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Abstract

Psoriasis increases the risk of cardiovascular disease (CVD). Biomarkers for cardiovascular (CV)
risk stratification in psoriasis are lacking, and the effects of psoriasis biologics on CV risk
reduction remain unclear. The goal of this study was to identify biomarkers of CV risk in psoriasis
blood that are reduced by ustekinumab. We quantified 276 inflammatory and CV-related serum
proteins with Olink’s multiplex assay in 10 psoriasis patients (vs. 18 healthy controls) and after

12 weeks of ustekinumab treatment. For each protein down-regulated after treatment, the literature
was reviewed for studies assessing the protein’s association with CVD. Data were collected from
each study to calculate CV risk thresholds for each protein, which were compared with protein
levels in psoriasis patients before and after treatment. Our results showed that 43 out of 276
proteins were down-regulated after treatment, 25 of which were initially up-regulated at baseline
(vs. controls, all p-values <0.1). 8 down-regulated proteins were initially elevated above thresholds
associated with enhanced CV risk in the literature (myeloperoxidase, C-X-C motif chemokine
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10, E-selectin, interleukin-6, cystatin B, von Willebrand factor, tumor necrosis factor receptor 1
and N-terminal prohormone brain natriuretic peptide). Treatment lowered these proteins to below
their risk thresholds, except for IL-6, which was lowered but remained at its risk threshold despite
successful psoriasis skin treatment. In summary, 12 weeks of ustekinumab treatment reduced
serum proteins present at levels associated with CV risk in psoriasis patients. Further studies can
evaluate these proteins as potential ustekinumab-modulated biomarkers of CV risk in psoriasis and
the impact of ustekinumab on CV risk reduction.
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1| INTRODUCTION

Psoriasis is a chronic inflammatory skin disorder that increases the risk of cardiovascular
disease (CVD) upwards of 50%.1:2 Cardiovascular (CV) related abnormalities in psoriasis
include vascular inflammation, platelet activation, endothelial dysfunction and elevated lipid
profiles.1® The 6.2% increased absolute risk of a 10-year major adverse cardiac event
(MACE) in severe psoriasis is independent of traditional CV risk factors and is thought

to be related to underlying systemic inflammation.” Both the joint American Academy

of Dermatology-National Psoriasis Foundation (AAD-NPF) and the American College of
Cardiology-American Heart Association (ACC-AHA) now recognize psoriasis as a CV
risk-enhancing condition and the AAD-NPF suggests adapting CV risk score models to
include psoriasis.8?

Despite these recommendations, guidelines rely on a clinical phenotype to calculate

CV risk and do not fully take into account the underlying systemic inflammation in
psoriasis that might impact CV risk.28 Tools such as fluorodeoxyglucose positron emission
tomography-computed tomography (FDG-PET/CT) and coronary artery calcium score, can
assess vascular inflammation beyond traditional CV risk factors; however, evidence to
support inflammatory biomarkers for CV risk stratification and management in psoriasis

is lacking.2410.11 |n non-psoriasis populations, pro-inflammatory biomarkers such as high-
sensitivity C-reactive protein (hs-CRP) aid in CV risk stratification, with upstream targeting
of hs-CRP shown to reduce CV events.12.13 Therefore, in psoriasis, proteomic analysis of
inflammatory and CV-related serum proteins might help identify new biomarkers to improve
CV risk management.

In addition, while recent studies suggest that psoriasis biologics can reduce systemic
inflammation associated with CVD, the impact of disease-modifying therapies on CV risk
warrants further study, and individual biologics might differentially impact risk.3-14.15

Kim et al. showed that the psoriasis biologics tofacitinib and etanercept reduced
inflammatory and CVD-related blood proteins, providing insight into underlying protein
changes that are differentially impacted by biologics that target specific pathways.1® A
similar study has not been performed for ustekinumab, a widely used psoriasis biologic
with a low rate of drug discontinuation, that acts by targeting the shared p40 subunit of
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interleukin (IL)-12 and 1L-23.17 Further, as psoriasis research has focused on larger changes
in gene expression in lesional skin, the relatively smaller reductions in blood proteins
(range 1.2-2.83 fold change [FCH]) shown by Kim et al. are of unclear significance.16:18
Therefore, we aimed to quantify inflammatory and CV-related blood proteins in psoriasis
before and after ustekinumab treatment and to frame the significance of the magnitude of
these changes with an extensive review of these proteins in the CV literature. Our goal was
to identify biomarkers of CV risk in psoriasis that are modulated by ustekinumab.

2| METHODS

2.1| Subjects and Samples

The primary objective of the analysis was to identify differentially expressed inflammatory
and cardiovascular-related proteins in psoriasis at baseline and after 12 weeks of
ustekinumab treatment. Blood samples from ten adults (mean + standard deviation [SD] age
50.0 + 8.1) with moderate-to-severe psoriasis before and after 12 weeks of ustekinumab
treatment were taken from a phase 3 randomized blinded trial where patients were
administered 45 mg or 90 mg ustekinumab on Weeks 0 and 4 (Active Comparator [CNTO
1275/Enbrel] Psoriasis Trial [ACCEPT]; ClinicalTrials.gov identifier, NCT00454584). The
study protocol was approved by the institutional review board or ethics committee at each
site where the study was conducted. Informed consent was obtained from all patients.
Exclusion criteria included history of or concurrent congestive heart failure and signs

or symptoms of severe, progressive or uncontrolled cardiac disease. Blood samples from
18 healthy controls were taken. Samples were centrifuged, and serum was analysed

for 276 protein concentrations using three panels (Cardiovascular 11, Cardiovascular 111
and Inflammation) from Olink’s high-throughput multiplex assay, as has been previously
described (Olink Proteomics, Uppsala, Sweden).16

2.2 | Statistical analysis

All statistical analysis was performed using publicly available Bioconductor packages
(Bioconductor.org, Bioconductor Core Team) in R language (R-project.org, R foundation).
Protein expression profiles were estimated under limma package framework using mixed-
effect linear models. Condition (Psoriasis/Control) and time point (Baseline/Week 12) were
considered as fixed factors while random effect related to each patient was included.

Least squared means (LS mean) for each group and fold changes for every comparison
were calculated. Proteins were defined as differentially expressed if the average value in
psoriasis serum was an increase or decrease relative to control with a p-value <0.1. A
disease proteome was defined at baseline (psoriasis vs. controls) and a treatment effect was
measured after 12 weeks of treatment (Week 12 vs. baseline). A student’s test was used
for the comparisons. FCH at baseline from control and from baseline after treatment was
converted to an equivalent percent increase or decrease. Correlations among proteins, body
mass index (BMI) and psoriasis area and severity index (PASI) at baseline and posttreatment
were assessed using univariate Pearson correlation and Chi-squared test.
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Literature review and analysis

The secondary objective was to compare the FCH of each down-regulated protein with

its cardiovascular risk threshold found in the literature. For each protein down-regulated
with treatment (p < 0.1), we searched the literature for studies assessing the protein’s
association with CVD, using the following search terms: “circulating,” “serum,” “plasma,”
“blood,” “protein,” “cardiovascular disease,” “cardiovascular risk,” “atherosclerosis” and
“biomarker.” From each study, data on blood protein levels in healthy controls and CV
patients, or tertile and quartile protein concentrations corresponding to disease, were used

to calculate the percent increase over healthy population levels associated with CVD,
reported here as the calculated percent increase associated with CV risk in the literature. The
calculated percent increases and LS means of protein levels in healthy controls were used

to estimate the CV risk threshold for each protein according to its respective study. The LS
means of protein levels in the psoriasis cohort at baseline and post-treatment were compared
with the calculated percent increase associated with CVD and the CV risk threshold.

RESULTS

There was no difference in age, gender, BMI and race between patients and controls (Table
S1.). The mean + SD baseline and post-treatment PASI was 21.0 + 8.3 (range 12.0-37.6)
and 0.9 + 0.6 (range 0-1.7) respectively (Table S1.).

After psoriasis skin treatment with ustekinumab for 12 weeks, 43 serum proteins were
down-regulated, 25 of which were initially up-regulated at baseline relative to healthy
controls (p< 0.1) (Figure 1, Table S2). Our observed downregulation of IL-17A, as well

as IL-17A induced inflammatory factors in psoriasis, including IL-17C, IL-8 and CCL20,
indicates successful suppression of the 1L-23/IL-17 axis by ustekinumab.1® Ustekinumab’s
modulation of serum proteins was also consistent with ustekinumab’s effect on gene
transcription in psoriasis skin lesions, where ustekinumab has been shown to suppress
IL17-A and 1L-17 modulated genes by over 90%.18 Only 10 proteins were significantly
increased after treatment (Table S2). The most significant upregulation posttreatment was
seen with IL-12-B (FCH 6.74). This was expected due to ustekinumab’s mechanism of
action. Ustekinumab binds the I1L-12p40 subunit and sequesters this cytokine subunit in the
blood, causing an expected elevation in 1L-12-B.

We next sought to investigate the relationship between CVD and the 43 proteins that were
down-regulated by ustekinumab. Our literature review identified that 28 of these proteins are
associated with CVD (Tables S3 and S4).29-79 13 proteins were studied prospectively for
their role in predicting future CV risk (Table S3), of which 10 were studied in non-CVD
populations, thus allowing a more refined understanding of the protein’s impact on the risk
of a primary CV event (IL-6, E-selectin (SELE), myeloperoxidase (MPO), von Willebrand
factor (vWF), C-X-C motif chemokine ligand (CXCL)-10, cystatin B (CSTB), N-terminal
prohormone brain natriuretic peptide (NT-proBNP), tumor necrosis factor receptor 1 (TNF-
R1), IL-8 and urokinase plasminogen activator surface receptor (U-PAR), Table S3).

We compared the calculated percent increase of circulating protein levels associated with
CVD in each study, to the percent increase in circulating protein levels in our psoriasis
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patients at baseline (Tables S3 and S4). Of the ten proteins studied prospectively as primary
CV risk proteins in non-CVD populations, eight were elevated in our psoriasis patients by

a percent increase that was above the percent increase associated with the CV risk in the
literature (MPO, CXCL10, SELE, IL-6, CSTB, vVWF, TNF-R1 and NT-proBNP, Table 1).
For example, in Ridker et al.’s study, median IL-6 concentrations were approximately 24%
higher in apparently healthy men who developed a myocardial infarction (M) within 6 years
compared with men who did not.#1 Our psoriasis patients had a 95% increase (1.95 FCH) in
circulating IL-6 levels at baseline compared with controls, placing them in the risk range for
future M1 outlined by this study.

For the CV risk proteins in Table 1, we compared baseline and posttreatment protein levels
to the protein’s CV risk threshold in a given study, both by individual patient (P)1-10, and
by the LS means of the psoriasis group as a whole. For the CV risk proteins in Table 1, we
compared LS mean and individual protein levels to the protein’s CV risk threshold in its
respective study. Ustekinumab brought LS mean protein levels from above CV risk threshold
at baseline to below risk threshold for CXCL10 (Figure 2A), SELE (Figure 2C), TNF-R1,
CSTB, NT-proBNP, MPO and vVWF (Figure S1.). For IL-6, ustekinumab lowered levels

to the risk threshold but not below it (Figure 2B). Baseline protein levels varied widely
between patients for all 8 proteins, showing heterogeneity in protein elevations between
individuals. For example, only four of the ten patients (P1-P3 and P5) had baseline CXCL10
levels above the risk threshold, two of which were brought to below the risk threshold with
treatment (Figure 2A).

Our complete literature review showed that many ustekinumab-modulated proteins in our
patients at baseline were at levels associated with a CVD outlined in a study (vVWF, SELE,
U-PAR, NT-proBNP, CSTB, TNF-R1, IL-6, CXCL10, CXCL9, C-C motif chemokine ligand
17, insulin-like growth factor-binding protein 1, junctional adhesion molecule A, platelet
endothelial cell adhesion molecule, IL-2 receptor alpha, bleomycin hydrolase and IL-8,
Tables S2 and S3). When the LS mean protein level in our patients did not pass the CV

risk threshold of a particular protein established in a given study, select individuals were
still often found to fall within risk range, due to the heterogeneity of protein levels across
individuals. For example, while the LS mean baseline elevation of osteopontin (OPN) in our
patients did not meet the risk threshold for MACE within 3 years according to Kato et al.’s
study, three patients (P1, P5 and P7) had OPN levels above the risk threshold, and treatment
lowered their levels to below risk threshold (Figure 2D).32

Observing a heterogeneity in protein levels between patients, we sought to frame the CV
risk in individual patients. For this analysis, we selected the 12 studies assessing 10 unique
proteins as CV risk proteins in non-CVD populations (IL-6, SELE, MPO, vWF, CXCL10,
CSTB, NT-proBNP, TNF-R1, IL-8 and U-PAR, Table S3) and measured the number of
studies identifying a CV risk in each patient according to each patient’s protein levels, both
before and after treatment. Patients differed in number of studies for which they were above
the CV risk threshold (Figure 3). For example, P1’s baseline protein levels passed the risk
threshold for the greatest number of studies, fulfilling risk criteria for all 12 studies. After
treatment, P1 passed the CV risk threshold in 10 studies, indicating a slight reduction of risk
factors. In contrast, P6 fulfilled risk criteria for 6 studies before treatment but no studies after
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treatment, indicating potential elimination of risk factors. An elevation of risk factors after
treatment was suggested only in P10.

Using the same 10 proteins studied as risk proteins in non-CVD populations, we identified
the most frequently elevated proteins in our patients (Figure 4). In 80% of our patients, IL-6
levels were above the level associated with MI within 6 years according to Ridker et al.#1
Additional ustekinumab-modulated proteins that were elevated beyond a risk level according
to their respective studies in =50% of our patients includes SELE, MPO, vWF, CXCL10 and
CSTB.

We measured the correlations between the proteins studied as risk proteins in non-CVD
populations (Figure S2). NT-proBNP and vVWF were not correlated with other proteins.
Therefore, these proteins might represent at least 3 independent risk pathways in psoriasis.
SELE (0.93, p<0.001) and TNF-R1 (0.71, p < 0.05) correlated with BMI, but still showed
reductions posttreatment. While the 10 primary CV risk proteins did not correlate with
PASI, overall, we identified 25 proteins that correlated with PASI at baseline and 26 that
correlated with PASI change at Week 12 (p < 0.05), which includes three ustekinumab-
modulated proteins (IL-17A, integrin beta-2 and matrix extracellular phosphoglycoprotein)
(Table S5).

4| DISCUSSION

In this study, 12 weeks of ustekinumab treatment reduced 43 inflammatory and CV-related
proteins in psoriasis. Mean elevation of many of the ustekinumab-modulated proteins in
our psoriasis patients was at levels associated with clinical CVD in the literature, and 8
proteins were present at levels shown to confer enhanced CV risk in non-CVD populations,
specifically MPO, CXCL10, SELE, IL-6, CSTB, vWF, TNF-R1 and NT-proBNP. We
showed a heterogeneity in risk protein levels between individuals, and identified that IL-6,
SELE, MPO, CXCL10, CSTB and VWF were commonly elevated proteins, as they were
above the risk threshold in >50% of our patients. Except for IL-6, ustekinumab lowered
these 8 proteins to below risk threshold, suggesting that ustekinumab is an important
modulator of CV risk proteins in psoriasis. These proteins may aid in CV risk stratification
and management and warrant further study into their prognostic value as ustekinumab-
modulated CV risk biomarkers in psoriasis.

IL-6 was increased by 95% compared with controls and was above the CV risk threshold

in 80% of our patients. 1L-6 is known to be highly expressed in lesional skin and might

be linked to impaired vascular health in psoriasis via inflammasome signalling (IL-1B/IL-6
axis) and endothelial activation, a key early step in atherosclerosis development.80:81 A link
between IL-6 and CV risk has been established, as reduction of IL-6 via IL-1B modulation
reduced MACE by 32% and CV mortality by 52% in atherosclerosis patients.12 In our
psoriasis patients, IL-6 was significantly reduced with treatment, but was not lowered to
below the CV risk threshold, suggesting that while ustekinumab can mitigate some risk
conferred by IL-6, patients treated with ustekinumab might have residual IL-6 related CV
risk despite successful psoriasis skin treatment.
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Previous studies have used varying approaches to evaluate how psoriasis biologics modulate
systemic inflammation and CV risk, and the data on ustekinumab remains unclear.82

While one study showed that ustekinumab decreased MACE over 4 years, conflicting
outcome studies showed no effect on MACE.®3 Studies using imaging techniques suggest
that biologics can improve vascular inflammation underlying CVD. For example, a
prospective study using coronary computed tomography (CT) showed reduction of coronary
artery disease progression with biologics. This study included ustekinumab, but did not
differentiate ustekinumab’s effects from other biologics studied.84 In a recent study that
included ustekinumab, coronary CT angiography showed modification of a high-risk
coronary plaque feature with 1 year of biologic therapy.1® The vascular inflammation in
psoriasis-ustekinumab (VIP-U) trial showed reduced aortic vascular inflammation measured
by FDG-PET/CT in psoriasis after 12 weeks of ustekinumab use; however, this reduction
was transient. A secondary endpoint in VIP-U confirmed an enduring reduction of
inflammatory blood biomarkers associated with atherosclerotic CV disease at 52 weeks,
specifically tumor necrosis factor (TNF)-a, IL-1B, IL-17A and IL-6.3

Our study, covering a large number of potential biomarkers, expands on the observations
made in the VIP-U trial and contributes to a better understanding of ustekinumab’s

effects on CVD risk factors. Proteomic studies provide an additional means to assess
systemic inflammation and CV risk in psoriasis, and are more cost-effective and safer

than imaging studies which require radiation. However, with fewer blood proteomic studies
in psoriasis, it has been difficult to interpret and appreciate the significance of smaller
changes in circulating protein levels compared with the larger transcriptome changes that
occur in lesional skin, where proteins have been shown to be increased by over 1000 FCH
(S100A12). For example, a study showed that SELE is increased by 7.77 FCH in lesional
psoriatic skin, and decreased by 5.04 FCH with ustekinumab treatment. By contrast, in our
study, SELE was only increased by 1.39 FCH in the serum, and was decreased by 1.41 FCH
after treatment; however, we show that these smaller changes are significant for CV risk.18
Overall, our study shows that relatively modest elevations in blood proteins in psoriasis,
compared with elevations in lesional skin, are potentially important for conferring CV risk.
Our literature review provides a framework for future biomarker studies to interpret the risks
associated with elevations in psoriasis blood proteins.

We compared our findings with a similar Olink study that assessed protein modulation with
tofacitinib and etanercept.16 We found an overlap of 9 proteins modulated by ustekinumab,
tofacitinib (a Janus Tyrosine Kinase [JAK]1/JAK3 inhibitor) and etanercept (a TNF-a
antagonist). These proteins might represent common pathways contributing to the psoriasis
phenotype that improve in the skin with an effective treatment and are then reflected in the
circulation (kallikrein-6 [KLK-6], CCL20, IL-17C, IL-17A, CXCL9, TNF-R1, SELE, IL-6
and CXCL10, Figure S3). By contrast, 34 proteins were reduced by ustekinumab but not by
tofacitinib or etanercept, some of which are primary CV risk proteins in the literature (MPO,
U-PAR, CSTB, IL-8, NT-proBNP and vVWF).

These differences might be due to differences in follow-up time and significance parameters
between studies and analysis of slightly different protein panel. These differences might
also reflect mechanistic differences between biologics. Future studies comparing multiple
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biologics across a common panel of proteins can lend further insight into the differential
impact of biologics on inflammatory pathways and CV risk proteins in psoriasis. The
differential modulation of risk proteins by biologics, in addition to the heterogeneity

in protein elevation between patients, supports an individualized approach to CV risk
stratification and management in psoriasis, where a specific biologic is selected for its ability
to reduce select risk proteins in an individual. Our study can provide a first step towards a
future patient-tailored approach.

Our study has limitations. We studied a small number of patients; however, the sample

size is comparable with other studies.8% The Olink methodology provides a relative
quantification, rather than an absolute quantification of proteins. However, Olink is an
ultra-sensitive method that allowed us to study and analyse a large panel of proteins

using relatively small amount of serum which would not have been possible with other
methodologies including ELISA. In addition, we do not have data to characterize the exact
cardiovascular phenotype of our patients including cardiovascular comorbidities; however,
enrolled patients were relatively healthy and patients with signs or symptoms of severe
cardiac disease or history of heart failure were excluded. While our patients might have CV
comorbidities, they represent the general psoriasis population which we intended to study.
We do not have data on the breakdown of treatment doses (45 mg vs 90 mg) which might
account for heterogeneity in responses. While Kim et al. found that IL-6, CXCL10 and IL-8
correlated with PASI, we did not find correlations between PASI and these proteins, which
might be due to sample size. Future studies can clarify the relationship between PASI and
these proteins. We cannot confirm whether ustekinumab causes long-term changes in protein
levels beyond 12 weeks. Our analysis is limited by the studies included in our literature
review, which were not randomized control trials, and thus do not establish a direct link
between protein and CV risk. Finally, we have not followed patients longitudinally for CV
outcomes; so, we cannot conclude that reduction of these proteins with ustekinumab impacts
cardiac events.

In conclusion, 12 weeks of ustekinumab treatment reduced inflammatory and CV-related
proteins that were present at levels associated with CV risk in psoriasis patients. We
identified potential CV risk biomarkers that are modulated by ustekinumab and may be
implicated in improving patient-tailored CV risk stratification and management in psoriasis;
however, additional studies are needed to confirm our findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Proteins up-regulated proteins in psoriasis serum at baseline and down-regulated after 12

weeks of ustekinumab treatment. Serum samples from 10 psoriasis patients at baseline and
after 12 weeks of ustekinumab treatment, and from 18 healthy controls were analysed for
276 protein concentrations using three panels (Cardiovascular 11, Cardiovascular 111 and
Inflammation) from the Olink high-throughput multiplex assay. Protein expression profiles
were estimated under limma package framework using mixed-effect linear models. Fold
changes (FCH) for condition (baseline/control) and timepoint (baseline/posttreatment Week
12) were calculated. Proteins were defined as differentially expressed if the average value
in psoriasis serum was an increase or decrease relative to control with a p-value <0.1. Left:
49 proteins were up-regulated in psoriasis patients at baseline (p < 0.1). Right: 43 proteins
were down-regulated after 12 weeks of ustekinumab treatment (p < 0.1). Middle: 25 proteins
were up-regulated at baseline and down-regulated after treatment. *indicates modulation of
IL-12B could not be assessed due to ustekinumab’s interference with the 1L-12p40 subunit
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FIGURE 2.

Mean and individual protein levels in psoriasis patients before and after ustekinumab
treatment compared with the protein’s cardiovascular risk threshold. Red line indicates the
calculated cardiovascular (CV) risk threshold for each protein according to its respective
study. Yellow line indicates least squared (LS) mean protein level of psoriasis cohort at
baseline. Blue line indicates LS mean protein level in psoriasis cohort after treatment. Black
line indicates LS mean protein level in controls. P1-P10 indicates Patient 1—Patient 10.
Yellow circles indicate individual patient’s protein level before treatment and blue circles
indicate patient’s protein level after treatment. Red circle indicates protein level in individual
is above CV risk threshold. CXCL10 = C-X-C motif chemokine 10; IL-6 = interleukin-6;
SELE = E-selectin; OPN = osteopontin. (A) LS mean and individual CXCL10 levels in
psoriasis cohort at baseline and after treatment in comparison with the CV risk threshold
conferred by CXCL10 in Herder et al.’s study.3? (B-D) LS mean and individual protein

Exp Dermatol. Author manuscript; available in PMC 2023 January 23.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Koschitzky et al.

Page 16

levels at baseline and after treatment in comparison to CV risk threshold for IL-6 according
to Ridker et al.#1(B), for SELE according to Matsumoto et al.24(C), for OPN according to
Kato et al.32(D)
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FIGURE 3.
Number of protein studies that identify a cardiovascular risk in each patient. 12 studies

(Ridker et al.,*1 Matsumoto et al.,2* Meuwese et al.,2> Morange et al.,20 Canoui-Poitrine et
al.,** Goncalves et al.,3” Wang et al.,36 Herder et al.,3° Pai et al.,38 Doi et al.,3* Herder et
al.,39 Persson et al.31) assessing the association of ten proteins (IL-6, SELE, MPO, VWF,
CXCL10, CSTB, TNF-R1, NT-proBNP, IL-8 and U-PAR) with primary cardiovascular (CV)
risk in non-CVD populations were included in the analysis. The CV risk threshold for each
protein was calculated from its respective study in the literature, and compared with each
patient’s protein levels at baseline and after treatment. The number of studies per patient
that identify a protein level above a risk threshold is shown here. P1-P10 indicates patient
1—patient 10

Timepoint
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- Post Treatment

w

Number of studies that identify risk
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Relative frequency of patients that meet cardiovascular risk threshold for each protein study.
12 studies (Ridker et al.,*1 Matsumoto et al.,24 Meuwese et al.,2> Morange et al.,2% Canoui-
Poitrine et al.,** Gongalves et al.,3” Wang et al.,36 Herder et al.,3° Pai et al.,38 Doi et al.,34
Herder et al.,39 Persson et al.31) assessing the association of ten proteins (IL-6, SELE, MPO,
VWF, CXCL10, CSTB, TNF-R1, NT-proBNP, IL-8, U-PAR) with primary cardiovascular
(CV) risk in non-CVD populations were included in the analysis. The CV risk threshold for
each protein was calculated from its respective study in the literature, and compared with
each patient’s protein levels at baseline and after treatment. The frequency of patients with
protein levels above a CV risk threshold in a given study, both before and after treatment, is

shown here
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