixed (White and Black Caribbean, White and Black
African, White and Asian, any other Mixed background),
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and Other (Arab, any other ethnic group). The ethnic
groups in HES APC directly map onto the census cat-
egories (White, Indian, Pakistani, Bangladeshi, Chinese,
Other Asian, Black African, Black Caribbean, Other
Black, Mixed, and Other). Information on participants’
ethnicity was obtained from the CPRD using an algo-
rithm described in previous studies [25-27]. For those
with missing data in the CPRD, we used HES ethnicity, as
detailed in Additional file 1.

Raw PSA values were recoded to binary variables (with
categories normal or raised). The PSA tests used in this
study were performed at a time when guidance on rec-
ommended test thresholds in England was evolving,
and a range of thresholds were applied by laboratories:
some age-based and some with a single PSA threshold
for men of all ages. The primary analyses for this study
used the age-specific PSA thresholds, which were intro-
duced by NICE in 2021 [7]: 0-2.5 ng/ml for men aged
40 to 49, 0-3.5 ng/ml for men aged 50 to 59, 0—4.5 ng/
ml for men aged 60 to 69, and 0—6.5 ng/ml for men aged
70 to 79. The guidelines suggest the use of clinical judge-
ment for men over 79. The threshold for men aged 70 to
79 (0-6.5 ng/ml) was applied to men over 79 years old,
based on advice by clinicians in the study team. Addition-
ally, the analysis was repeated with the fixed threshold of
0-3 ng/ml for all men, as this has been used in the UK
during the study period, and in other countries. For each
patient, the first PSA test result during the study period
was selected as their index test for the study.

Other covariates

Covariates included in analyses were year of blood test,
age in 5-year age-bands, deprivation, alcohol intake,
smoking status, and body mass index (BMI). Depriva-
tion was measured using quintiles of the rank of the 2015
Index of Multiple Deprivation score (IMD) [28], which is
a composite area-based statistic incorporating informa-
tion on income, employment, education, health, crime,
and housing. A multimorbidity score was calculated for
each patient using the Cambridge Multimorbidity Score
(CMS) methodology [29]. The CMS score was subse-
quently categorised into four groups, depending on the
morbidity burden—with the lowest category as 0 (no
morbidity) and three quantiles of multimorbidity score.

Analysis

Multi-level logistic regression, clustering patients within
GP practices, was used to assess if the predictive value of
an abnormal PSA test result varied across ethnic groups.
The first analysis examined prostate cancer incidence
across ethnic groups within 1 year of a PSA test. A sec-
ondary analysis examined the utility of PSA to predict
prostate cancer diagnosed at an advanced stage within
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1 year of the test date by ethnicity. For both analyses,
the marginal distributions of the models were used to
obtain estimated cancer incidences across patient groups
adjusted for all covariates.

Sample size calculations determined that 1118 patients
would be required in each subgroup (ethnicity and
10-year age band) to detect a cancer incidence of 3%
with a margin of error of <1 percentage point. This sam-
ple size was achieved for each of the three main ethnic
groups (White, Asian, and Black), but not for all age
bands in the Mixed and Other ethnic groups. Analyses
were conducted using Stata MP version 17.0. Plots were
generated using R 4.2.2 “Innocent and Trusting” Results
were reported in accordance with the Strengthening and
Reporting of Observational Studies in Epidemiology
(STROBE) statement [30] (see Additional file 2).

Patient and public involvement

The funding application for this research was devel-
oped in consultation with an existing Patient and Public
Involvement and Engagement (PPIE) group. The main
findings were discussed with a public collaborator group
specifically recruited for this study, comprising three
African men. The group welcomed the study findings and
emphasised the need for improved awareness of prostate
cancer, especially targeting Black men.

Results

Cohort features

The cohort included 730,515 men who had a PSA test
(Fig. 1), of which 89% (649 445) were White (Table 1).
There was a high degree of heterogeneity between eth-
nic groups in terms of age distribution and deprivation,
with the White group being substantially older and living
in less deprived areas than the other groups. Across all
age groups, Asian men had the lowest PSA values, with
95th percentile values of 2.2, 4.0, 6.7, 8.8, and 13.3 for the
age groups 40-49, 50-59, 60-69, 70-79, and 80 +respec-
tively (Table 2). The highest 95th percentile values were
seen in Black men and men of mixed ethnicity at 2.9 (the
value for both Black and Mixed groups), 6.0 (Black), 12.9
(Black), 26.9 (Mixed) and 55.4 (Mixed) for the age groups
detailed above.

One-year prostate cancer incidence

Modelling of the risk of prostate cancer diagnosis within
1 year of a PSA test generated prostate cancer incidence
estimates adjusted for demographic features. The results
of this analysis demonstrated substantial differences
between men in the White, Black, and Asian groups
(Fig. 2, Additional file 3: Table S4). Using age-based PSA
thresholds, 19.8% (95% confidence interval (CI):19.4%,
20.2%) of White men with a raised PSA had a diagnosis
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People in the CPRD dataset:

- registered with a GP between 2010and 2017

- with a record of ethnicity

- with a record of one of 8 common blood markers
- aged 40 or over at study end date

5851074
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Excluded:

No PSAtest recorded

A4

834197

5016877

Aged under 40 at the time of PSA test

i

820454

13743

Recorded as female on GP system

i

A4

982

819472
. | Previous cancer diagnosis
v 74004
745 468
T Died within one year of PSA test
v il with no prostate cancer diagnosis
14953
Total included 730515
Fig. 1 Cohort selection flowchart
Table 1 Population characteristics
Number of Proportion Age, median Percent of Percent of Percent of Prostate Advanced
patients of cohort patients aged patients in patients with no cancer prostate cancer
60 or over most deprived  multimorbidity incidence? incidence®
quintile
White 649445 88.9% 64 64.2% 12.4% 23.3% 24305 (3.7%) 8110 (1.2%)
Asian 37827 5.2% 59 47.7% 22.5% 24.1% 465 (1.2%) 140 (0.4%)
Black 31053 4.3% 54 33.9% 41.7% 32.5% 1198 (3.9%) 320 (1.0%)
Mixed 5736 0.8% 55 37.0% 26.0% 32.0% 155 (2.7%) 36 (0.6%)
Other 6454 0.9% 56 38.7% 25.5% 36.9% 115 (1.8%) 44 (0.7%)

? Unadjusted cancer incidence within 1 year of PSA test. All patients including those with a normal PSA result

of prostate cancer in the following year, compared with
13.4% (95% CI:12.2%, 14.7%) of Asian men and 24.7%
(95% CI:23.3%, 26.2%) of Black men. Men in the Mixed
and Other ethnic groups had much wider confidence
intervals for all outcomes, with an estimated incidence of
19.4% (95% CI: 16.6%, 22.6%) for men in the Mixed group

and 15.9% (95% CI:13.2%, 19.0%) for men in the Other
group. Analysis using the fixed PSA threshold generated
lower cancer incidence estimates for all ethnic groups,
but the same relative pattern (Additional file 3: Table S4).

One-year prostate cancer incidence stratified by age
group for the three largest ethnic groups is illustrated in
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All prostate cancers
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Advanced prostate cancers
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Fig. 2 Prostate cancer incidence following a raised PSA test result (adjusted for age and other demographic factors)

Fig. 3. In this analysis using age-based PSA thresholds,
there was a marked difference in prostate cancer inci-
dence by ethnic group, especially in the youngest age
groups (ages 40—69) (Additional file 3: Table S8).

One-year advanced prostate cancer incidence
Advanced prostate cancer incidence was also investi-
gated using regression modelling (Fig. 2). Asian men

had lower incidence of advanced prostate cancer within
a year of a raised PSA result compared with White or

30

20

40-49

50-59

60-69

Estimated prostate cancer incidence (percent)

Black men, both using age-based PSA thresholds and
a fixed PSA threshold (Additional file 3: Table S6).
Advanced prostate cancer incidence for Asian men with
a raised PSA result was 4.5% (95% CI: 3.8%, 5.3%) com-
pared with 7.5% for White men (95% CI: 7.3%, 7.8%)
and 7.0% for Black men (95% CI: 6.1%, 7.8%), using age-
based thresholds. Incidence estimates for men in the
Mixed and Other groups are harder to interpret, as the
smaller group size leads to wider confidence intervals.

Ethnicity
Black
— White

— Asian

70-79 80+

Age group

Showing estimated prostate cancer incidence from regression models, and 95% confidence intervals,

using age-based PSA thresholds
Adjusted for demographic covariates

Fig. 3 One-year prostate cancer incidence following a raised PSA test result, by age group
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When stratified by age group, the 1-year incidence of
advanced prostate cancer showed substantial overlap of
the confidence intervals across ethnic groups (Fig. 4).
White men had the highest incidence of advanced can-
cer in the oldest age groups (at ages 70-79 and 80+),
while Asian men had the lowest incidence of advanced
disease, particularly among those aged 40 to 69 years. In
the youngest age group, 40—49 years, Black men had the
highest rate of advanced prostate cancer, although the
confidence interval at this point does overlap with that of
the White group (incidence for White men 1.4% (95% CI:
1.0%, 1.8%); incidence for Black men 3.2% (95% CI: 1.7%,
4.8%)) (Additional file 3: Table S8).

Discussion

Main findings

A marked difference in 1-year prostate cancer incidence
across ethnic groups was observed. Twenty-five percent
of Black men with a raised PSA were diagnosed with
prostate cancer within 1 year, compared with 20% of
White men and 13% of Asian men. One-year incidence of
advanced prostate cancer, however, was similar for Black
and White men following a raised PSA result.

Strengths and weaknesses

This study was based on a large, routinely collected data-
set covering approximately 20% of the UK population
[21] and a timeframe of 8 years. PSA test results were
automatically captured in the primary care data, mini-
mising recording errors. Ethnicity recording in the com-
bined CPRD Aurum and HES dataset was available for
more than 90% of patients. The primary care dataset is
linked to NCRAS, the definitive record of cancer diagno-
ses in England.
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A limitation of the study was the inability to calcu-
late the false negative rate of PSA, in part because most
patients with elevated PSA would be referred for special-
ist investigation in secondary care while almost all men
with normal PSA levels would not. Additionally, it was
impossible to fully determine the reasons behind each
PSA test in primary care. While there is some degree of
opportunistic screening with PSA tests [31, 32], there is
no formal screening programme for prostate cancer in
the UK. Clinical guidelines recommend PSA testing for
men with LUTS and other symptoms associated with
prostate cancer. In practice, however, we know that many
seemingly asymptomatic men do request PSA screening
in UK primary care.

It is probable that some level of bias exists in the level
of PSA testing by ethnicity in primary care. For instance,
men considered at risk of prostate cancer (aged over
50 years, men with a family history of prostate can-
cer, and Black men) may be more likely to request or be
offered a PSA test and to be offered specialist investiga-
tions for a borderline result. This is not something that
has been addressed in this study but clearly would benefit
from further investigation.

The CPRD data resource is representative of the general
population of England in terms of socio-demographic
measures and ethnic groups [33, 34]. However, the White
and Black groups were slightly over-represented in this
cohort, while the Asian, Mixed, and Other ethnic groups
were marginally under-represented.

This project used combined ethnic grouping for analy-
ses for simplicity, although it is recognised that this may
hide differences between ethnic sub-groups. Further-
more, it was not possible to draw any conclusions from
the analyses involving the Mixed and Other ethnic groups

—
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o
2 8 Ethnicity
50
-2 Black
8o
2o — White
85 5
>0 —_
5O Slan
® O
L
(]
£
k7] 0
w

40-49 50-59 60-69 70-79 80+

Age group

Showing estimated advanced prostate cancer incidence from regression models,
and 95% confidence intervals, using age-based PSA thresholds

Adjusted for demographic covariates

Fig. 4 One-year advanced prostate cancer incidence following a raised PSA test result, by age group
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due to significant heterogeneity within these groups, rel-
atively younger age and smaller sample sizes, making it
difficult to identify any clear patterns.

A limitation of the study is that we did not examine
ethnic differences in disease aggressiveness or patient-
reported outcomes following a raised PSA. This is an
important area for future work. Finally, we did not assess
the role of family history of prostate cancer as this factor
was not well-recorded in our dataset.

Comparison with other studies

This is the first UK study to investigate the role of PSA in
prostate cancer diagnosis, including advanced-stage dis-
ease, by ethnic group.

The observation of higher incidence of prostate cancer
in Black men is well known. A recent study in England
reported age-standardised incidence rates for Black men
at 2.1 times that of White men and age-standardised inci-
dence for Asian men 0.5 times that of White men [15]. In
the USA, Siegel et al. [17] showed that Black men (exclud-
ing Hispanic men) had age-standardised prostate cancer
incidence that was 1.7 times that of White men, while
men classified as Asian/Pacific Islander (API) had a pros-
tate cancer incidence 0.7 times that of White men. These
figures support those from the current analysis, showing
that prostate cancer incidence in Black men was 1.3 times
that of White men and Asian men having a prostate can-
cer incidence that was 0.7 times that of White men.

Previous research on cancer stage at diagnosis gives a
more complex picture. For instance, a study using English
data [18] found that men classified as Caribbean or Afri-
can had lower odds of being diagnosed with late-stage
disease, compared to White men, while Chinese and
Asian men had similar odds compared to White men.
A recent study of patients from the USA [19] found that
Black men had a higher incidence of regional or distant
disease compared to White men and that men in the API
group had a lower incidence of regional or distant disease
compared to White men but that the proportion of can-
cers diagnosed at a localised stage is similar.

Interpretation

Given that most patients who are diagnosed with pros-
tate cancer have slowly developing disease, there is the
potential that some men will be diagnosed and treated
for prostate cancer, who may not have suffered signifi-
cant morbidity from the disease during their lifetime. The
potential for overdiagnosis and the subsequent psycho-
logical and physical impact of diagnosis and treatment is
an important consideration [35]. Unlike many other can-
cer sites, it can be argued that it may not be beneficial for
every prostate cancer diagnosis to be treated with cura-
tive intent.
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Black men are more likely to be diagnosed with prostate
cancer than men from other ethnic groups, especially in
the younger age groups. However, Black men with raised
PSA in this cohort have not experienced higher rates of
advanced prostate cancer, which is reassuring. It is pos-
sible that the higher levels of PSA seen in Black men are
not the result of higher prostate cancer rates but a causal
factor, given the nature of prostate cancer as a typically
indolent disease. The low rate of advanced cancer seen in
Asian men suggests that lower PSA levels in these men
are not leading to widespread underdiagnosis of clinically
significant disease.

This study observed differences in PSA levels and pros-
tate cancer incidence between ethnic groups but cannot
explore reasons for those observed differences. Possi-
ble causal factors may include genetic factors, access to
healthcare, and other environmental/social causes, cov-
ering a wide range of factors such as diet, exercise, and
the experience of racism [36]. Genetic differences in
prostate cancer susceptibility have been identified [37],
but it is unlikely this completely explains the observed
effects. UK evidence suggests that men from differ-
ent ethnic groups are equally likely to seek medical help
for LUTS [38]. However, Asian men are less likely to be
offered a PSA test [38], and Black men may be reluctant
to accept prostate investigations when the perceived
risk of prostate cancer is low [39]. Previous research has
shown a mixed picture in terms of severity of prostate
disease in Black men compared with White men. This
may reflect the variety of settings in which data has been
collected, different patient populations, and differences
in access to healthcare. The near-identical outputs from
our models adjusted for available demographic factors
and those without suggests that these factors (depriva-
tion, multimorbidity, BMI, smoking and alcohol use) are
unlikely to have a substantial role in mediating the effects
we identified.

Unanswered questions and future research

Available ethnicity data does not allow analysis of more
detailed ethnic group categories or related elements such
as ancestry or country of birth. This information could
be valuable to enable a better understanding of possible
mechanisms underlying the effects that we have seen.
While many studies have examined genetic factors with
the potential to impact on PSA testing and prostate can-
cer diagnosis, the lack of ethnic diversity in genomics
datasets is an issue in Western countries.

Further research to investigate the effect of apply-
ing different PSA thresholds, either to the population
as a whole or to ethnic subgroups, is needed to judge
whether adjustments to the current PSA thresholds are
appropriate.
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Conclusions

Given the differences in prostate cancer incidence and
outcomes between ethnic groups this research gives a
valuable insight into the relationship between ethnicity,
PSA, and prostate cancer diagnosis in the UK. When
designing screening programmes or advice for clini-
cians on opportunistic screening, it may be necessary
to consider the possibility that the identified differences
in PSA distribution and prostate cancer incidence in
the different ethnic groups may lead to differential
under- or over-diagnosis in certain groups. Although
early diagnosis of prostate cancer is important to
improve outcomes, any testing programme would need
to carefully consider this evidence to ensure that new
guidelines did not lead to inferior outcomes for people
from any ethnic group.
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BMI Body mass index

@] Confidence interval
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LUTS Lower urinary tract symptoms

NCRAS National Cancer Registration and Analysis Service
NHS National Health Service

NICE National Institute for Health and Care Excellence
PCRMP Prostate Cancer Risk Management Programme
PPIE Patient and public involvement and engagement
PSA Prostate-specific antigen

TNM Tumour, nodes, metastases

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-024-03283-5.

Additional file 1. Ethnicity derivation flowchart.
Additional file 2. STROBE Statement—completed checklist

Additional file 3: Table S1. Demographics. Table S2. PSA values.

Table S3. Unadjusted one-year prostate cancer incidence. Table S4.
Model output—estimated one-year prostate cancer incidence for men
with a raised PSA result. Table S5. Model output—estimated one-year
prostate cancer incidence for men with a raised PSA result—stratified
by age group. Table S6. Model output for advanced prostate cancer—
estimated one-year advanced prostate cancer incidence for men with a
raised PSA result. Table S7. Model output for advanced prostate cancer—
estimated one-year advanced prostate cancer incidence for men with a
raised PSA result—stratified by age group. Table S8. Statistics presented
in Figs. 3 and 4.

Acknowledgements

Support to generate multimorbidity covariates was provided by Dr Sarah
Price and Dr Bianca Wiering. Our patient and public collaborators were Uzoezi
Akpoarebe, Sunday Solomon Josiah, and Justus Imoyera, and patient and
public involvement was co-ordinated by Lucy Kirkland. We thank the Higgins
family for their support.

This work uses data provided by patients and collected by the NHS as part of
their care and support.

Page 9 of 10

Authors’ contributions

LD carried out the data analysis, wrote the manuscript, and is the guarantor.
MB assisted with data preparation. SM and JW provided clinical advice and
technical support on the use of test data. LM provided statistical support.
SB, LM, and TM designed and supervised the research project and advised
on the analysis and interpretation. All authors read and approved the final
manuscript.

Authors’ Twitter handles

Twitter handles: @sSarahBailey (Sarah Bailey)
@SamMerriel (Sam Merriel)
@drjessicawatson (Jessica Watson)
@martins_tani (Tanimola Martins)
@mel__barlow (Melissa Barlow)

Funding

This work was funded by Cancer Research UK (EDDCPJT/100031) and the
NIHR School for Primary Care Research (SPCR) (project reference 511). TM also
received funding from Cancer Research UK (C56361/A26124) and NIHR SPCR
(FR5/604). SB is supported by an NIHR Advanced Fellowship (NIHR301666).
Additional support was provided by the Higgins family.

The views expressed are those of the author(s) and not necessarily those of
the NIHR or the Department of Health and Social Care.

Availability of data and materials
The data was provided to us under licence from CPRD; therefore, we are
unable to share this dataset.

Declarations

Ethics approval and consent to participate

CPRD has ethics approval to support research using anonymised patient data
from East Midlands - Derby Research Ethics Committee (ref 21/EM/0265). No
individual patient data is included in this report.

Consent for publication
Not applicable.

Competing interests

All authors had financial support from Cancer Research UK, the National
Institute for Health and Care Research (NIHR), and the Higgins family for the
submitted work.

Author details

'Department of Health and Community Sciences, University of Exeter, St Lukes
Campus, Heavitree Road, Exeter EX1 2LU, UK. *Centre for Primary Care & Health
Services Research, University of Manchester, Oxford Road, Manchester M13
9PL, UK. *Centre for Academic Primary Care (CAPC), Population Health Sci-
ences, Bristol Medical School, University of Bristol, Canynge Hall, 39 Whatley
Road, Bristol BS8 2PS, UK.

Received: 12 September 2023 Accepted: 25 January 2024
Published online: 01 March 2024

References

1. Global Cancer Observatory. Global cancer observatory prostate cancer
figures 2020. 2020.

2. Rosario E, Rosario DJ. Localized prostate cancer. In: StatPearls; 2022.
https://www.ncbi.nlm.nih.gov/books/NBK563248/. Accessed 6 Apr
2022.

3. NHS Digital. Case-mix adjusted percentage of cancers diagnosed at
stages 1 and 2 by CCG in England, 2019 - NHS Digital. 2021.

4. Gnanapragasam VJ, Greenberg D, Burnet N. Urinary symptoms and
prostate cancer—the misconception that may be preventing earlier pres-
entation and better survival outcomes. BMC Med. 2022. https://doi.org/
10.1186/512916-022-02453-7.


https://doi.org/10.1186/s12916-024-03283-5
https://doi.org/10.1186/s12916-024-03283-5
https://www.ncbi.nlm.nih.gov/books/NBK563248/
https://doi.org/10.1186/S12916-022-02453-7
https://doi.org/10.1186/S12916-022-02453-7

Down et al. BMC Medicine

20.

21.

22.

23.

24.

25.

(2024) 22:82

Tikkinen KAO, Dahm P, Lytvyn L, et al. Rapid Recommendations: Prostate
cancer screening with prostate-specific antigen (PSA) test: a clinical
practice guideline. BMJ. 2018. https://doi.org/10.1136/BMJ.K3581.
Public Health England. Prostate cancer risk management programme:
overview. 2016. https://www.gov.uk/guidance/prostate-cancer-risk-
management-programme-overview. Accessed 8 Feb 2023,

National Institute for Health and Care Excellence. Suspected cancer:
recognition and referral. NICE guideline [NG12]. 2021.

Public Health England. Prostate cancer risk management programme
(PCRMP): benefits and risks of PSA testing. 2016. https://www.gov.uk/
government/publications/prostate-cancer-risk-management-progr
amme-psa-test-benefits-and-risks/prostate-cancer-risk-management-
programme-pcrmp-benefits-and-risks-of-psa-testing#the-psa-test.
Accessed 19 Apr 2023.

Barlow M, Down L, Mounce LTA, Merriel SWD, Watson J, Martins T, Bailey
SER. Ethnic differences in prostate-specific antigen levels in men without
prostate cancer: a systematic review. Prostate Cancer Prostatic Dis. 2022.
https://doi.org/10.1038/541391-022-00613-7.

Espaldon R, Kirby KA, Fung KZ, Hoffman RM, Powell AA, Freedland SJ,
Walter LC. Probability of an abnormal screening prostate-specific antigen
result based on age, race, and prostate-specific antigen threshold. Urol-
0gy. 2014;83:599-605.

. Deantoni EP, Crawford ED, Oesterling JE, Ross CA, Berger ER, McLeod

DG, Staggers F, Stone NN. Age- and race-specific reference ranges for
prostate-specific antigen from a large community-based study. Urology.
1996;48:234-9.

Lacher DA, Thompson TD, Hughes JP, Saraiya M. Total, free, and percent
free prostate-specific antigen levels among U.S. men, 2001-04. Advance
data from vital and health statistics; no 379. Hyattsville: National Center
for Health Statistics; 2006.

Lacher DA, Hughes JP. Total, free, and complexed prostate-specific anti-
gen levels among US men, 2007-2010. Clin Chim Acta. 2015;448:220-7.
Lloyd T, Hounsome L, Mehay A, Mee S, Verne J, Cooper A. Lifetime risk of
being diagnosed with, or dying from, prostate cancer by major ethnic
group in England 2008-2010. BMC Med. 2015;13:1-10.

Delon C, Brown KF, Payne NWS, Kotrotsios Y, Vernon S, Shelton J. Differ-
ences in cancer incidence by broad ethnic group in England, 2013-2017.
BrJ Cancer. 2022. https://doi.org/10.1038/541416-022-01718-5.

Butler EN, Kelly SP, Coupland VH, Rosenberg PS, Cook MB. Fatal prostate
cancer incidence trends in the United States and England by race, stage,
and treatment. Br J Cancer. 2020;123:487-94.

Siegel DA, O'Neil ME, Richards TB, Dowling NF, Weir HK. prostate cancer
incidence and survival, by stage and race/ethnicity - United States,
2001-2017. MMWR Morb Mortal Wkly Rep. 2020;69:1473-80.

Fry A, White B, Nagarwalla D, Shelton J, Jack RH. Original research: Rela-
tionship between ethnicity and stage at diagnosis in England: a national
analysis of six cancer ssite. BMJ Open. 2023. https://doi.org/10.1136/
BMJOPEN-2022-062079.

CaoY, Zhang W, LiY, Fu J, Li H, Li X, Gao X, Zhang K, Liu S. Rates and trends
in stage-specific prostate cancer incidence by age and race/ethnicity,
2000-2017. Prostate. 2021;81:1071-7.

Wolf A, Dedman D, Campbell J, Booth H, Lunn D, Chapman J, Myles P.
Data resource profile: Clinical Practice Research Datalink (CPRD) aurum.
Int J Epidemiol. 2019;48:1740-1740g.

Clinical Practice Research Database. Release notes: CPRD Aurum May
2022.2022.

Herbert A, Wijlaars L, Zylbersztejn A, Cromwell D, Hardelid P. Data
resource profile: Hospital Episode Statistics Admitted Patient Care (HES
APQ). Int J Epidemiol. 2017;46:1093-1093i.

Henson KE, Elliss-Brookes L, Coupland VH, Payne E, Vernon S, Rous B,
Rashbass J. Data resource profile: national cancer registration dataset in
England. Int J Epidemiol. 2020;49:16-16h.

Merriel SWD, Turner EL, Walsh E, et al. Cross-sectional study evaluating
data quality of the National Cancer Registration and Analysis Service
(NCRAS) prostate cancer registry data using the Cluster randomised trial
of PSA testing for Prostate cancer (CAP). BMJ Open. 2017. https://doi.org/
10.1136/BMJOPEN-2017-015994.

Martins T, Abel G, Ukoumunne OC, Mounce LTA, Price S, Lyratzopoulos G,
Chinegwundoh F, Hamilton W. Ethnic inequalities in routes to diagnosis
of cancer: a population-based UK cohort study. Br J Cancer. 2022. https://
doi.org/10.1038/541416-022-01847-X.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37

38.

39.

Page 10 of 10

Mathur R, Bhaskaran K, Chaturvedi N, Leon DA, Van Staa T, Grundy E,
Smeeth L. Completeness and usability of ethnicity data in UK-based
primary care and hospital databases. J Public Health (United Kingdom).
2014;36:684-92.

Mathur R, Palla L, Farmer RE, Chaturvedi N, Smeeth L. Ethnic differences
in the severity and clinical management of type 2 diabetes at time of
diagnosis: a cohort study in the UK Clinical Practice Research Datalink.
Diabetes Res Clin Pract. 2020;160:108006.

Department for Communities and Local Government. The English Index
of Multiple Deprivation (IMD) 2015-Guidance. 2015.

Payne RA, Mendonca SC, Elliott MN, Saunders CL, Edwards DA, Marshall
M, Roland M. Development and validation of the Cambridge Multimor-
bidity Score. CMAJ. 2020;192:E107-14.

von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke
JP. The Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement: guidelines for reporting observational studies.
Lancet. 2007;370:1453-7.

Clift AK, Coupland CAC, Hippisley-Cox J. Prostate-specific antigen testing
and opportunistic prostate cancer screening: a cohort study in England,
1998-2017. Br J Gen Pract. 2021;71:E157-65.

Young GJ, Harrison S, Turner EL, et al. Prostate-specific antigen (PSA) test-
ing of men in UK general practice: a 10-year longitudinal cohort study.
BMJ Open. 2017. https://doi.org/10.1136/BMJOPEN-2017-017729.
Shiekh SI, Harley M, Ghosh RE, Ashworth M, Myles P, Booth HP, Axson EL.
Completeness, agreement, and representativeness of ethnicity recording
in the United Kingdom's Clinical Practice Research Datalink (CPRD) and
linked Hospital Episode Statistics (HES). Popul Health Metr. 2023;21:3.
Mahadevan P, Harley M, Fordyce S, Hodgson S, Ghosh R, Myles P, Booth H,
Axson E. Completeness and representativeness of small area socioeco-
nomic data linked with the UK Clinical Practice Research Datalink (CPRD).
J Epidemiol Community Health. 2022,76:880-6.

Vickers A, O'Brien F, Montorsi F, Galvin D, Bratt O, Carlsson S, Catto JW,
Krilaviciute A, Philbin M, Albers P. Current policies on early detection of
prostate cancer create overdiagnosis and inequity with minimal benefit.
BMJ. 2023;381:2071082.

Taitt HE. Global trends and prostate cancer: a review of incidence,
detection, and mortality as influenced by race, ethnicity, and geographic
location. Am J Mens Health. 2018;12:1807.

Arenas-Gallo C, Owiredu J, Weinstein |, et al. Race and prostate cancer:
genomic landscape. Nat Rev Urol. 2022;19(9):547-61.

Martins T, Walter FM, Penfold C, Abel G, Hamilton W. Primary care use by
men with symptoms of possible prostate cancer: a multi-method study
with an ethnically diverse sample in London. Eur J Cancer Care (Eng).
2021. https://doi.org/10.1111/ECC.13482.

Martins T, Ukoumunne OC, Banks J, Raine R, Hamilton W. Ethnic dif-
ferences in patients’ preferences for prostate cancer investigation: a
vignette-based survey in primary care. Br J Gen Pract. 2015;65:e161-70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1136/BMJ.K3581
https://www.gov.uk/guidance/prostate-cancer-risk-management-programme-overview
https://www.gov.uk/guidance/prostate-cancer-risk-management-programme-overview
https://www.gov.uk/government/publications/prostate-cancer-risk-management-programme-psa-test-benefits-and-risks/prostate-cancer-risk-management-programme-pcrmp-benefits-and-risks-of-psa-testing#the-psa-test
https://www.gov.uk/government/publications/prostate-cancer-risk-management-programme-psa-test-benefits-and-risks/prostate-cancer-risk-management-programme-pcrmp-benefits-and-risks-of-psa-testing#the-psa-test
https://www.gov.uk/government/publications/prostate-cancer-risk-management-programme-psa-test-benefits-and-risks/prostate-cancer-risk-management-programme-pcrmp-benefits-and-risks-of-psa-testing#the-psa-test
https://www.gov.uk/government/publications/prostate-cancer-risk-management-programme-psa-test-benefits-and-risks/prostate-cancer-risk-management-programme-pcrmp-benefits-and-risks-of-psa-testing#the-psa-test
https://doi.org/10.1038/S41391-022-00613-7
https://doi.org/10.1038/S41416-022-01718-5
https://doi.org/10.1136/BMJOPEN-2022-062079
https://doi.org/10.1136/BMJOPEN-2022-062079
https://doi.org/10.1136/BMJOPEN-2017-015994
https://doi.org/10.1136/BMJOPEN-2017-015994
https://doi.org/10.1038/S41416-022-01847-X
https://doi.org/10.1038/S41416-022-01847-X
https://doi.org/10.1136/BMJOPEN-2017-017729
https://doi.org/10.1111/ECC.13482

	Association between patient ethnicity and prostate cancer diagnosis following a prostate-specific antigen test: a cohort study of 730,000 men in primary care in the UK
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources
	Study population
	Outcome variables
	Main exposure variables
	Other covariates
	Analysis
	Patient and public involvement

	Results
	Cohort features
	One-year prostate cancer incidence
	One-year advanced prostate cancer incidence

	Discussion
	Main findings
	Strengths and weaknesses
	Comparison with other studies
	Interpretation
	Unanswered questions and future research

	Conclusions
	Acknowledgements
	References


