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Abstract

Objective

With increases in chronic disease, men with prostate cancer are likely to have at least one
other chronic health condition. The burden and complexity of each additional chronic dis-
ease may complicate prostate cancer treatment and reduce survival. In this paper, we
describe the frequency of multimorbid chronic diseases, HIV and depression among men in
Soweto, South Africa (SA) with and without prostate cancer and determine whether the
presence of multimorbid diseases is associated with metastatic and high-risk, non-meta-
static prostate cancer.

Methods

A population-based case-control study on prostate cancer was conducted among black
men in Soweto. All participants completed a baseline survey on sociodemographics, life-
style, and comorbid medical conditions. All participants completed a depression screening
survey and HIV testing at enrolment. Blood pressure measurements and blood testing for
fasting glucose, total cholesterol, and high-density lipoprotein were performed on a subset
of randomly selected cases and controls. For men with prostate cancer, clinical T staging
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was assessed with the digital rectal examination, the diagnosis was confirmed with a biopsy
and PSA levels were assessed at presentation. The metastatic staging was assessed by
bone scans, and this was confirmed with PSMA PET scans, CT scans and X-rays, standard
for our resource-constrained setting. Normal PSA scores were used as an inclusion criterion
for controls.

Results

Of the 2136 men (1095 with prostate cancer and 1041 controls) included in the analysis,
43.0% reported at least one chronic metabolic disease; 24.1% reported two metabolic dis-
eases; 5.3% reported three metabolic diseases; and 0.3% reported four metabolic diseases.
Men with prostate cancer were more likely to report a multimorbid chronic metabolic disease
compared to controls (p<0.001) and more likely to test positive for HIV (p = 0.05). The major-
ity of men (66.2%) reported at least one metabolic disease, tested negative for HIV and had
a negative depression screen. The clinical characteristics of men with prostate cancer, were
as follows: 396 (36.2%) had a Gleason score of 8 and above; 552 (51.3%) had a PSA score
of >20ng/ml; 233 (21.7%) had confirmed metastatic prostate cancer at diagnosis. Older age
was associated with metastatic prostate cancer (OR = 1.043 95% CI:1.02—1.07) and NCCN
defined high-risk non-metastatic prostate cancer (OR = 1.03 95% CI:1.01—1.05), whilst
being hypertensive was protective (OR = 0.63 95% CI:0.47-0.84 and OR = 0.55 95%
Cl:0.37-0.83) respectively for metastatic and high-risk, non-metastatic prostate cancer.

Conclusion

The high prevalence of multimorbid metabolic diseases and HIV among men with prostate
cancer represents a public health concern in South Africa. There is a need to effectively
address multiple chronic diseases among men with prostate cancer by incorporating coordi-
nated care models.

Introduction

Although data from sub-Saharan Africa (SSA) is sparse, prostate cancer is estimated to be the
leading cause of cancer morbidity and mortality among African men [1, 2]. Evidence from the
beginning of the last decade estimates that in SSA, roughly 54 per 100,000 men were diagnosed
with prostate cancer annually, whilst 20 per 100,000 died from prostate cancer, with some
57,048 deaths expected by 2030 [3, 4]. Recently, the International Agency for Research on Can-
cer (IARC) reported that prostate cancer is the leading cancer in terms of both incidence and
mortality in men in SSA and the Caribbean and that incidence is expected to more than double
in the next two decades [5]. Although prostate cancer mortality rates continue to decline in
high-income global regions, incidence and mortality are rising rapidly in most of SSA [1].

Men of African descent have the highest rates of prostate cancer of any racial or ethnic
group. In the US, the incidence and mortality rates are 71% and 210% higher respectively in
African American men compared to Caucasian American men [6]. Despite the public health
implications of these observations, the underlying cause of this disparity remains unresolved.
In South Africa (SA), which is estimated to have the highest rates of both morbidity and mor-
tality from prostate cancer in SSA, there is a lack of prioritisation of cancer research,
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prevention, treatment and overall management due to a multitude of factors such as lack of
funding and the high burden of HIV and tuberculosis [7, 8].

The observed rapid rise in prostate cancer incidence in SA and across SSA may be due to
an increased prevalence of other chronic diseases such as HIV-AIDS, diabetes, or obesity, or
due to unhealthy lifestyle choices, including physical inactivity, diets lacking fruit and vegeta-
bles, smoking, alcohol intake and reproductive behaviours [7-9]. A population-based case-
control study in Finland identified that middle-aged men diagnosed with metabolic syndrome
were more likely to develop prostate cancer when compared to men without metabolic syn-
drome and that this risk was even greater in men who were overweight and obese [10]. Similar
findings were also reported among African men from various countries including SA, where
overall and central obesity was associated with an increased risk of prostate cancer [11]. The
association between metabolic syndrome and prostate cancer has also been reported elsewhere
[12-14]. Evidence generated across different populations has also indicated that prostate can-
cer might be a common malignancy among HIV-positive men [15]. However, there has been
conflicting evidence as other studies indicate that HIV-positive men have a decreased risk of
prostate cancer [16]. Therefore, in this study, we aim to describe the multimorbid health con-
ditions among African men in SA with and without prostate cancer and to determine factors
associated with prostate cancer stage at diagnosis. Such findings might inform the treatment
and management of prostate cancer in SA so that multiple morbidities are also addressed in a
holistic approach.

Methods
Study setting and data source

This prostate cancer case-control cohort study was set up and coordinated by the University of
the Witwatersrand and based at the Chris Hani Baragwanath Academic Hospital (CHBAH),

in Soweto, Johannesburg. CHBAH is one of seven African study sites participating in the Men
of African Descent and Prostate Cancer (MADCaP) Consortium [17]. Men were recruited at
urology and non-urology outpatient clinics between October 2016 and August 2020. CHBAH
is the third-largest hospital in the world and a government tertiary hospital that predominantly
serves the black urban community in southern and eastern Johannesburg. Most of the patients
presenting at CHBAH are referred from both the public primary and secondary care facilities
around Soweto, a mainly black urban community in southern Johannesburg.

Recruitment of cases and control

Cases. Men of self-reported African descent aged 30 years and above who provided writ-
ten consent and had a histologically confirmed new diagnosis of prostate cancer were
included. Exclusion criteria were a previous cancer diagnosis or inability to provide written
consent or answer questions.

Controls. Men of African descent, aged 30 years and above who had a normal PSA and
provided written consent were recruited predominantly from the CHBAH Ophthalmic
department. Controls matched cases for age (+5 years). Controls were selected from the same
communities as the cases.

Procedures

Interviews and staging. Face-to-face interviews were conducted by research investigators
and trained study staff. Socio-demographic characteristics (age, education) and self-reported
comorbidities (defined as being on chronic treatment for hypertension, diabetes, or
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hyperlipidaemia) were determined at the time of study enrolment. Depression was assessed
using the Patient Health Questionnaire-9 (PHQ-9), which was completed at study enrolment.
Diagnoses were all confirmed with a core biopsy of the prostate, with Gleason scores reported.
PSA was routinely assessed at diagnosis and follow-up visits for surveillance of the disease.
Cases were clinically T- staged by digital rectal examination, and metastatic disease was
assessed by bone scans confirmed as indicated with prostate-specific membrane antigen
(PSMA) PET scans, abdominal CT scans and X-rays, which is the standard for our resource-
constrained public tertiary hospitals.

Blood measurements. The Randox Daytona Plus automated clinical chemistry analyser
method was used to measure fasting plasma glucose and lipid profile (high-density lipoprotein
(HDL) and total cholesterol (TC)) for randomly selected cases and their age-matched controls
(laboratory patient subset). For the rest of the cohort, diagnosis of comorbid diabetes and
hyperlipidaemia was self-reported, as described above. All men enrolled in the study under-
went HIV testing using the enzyme-linked immunosorbent assay (ELISA).

Anthropometric measurements. Blood pressure (BP) was measured on seated partici-
pants for the laboratory patient subset, using the average of the 2" and 3™ readings [18],
according to the American Heart Association guidelines and recommendations [19]. For the
remaining cohort, diagnosis of comorbid hypertension was self-reported, as described above.
Height, waist and hip circumferences, and weight were measured in the complete cohort.

Multimorbidities. For the cohort in whom we measured blood pressure, we categorised
men as hypertensive or normotensive using a cut-off of 140/90 mmHg. For the laboratory
patient subset, we defined dyslipidaemia as a TC level of >6.21 mmol/L or HDL level of <1.19
mmol/L and defined impaired fasting glucose as a fasting glucose level of >5.5 mmol/L [20].
Patients were not required to be fasting for lipid profile lab measurements. Self-reported par-
ticipants were accordingly assigned to these groups. Obesity for the cohort was determined by
calculating the BMI from the weight and height of each participant using the WHO obesity
cut-offs: a BMI of <18.5 kg/m2 was categorised as underweight, 18.5-24.9 kg/m2 as normal,
25-29.9 kg/ m2 as overweight, 30-39.9 kg/m2 as obese, and >40 kg/m2 as morbidly obese
[21]. We further categorized the cohort by the number of comorbid metabolic diseases. The
metabolic disease was defined as obesity (body mass index >30 kg/m2), dyslipidaemia (total
cholesterol >6.21 mmol/L or self-reported dyslipidaemia on treatment), hypertension (mea-
sured blood pressure >140/90 mmHg or self-reported hypertension on treatment), or hyper-
glycaemia (fasting glucose >5.5 mmol/L).

Study outcome measurement. The primary outcome was the prostate cancer stage at
diagnosis. Men with prostate cancer were categorised as having localised or metastatic disease
using bone scan, confirmed PMSA PET, abdominal CT and X-rays. Men with the non-meta-
static disease at diagnosis were further categorised into locally defined prostate cancer risk
groups as per National Comprehensive Cancer Network (NCCN) guidelines [22]. The nonme-
tastatic low-risk disease was defined as a PSA level of less than 10 ng/ml, Gleason grade group
1 (Gleason score 3 + 3) and clinical stage T1-T2a. Intermediate high-risk was defined as cT2b
or cT2¢, and/or has a Grade Group of 2 or 3 (Gleason score of 7) and/or a PSA level between
10 and 20 ng/ml. High risk was defined as stage cT3a, Gleason score of 8-10 independent of
PSA values, or PSA of >20 ng/mL, and very high risk as ¢T3b, ¢T3c or T4 disease.

Statistical analysis. Statistical analyses were performed using Stata version 17 (Stata Corp
Ltd, Texas, USA). The socio-demographic profile and comorbid disease profile in both cases
and controls were analysed, described and reported using Pearson’s 2 and Fisher’s exact tests
for categorical variables and Student’s t-test for continuous variables. Metabolic disease fre-
quencies within the cohort were also reported. Three stepwise multivariate models (logistic
regression) were used to describe factors (socio-demographic characteristics and
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Table 1. Self-reported sociodemographic and multimorbidity in men with and without prostate cancer.

Variables Total (N =2136), n(%) | Men with prostate Cancer (n = 1095), n Men without prostate cancer (n = 1041), n p-value
(%) (%)

Sociodemographic

Age (years), mean (SD) 65.1(8.9) 67.0(8.0) 63.0(9.0) <.001

Level of education

Primary education and below 1100 (51.5) 685(62.6) 415(39.9) <.001

Secondary and some tertiary 1036 (48.5) 410(37.4) 626(60.1)

education

BMI (kg/m®)*

(Underweight) <18.5 92 (4.3) 42 (3.8) 50 (4.8) .538

(Normal) 18.5-24.9 831 (39.0) 419 (38.3) 412 (39.7)

(Overweight) 25-29.9 701 (32.9) 364 (33.3) 337 (32.5)

(Obese) >30 507 (23.8) 269 (24.6) 238 (23.0)

Self-reported hypertension on treatment®

No 902 (42.3) 369(33.7) 533(51.3) <.001

Yes 1231 (57.7) 725(66.3) 506(48.7)

Self-reported high blood sugar or diabetes on treatment®

Yes 1755 (82.2) 183 (16.7) 196 (18.9) 0.440

No 379 (17.8) 911 (83.3) 844 (81.1)

*The following had missing values: BMI (1 case plus 4 controls); Hypertension (1 case plus 2 controls); Diabetes (1 case plus 1 control)

https://doi.org/10.1371/journal.pone.0276050.t001

comorbidities) related to metastatic prostate cancer at diagnosis. The odds ratios were used to
determine the strength of association in three models: stage and socio-demographic character-
istics; stage and comorbidities; and stage and combined socio-demographic characteristics and
comorbidities. A separate multivariable logistic regression model was used to examine the
association of socio-demographic characteristics and comorbidities with high-risk non-meta-
static prostate cancer defined as stage cT3a or higher, or Gleason score of 8-10 independent of
PSA values, or PSA of >20 ng/mL.

Ethical approval and consent to participate. This study was approved by the University
of the Witwatersrand Human Research Ethics Committee (Reference number: M150934). All
participants provided written informed consent.

Results

A total of 2136 men (1095 cases and 1041 controls) were analysed. The mean age of the total
cohort was 65.1 years (standard deviation (SD) 8.9). Men with prostate cancer were signifi-
cantly older than controls (67.0 (SD 8.0) vs 63.0 (SD 9.0) years; p<0.001), and more likely to
be hypertensive (66.3% vs 48.7%, p<0.001). Men with prostate cancer were less likely to have
completed secondary education compared to men without prostate cancer (37.4% vs 60.1%,
p<0.001). There were no significant differences in BMI between the cases and controls
(Table 1).

Opverall, 12% of men included in the analysis were HIV positive (n = 247) and men with
prostate cancer were more likely to be HIV positive, compared to controls (14.0% vs 10%,
p = 0.005). Men with prostate cancer were more likely to have a measured HDL > 1.3 mmol/L
(p<0.001) when compared to men in the control group. There were no significant differences
in measured waist circumference, fasting plasma glucose or rates of depression between the
cases and controls (Table 2).
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Table 2. Measured multimorbidity profile in men with and without prostate cancer.

Variables

Total n(%) Men with prostate Cancer n(%) Men without prostate cancer n(%) p-value

Waist circumference (cm), mean (SD)* (N = 2136) 94.4(12.6) 94.3(12.4) 94.5(12.8) .620

Communicable and non-communicable disease morbidities

Dyslipidaemia (total cholesterol (TC) (N = 878)

TC<6.21 875 (99.7) 670 (99.6) 205 (100.0) 338
TC>6.21 3(0.3) 3(0.4) 0(0.0)

Dyslipidaemia (High-density lipoprotein (HDL) in mmol/L (N = 872)

HDL<1.3 473 (54.2) 338(50.6) 135(66.2) <.001
HDL>1.3 399 (45.8) 330(49.4) 69(33.8)

Hypertension (N = 400)

No 178 (44.5) 85 (42.5) 93 (46.5) <.001
Yes 222 (55.5) 115 (57.5) 107 (53.5)

Fasting glucose (mmol/L) (N = 406)

<55 240 (59.1) 112(54.6) 128(63.7) 050
>5.5 166 (40.9) 93(45.4) 73(36.3)

HIV status’® (N = 2054)

Positive and on treatment 247 (12.0) 147(14.0) 100(10.0) .005
Negative 1807 (88.0) 905(86.0) 902(90.0)

Risk of depression (based on the PHQ-9 scale) (N = 2136)

Yes 4(0.2) 0(0.00) 4(0.4) .040
No 2,132 (99.8) 1,095(100.0) 1,037(99.6)

*Waist circumference was measured for the whole cohort

PHIV status was measured for the whole cohort, with only 82 (43 cases and 39 controls) having missing results.

https://doi.org/10.1371/journal.pone.0276050.t002

Clinical characteristics of men with prostate cancer

The clinical characteristics of men with prostate cancer, were as follows: 396 (36.2%) had a
Gleason score of 8 and above; 552 (51.3%) had a PSA score of >20ng/ml; 233 (21.7%) had met-
astatic prostate cancer at diagnosis; and 67 (6.1%) had clinical T3 disease. The risk categories
of the nonmetastatic cases were low-risk 119 (17.7%), intermediate risk 282 (41.8%), and 273
(40.5%) classified as high/very high-risk (Table 3).

Frequency of metabolic diseases

In the whole cohort, only 27.3% (n = 583) of men reported no comorbid metabolic diseases;
43.0% (n = 918) reported at least one metabolic disease; 24.1% (n = 514) reported two meta-
bolic diseases; 5.3% (n = 114) reported three metabolic diseases; and 0.3% (n = 7) reported
four metabolic diseases. Cases had a significantly greater frequency of two or more metabolic
diseases than controls (p<0.001) (Table 4).

Frequency of at least one metabolic disease, depression, and HIV in men

As shown in Table 4, in the total cohort, the majority of men (66.2%, n = 1408) reported at
least one metabolic disease, had a negative depression screen, and tested negative for HIV;
56.3% (n = 793) of this group were men with prostate cancer. Only 6.5% of men had at least
one metabolic disease, tested positive for HIV and had a negative depression screen. Men with-
out any comorbid conditions (no metabolic diseases, negative depression screen, and negative
HIV test) comprised only 23.6% of the total cohort (n = 503), with the majority being in the
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Table 3. Clinical characteristics of men with prostate cancer.

Variables Total (N = 1095) Men with prostate Cancer n(%)
Gleason scores 1095

Gleason 6 119 (10.8)
Gleason 7 580 (53.0)
Gleason 8-10 396 (36.2)
Tumour T staging 1095

T1 (la-1¢) 572 (52.2)
T2 (2a-2¢) 456 (41.7)
T3 (3a-3¢) 67 (6.1)
PSA categories 1077

<10ng/ml 293 (27.2)
10-20ng/ml 232 (21.5)
>20ng/ml 552 (51.3)
Nonmetastatic disease 674

Low risk 119 (17.7)
Intermediate risk 282 (41.8)
High/very high-risk 273 (40.5)
Metastatic disease 1076

Positive 233 (21.7)
Negative 674 (62.6)
Not reported 169 (15.7)

https://doi.org/10.1371/journal.pone.0276050.t003

control group (67.2%, n = 338). The prevalence of metabolic diseases and HIV-positive status
was significantly higher among cases than in controls (p<0.001), and the prevalence of depres-
sion for the whole cohort was extremely low (Table 5).

Self-reported versus measured proportions of hypertension and high
fasting blood sugar/diabetes

As shown in Tables 1 and 2, the proportion of men with measured impaired fasting glucose
(45.4% and 36.3% respectively among cases and controls) was much greater than the propor-
tion who self-reported being on treatment for diabetes (16.7% and 18.9% respectively among
cases and controls). A high proportion of men in our cohort reported being on treatment for
hypertension (66.3% and 48.7% respectively among cases and controls), yet anthropometric
measurements in the clinic setting revealed a high rate of elevated blood pressure (57.5% of
cases and 53.5% of controls).

Table 4. Frequency of metabolic diseases™ in men, overall and by case/control status.

Metabolic diseases, n Total (N = 2136), n (%) Men with prostate Cancer (n = 1095), n(%) Men without prostate cancer (n = 1041), n(%) p-value

0 583(27.3) 201(18.4) 382(36.7) <.001
1 918(43.0) 468(42.7) 450(43.2)

2 514(24.1) 341(31.1) 173(16.6)

3 114(5.3) 80(7.3) 34(3.3)

4 7(0.3) 5(0.5) 2(0.2)

*Defined as obesity (body mass index >30 kg/m2), dyslipidaemia (total cholesterol >6.21 mmol/L or self-reported HL on medication), hypertension (blood pressure
>140/>90 mmHg or medication use), hyperglycaemia (fasting glucose >5.5 mmol/L self-reported DM on medication)

https://doi.org/10.1371/journal.pone.0276050.t004
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Table 5. Frequency of at least one metabolic disease, depression, or HIV in men, overall and by case/control status.

At least one MD, D, HIV Total (N =2127), n (%) Prostate Cancer (N = 1090), n (%) Controls (N = 1037), n (%) p-value
MD(+), D(-), HIV(-) 1408(66.2) 793(56.3) 615(43.7) < .001
MD(+), D(-), HIV(+) 138(6.5) 96(69.6) 42(30.4)

MD(+), D(+), HIV(-) 1(0.05) 1(100.0) 0(0.00)

MD(-), D(-), HIV(+) 76(3.6) 35(46.1) 41(53.9)

MD(+), D(+), HIV(+) 1(0.05) 0(0.00) 1(100.0)

MD(-), D(-), HIV(-) 503(23.6) 165(32.8) 338(67.2)

MD = Metabolic disease; D = depression and HIV = Human immunodeficiency virus

https://doi.org/10.1371/journal.pone.0276050.t005

Factors associated with metastatic prostate cancer at diagnosis

We examined the factors associated with metastatic prostate cancer using stepwise multivariate
models. In the socio-demographic characteristics model (model 1), older age was associated
with metastatic prostate cancer at presentation (OR = 1.04 CI:1.02-1.07), whilst having sec-
ondary and or tertiary education appeared to be protective, although this was not significant
(OR=0.91CI: 0.61-1.34)

In Model 2 we examined the association of comorbid metabolic diseases with metastatic
prostate cancer at presentation and found that being obese (OR = 0.60 CI:0.37-0.97) was pro-
tective, compared to being overweight, normal weight or underweight. Furthermore, having
hypertension as compared to being normotensive, also had a protective effect against meta-
static prostate cancer (OR = 0.63 CL:0.42-0.92). Having dyslipidaemia (HDL <1.19 mmol/L),
being diabetic and being HIV positive were not associated with metastatic prostate cancer (see
Table 6).

In the fully adjusted model 3, older age remained associated with metastatic prostate cancer
(OR = 1.04 CI:1.02-1.07) and hypertension (OR = 0.55 CI:0.37-0.83) continued to be protec-
tive (see Table 6).

Factors associated with high/very high-risk non-metastatic prostate cancer
at diagnosis

In a model restricted to men with non-metastatic prostate cancer at diagnosis, we evaluated
the factors associated with high/very high-risk versus low/intermediate risk prostate cancer,
using a stage cT3a, Gleason score of 8-10 independent of PSA values, or PSA of >20 ng/mL,
and cT3b, cT3c or T4 disease as the cut-off to define the high/very high-risk non-metastatic
disease. Older age was associated with high/very high-risk non-metastatic prostate cancer
(OR =1.03 CI:1.01-1.05), whilst having dyslipidaemia (HDL <1.19 mmol/L) had a protective
effect (OR = 0.73 CI:0.54-0.98) (Table 7).

Discussion

In this hospital-based case-control study, we described the multimorbidity burden among
African men in Soweto, SA with and without prostate cancer and determined the factors asso-
ciated with metastatic and high/very high-risk non-metastatic prostate cancer at diagnosis. We
found that more than 70.0% of participants had a metabolic disease, which was defined as hav-
ing one or more of the following conditions: obesity (as measured by BMI), dyslipidaemia
(self-reported and on treatment), hypertension (self-reported and on treatment) or diabetes/
hyperglycaemia (self-reported and on treatment). Furthermore, we found that men with pros-
tate cancer had a significantly greater prevalence of metabolic diseases than controls. Several
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Table 6. Multiple logistic regression models of factors associated with bone scan positive (metastatic) prostate cancer stage at diagnosis.

Model 1, sociodemographic OR

Model 2, multimorbidities OR

Model 3. Sociodemographic + multimorbidities OR

(95% CI) (95% CI) (95% CI)
Sociodemographic
Age (years), mean (SD) 1.04(1.02-1.07)** 1.04(1.02-1.07)**
Level of education
Primary education and below Reference Reference
Secondary and some tertiary 0.91(0.61-1.34) 0.93(0.63-1.39)
education
Communicable and non-communicable disease morbidities
Obesity
No Reference Reference
Yes 0.60(0.37-0.97)* 0.63(0.39-1.02)
Dyslipidaemia (High-density lipoprotein (HDL) in mmol/L
No Reference Reference
Yes 0.71(0.46-1.08) 0.72(0.47-1.11)
Hypertension
No Reference Reference
Yes 0.63(0.42-0.92)* 0.55(0.37-0.83)**
Fasting glucose
No Reference Reference
Yes 1.42(0.74-2.74) 1.57(0.81-3.07)
HIV status
Positive Reference Reference
Negative 1.47(0.81-2.65) 1.12(0.61-2.07)
Model Parameters
AIC 747.52 725.28 715.11
BIC 761.61 753.24 752.40

“*p value < .005;
“p value < .05;

AIC = Akaike Information Criterion BIC = Bayesian Information Criterion for probabilistic models

https://doi.org/10.1371/journal.pone.0276050.t006

factors such as dietary intake, alcohol and smoking and lack of physical activity might explain
this high prevalence of metabolic diseases in both men with and without prostate cancer.
Twelve percent (n = 247) of our cohort were HIV positive, with men with prostate cancer
accounting for about 60.0% of this group, highlighting the overlapping burden of non-com-
municable and chronic diseases in the Soweto setting.

Comparing self-report with measured data for hypertension and diabetes, the burden of
impaired glucose metabolism/diabetes appears vastly under-reported and a high proportion of
hypertensive patients on treatment appear not to have well-controlled blood pressure. This find-
ing is concerning for under-diagnosis and under-treatment of hypertension and diabetes in the
SA setting and mirrors our prior findings from a Soweto case-control breast cancer cohort study
[23]. There is underreporting or underestimation when self-reported as compared to actual
measurements and this might be related to the low educational level among our cohort, where
more than half (51.5%) of the men had primary education and below. It may also reflect the
poor clinical management of common lifestyle-associated metabolic diseases in our public
health setting. Therefore, carrying out and improving actual measurement rates in hospitals will
likely foster the adoption of best practices, thus further improving clinical outcomes.
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Table 7. Multiple logistic regression models of factors associated with advanced risk non-metastatic prostate cancer (PSA>20ng/ml at diagnosis)®.

Model 1, sociodemographic OR

(95% CI)
Sociodemographic
Age (years), mean (SD)
Level of education
Primary education and below Reference

Secondary and some tertiary 1.04(0.81-1.33)

education

(95% CI)

1.03(1.02-1.05)**

Communicable and non-communicable disease morbidities

Obesity

No

Yes

Dyslipidaemia (High-density lipoprotein (HDL)
No

Yes

Hypertension

No

Yes

Fasting glucose

No

Yes

HIV status

Positive

Negative

Model Parameters

AIC 1484.19
BIC 1499.13

“*p value < .005;
“p value < .05;

Reference

0.90(0.67-1.20)
<1.19 mmol/)

Reference

0.74(0.56-0.99)*

Reference
0.96(0.74-1.26)

Reference
0.96(0.59-1.54)

Reference
0.89(062-1.27)

1442.80
1472.46

Model 2, multimorbidities OR

Model 3. Sociodemographic + multimorbidities OR
(95% CI)

1.03(1.01-1.05)**

Reference
1.06(0.82-1.37)

Reference
0.94(0.70-1.27)

Reference
0.73(0.54-0.98)*

Reference
0.88(0.67-1.16)

Reference
1.03(063-1.67)

Reference
0.73(0.50-1.06)

1430.10
1469.65

*This was used to classify locally advanced disease for non-metastatic cases only;

AIC = Akaike Information Criterion BIC = Bayesian Information Criterion for probabilistic models

https://doi.org/10.1371/journal.pone.0276050.t007

Overall, older age was associated with metastatic and high/very high-risk non-metastatic
prostate cancer. Our finding that older age is associated with more advanced prostate cancer at
diagnosis is in keeping with previously published literature [24, 25]. Studies of predominantly
Caucasian men have also reported that older men (>60 years) are more likely to have treat-
ment-refractory prostate cancer and may have shorter survival compared to younger men [2,
26]. A survival analysis of our cohort is pending and will provide much-needed prostate out-
comes data for men of African descent living in SA.

We found a high prevalence of metabolic disease among men of African descent in Soweto,
with a significantly higher burden among those with prostate cancer, consistent with findings
from other Caucasian, African American and African populations [11, 27, 28]. An association
between metabolic disease and advanced-stage prostate cancer has been reported in cohort
studies from the USA and Europe [29, 30]. However, findings on the association between spe-
cific metabolic diseases and advanced-stage prostate cancer are conflicting. In our study, men
with prostate cancer were more likely to be hypertensive and yet we found that hypertension
was significantly protective against metastatic prostate cancer at diagnosis, compared to
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normotensive men. This protective effect against metastatic prostate cancer might be due to
aggressive disease management among men with hypertension. Furthermore, this might
reflect a more socioeconomically affluent group, more aware of prostate cancer and its symp-
toms as shown among women with breast cancer from higher socioeconomic households who
conferred a 19% reduction in the odds of having advanced-stage breast cancer at diagnosis
[23]. This finding is similar to what was reported in Sweden among a cohort of over 300 000
construction workers, where hypertension was associated with a decreased risk of incident
prostate cancer (RR = 0.84 (95% CI, 0.76-0.91; p for trend <0.0001), although the reason for
such protective effect was unclear [31]. However, conflicting findings have been reported for
hypertension as a risk factor for prostate cancer [31-38]. A meta-analysis of 21 published stud-
ies indicated that patients with hypertension may be associated with an increased risk of pros-
tate cancer (RR = 1.08, 95% CI:1.02-1.15, p = 0.014) [32].

Diabetes also seemed to be negatively associated with metastatic prostate cancer in our
study, although this was not significant. In previously published literature, the association of
diabetes with advanced-stage prostate cancer is similarly unclear [39-42]. In the United King-
dom, among a cohort of prostate cancer patients, they found type 2 diabetes to be associated
with a 23% increased risk of prostate cancer mortality (HR 1.23, 95% CI 1.04-1.46) [39].

The large multi-centre case-control study of African men, which included participants
from our cohort, found that overall obesity and central obesity were positively associated with
D’Amargio intermediate-risk prostate cancer, but not with low and high-risk disease [11].
Patients with advanced disease likely lose weight.

Despite not being significant, there was an indication that being HIV positive might be
associated with metastatic prostate cancer among our cohort (OR = 1.12 CI:0.61-2.07). This
finding might be in sync with evidence that has shown that African men who are HIV positive
have an associated increased risk of developing different HIV-associated malignancies [15,
43]. Whether HIV is associated with metastatic or high-risk non-metastatic prostate cancer
needs to be explored further. In our setting, where the HIV burden is high, integrated prostate
cancer screening services in antiretroviral therapy clinics, might be of benefit.

The very low depression levels reported for our cohort using the PHQ-9 depression score
appear contradictory to other findings in South Africa and merit further examination. [44, 45].

Study limitations

Our study findings may not be generalisable because this study was conducted at one hospital
in Johannesburg, and participants who enrolled in this study almost exclusively resided in
Soweto. Despite this limitation, our study has generated important information concerning
the high burden of comorbidities among men with prostate cancer and highlights the need for
improved chronic disease management in this population.

Conclusion

The high prevalence of metabolic diseases and HIV among African men with prostate cancer in
SA represents a public health concern. The treatment and management of prostate cancer in SA
must evolve to better address the multimorbidities in this patient population. A holistic approach
should be promoted through the effective implementation of coordinated care models.

Supporting information

S1 Dataset.
(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0276050 October 18, 2022 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276050.s001
https://doi.org/10.1371/journal.pone.0276050

PLOS ONE

Prevalence of multimorbidity in men of African descent with and without prostate cancer

Acknowledgments

We are grateful to the team at the CHBAH for their dedicated and diligent service to patients,
capturing and entering of data. We thank the patients who provided the data that we utilised
in this study and the importance of this data in informing the improvement of our health care
system.

Author Contributions

Conceptualization: Witness Mapanga, Shane A. Norris, Judith S. Jacobson, Alfred I. Neugut,
Audrey Pentz, Tim Rebbeck, Maureen Joffe.

Data curation: Witness Mapanga, Shane A. Norris, Wenlong Carl Chen, Audrey Pentz, Mau-
reen Joffe.

Formal analysis: Witness Mapanga, Yoanna Pumpalova, Sean Doherty, Shauli Minkowitz,
Mohammed Haffejee, Tim Rebbeck, Maureen Joffe.

Funding acquisition: Shane A. Norris, Judith S. Jacobson, Alfred I. Neugut, Maureen Joffe.
Investigation: Audrey Pentz.

Methodology: Witness Mapanga, Shane A. Norris, Ashleigh Craig, Yoanna Pumpalova, Olu-
watosin A. Ayeni, Wenlong Carl Chen, Judith S. Jacobson, Alfred I. Neugut, Mazvita
Muchengeti, Audrey Pentz, Sean Doherty, Shauli Minkowitz, Mohammed Haffejee, Tim
Rebbeck, Maureen Joffe.

Project administration: Witness Mapanga, Audrey Pentz, Maureen Joffe.
Resources: Maureen Joffe.

Supervision: Witness Mapanga, Shane A. Norris, Alfred I. Neugut, Maureen Joffe.
Validation: Witness Mapanga, Oluwatosin A. Ayeni.

Writing - original draft: Witness Mapanga, Yoanna Pumpalova, Maureen Joffe.

Writing - review & editing: Witness Mapanga, Shane A. Norris, Ashleigh Craig, Yoanna
Pumpalova, Oluwatosin A. Ayeni, Wenlong Carl Chen, Judith S. Jacobson, Alfred I. Neu-
gut, Mazvita Muchengeti, Audrey Pentz, Sean Doherty, Shauli Minkowitz, Mohammed
Haffejee, Tim Rebbeck, Maureen Jofte.

References

1. Adeloye D, Adedeji R, Adewale D, Aderemi V, Alexander |, Oyedokun A, et al. An estimate of the inci-
dence of prostate cancer in Africa: A systematic review and meta-analysis. PLoS ONE, 2016; 11(4):
e€0153496. https://doi.org/10.1371/journal.pone.0153496 PMID: 27073921

2. Jemal A, Bray FM, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA: A Cancer
Journal for Clinicians, 2011; 61:69-90 https://doi.org/10.3322/caac.20107 PMID: 21296855

3. Cassell A, Yunusa B, Jalloh M, Ndoye M, Mbodji MM, Diallo A, et al. Management of Advanced and
Metastatic Prostate Cancer: A Need for a Sub-Saharan Guideline. J Oncol, 2019: 1785428. https://doi.
org/10.1155/2019/1785428 PMID: 31885569

4. LevittNS, Steyn K, Dave J, Bradshaw D. Chronic noncommunicable diseases and HIV-AIDS on a colli-
sion course: relevance for health care delivery, particularly in low-resource settings—insights from
South Africa. Am J Clin Nutr, 2011; 94(6):1690S—1696S https://doi.org/10.3945/ajcn.111.019075
PMID: 22089433

5. Culp MB, Soerjomataram I, Efstathiou JA, Bray F, Jemal A. Recent Global Patterns in Prostate Cancer
Incidence and Mortality Rates. Eur Urol, 2020; 77(1):38-52 https://doi.org/10.1016/j.eururo.2019.08.
005 PMID: 31493960

PLOS ONE | https://doi.org/10.1371/journal.pone.0276050 October 18, 2022 12/14


https://doi.org/10.1371/journal.pone.0153496
http://www.ncbi.nlm.nih.gov/pubmed/27073921
https://doi.org/10.3322/caac.20107
http://www.ncbi.nlm.nih.gov/pubmed/21296855
https://doi.org/10.1155/2019/1785428
https://doi.org/10.1155/2019/1785428
http://www.ncbi.nlm.nih.gov/pubmed/31885569
https://doi.org/10.3945/ajcn.111.019075
http://www.ncbi.nlm.nih.gov/pubmed/22089433
https://doi.org/10.1016/j.eururo.2019.08.005
https://doi.org/10.1016/j.eururo.2019.08.005
http://www.ncbi.nlm.nih.gov/pubmed/31493960
https://doi.org/10.1371/journal.pone.0276050

PLOS ONE

Prevalence of multimorbidity in men of African descent with and without prostate cancer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

DeSantis CE, Miller KD, Goding Sauer A, Jemal A, Siegel RL. Cancer statistics for African Americans,
2019. CA Cancer J Clin, 2019; 69(3):211-33. https://doi.org/10.3322/caac.21555 PMID: 30762872

Jemal A, Bray F, Forman D, O'Brien M, Ferlay J, Center M, et al. Cancer burden in Africa and opportuni-
ties for prevention. Cancer, 2012; 118(18):4372—-84 https://doi.org/10.1002/cncr.27410 PMID:
22252462

Boyle P, Levin B, eds. World Cancer Report 2008. Lyon, France: World Health Organization, Interna-
tional Agency for Research on Cancer, 2008.

Kintzel PE, Chase SL, Schultz LM, O’Rourke TJ. Increased risk of metabolic syndrome, diabetes melli-
tus, and cardiovascular disease in men receiving androgen deprivation therapy for prostate cancer.
Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy, 2008; 28(12):1511-22.
https://doi.org/10.1592/phco.28.12.1511 PMID: 19025432

Laukkanen JA, Laaksonen DE, Niskanen L, et al. Metabolic syndrome and the risk of prostate cancer in
Finnish men: a population-based study. Cancer Epidemiol Biomarkers Prev, 2004; 13:1646-50. PMID:
15466982

Agalliu I, Lin WJ, Zhang JS, Jacobson JS, Rohan TE, Adusei B, et al. Overall and central obesity and
prostate cancer risk in African men. Cancer Causes and Control, 2022; 33:223-239 https://doi.org/10.
1007/s10552-021-01515-0 PMID: 34783926

Beebe-Dimmer JL, Dunn RL, Sarma AV, Montie JE, Cooney KA. Features of the metabolic syndrome
and prostate cancer in African-American men. Cancer: Interdisciplinary International Journal of the
American Cancer Society, 2007; 109(5):875-81. https://doi.org/10.1002/cncr.22461 PMID: 17265528

Zhang JQ, Geng H, Ma M, Nan XY, Sheng BW. Metabolic syndrome components are associated with
increased prostate cancer risk. Medical science monitor: International Medical Journal of Experimental
and Clinical Research, 2015; 21:2387. https://doi.org/10.12659/MSM.893442 PMID: 26275075

McGrowder DA, Jackson LA, Crawford TV. Prostate cancer and metabolic syndrome: is there a link?
Asian Pacific Journal of Cancer Prevention, 2012; 13(1):1-3. https://doi.org/10.7314/apjcp.2012.13.1.
001 PMID: 22502649

Silberstein J, Downs T, Lakin C, et al. HIV and prostate cancer: a systematic review of the literature.
Prostate Cancer Prostatic Dis, 2009; 12:6—12. https://doi.org/10.1038/pcan.2008.44 PMID: 18711409

Sun D, Cao M, Li H, et al. Risk of prostate cancer in men with HIV/AIDS: a systematic review and meta-
analysis. Prostate Cancer Prostatic Dis, 2021; 24:24—34. https://doi.org/10.1038/s41391-020-00268-2
PMID: 32801354

Andrews C, Fortier B, Hayward A, Lederman R, Petersen L, McBride J, et al. Development, evaluation,
and implementation of a Pan-African Cancer Research Network: Men of African descent and carcinoma
of the prostate. Journal of Global Oncology, 2018; 4:1-14.

Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension, 2003; 42(6):1206—
1252. https://doi.org/10.1161/01.HYP.0000107251.49515.c2 PMID: 14656957

Goff DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the assessment of cardiovas-
cular risk: A report of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol, 2014; 63(25 Pt B):2935-2959. https://doi.org/10.1016/j.jacc.
2013.11.005 PMID: 24239921

Klug E, Raal F, Marais A, et al. South African Dyslipidaemia Guideline Consensus Statement. S Afr
Med J, 2012; 102(3):178—-187. https://doi.org/10.7196/sam].5502 PMID: 22380916

World Health Organization. Obesity: Preventing and Managing the Global Epidemic (WHO Technical
Report Series 894). Geneva: WHO, 2000 http://www.who.int/nutrition/publications/obesity/ WHO_TRS_
894/en/ (Accessed 8 March 2022)

National Comprehensive Cancer Network. NCCN Prostate Cancer Guidelines, 2022. Version 4.2022.
Accessed on 8 September 2022 at https://www.nccn.org/guidelines/guidelines-detail?category=1&id=
1459

Ayeni O, Joffe M, Cubasch H, Rinaldi S, Taljaard C, Vorster E, et al. Prevalence of comorbidities in
women with and without breast cancer in Soweto, South Africa: Results from the SABC study. S Afr
Med J, 2019; 109(4):264—271. https://doi.org/10.7196/SAMJ.2019.v109i4.13465 PMID: 31084693

American Cancer Society, authors. Cancer Facts & Figures 2007. Atlanta, GA: American Cancer Soci-
ety; 2007

Newcomer LM, Stanford JL, Blumenstein BA, et al. Temporal trends in rates of prostate cancer: declin-
ing incidence of advanced stage disease, 1974 to 1994. J Urol. 1997; 158:1127-1130. https://doi.org/
10.1016/s0022-5347(01)64231-9 PMID: 9302136

Stangelberger A, Waldert M, Djavan B. Prostate Cancer in elderly men. Rev Urol, 2008; 10(2):111-119
PMID: 18660852

PLOS ONE | https://doi.org/10.1371/journal.pone.0276050 October 18, 2022 13/14


https://doi.org/10.3322/caac.21555
http://www.ncbi.nlm.nih.gov/pubmed/30762872
https://doi.org/10.1002/cncr.27410
http://www.ncbi.nlm.nih.gov/pubmed/22252462
https://doi.org/10.1592/phco.28.12.1511
http://www.ncbi.nlm.nih.gov/pubmed/19025432
http://www.ncbi.nlm.nih.gov/pubmed/15466982
https://doi.org/10.1007/s10552-021-01515-0
https://doi.org/10.1007/s10552-021-01515-0
http://www.ncbi.nlm.nih.gov/pubmed/34783926
https://doi.org/10.1002/cncr.22461
http://www.ncbi.nlm.nih.gov/pubmed/17265528
https://doi.org/10.12659/MSM.893442
http://www.ncbi.nlm.nih.gov/pubmed/26275075
https://doi.org/10.7314/apjcp.2012.13.1.001
https://doi.org/10.7314/apjcp.2012.13.1.001
http://www.ncbi.nlm.nih.gov/pubmed/22502649
https://doi.org/10.1038/pcan.2008.44
http://www.ncbi.nlm.nih.gov/pubmed/18711409
https://doi.org/10.1038/s41391-020-00268-2
http://www.ncbi.nlm.nih.gov/pubmed/32801354
https://doi.org/10.1161/01.HYP.0000107251.49515.c2
http://www.ncbi.nlm.nih.gov/pubmed/14656957
https://doi.org/10.1016/j.jacc.2013.11.005
https://doi.org/10.1016/j.jacc.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24239921
https://doi.org/10.7196/samj.5502
http://www.ncbi.nlm.nih.gov/pubmed/22380916
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1459
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1459
https://doi.org/10.7196/SAMJ.2019.v109i4.13465
http://www.ncbi.nlm.nih.gov/pubmed/31084693
https://doi.org/10.1016/s0022-5347%2801%2964231-9
https://doi.org/10.1016/s0022-5347%2801%2964231-9
http://www.ncbi.nlm.nih.gov/pubmed/9302136
http://www.ncbi.nlm.nih.gov/pubmed/18660852
https://doi.org/10.1371/journal.pone.0276050

PLOS ONE

Prevalence of multimorbidity in men of African descent with and without prostate cancer

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Ng HS, Koczwara B, Roder D, Vitry A. Development of comorbidities in men with prostate cancer
treated with androgen deprivation therapy: an Australian population-based cohort study. Prostate Can-
cer Prostatic Dis 2018; 21:403—410 https://doi.org/10.1038/s41391-018-0036-y PMID: 29720722

Morgans AK, Fan KH, Koyama T, Albertsen PC, Goodman M, Hamilton AS, et al. Influence of age on
incident diabetes and cardiovascular disease in prostate cancer survivors receiving androgen depriva-
tion therapy. J Urol. 2015 Apr; 193(4):1226-31. https://doi.org/10.1016/j.juro.2014.11.006 PMID:
25451829

Boakye D, Gunther K, Niedermaier T, Haug U, Ahrens W, Nagrani R. Associations between comorbidi-
ties and advanced stage diagnosis of lung, breast, colorectal, and prostate cancer: A systematic review
and meta-analysis. Cancer Epidemiol, 2021; 75:102054. https://doi.org/10.1016/j.canep.2021.102054
PMID: 34773768

Scuteri A, Laurent S, Cucca F, et al. Metabolic syndrome across Europe: different clusters of risk fac-
tors. Eur J Prev Cardiol, 2015; 22:486—491 https://doi.org/10.1177/2047487314525529 PMID:
24647805

Liang Z., Xie B., Li J. et al. Hypertension and risk of prostate cancer: a systematic review and meta-anal-
ysis. Sci Rep 6, 31358 (2016). https://doi.org/10.1038/srep31358 PMID: 27511796

Pai PY, et al. Long term antihypertensive drug use and prostate cancer risk: A 9-year population-based
cohort analysis. Int J Cardiol, 2015; 193:1-7. https://doi.org/10.1016/}.ijcard.2015.05.042 PMID:
26002406

Ganesh B, Saoba SL, Sarade MN, Pinjari SV. Risk factors for prostate cancer: An hospital-based case-
control study from Mumbai, India. Indian J Urol, 2011; 27:345-350. https://doi.org/10.4103/0970-1591.
85438 PMID: 22022057

Beebe-Dimmer JL, Dunn RL, Sarma AV, Montie JE, Cooney KA. Features of the metabolic syndrome
and prostate cancer in African-American men. Cancer, 2007; 109:875-881. https://doi.org/10.1002/
cncr.22461 PMID: 17265528

Stocks T, Hergens MP, Englund A, Ye W, Stattin P. Blood pressure, body size and prostate cancer risk
in the Swedish Construction Workers cohort. Int J Cancer, 2010; 127:1660—1668. https://doi.org/10.
1002/ijc.25171 PMID: 20087861

Romero FR, Romero AW. Aimeida RM, Oliveira FC, Tambara Filho R. The significance of biological,
environmental and social risk factors for prostate cancer in a cohort study in Brazil. Int Braz J Urol,
2012; 38:769-778. https://doi.org/10.1590/1677-553820133806769 PMID: 23302414

Grundmark B. et al. The metabolic syndrome and the risk of prostate cancer under competing risks of
death from other causes. Cancer Epidemiol Biomarkers Prev, 2010; 19:2088—2096. https://doi.org/10.
1158/1055-9965.EPI-10-0112 PMID: 20647401

Tande AJ, Platz EA, Folsom AR. The metabolic syndrome is associated with reduced risk of prostate
cancer. Am J Epidemiol, 2006; 164:1094—1102. https://doi.org/10.1093/aje/kwj320 PMID: 16968859

Bensimon L, Yin H, Suissa S, Pollak MN, Azoulay L. Type 2 diabetes and the risk of mortality among
patients with prostate cancer. Cancer Causes Control. 2014; 25:329-338. https://doi.org/10.1007/
$10552-013-0334-6 PMID: 24384808

Yeh HC, Platz EA, Wang NY, Visvanathan K, Helzlsouer KJ, Brancati FL. A prospective study of the
associations between treated diabetes and cancer outcomes. Diabetes Care. 2012; 35:113-118
https://doi.org/10.2337/dc11-0255 PMID: 22100961

Batty GD, Kivimaki M, Clarke R, Davey Smith G, Shipley MJ. Modifiable risk factors for prostate cancer
mortality in London: forty years of follow-up in the Whitehall study. Cancer Causes Control. 2011;
22:311-318. https://doi.org/10.1007/s10552-010-9691-6 PMID: 21116843

Lee J, Giovannucci E, Jeon JY. Diabetes and mortality in patients with prostate cancer: a meta-analysis.
Springerplus, 2016; 5(1):1548 https://doi.org/10.1186/s40064-016-3233-y PMID: 27652121

Engels EA, Biggar RJ, Hall HI, Cross H, Crutchfield A, Finch JL et al. Cancer risk in people infected with
human immunodeficiency virus in the United States. Int J Cancer, 2008; 123:187. https://doi.org/10.
1002/ijc.23487 PMID: 18435450

Herman AA, Stein DJ, Seedat S, Heeringa SG, Moomal H, Williams DR. The South African Stress and
Health (SASH) study: 12-month and lifetime prevalence of common mental disorders. S Afr Med J,
2009; 99(5 Pt 2):339-344. PMID: 19588796

Mpondo F, Kim AW, Tsai AC, Mendenhall E. Development and validation of the Soweto Stress Scale:
Mixed-methods, population-based study of adults living in Soweto, South Africa. Soc Sci Med, 2021;
281:114028. https://doi.org/10.1016/j.socscimed.2021.114023 PMID: 34118687

PLOS ONE | https://doi.org/10.1371/journal.pone.0276050 October 18, 2022 14/14


https://doi.org/10.1038/s41391-018-0036-y
http://www.ncbi.nlm.nih.gov/pubmed/29720722
https://doi.org/10.1016/j.juro.2014.11.006
http://www.ncbi.nlm.nih.gov/pubmed/25451829
https://doi.org/10.1016/j.canep.2021.102054
http://www.ncbi.nlm.nih.gov/pubmed/34773768
https://doi.org/10.1177/2047487314525529
http://www.ncbi.nlm.nih.gov/pubmed/24647805
https://doi.org/10.1038/srep31358
http://www.ncbi.nlm.nih.gov/pubmed/27511796
https://doi.org/10.1016/j.ijcard.2015.05.042
http://www.ncbi.nlm.nih.gov/pubmed/26002406
https://doi.org/10.4103/0970-1591.85438
https://doi.org/10.4103/0970-1591.85438
http://www.ncbi.nlm.nih.gov/pubmed/22022057
https://doi.org/10.1002/cncr.22461
https://doi.org/10.1002/cncr.22461
http://www.ncbi.nlm.nih.gov/pubmed/17265528
https://doi.org/10.1002/ijc.25171
https://doi.org/10.1002/ijc.25171
http://www.ncbi.nlm.nih.gov/pubmed/20087861
https://doi.org/10.1590/1677-553820133806769
http://www.ncbi.nlm.nih.gov/pubmed/23302414
https://doi.org/10.1158/1055-9965.EPI-10-0112
https://doi.org/10.1158/1055-9965.EPI-10-0112
http://www.ncbi.nlm.nih.gov/pubmed/20647401
https://doi.org/10.1093/aje/kwj320
http://www.ncbi.nlm.nih.gov/pubmed/16968859
https://doi.org/10.1007/s10552-013-0334-6
https://doi.org/10.1007/s10552-013-0334-6
http://www.ncbi.nlm.nih.gov/pubmed/24384808
https://doi.org/10.2337/dc11-0255
http://www.ncbi.nlm.nih.gov/pubmed/22100961
https://doi.org/10.1007/s10552-010-9691-6
http://www.ncbi.nlm.nih.gov/pubmed/21116843
https://doi.org/10.1186/s40064-016-3233-y
http://www.ncbi.nlm.nih.gov/pubmed/27652121
https://doi.org/10.1002/ijc.23487
https://doi.org/10.1002/ijc.23487
http://www.ncbi.nlm.nih.gov/pubmed/18435450
http://www.ncbi.nlm.nih.gov/pubmed/19588796
https://doi.org/10.1016/j.socscimed.2021.114023
http://www.ncbi.nlm.nih.gov/pubmed/34118687
https://doi.org/10.1371/journal.pone.0276050

