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Soluble urokinase plasminogen activator receptor and
hypertension among black South Africans after 5 years

Shani Botha1, Carla MT Fourie1, Rudolph Schutte1, Jesper Eugen-Olsen2 and Aletta E Schutte1

Soluble urokinase plasminogen activator receptor (suPAR) is a biomarker that links inflammation with cardiovascular risk.

However, studies linking suPAR and hypertension are scant. First, we determined whether baseline suPAR is elevated in

normotensive black South Africans who developed hypertension over 5 years, compared with those who remained normotensive;

and second, whether hypertension is associated with suPAR. This substudy is embedded in the South African leg of the

Prospective Urban and Rural Epidemiology study, performed in the North West Province. We investigated 429 normotensive

individuals, of which 191 developed hypertension and 238 remained normotensive over 5 years. We determined suPAR from

plasma (ethylenediaminetetraacetic acid) samples with the suPARnostic ELISA Kit and blood pressure with an OMRON

HEM-757 device. Despite similar mean baseline suPAR levels (P=0.43), suPAR increased more in the group that developed

hypertension compared with those who remained normotensive (14.2% vs. 6.94%; P=0.007). Five-year percentage change in

systolic blood pressure correlated positively (r=0.23; P=0.002) and associated independently with baseline suPAR (β=0.14;

P=0.043), only in participants who developed hypertension. Participants were 1.41 times more likely (P=0.015) to develop

hypertension with 1 s.d. increase in percentage change in suPAR levels over 5 years. Change in systolic blood pressure was

associated with baseline suPAR in hypertensive participants and change in suPAR with hypertensive status. This study highlights

the need for more research on the role of suPAR in hypertension and cardiovascular disease development in black South

Africans.
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INTRODUCTION

Inflammation forms an integral part of the mechanisms involved in
the development of cardiovascular and metabolic diseases and has
received attention as a factor mediating both the genesis and the
development of hypertension.1–3

In a hypertensive milieu, factors such as excessive mechanical stress
increase oxidative stress, impair endothelial function and lead to
atherosclerosis.4 It is further known that, in hypertensive patients,
vascular endothelial cells, monocytes and activated T cells are
especially activated and produce various cytokines.2,5 The urokinase
plasminogen activator receptor, for example, is expressed by such cell
types6 and soluble urokinase plasminogen activator receptor (suPAR),
a marker of inflammation,7 is formed during inflammatory stimuli
when the receptor is cleaved from the cellular membrane.8

SuPAR is associated with type 19 and 2 diabetes, incident cancer,
cardiovascular disease and total mortality in the general population.7

More recently, a large study involving 3367 subjects (67% with
coronary artery disease) showed that elevated levels of plasma suPAR
are associated with the presence and severity of coronary artery
disease, as well as that suPAR is an independent predictor of death and

myocardial infarction.10,11 SuPAR further predicts cardiovascular
events10,11 and provides additional prognostic information over and
beyond the Framingham Risk Score, especially when combined with
C-reactive protein (CRP).12 There is however a paucity of information
regarding the role of suPAR in hypertension, especially among the
understudied black South African population in which the prevalence
of hypertension is very high.13

First, we investigated baseline and change in suPAR levels in black
South Africans who developed hypertension and in those who
remained normotensive after 5 years; and second, whether hyperten-
sion is associated with suPAR.

METHODS

Study design and participants
This substudy is embedded in the international Prospective Urban and Rural

Epidemiology (PURE) study.14 We investigated 1068 HIV-uninfected black

men and women from urban and rural areas in the North West Province,

South Africa. Data collection for this substudy took place two times, namely in

2005 (where 520 normotensive participants were included; Supplementary

Figure S1) and in 2010. From these normotensive participants, 191 (36.7%)
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developed hypertension over 5 years and 238 remained normotensive (exclud-
ing 73 participants who were using antihypertensive, anti-inflammatory,
antidiabetic and statin medication, and excluding 18 who had incomplete data
at follow-up). The exact date on which participants became hypertensive during
the 5-year interval could, however, not be determined.
The study protocol was approved by the Ethics Committee of the North-

West University in South Africa and complied with the Declaration of Helsinki
(as revised in 2004). Informed consent was obtained from each participant.
A detailed layout of the experimental protocol for data collection was described
previously.15

Questionnaires
Specially trained field workers obtained questionnaire data in the participants’
home language. Such data included demographic and lifestyle information such
as locality, gender, age, education, employment, alcohol consumption, tobacco
and medication use.

Anthropometric and cardiovascular measurements
We used standardized procedures to obtain anthropometric measurements,
including height (Invicta Stadiometer, IP 1465; Invicta, London, UK), weight

(Precision Health Scale; A & D Company, Tokyo, Japan), hip and waist
circumference (Holtain unstretchable flexible 7mm wide metal tape; Crosswell,
Pembrokeshire, Wales).16

Using an appropriate cuff size, a trained observer took brachial systolic (SBP)
and diastolic blood pressure with an OMRON HEM-757 device (Omron
Healthcare, Kyoto, Japan), in duplicate, 5-min apart, whereas the participant
was in the sitting position. The second value was used. We defined
hypertension according to the 2013 ESH/ESC guidelines as an SBP ⩾ 140
mmHg and/or diastolic blood pressure ⩾ 90mmHg.17

Biochemical analyses
After we obtained fasting blood samples, serum and plasma were prepared
according to appropriate methods. These samples were snap frozen on dry ice
and then stored at − 80 °C in the laboratory until analysis. SuPAR was
determined from plasma (ethylenediaminetetraacetic acid) samples with the
suPARnostic ELISA Kit (ViroGates, Copenhagen, Denmark).18 A Konelab20iTM

autoanalyzer (Thermo Fisher Scientific Oy, Vantaa, Finland) was used in 2005
and a Cobas Integra 400 Roche Clinical System (Roche Diagnostics, Indiana-
polis, IN, USA) in 2010 to determine total cholesterol, high-density lipoprotein
cholesterol, triglycerides, γ-glutamyltransferase and creatinine (by means of an

Table 1 Characteristics of black South African participants showing differences in baseline (2005) and follow-up (2010) of participants who

remained normotensive (n=238) and those who developed hypertension (n=191) after 5 years, respectively

Normotensive (baseline–follow-up) Normotensive (baseline)–hypertensive (follow-up)

Baseline Follow-up P-value Baseline Follow-up P-value

Demographic profile
Age (years) 48.4±0.58a 52.9±0.58b o0.001 50.5±0.69a 55±0.69b o0.001

Gender, men (%) 90/238 (37.8) 64/191 (33.5)

Anthropometric measurements
Body mass index (kgm−2) 23.3±0.39a 24.6±0.44b o0.001 25.5±0.50a 26.5±0.53b o0.001

Waist circumference (cm) 76.1±0.74a 78.5±0.77b o0.001 81.1±0.91a 83.6±0.98b o0.001

Waist-to-hip ratio 0.81±0.01a 0.88±0.01 o0.001 0.83±0.01a 0.88±0.01 o0.001

Cardiovascular measurements
Systolic blood pressure (mmHg) 115±0.75a 119±0.77b o0.001 121±0.79a 147±1.18b o0.001

Diastolic blood pressure (mmHg) 76±0.54a 79±0.47b o0.001 80±0.52a 95±0.66b o0.001

Heart rate (b.p.m.) 70±0.93a 63±0.77 o0.001 74±1.10a 65±1.01 o0.001

Biochemical variables
suPAR (ngml−1) 3.42 (2.21–6.13) 3.56 (2.18–6.29)b 0.016 3.51 (2.30–5.96) 3.97 (2.32–7.06)b o0.001

C-reactive protein (mg l−1) 2.46 (0.20–42.5) 2.90 (0.21–32.6) 0.12 3.33 (0.33–39.5) 2.89 (0.37–18.0) 0.15

Glycated hemoglobin (%) 5.57 (5.00–6.30) 5.92 (5.30–6.80) o0.001 5.58 (4.90–6.60) 5.95 (5.20–7.10) o0.001

Total cholesterol:HDL-cholesterol ratio 3.58±0.08 3.62±0.09 0.55 3.63±0.10 3.86±0.11 0.005

Triglycerides:HDL-cholesterol ratio 0.90±0.04 0.92±0.04 0.66 0.89±0.05 1.05±0.06 0.001

Creatinine clearance (mlmin−1) 89.3±2.34 96.7±2.45 0.002 92.6±3.47 102±2.77 0.001

Lifestyle
γ-Glutamyltransferase (U l−1) 40.6 (19.2–178)a 33.6 (21.1–344)b o0.001 52.8 (11.9–168)a 43.9 (12.0–229)b o0.001

Alcohol consumption, n (%) 70/238 (29.4)a 60/217 (27.7)b o0.001 74/188 (39.4)a 67/180 (37.2)b o0.001

Tobacco use, n (%) 130/237 (54.9) 139/226 (61.5) 0.007 103/189 (54.5) 110/184 (59.8) 0.042

Medication use
Antihypertensive, n (%) 52/191 (27.2)

Anti-inflammatory, n (%) 12/191 (6.28)

Antidiabetic, n (%) 8/191 (4.19)

Statins, n (%) 1/191 (0.52)

Abbreviations: HDL, high-density lipoprotein; suPAR, soluble urokinase plasminogen activator receptor.
Data are expressed as arithmetic mean± s.e., geometric mean (5th and 95th percentile boundaries) or % of n. P-values for comparison between groups were obtained with dependent t-tests and
McNemar tests.
aStatistical significant difference between groups at baseline
bStatistical significant difference between groups at follow-up. P⩽0.05 was regarded as statistically significant.

SuPAR and hypertension in black South Africans
S Botha et al

440

Hypertension Research



enzymatic colorimetric method), as well as high-sensitivity CRP (by means of a
particle enhanced turbidimetric assay) from serum samples. Glucose was
determined in sodium fluoride tubes by means of an enzymatic reference
method with hexokinase (Vitros DT6011 Chemistry Analyzer (Ortho-Clinical
Diagnostics, Rochester, NY, USA) in 2005 and Cobas Integra 400 Roche
Clinical System (Roche Diagnostics, Indianapolis, IN, USA) in 2010). Glycated
hemoglobin was determined from whole blood (ethylenediaminetetraacetic
acid) samples, based on ion-exchange high-performance liquid chromatogra-
phy, with the D-10 Hemoglobin Testing System from Bio-Rad (Hercules, CA,
USA; no. 220-0101). Intra- and intercoefficients of variation for all assays were
below 10%. We determined estimated creatinine clearance using the Cock-
croft–Gault formula.19

Statistical analyses
Variables with a skewed distribution were logarithmically transformed (suPAR,
CRP, plasminogen activator inhibitor-1, glycated hemoglobin and glucose). We
compared means and proportions with independent t-tests and χ2 tests,
respectively. Adjusted differences were determined with analyses of covariance,
whereas differences in means and proportions between baseline and follow-up
within each group were determined with dependent t-tests and McNemar tests,
respectively. We established relationships between variables with Pearson's
correlations, while performing partial correlations and multiple linear regres-
sion analyses (forward stepwise) to establish independent relationships. In the
latter, we used percentage change in SBP (%SBP) as the dependent variable,
with baseline and percentage change in suPAR (%suPAR) as the main
independent variables. Other covariates that were entered into the models
were chosen based on the literature17,20 and on exploratory partial correlation
analyses. We further performed a logistic regression analysis to determine odds
ratios, with hypertension status as dependent variable and %suPAR as
independent variable. The analysis was repeated, while adjusting for other
covariates. Percentage change was calculated as the difference between follow-
up and baseline values, divided by the baseline value and multiplied by 100.
Statistical analyses were performed with Statistica version 12.0 (Statsoft, Tulsa,
OK, USA).

RESULTS

Of the 520 black South Africans who were normotensive at baseline,
we included 429, of which 35% were men, 61% were situated in rural
areas, 21% were employed and 58% had at least a primary school
education. In these participants, suPAR related strongest to age, CRP,
γ-glutamyltransferase and tobacco use (all Po0.009) (Supplementary
Table S1). Table 1 summarises the baseline and follow-up

characteristics according to hypertensive status. Anthropometric
measurements, systolic and diastolic blood pressure, glycated hemo-
globin, creatinine clearance and tobacco use increased (all P⩽ 0.002),
whereas heart rate and measures of alcohol consumption decreased
(all P⩽ 0.042) in both those who remained normotensive and those
who became hypertensive after 5 years. At follow-up, the 191
participants who became hypertensive were older (P= 0.021), had a
higher alcohol consumption (P= 0.042), γ-glutamyltransferase levels
(P= 0.003), body mass index (P= 0.006) and waist circumference
measure (Po0.001), whereas no differences in tobacco use (P= 0.72)
were seen. SBP increased 18% more (Po0.001) in participants who
became hypertensive than those who remained normotensive
(Table 2). Of the 191 hypertensives at follow-up, 27% were
hypertensive despite being treated with antihypertensive medication
(Table 1).
Although baseline suPAR did not differ (P= 0.43) between those

who became hypertensive and remained normotensive, suPAR
increased more in hypertensive participants (14.2% vs. 6.94%;
P= 0.007) and was higher at follow-up compared with the normo-
tensive group (P= 0.002). This was not the case for CRP at baseline
(P= 0.070) or follow-up (P= 0.84) (Tables 1 and 2).
In univariate analyses, %SBP correlated positively with baseline

suPAR, but only in the hypertensive group (r= 0.23; P= 0.002)
(Figure 1). %SBP did however not correlate with %suPAR in either
the hypertensive (r=− 0.11; P= 0.14) or the normotensive (r=− 0.06;
P= 0.42) groups (not shown). %SBP increased with an increase in
baseline suPAR tertiles in those who developed hypertension
(P-trend= 0.030), but not in those who remained normotensive
(P-trend= 0.98) (Supplementary Figure S2). Again, this was not the
case when tertiles of %suPAR was used. We confirmed these findings
in multivariate-adjusted analyses (Table 3) where %SBP correlated
positively with baseline suPAR only in the hypertensive group
(β= 0.14; P= 0.043).
We determined standardised odds ratios with hypertension status as

dependent variable and %suPAR as independent variable. In bivariate
analyses, we found that participants were 1.32 times (P= 0.008) more
likely to become hypertensive over 5 years with each standard
deviation increase in suPAR. These results also remained significant
(odds ratio= 1.41; P= 0.015) in a multivariate analysis (Table 4).

DISCUSSION

We investigated the inflammatory marker suPAR and associations
thereof with hypertension in black South Africans. SuPAR increased
over 5 years in both groups, but more prominently in those who
developed hypertension. %SBP independently associated with baseline
suPAR, only in the group that developed hypertension, whereas, after
multivariate adjustment, a 1 s.d. increase in %suPAR was associated
with a 41% more likely risk to be hypertensive.
Even though suPAR relates to renal disease,21 cancer, type 1 and 2

diabetes,7,9 cardiovascular disease and mortality,7 limited supportive
evidence exist with regard to the positive relationship of suPAR with
hypertension per se.
Hypertension is currently well known as an inflammatory disease2

and increased levels of various inflammatory biomarkers precede the
development of hypertension.3,22–24 We found that, even though both
suPAR and blood pressure increased over 5 years, %suPAR did not
directly associate with change in SBP, whereas baseline suPAR did.
SuPAR levels were, however, similar for both groups at baseline and %
suPAR did associate with being hypertensive. The controversy in our
findings give rise to the question whether suPAR is involved in the

Table 2 Change in characteristics of black South African participants

over five years

Normotensive at

follow-up (n=238)

Hypertensive at

follow-up (n=191) P-value

Percentage change (%)
Waist circumference 3.26±0.43 3.38±0.57 0.86

Systolic blood pressure 3.63±0.78 22.0±1.15 o0.001

Diastolic blood

pressure

4.92±0.92 19.4±1.10 o0.001

suPAR 6.94±1.76 14.2±2.05 0.007

C-reactive protein 132±23.2 73.1±18.4 0.055

Glycated hemoglobin 6.46±0.49 7.60±0.79 0.21

Triglycerides:

HDL-cholesterol ratio

18.2±5.00 27.1±5.77 0.25

γ-Glutamyltransferase −9.48±3.09 −8.10 ±3.74 0.77

Abbreviations: HDL, high-density lipoprotein; suPAR, soluble urokinase plasminogen activator
receptor.
Data are expressed as arithmetic mean± s.e. P-values for comparison between normotensive and
hypertensive groups were obtained with independent t-tests. P⩽0.05 was regarded as
statistically significant.
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process of hypertension development or whether the hypertensive
state may rather result in an increase in suPAR levels.
Inflammation affects multiple elements of the vascular wall,

including the composition of the subendothelial matrix25 by mechan-
isms such as elastin and collagen turnover.26,27 uPAR controls base-
ment membrane and extracellular matrix degradation,28 whereas CRP
is involved in the process of vascular remodeling after injury.29

Inflammation may therefore have a role to decrease large artery
vascular elasticity30,31 and alter endothelial function.32 The latter could
lead to a decrease in nitric oxide bioavailability,33,34 impaired
vasodilation and result in hypertension.34

On the other hand, higher blood pressure may be a stimulus for
inflammation.35 Hypertension is associated with a prothrombotic
state, which includes abnormal endothelial and platelet function,36

and evidently, treatment with antihypertensive drugs may have

antifibrotic effects.37 Hypertension further links to vascular changes,
which could lead to an imbalance of decreased nitric oxide production
or increased reactive oxygen species production, promoting endothe-
lial dysfunction4,38 and ultimately result in elevated suPAR.39 This is in
concert with our findings where suPAR levels increased more in the
group that became hypertensive than in those who remained
normotensive.
It has been shown that CRP, a more familiar inflammatory marker,

is correlated with SBP and that hypertension is associated with
increased CRP where diabetes mellitus is apparent.40 On the contrary,
in a study on 2432 apparently healthy subjects, Bautista et al.23 found
that tumor necrosis factor-α and interleukin-6 could be independent
risk factors for hypertension, but did not find any association between
CRP and hypertensive status. This was also the case in our study where
the association with hypertension remained for suPAR, but not for

Figure 1 Single linear regression analyses of the percentage change in systolic blood pressure and baseline soluble urokinase plasminogen activator receptor
(suPAR) in participants who remained normotensive and those who developed hypertension over five years, respectively.

Table 3 Independent associations with percentage change in systolic blood pressure

Normotensive at follow-up Hypertensive at follow-up

0.40; 0.38 0.39; 0.36

Multiple R2; adjusted R2 β (95% CI) P-value β (95% CI) P-value

Baseline SBP (mmHg) −0.62 (−0.73; −0.51) o0.001 −0.56 (−0.69; −0.43) o0.001

Baseline suPAR (ngml−1) −0.07 (−0.18; 0.05) 0.27 0.14 (0.01; 0.28) 0.043

Percentage change in suPAR (%) −0.10 (−0.22; 0.02) 0.10 −0.06 (−0.19; 0.07) 0.36

Age (years) 0.15 (0.00; 0.29) 0.050

Gender, male (1, 0) 0.13 (0.01; 0.24) 0.030 0.11 (−0.03; 0.25) 0.12

Waist circumference (cm) 0.14 (−0.01; 0.28) 0.067 −0.14 (−0.33; 0.06) 0.18

Triglyceride:HDL-cholesterol ratio 0.13 (0.02; 0.25) 0.026 0.17 (0.03; 0.31) 0.020

γ-Glutamyltransferase (U l−1) −0.09 (−0.23; 0.05) 0.20

Creatinine clearance (mlmin−1) −0.10 (−0.23; 0.04) 0.17 −0.03 (−0.22; 0.16) 0.74

Abbreviations: β, partial regression coefficient; 95% CI, 95% confidence intervals of β; HDL, high-density lipoprotein; SBP, systolic blood pressure; suPAR, soluble urokinase plasminogen activator
receptor.
Associations were determined by forward stepwise multiple regression analyses. Other covariates entered included in the model: C-reactive protein, glycated hemoglobin and tobacco use. P⩽0.05
was regarded as statistically significant.
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CRP when both markers were entered into the model. We further did
not find any difference in CRP levels between hypertensives and
normotensives at baseline or follow-up. Lyngbæk et al.39 showed that
suPAR and CRP represent different biological processes in vascular
inflammation. Where suPAR is secreted by endothelial and smooth
muscle cells,6 CRP originates from adipose tissue and is synthesized by
the liver.39 This supports the association of CRP with inflammation
related to adipose tissue, whereas suPAR may rather have a role as
biomarker of inflammation in the vascular wall.39 Furthermore,
Andersen et al.41 have indicated that suPAR may be a more stable
marker of the immune state than CRP, as suPAR has a high stability in
plasma samples,42,43 has limited circadian changes41 and is not affected
by repeated freeze–thaw cycles of samples and sample schedule.43

These properties make suPAR an attractive clinical marker of
inflammation,42 which could be of value in prognostic algorithms.44

This study adds information to the growing body of evidence that
link inflammation to hypertension, also in Africans.22,23,45,46 However,
to our knowledge, this is the first study to report a link between suPAR
and hypertension in Africans. We included a relatively large sample of
the understudied black South African population, and other studies on
suPAR were mostly conducted on European populations. Never-
theless, this study must also be interpreted within the context of its
potential limitations. As participants were recruited from one of the
nine provinces of South Africa and only 21% were used at baseline,
this study may not be representative of the entire black South African
population. We did not measure body temperature or leukocyte count
and can therefore not exclude underlying infections. As blood pressure
was measured 5 years apart, we could not calculate the exact duration
that each participant was hypertensive, and reverse causality should
therefore be taken into consideration. However, the longitudinal
nature of this study allowed for the evaluation of those who developed
hypertension.
In conclusion, we showed that suPAR, an inflammatory marker,

was higher and increased more prominently in participants who

developed hypertension over 5 years than in those who remained
normotensive. %SBP was independently associated with baseline
suPAR, whereas becoming hypertensive was associated with an
increase in suPAR. Whether inflammation leads to the development
of hypertension, or vice versa, remains to be established. However, it is
known that suPAR is closely linked to cardiovascular disease. Our
findings emphasize the important need to acknowledge the role of
inflammation in hypertension and may permit the further investiga-
tion of the use of suPAR as a potential marker for early risk
identification and intervention.
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