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Abstract

Background and Objective: Inflammation plays a role in the early onset of cardiovascular
disease. However, longitudinal studies on this topic, especially in South African populations,
are scant. We explored whether early changes in vascular structure are associated with chang-
es in inflammation. Methods: We investigated 303 South African teachers aged 20-65 years
at two intervals, three years apart. Standardised methods were used to determine carotid
intima-media thickness (IMT) and cross-sectional wall area (CSWA) as measures of vascular
structure, as well as the inflammatory markers soluble urokinase plasminogen activator re-
ceptor (suPAR), C-reactive protein (CRP) and interleukin-6 (IL-6) at baseline and follow-up.
Results: IMT and CSWA were higher, while CRP was lower at follow-up than at baseline. After
adjusting for confounding factors, percent change in IMT was inversely associated with per-
cent change in suPAR (B = -0.12, p = 0.036; adjusted R? = 0.16) only, and only in the highest
tertile of percent change in suPAR (r = —0.31; p = 0.002). Conclusion: The early structural
changes observed are not related to higher inflammatory levels in this South African popula-
tion. Future studies are needed to investigate the possible protective effect of suPAR on ear-
ly changes in vascular structure, especially with the focus on cardiovascular disease preven-
tion. © 2019 S. Karger AG, Basel
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Introduction

Cardiovascular disease (CVD) is the leading cause of disease-related mortality worldwide
[1]. In addition to conventional and behavioural risk factors [2, 3], inflammation also plays a
role in the enhancement of CVD development [4, 5]. During non-pathological conditions, a
balance between anti- and proinflammatory molecules exists [6]. However, low-grade inflam-
mation, as characterised by increasing levels of proinflammatory markers such as C-reactive
protein (CRP) [7], interleukin-6 (IL-6) [8] and soluble urokinase plasminogen activator
receptor (suPAR) [7], results in the development of endothelial dysfunction [9]. Such events
may in turn contribute to an inflammatory cascade, evident in a further increase in inflam-
mation [10]. In time, changes in the vasculature occur, as measured by an increase in carotid
intima-media thickness (IMT) and cross-sectional wall area (CSWA), thereby leading to the
development of atherosclerosis and other CVDs [11-14]. This ultimately increases the risk of
cardiovascular-related events and mortality [15, 16].

Cross-sectional studies have indicated that a positive association exists between vascular
structural changes and several inflammatory markers within subjects with progressed
disease, including uremic patients and subjects with a history of coronary artery disease [17,
18]. Prior studies, conducted within a South African population, also reported adverse changes
in IMT and CSWA [19], as well as inflammation, such as suPAR [20] and tumour necrosis
factor-a [19]. Nevertheless, longitudinal studies investigating the relationship between
inflammation and early vascular structural changes, within a South African context, remain
scant. To address this lack of information, we explored whether changes in vascular structure
are associated with changes in inflammation in a South African population.

Subjects and Methods

Study Design and Participants

This study forms part of the Sympathetic Activity and Ambulatory Blood Pressure in Africans (SABPA)
study. A detailed protocol has been published elsewhere [21]. We examined 303 participants at baseline (in
2008-2009) and follow-up (in 2011-2012). Teachers from the North West Province, South Africa, aged
between 20 and 65 years were included. Excluded were individuals with a tympanic temperature above
37.5°C, blood donators, those who had received vaccinations <3 months prior to data collection, pregnant
and lactating women, subjects dependent on psychotropic substances, and HIV-infected individuals. We
additionally excluded those that were lost to follow-up (n = 46) and those who had missing data at either
baseline or follow-up (n = 35).

Questionnaire and Anthropometric and Physical Activity Measurements

A questionnaire was completed to obtain demographic (age, sex, race and medication use) and lifestyle
(alcohol use and smoking habits) data. Waist circumference was measured in triplicate according to
prescribed standardised procedures [22], and the median was reported. Obesity classification, based on
waist circumference, was done according to the World Health Organisation guidelines as a waist circum-
ference of >102 and >88 cm for men and women, respectively [23]. Physical activity data were obtained by
use of an Actical (Mini Mitter Co., Inc., Bend, ON, Canada) device at baseline and an Actiheart (CamNtech Ltd,
Cambridge, UK) device at follow-up.

Cardiovascular Measurements

We determined carotid IMT, lumen diameter and CSWA as markers of vascular structure. Images of the
left and right common carotid arteries were taken with the SonoSite MicroMaxx® ultrasound system
(SonoSite Inc., Bothell, WA, USA) and digitally analysed with Artery Measurement Systems automated
software 11 v1.139 (Gothenburg, Sweden) to quantify IMT and lumen diameter. The mean IMTs of the far and
near walls on both sides were reported. CSWA was calculated as CSWA = 1i(d/2 + IMTf)? - i(d/2)? with d as
the lumen diameter.

KARGER

61

¥202 IHdy Z0 uo 1senb Aq pd-668005000/0S | L ¥¥€/09/1-1/L/spd-8lonie/s|d/wod 1eb1ey//:dny woly papeojumoq



2N\ Pulse 2019;7:60-68
Pulse

DOI: 10.1159/000500899 © 2019 S. Karger AG, Basel
www.karger.com/pls

Swart et al.: Vascular Structure and Inflammation in a South African Population

A validated ambulatory blood pressure measurement device (CardioTens, CE0120; Meditech,
Budapest, Hungary) was used to obtain systolic, diastolic, pulse and mean arterial blood pressure. Blood
pressure was taken at 30-min intervals during the day (6 a.m.-10 p.m.) and 60-min intervals at night (10
p.m.-6 a.m.). Successful inflation rates of 70% or more were required for a measurement to be regarded
as adequate.

Biochemical Analyses

Samples were obtained from the fasting participants and stored at -80 °C until analyses could be
performed. Plasma suPAR levels were measured with the suPARnostic® (ViroGates, Copenhagen, Denmark)
test. Inter- and intra-assays were <10.9%. Serum levels of IL-6 were measured with a Quantikine high-sensi-
tivity enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN, USA). For IL-6 the intra-assay
variability was 5.9% and the interassay variability was 18.9%. The UniCel DxC 800 (Beckman Coulter GmbH,
Krefeld, Germany) apparatus was used to determine high-sensitivity CRP, serum high-density lipoprotein
cholestero], triglycerides, sodium fluoride glucose and y-glutamyltransferase at baseline, while the COBAS
INTEGRA 400 (Roche, Switzerland) apparatus was used to analyse these markers at follow-up. CRP was
analysed with the particle-enhanced turbidimetric assay method, y-glutamyltransferase with the enzyme
rate method, and high-density lipoprotein cholesterol and triglycerides with the homogeneous enzymatic
colorimetric assay method.

Statistical Analyses

TIBICO® Statistica™ version 13.3 (TIBICO Software Inc., Palo Alto, CA, USA) was used to perform statis-
tical analyses. Normally distributed, continuous data are presented as arithmetic means * standard devi-
ation. Where non-gaussian data are concerned, data were log-transformed and are presented as geometric
means with 5th and 95th percentiles. Categorical data are presented as proportions. We additionally adjusted
for mean arterial pressure with regard to IMT, CSWA and lumen diameter. Possible interactions of sex and
race with the association of vascular structure with inflammatory markers were tested by means of multiple
regression analyses. Differences in means between baseline and follow-up were determined with dependent
t tests for continuous, and with McNemar tests for categorical data.

Relationships were established with Pearson correlations, and multiple linear regression analyses
were performed to determine independent relationships. In all cases, percent change in IMT was regarded
as the main dependent, and either baseline or percent change in inflammatory markers as the main inde-
pendent variable, to account for the regression to the mean. Pearson correlations were adjusted for sex, age
and waist circumference and were performed on the total group, as well as on the groups stratified by
tertiles of percent change in suPAR and CRP, respectively. Covariates used for the multiple regression
models included race, sex, and age, as well as baseline waist circumference, y-glutamyltransferase, glucose,
triglyceride-to-high-density lipoprotein ratio, mean arterial pressure, and self-reported tobacco and anti-
inflammatory medication use. All measurements were two-tailed, and p < 0.05 was used to indicate statis-
tical significance.

Results

The baseline and follow-up characteristics are described in Table 1. Of the 303 South
Africans included, 49.5% were men and 39.9% were Black. Further, anthropometric
measures, pulse pressure, triglyceride-to-high-density lipoprotein cholesterol ratio, total
energy expenditure, and antihypertensive and statin medication use were all higher (all p <
0.015), while diastolic blood pressure, glucose, y-glutamyltransferase and tobacco use were
lower (all p < 0.001), at follow-up than at baseline. With regard to vascular structure (IMT,
CSWA and lumen diameter), all markers were higher at follow-up than at baseline (all p <
0.001). Regarding inflammatory markers, CRP was lower at follow-up than at baseline (p <
0.001).

In the multiple regression analyses (Table 2), an inverse association was observed
between percent change in IMT and change in suPAR such that a 1% increase in suPAR was
associated with a 0.12% decrease in IMT (8 = -0.12, p = 0.036; adjusted R? = 0.16), while no
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Table 1. Characteristics of the study population (n = 303)

63

Baseline Follow-up Mean change D

Sociodemographic profile

Race - Black, n (%) 121 (39.9) -

Sex — male, n (%) 150 (49.5) -

Age, years 46+9.19 49+9.19 3.00+0.00
Anthropometric measurements

Waist circumference, cm 93.4+15.2 97.0+16.0 3.61+7.68 <0.001

Obesity?, n (%) 130 (42.9) 155 (51.2) 25 (8.30) <0.001
Cardiovascular measurements

Systolic blood pressure, mm Hg 128+14.8 128+15.2 0.01£10.97 0.98

Diastolic blood pressure, mm Hg 80.0+9.91 79.0+9.99 -1.14+6.94 <0.001

Mean arterial pressure, mm Hg 96.0+11.1 95.0+11.3 -0.76+7.97 0.099

Pulse pressure, mm Hg 48.0£7.94 50.0+8.31 1.15+6.23 0.001

Intima-media thickness?, mm 0.67+0.12 0.70+0.11 0.03+0.08 <0.001

Cross-sectional wall area®, mm? 13.8+3.88 14.8+3.83 0.98+2.58 <0.001

Lumen diameter®, mm 5.87+0.63 5.98+0.65 0.11+0.33 <0.001
Inflammatory variables

suPAR, ng/mL 2.43 (1.56; 3.82) 242 (1.61; 3.81) -0.01+1.12 0.87

C-reactive protein, mg/L 2.78 (0.99; 18.29) 1.88 (0.18; 15.7) -0.74+9.62 <0.001

Interleukin-6, pg/mL 1.03 (0.33; 3.10) 0.98 (0.31; 3.05) 0.02+1.67 0.40
Biochemical variables

Glucose, mmol/L 5.55 (4.50; 7.30) 4.69 (3.02; 7.11) -0.77+£1.36 <0.001

Triglyceride-to-HDL ratio 1.34+1.57 1.47+1.55 0.13+0.94 0.015
Lifestyle variables

y-Glutamyltransferase, U/L 27.7 (9.00; 122) 25.2 (8.40; 119) -3.61+45.2 <0.001

Tobacco use, n (%) 47 (15.6) 42 (13.9) -5(-1.70) <0.001

Total energy expenditure, kCal/day 2,804 (1,769; 4,419) 3,175 (1,761; 5,945) 468+1,981 <0.001
Medication use

Antihypertensive, n (%) 76 (25.1) 83(27.4) 7 (2.30) <0.001

Anti-inflammatory, n (%) 17 (5.61) 44 (14.5) 27 (8.89) 0.71

Statins, n (%) 11 (3.63) 34 (11.2) 23 (7.57) <0.001

Data are expressed as the arithmetic mean * standard deviation, geometric mean (5th and 95th percentile boundaries), or
% of n. p values for the comparison between baseline and follow-up were obtained with dependent ¢ tests and McNemar tests.
suPAR, soluble urokinase plasminogen activator receptor; HDL, high-density lipoprotein cholesterol. ? Categorised according to
waist circumference values. ® Adjusted for mean arterial pressure.

associations were obtained between percent change in IMT and baseline suPAR. Percent
change in CSWA was associated with baseline CRP (3 = 0.75, p = 0.042), but not with percent
change in CRP (=0.003, p = 0.98).

Further, in the partial correlation analyses (Fig. 1; Table 3), we found an inverse associ-
ation between percent change in IMT and percent change in suPAR within the total group
(r=-0.13; p=0.025) and in the “highest percent change in suPAR tertile” (r=-0.31; p = 0.002).
No associations were found between percent change in IMT and percent change in CRP.

We additionally tested for the effect of sex and race, respectively, on the association
between percent change in IMT and percent change in inflammatory markers, but we found
no significant effect (Table 4).

We also performed sensitivity analyses to test for the effect of statin and antihypertensive
medication use, respectively, on the association between IMT and inflammatory markers, but
we found no significant effect (results not shown).
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Table 2. Independent associations of percent change in IMT and CSWA, respectively, with baseline and
percent change in inflammatory markers, respectively, in the total group (n = 292)

Adjusted R? B (95% CI) p
Percent change in IMT
Baseline
suPAR, ng/mL 0.16 1.09 (-1.15; 3.32) 0.53
C-reactive protein, mg/L 0.17 0.76 (-1.49; 3.01) 0.051
Interleukin-6, pg/mL 0.16 0.90 (-1.34; 3.13) 0.40
Percent change
suPAR, ng/mL 0.16 -0.12 (-0.22; -0.01) 0.036
C-reactive protein, mg/L 0.15 -0.01(-0.12; 0.10) 0.89
Interleukin-6, pg/mL 0.15 -0.04 (-0.15; 0.07) 0.52
Percent change in CSWA
Baseline
suPAR, ng/mL 0.11 0.94 (-1.29; 3.18) 0.67
C-reactive protein, mg/L 0.13 0.75 (-1.51; 3.01) 0.042
Interleukin-6, pg/mL 0.11 1.35 (-0.89; 3.59) 0.42
Percent change
suPAR, ng/mL 0.11 -0.03 (-0.09; 0.03) 0.35
C-reactive protein, mg/L 0.11 0.003 (-0.02; 0.02) 0.98
Interleukin-6, pg/mL 0.11 -0.09 (-0.22; 0.05) 0.78

The models include age, race, sex, waist circumference, glucose, high-density lipoprotein cholesterol, total
energy expenditure, y-glutamyltransferase, tobacco use, anti-inflammatory medication use and mean arterial
pressure. 3, partial regression coefficient; 95% CI, 95% confidence interval of §; IMT, intima-media thickness;
suPAR, soluble urokinase plasminogen activator receptor; CSWA, cross-sectional wall area.

Table 3. Relationship of percent change in IMT to percent change in suPAR and C-reactive protein, respec-
tively, stratified by tertiles of suPAR and CRP

Total group 1st tertile 2nd tertile 3rd tertile
r p r p r p r p
Change in IMT
suPAR -0.13  0.025 -0.18 0.10 0.07 048 -0.31 0.002
C-reactive protein -0.07 0.26 -0.13 0.22 0.10 0.33 -0.14 0.19

p values were obtained with partial correlations. Adjusted for sex, age and waist circumference. IMT,
intima-media thickness; suPAR, soluble urokinase plasminogen activator receptor.

Discussion

We investigated whether changes in vascular structure are associated with changes in
inflammation over a 3-year period. We found that a decrease in IMT was associated with an
increase in suPAR, specifically in the highest tertile of percent change in suPAR. Despite
positive associations of CRP with an adverse vascular phenotype at baseline, change in CRP
was not associated with change in vascular phenotype.

A major advantage of our study is its ability to contrast cross-sectional with prospective
data. As such, a trajectory for a causal exposure might provide a stronger signal than an
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Fig. 1. Relationship of % change in IMT with % change in SuPAR, stratified by tertiles of suPAR. p values were
obtained with partial correlations. Adjusted for sex, age and waist circumference. IMT, intima-media thick-
ness; suPAR, soluble urokinase plasminogen activator receptor.

Table 4. Effect of race and sex on the association between percent change in IMT and baseline inflammatory

markers in the total group

Adjusted R? B (95% CI) p

Interaction with race

suPAR, ng/mL 0.15 1.46 (-1.46; 4.38) 0.34

C-reactive protein, mg/L 0.15 1.04 (-1.31; 3.40) 0.82

Interleukin-6, pg/mL 0.14 1.03 (-1.35; 3.41) 0.89
Interaction with sex

suPAR, ng/mL 0.01 2.46 (-0.64; 5.56) 0.050

C-reactive protein, mg/L 0.05 1.04 (-1.49; 3.56) 0.88

Interleukin-6, pg/mL 0.01 1.22 (-1.15; 3.58) 0.30

(3, partial regression coefficient; 95% CI, 95% confidence interval of ; IMT, intima-media thickness;
suPAR, soluble urokinase plasminogen activator receptor.

exposure at a fixed time point. Even though percentage change in IMT, but not CSWA, was
associated with percentage change in suPAR, this association was inverse, and neither IMT
nor CSWA was associated with either CRP or IL-6. This result was unexpected, since a 15-year
study including men and women aged 45-68 years found that suPAR was associated with an
increase in carotid plaque and a higher prevalence of coronary artery disease [24]. This
positive association with suPAR was further confirmed in other cross-sectional studies [18,
25]. However, it should be considered that these studies were conducted on subjects with
progressed CVD [23] or related diseases [18, 25], which is not the case in our population
sample. The participants in our study had relatively normal IMT values, seeing that only 4%
had follow-up IMT values of >0.90 mm, which is the proposed cut-off point for subclinical
IMT, as prescribed by the 2016 European guidelines on CVD prevention in clinical practice
[26].
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Nonetheless, we expect that a positive association between vascular structural changes
and suPAR may only become evident in the longer term, once the vascular structure has
progressed to such a stage that atherosclerosis and other associated CVDs have become
evident. Our novel results, showing an inverse relationship between IMT and suPAR, espe-
cially when suPAR levels increase more, underline the necessity for more research to
determine the possible mechanism behind this relationship, especially at early vascular
disease stages. Other factors may also influence this relationship. For instance, both anti-
inflammatory and antioxidant biomarkers [27] have been found to play a protective role
during the early stages of CVDs, but the literature investigating their effects on suPAR, and
specifically their effect on the association between early changes in vascular structure and
proinflammatory markers, is scarce.

The absence of associations of IMT with CRP and IL-6, respectively, in our study supports
previous findings. In another 3-year study, which included 3,122 subjects from Europe, no
association was found between early progression of IMT and baseline CRP after adjusting for
conventional risk factors [28]. However, to the best of our knowledge, previous studies have
not yet established a relationship between percent change in CSWA and baseline CRP.
Furthermore, a study conducted in the USA found that the relationship between baseline IMT
and CRP weakened after adjusting for risk factors such as smoking, blood pressure and
diabetes mellitus [29]. With regard to IL-6, a stimulator of CRP production [30], the Rotterdam
study with a sample size of 7,983 subjects aged 55 years and older also found no independent
association between IL-6 and IMT [31]. Similar results were obtained in an Australian study,
where IL-6 was only found to be a predictor of IMT if CRP, fibrinogen and monocyte count
were included in the linear regression model. However, after adjusting for conventional risk
factors, the association between IMT and IL-6 lost significance [32]. These findings may
indicate that neither CRP nor IL-6 have an independent effect on an increase in IMT but may
rather facilitate the effect that some conventional risk factors such as obesity and tobacco and
alcohol use have on vascular structure.

Notably, it is known that suPAR and CRP may represent different processes in vascular
inflammation [13]. suPAR, which is secreted by smooth muscle cells and endothelial cells
[33], plays a role as marker of inflammation in the vascular wall [13] and is regarded as a
better marker of CVD [20] and cardiovasculature-related mortality [34] than CRP. CRP, on the
other hand, originates from adipose tissue, is synthesised by the liver and is therefore rather
associated with adiposity-related inflammation [13].

The strength of this study lies within its longitudinal nature and the inclusion of data
which are limited within a South African research setting. Even though this study may be
limited by the small sample size, power analyses proved this sample size to be sufficient. Our
study design further contributed to this being a well-controlled group. Limitations of the
current analysis include the observational nature of the data; despite the prospective design,
causal inference is challenging. Change measures are challenging to analyse as additive errors
from baseline and follow-up contribute to misclassification of exposure changes. It is possible
that undetermined confounders, such as the specific dosage of drugs used by each participant
and the intensity of their lifestyle modifications, may have accounted for the observed asso-
ciations or masked real underlying associations. However, we did account for a variety of
other potential confounders in our analyses.

In conclusion, we found that thickening of the vascular wall was related to a decrease in
the inflammatory marker suPAR. More in-depth research is recommended to investigate the
specific, possible protective role of suPAR in early changes in vascular structure within the
South African population.
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