P-selectin and C-reactive protein in relation to
home blood pressure and coronary calcification:
a SCAPIS substudy

Peder af Geijerstam, Karin Rddholm, Lena Jonasson, Tomas Lindahl, Jan Engvall,
Fredrik H. Nystrom and Joakim Alfredsson

The self-archived postprint version of this journal article is available at Linkoping
University Institutional Repository (DiVA):
https://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-203174

N.B.: When citing this work, cite the original publication.

af Geijerstam, P., Rddholm, K., Jonasson, L., Lindahl, T., Engvall, J., Nystrom, F. H., Alfredsson, J.,
(2024), P-selectin and C-reactive protein in relation to home blood pressure and coronary
calcification: a SCAPIS substudy, Journal of Hypertension.
https://doi.org/10.1097/HJH.0000000000003718

Original publication available at:
https://doi.org/10.1097/HJH.0000000000003718

Copyright: Lippincott, Williams & Wilkins
https://lww.com/pages/default.aspx

LINKOPING
UNIVERSITY



https://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-203174
https://doi.org/10.1097/HJH.0000000000003718
https://lww.com/pages/default.aspx

Title: P-selectin and CRP in relation to home blood pressure and
coronary calcification: a SCAPIS substudy

Short title: P-selectin and home blood pressure

Peder AF GEIJERSTAM (a, b), Karin RADHOLM (a, b), Lena JONASSON (c), Tomas
L LINDAHL (d), Jan ENGVALL (e), Fredrik H NYSTROM (a), Joakim ALFREDSSON (c)
Affiliations:

(a) Department of Health, Medicine and Caring Sciences, Faculty of Medicine and Health
Sciences, Linkdping University, Linkdping, Sweden

(b) The George Institute for Global Health, University of New South Wales, Sydney,
Australia

(c) Department of Health, Medicine and Caring Sciences, Faculty of Medicine and Health
Sciences, Linkdping University, Sweden; Department of Cardiology, Linkdping, Sweden.
(d) Division of Clinical Chemistry and Pharmacology, Department of Biomedical and
Clinical Sciences, Linkdping University, Linkoping, Sweden.

(e) Department of Health, Medicine and Caring Sciences, Faculty of Medicine and Health
Sciences, Linkdping University, Sweden; Department of Clinical Physiology, Linkdping,

Sweden

ORCID IDs:

Peder af Geijerstam: 0000-0001-6038-5131
Karin Rédholm: 0000-0003-3120-0913
Lena Jonasson: 0000-0002-0586-6618
Tomas L Lindahl: 0000-0003-0174-8152
Jan Engvall: 0000-0002-5716-5098

Fredrik H Nystrom: 0000-0002-1680-1000

1 (30)



Joakim Alfredsson: 0000-0002-1415-7178

Corresponding author: Peder af Geijerstam, Linkdping University, SE-581 83 Linkdping,
SWEDEN. E-mail: peder.af.geijerstam@liu.se. Mobile: +46-073-9597426.
Alternative proofreader: Joakim Alfredsson, Linkdping University, SE-581 83 Linkdping,

SWEDEN. E-mail: joakim.alfredsson@liu.se. Mobile: +46-070-9620905.

Previous presentations: None.

Funding: The main funding body of The Swedish CArdioPulmonary biolmage Study
(SCAPIS) is the Swedish Heart and Lung Foundation [2016-0315]. The study is also funded
by the Knut and Alice Wallenberg Foundation [2014-0047], the Swedish Research Council
[822-2013-2000], VINNOVA (Sweden’s Innovation agency) [2012-04476], the University of
Gothenburg and Sahlgrenska University Hospital, Karolinska Institutet and Stockholm
County council, Link&ping University and University Hospital, Lund University and Skéne
University Hospital, Umea University and University Hospital and Uppsala University and
University Hospital. This study was also funded by the Swedish state under the agreement
between the Swedish government and the county councils (the ALF-agreement), the Division
of Primary Health Care of Region Ostergotland, the National Research School in General
Practice, the Swedish Society of Medicine, the Swedish Society for Medical Research, the
Strategic Research Network in Circulation and Metabolism at Link&ping University (LiU-
CircM) and King Gustaf V and Queen Victoria Freemason Foundation.

Potential conflicts of interest: None.

Word count: 2204.

Number of tables: 4.

Number of figures: 4.

Number of supplementary digital content files: 0.

2 (30)



Abstract

Background: Soluble P-selectin (sP-selectin) and high-sensitivity CRP (hsCRP) have
previously been associated with hypertension, but the relation with out-of-office blood
pressure (BP) and coronary artery calcification score is unknown. We aimed to examine the
relationship between sP-selectin, hsCRP and home BP, as well as coronary artery
calcification score and carotid artery plaques.

Methods: In the Swedish CArdioPulmonary biolmage Study (SCAPIS), 5057 randomly
selected participants were evaluated with office and home BP using the semi-automatic
Omron M10-IT device. For this cross-sectional study, participants with sP-selectin

<4 standard deviations above mean and hsCRP <5 mg/L, representing low-grade
inflammation, were included. Using generalized linear models, these inflammatory markers
were evaluated in relation to BP classifications, as well as coronary artery calcification score
and carotid artery plaques.

Results: Of participants, 4548 were included in the analyses. The median age was 57.2 (53.4-
61.2) years, and 775 (17.0%) reported taking medication for hypertension. Participants in the
highest quartile of sP-selectin (OR 1.67, 95% CI 1.40-1.98, P <.001) and hsCRP (OR 2.25,
(95% CI 1.89-2.60, P <.001) were more likely to have sustained hypertension. Participants in
the highest quartile of hsCRP were also more likely to have masked hypertension,

OR (95% CI) 2.31 (1.72-3.10), P <.001 and carotid artery plaques, OR (95% CI) 1.21 (1.05-
1.38), P =.007.

Conclusion: Increased sP-selectin and hsCRP were independently associated with sustained
hypertension. These findings indicate an association between hypertension and platelet

activity, as expressed by sP-selectin.
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1. Introduction

Elevated blood pressure (BP), both at the office and out-of-office, is associated with increased
risk of cardiovascular disease [1]. Combining office with out-of-office BP enables the
diagnosis of intermediate hypertension phenotypes, including white coat hypertension and
masked hypertension [2].

Inflammation is associated with hypertension, cardiovascular disease, and obesity, and with
the pathogenesis of type 2 diabetes mellitus [3-5]. Levels of high sensitivity C-reactive
protein (hsCRP) correlate to obesity, type 2 diabetes mellitus, BP, atherosclerosis, and arterial
stiftness [6-10].

Selectins are proteins that mediate adhesion of blood cells to vascular endothelium [11].

One of these, P-selectin, is expressed by both endothelial cells and activated platelets, and
contributes to atherosclerosis and thrombosis [11,12]. Soluble P-selectin (sP-selectin) can be
measured in plasma, and increased levels are considered to be of platelet origin [13]. In
healthy individuals, sP-selectin correlates strongly with platelet count [13]. Higher levels of
both sP-selectin as well as activated platelets displaying P-selectin are found in patients with

inflammatory and thrombotic disorders, including hypertension and acute coronary
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syndrome [11,13-15]. In individuals without known cardiovascular disease, sP-selectin levels
also correlate to the risk of future cardiovascular events [17,18]. However, the relation
between sP-selectin and home BP is not known.

The primary aim of our study was to explore sP-selectin in relation to home BP and markers

of cardiovascular disease in a large cohort of randomly selected middle-aged individuals.

2. Methods

2.1. Study population
The prospective, observational Swedish CArdioPulmonary biolmage Study (SCAPIS)
includes 30,000 men and women aged 50 to 64 years, randomly selected from the Swedish
population register [20]. In brief, the study includes data from anthropometric measurements,
blood analyses, questionnaires, and imaging studies [20]. Additionally, in a subsample of
5057 participants in Linkdping, both office and home BP were measured. In the current study,

this subsample was analyzed cross-sectionally.

2.2. Blood pressure measurement and definition of blood pressure classification
BP measurement methodology has been previously described in detail [21]. In brief,
participants were instructed to avoid smoking, coffee, and strenuous activity 1 hour before
measurements. The semi-automatic Omron M10-IT oscillometric device (Omron, Kyoto,
Kyoto prefecture, Japan) was used to measure BP after 5 minutes’ rest. Office BP was
measured in the supine position on each arm, and the arm with the highest mean of 3
measurements was used for all subsequent analyses. Home BP was measured in the sitting
position 3 times in the morning and 3 times in the evening for 7 consecutive days, except for
the first day in which no morning measurement was recorded,. The mean values of all systolic

and diastolic measurements respectively were used in the analyses.
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Categorization of BP has previously been described [22]. In brief, hypertensive office BP was
defined as systolic >140 mmHg and/or diastolic >90 mmHg; and hypertensive home BP was
defined as systolic >135 mmHg and/or diastolic >85 mmHg. BP was then classified as
sustained normotension if both office and home BP were normal; white coat hypertension if
office BP was elevated, but home BP was normal; masked hypertension if office BP was
normal, but home BP was elevated; and sustained hypertension if both office and home BP

were elevated.

2.3. Markers of inflammation and platelet activity
Meso Scale Discovery (MSD) platform (Rockville, Maryland, USA), an
electrochemiluminescence assay, was used to measure concentrations of sP-selectin in Li-
Heparin plasma according to the manufacturer’s instructions. Inter-assay coefficient of
variations was 2.08% for sP-selectin. Analyses were made by SciLifeLab, Clinical
biomarkers facility in Uppsala, Sweden.

For the inflammatory marker hsCRP the lower limit of quantification was 0.15 mg/L.

2.4. Markers of cardiovascular disease
Pulse wave velocity (PWV) was measured using the SphygmoCor® XCEL system (AtCor
Medical, Sydney, NSW, Australia), according to a previously published protocol [23].
The presence of carotid artery plaques was investigated bilaterally as previously
described [24]. Coronary artery calcifications were assessed using a SOMATOM Definition
Flash computed tomography scanner (Siemens Medical Solution, Forchheim, Germany), and

quantified using the Agatston score as coronary artery calcification score [25].
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2.5. Statistical analyses
In this study analyzing low-grade inflammation, participants with missing values of hsCRP or
values at or above 5 mg/L were excluded. Participants with missing values of sP-selectin, or
values beyond 4 standard deviations above mean, were also excluded.
Continuous variables, all with skewed distribution, are shown as the median and interquartile
range, and categorical variables as the frequency and percentage.
The difference between office BP and home BP (“office-home BP difference”) was calculated
for each individual by subtracting the home BP from the office BP. Low-density lipoprotein
(LDL) was calculated using Friedwald’s formula (LDL = total cholesterol — high-density
lipoprotein — 0.45 x triglycerides). Estimated glomerular filtration rate (¢GFR) was calculated
using the 2021 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation
[26]. Coronary artery calcification score was presented both as a continuous variable as well
as a dichotomous variable of a total score of less than 100, or a total score of 100 or above,
because of its skewedness. The presence of carotid artery plaques was presented as a
dichotomous variable of no plaque or one or more plaques [24]. Differences between BP
classifications were tested using a Kruskal-Wallis test with pairwise comparisons using
Conover's many-to-one test. The Holm-Bonferroni method was used to correct for multiple
comparisons.
Analyses using binomial generalized linear models of quartile 4 vs quartiles 1 to 3 of sP-
selectin and hsCRP in relation to BP classification and markers of cardiovascular disease
were crude (model 1), adjusted for age and sex (model 2), adjusted for model 2 and smoking,
and diagnosis of diabetes mellitus and hyperlipidemia (model 3), and adjusted for model 3
and, and hsCRP and sP-selectin respective (model 4 for analysis of sP-selectin and hsCRP

respectively). For analyses in relation to markers of cardiovascular disease, adjustments were
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the same except that for model 3, diagnosis of hypertension was added to the model. Results
were presented as the odds ratios (OR), the 95% confidence intervals (CI) and the P values.
The associations with sP-selectin and hsCRP for each BP classification were also evaluated
using linear regression and presented in figures with the estimates, the 95% CI and P value.
Statistical tests were two-tailed and P values of <.05 were considered statistically significant.
R version 4.3.0 (R Core Team, Vienna, Austria) and RStudio version 2023.03.1+446 (Posit

Software, Boston, MA, USA) were used for data analyses.

2.5. Ethical considerations

The SCAPIS study was approved by the Regional Ethical Review board in Umeé (Dnr 2010-
228-31M) and the Regional Ethical Review board in Linkdping (Dnr 2018/478-31) and

adheres to the Declaration of Helsinki.

3. Results

Of 5057 participants, 5029 measured home BP. Of those, 123 were excluded because of
missing sP-selectin values, 15 were excluded because of sP-selectin values beyond 4 standard
deviations above mean (83.9 ng/mL), and 343 were excluded because of hsCRP values at or
above 5 mg/L. Thus, a total of 4548 individuals were included in our analysis. The median
age was 57.2 (53.4-61.2) years, and 2286 (50.3%) of the participants were men.

Of participants, 775 (17.0%) reported taking medication for hypertension, table 1. Soluble P-
selectin was higher in participants with white coat hypertension, masked hypertension, and
sustained hypertension vs sustained normotension, median (Q1-Q3) 34.9 (27.3-43.0), 35.8
(28.5-42.4) and 36.8 (29.1-34.1) vs 33.5 (26.7-41.1) ng/mL, P=.011 P =.030 and P <.001
respectively, table 2 and figure 1. Participants with white coat hypertension, masked

hypertension, and sustained hypertension vs sustained normotension had higher hsCRP,
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median (Q1-Q3) 0.9 (0.4-1.4), 1.2 (0.7-2.1) and 1.2 (0.7-2.3) vs 0.8 (0.4-1.4) mg/L
respectively, P <.001 for all comparisons, table 2 and figure 2.

Participants in the highest quartile of sP-selectin vs quartiles 1-3 were more likely to have
white coat hypertension (OR 1.29; 95% CI, 1.07-1.54; P = .007) and sustained hypertension
(OR 1.67; 95% CI, 1.40-1.98; P <.001) compared with normotension. The results remained
after adjustment for age, sex, smoking, diabetes mellitus and hyperlipidemia, and for
sustained hypertension also after adjustment for hsCRP, table 3. Using linear regression,
higher sP-selectin was associated with an increased proportion of participants with sustained
hypertension, estimate of linear regression (95% CI) 0.28 (0.11-0.46), P = .002, figure 3.
Participants in the highest quartile of hsCRP vs quartiles 1-3 were more likely to have white
coat hypertension (OR 1.37; 95% CI, 1.14-1.64; P <.001), masked hypertension (OR 2.31;
95% CI, 1.72-3.10; P <.001), and sustained hypertension (OR 2.25; 95% CI, 1.89-2.66;

P <.001) compared with normotension. The results remained after adjustment for age, sex,
smoking, diabetes mellitus, hyperlipidemia, and sP-selectin, table 3. Using linear regression,
higher hsCRP was associated with an increased proportion of participants with masked
hypertension and sustained hypertension, estimates of linear regression (95% CI) 1.10 (0.31-
1.88), P=.007 and 4.04 (2.25-5.83), P <.001, respectively, figure 4.

Participants in the highest quartile of sP-selectin vs quartiles 1-3 were more likely to have a
CACS =100, OR (95% CI) 1.26 (1.03-1.55), P = .026 and >1 carotid artery plaque, OR (95%
CI) 1.16 (1.01-1.33), P =.035. The observed differences disappeared after adjustment for age
and sex. For participants in the highest quartile of hsCRP vs quartiles 1-3 we observed no
significant difference in OR for CACS >100, OR 1.19 (95% CI, 0.97-1.46), P = .097.
However, those in the highest hsCRP quartile were more likely to have carotid plaques, OR

1.21 (95% CI, 1.05-1.38), P =.007, a finding that persisted after multivariable adjustment for
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age, sex, the most established risk factors for cardiovascular disease, and sP-selectin, OR 1.16

(95% CI, 1.00-1.34), P = .045.

4. Discussion

In this cross-sectional study of almost five thousand men and women aged 50 to 64 years, we
show that individuals with hypertension, whether at the office, at home or both, had higher
levels of sP-selectin and hsCRP than those with sustained normotension. Furthermore, sP-
selectin was associated with sustained hypertension compared with sustained normotension,
also in the multivariable adjusted model. Higher hsCRP increased the likelihoods of having
any of the hypertension phenotypes vs sustained normotension, also in the multivariable
adjusted model.

Soluble P-Selectin was independently associated with sustained hypertension and associated
with white coat hypertension in model 3 but not model 4. High sP-selectin was also related to
higher likelihood of CACS >100 and carotid artery plaques >1. However, this relation was no
longer significant after adjusting for age and sex. High sP-selectin is known to be associated
with hypertension at the office [14,27,28], resistant hypertension [29], malignant and
renovascular hypertension [30], CACS and cardiovascular events [11,13,15,17,18].
Normalization of elevated BP may reduce sP-selectin [31]. However, the above studies of the
association between sP-selectin and hypertension were small (less than 200 participants).
Furthermore, the associations in our study between sP-selectin and white coat hypertension
and sustained hypertension are novel findings which implicate that hypertension may be more
closely related with platelet activity and thrombotic disease than previously known. In
addition the association appears to go beyond that of inflammation, given that adjustment
with hsCRP had little impact on the result.

High sensitivity C-reactive protein was associated with masked hypertension and higher

likelihood of at least one carotid artery plaque, but not CACS >100. CRP and hsCRP have
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previously been associated with obesity, type 2 diabetes mellitus, hypertension,
atherosclerosis, and arterial stiffness [6-10]. Levels of hsCRP have also been related to
increased risk of future cardiovascular events [6-8]. However, the use of hsCRP in
cardiovascular disease risk stratification is debated [33]. Our results confirm the relationship
with hypertension, and the relation with carotid artery plaques strengthens the association
with atherosclerosis and cardiovascular events.

The association between both sP-selectin and hsCRP with white coat hypertension indicates
that isolated hypertension at the office may not be completely benign.

The relationship between inflammation and cardiovascular disease has been thoroughly
studied, in terms of both pathophysiology and therapeutics [34-36]. However, whether
inflammatory markers are merely elevated as a result of other cardiovascular risk factors, or
whether they confer an increased risk themselves, is not clear.

In our study, we excluded participants with hsCRP above 5 mg/L or sP-selectin beyond 4
standard deviations above mean, so that inflammation due to other processes, including acute
infections, would not distort any potential association between inflammation and
cardiovascular disease. This approach is common, although the specific cut-off level varies
between studies[37,38].

There are some limitations to our study. The missing rate was 31% for PWV, compared with
an otherwise low missing rate of at most 3% for all other variables, because analysis of PWV
was performed only if time permitted. Although home BP was measured in the sitting
position, office BP was measured in the supine position. Studies evaluating the difference
between supine and sitting measurements have found conflicting results as to the direction
and degree of the difference [39-41], but a resulting misclassification of BP in some cases
cannot be ruled out. Current medications and previous events were self-reported and thus

could include some inaccuracies. Home BP does not capture the same out-of-office BP as
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does ambulatory BP measurements, and thus hypertension phenotypes derived based on these
two methods are not directly comparable. Finally, causality cannot be determined in this
cross-sectional study.

In conclusion, in this large population study of randomly recruited middle-aged individuals,
both increased sP-selectin and hsCRP were independently associated with sustained
hypertension. Our findings indicate an association between hypertension and platelet activity,

as expressed by sP-selectin.

Acknowledgements

We are grateful to all participants of the SCAPIS study, as well as to Karin Festin for
statistical advice and medical biologist Dr Anna Lundberg for laboratory assistance. We are
also grateful to Mats Fredrikson, Forum Ostergdtland, Faculty of Medicine, Link&ping
University, for statistical advice. The authors would also like to acknowledge support of
Affinity Proteomics Uppsala at SciLifeLab Sweden for providing assistance in the analyses of
sP-selectin.

We are also grateful to the Swedish National Research School in General Practice, that

facilitated the exchange with the George Institute for Global Health.

References

1. Mancia Chairperson G, Kreutz Co-Chair R, Brunstrom M, Burnier M, Grassi G,
Januszewicz A, et al. 2023 ESH Guidelines for the management of arterial hypertension The
Task Force for the management of arterial hypertension of the European Society of
Hypertension Endorsed by the European Renal Association (ERA) and the International

Society of Hypertension (ISH). J Hypertens 2023.

2. Stergiou GS, Kario K, Kollias A, McManus RJ, Ohkubo T, Parati G, et al. Home blood
pressure monitoring in the 21st century. J Clin Hypertens (Greenwich) 2018; 20:1116-1121.

12 (30)



3. Lehrskov LL, Christensen RH. The role of interleukin-6 in glucose homeostasis and lipid

metabolism. Semin Immunopathol 2019; 41:491-499.

4. Perkins LA, Anderson CJ, Novelli EM. Targeting P-Selectin Adhesion Molecule in
Molecular Imaging: P-Selectin Expression as a Valuable Imaging Biomarker of Inflammation

in Cardiovascular Disease. J Nucl Med 2019; 60:1691-1697.

5. Krishnan SM, Sobey CG, Latz E, Mansell A, Drummond GR. IL-1f and IL-18:

inflammatory markers or mediators of hypertension? Br J Pharmacol 2014; 171:5589-5602.

6. Boos CJ, Lip GY. Elevated high-sensitive C-reactive protein, large arterial stiffness and
atherosclerosis: a relationship between inflammation and hypertension? J Hum Hypertens

2005; 19:511-513.

7. Sethwala AM, Goh I, Amerena JV. Combating Inflammation in Cardiovascular Disease.

Heart Lung Circ 2021; 30:197-206.

8. Pfiitzner A, Standl E, Strotmann HJ, Schulze J, Hohberg C, Liibben G, et al. Association of
high-sensitive C-reactive protein with advanced stage beta-cell dysfunction and insulin

resistance in patients with type 2 diabetes mellitus. Clin Chem Lab Med 2006; 44:556-560.

9. Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB, Thompson SG, Collins R, et al. C-
reactive protein concentration and risk of coronary heart disease, stroke, and mortality: an

individual participant meta-analysis. Lancet 2010; 375:132-140.

10. Boos CJ, Lip GY. Is hypertension an inflammatory process? Curr Pharm Des 2006;

12:1623-1635.

13 (30)



11. McEver RP. Selectins: initiators of leucocyte adhesion and signalling at the vascular wall.

Cardiovasc Res 2015; 107:331-339.

12. André P. P-selectin in haemostasis. Br J Haematol 2004; 126:298-306.

13. Blann AD, Nadar SK, Lip GY. The adhesion molecule P-selectin and cardiovascular

disease. Eur Heart J 2003; 24:2166-2179.

14. Lip GY, Blann AD, Zarifis J, Beevers M, Lip PL, Beevers DG. Soluble adhesion
molecule P-selectin and endothelial dysfunction in essential hypertension: implications for

atherogenesis? A preliminary report. J] Hypertens 1995; 13:1674-1678.

15. Itoh T, Nakai K, Ono M, Hiramori K. Can the risk for acute cardiac events in acute
coronary syndrome be indicated by platelet membrane activation marker P-selectin? Coron

Artery Dis 1995; 6:645-650.

16. Pawelczyk M, Glabinski A, Kaczorowska B, Baj Z. sP- and sE-selectin in stroke patients

with metabolic disorders. Neurol Neurochir Pol 2018; 52:599-605.

17. Ridker PM, Buring JE, Rifai N. Soluble P-selectin and the risk of future cardiovascular

events. Circulation 2001; 103:491-495.

18. Bielinski SJ, Berardi C, Decker PA, Kirsch PS, Larson NB, Pankow JS, et al. P-selectin
and subclinical and clinical atherosclerosis: the Multi-Ethnic Study of Atherosclerosis

(MESA). Atherosclerosis 2015; 240:3-9.

19. Zinellu A, Mangoni AA. Systematic Review and Meta-Analysis of the Effect of Statins on

Circulating E-Selectin, L-Selectin, and P-Selectin. Biomedicines 2021; 9.

14 (30)



20. Bergstrom G, Berglund G, Blomberg A, Brandberg J, Engstrom G, Engvall J, et al. The
Swedish CArdioPulmonary Biolmage Study: objectives and design. J Intern Med 2015;

278:645-659.

21. Johansson MAK, Ostgren CJ, Engvall J, Swahn E, Wijkman M, Nystrom FH.
Relationships between cardiovascular risk factors and white-coat hypertension diagnosed by

home blood pressure recordings in a middle-aged population. J Hypertens 2021.

22. af Geijerstam P, Engvall J, Ostgren CJ, Nystrém FH, Rddholm K. Home blood pressure
compared with office blood pressure in relation to dysglycemia. American Journal of

Hypertension 2022.

23. Zaigham S, Ostgren CJ, Persson M, Muhammad IF, Nilsson PM, Wollmer P, et al. The
association between carotid-femoral pulse-wave velocity and lung function in the Swedish

CArdioPulmonary biolmage study (SCAPIS) cohort. Respir Med 2021; 185:106504.

24. Ostgren CJ, Séderberg S, Festin K, Angeras O, Bergstrom G, Blomberg A, et al.
Systematic Coronary Risk Evaluation estimated risk and prevalent subclinical atherosclerosis

in coronary and carotid arteries: A population-based cohort analysis from the Swedish

Cardiopulmonary Bioimage Study. Eur J Prev Cardiol 2021; 28:250-259.

25. Ekblom-Bak E, Ekblom O, Fagman E, Angerés O, Schmidt C, Rosengren A, et al. Fitness
attenuates the prevalence of increased coronary artery calcium in individuals with metabolic

syndrome. Eur J Prev Cardiol 2018; 25:309-316.

15 (30)



26. Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al. New Creatinine-
and Cystatin C-Based Equations to Estimate GFR without Race. N Engl J Med 2021;

385:1737-1749.

27. Sanada H, Midorikawa S, Yatabe J, Yatabe MS, Katoh T, Baba T, et al. Elevation of
serum soluble E- and P-selectin in patients with hypertension is reversed by benidipine, a

long-acting calcium channel blocker. Hypertens Res 2005; 28:871-878.

28. Parissis JT, Venetsanou KF, Mentzikof DG, Kalantzi MV, Georgopoulou MV,
Chrisopoulos N, et al. Plasma levels of soluble cellular adhesion molecules in patients with

arterial hypertension. Correlations with plasma endothelin-1. Eur J Intern Med 2001; 12:350-

356.

29. de Faria AP, Ritter AM, Sabbatini AR, Corréa NB, Brunelli V, Modolo R, et al.
Deregulation of Soluble Adhesion Molecules in Resistant Hypertension and Its Role in

Cardiovascular Remodeling. Circ J 2016; 80:1196-1201.

30. Verhaar MC, Beutler JJ, Gaillard CA, Koomans HA, Fijnheer R, Rabelink TJ. Progressive
vascular damage in hypertension is associated with increased levels of circulating P-selectin. J

Hypertens 1998; 16:45-50.

31. Riondino S, Pignatelli P, Pulcinelli FM, Lenti L, Di Veroli C, Marigliano V, et al. Platelet
hyperactivity in hypertensive older patients is controlled by lowering blood pressure. ] Am

Geriatr Soc 1999; 47:943-947.

32. Karter Y, Aydin S, Curgunlu A, Uzun H, Ertlirk N, Vehid S, et al. Endothelium and

angiogenesis in white coat hypertension. J] Hum Hypertens 2004; 18:809-814.

16 (30)



33. Lin JS, Evans CV, Johnson E, Redmond N, Burda BU, Coppola EL, et al. Nontraditional
Risk Factors in Cardiovascular Disease Risk Assessment: A Systematic Evidence Report for

the U.S. Preventive Services Task Force. 2018.

34. Steven S, Frenis K, Oelze M, Kalinovic S, Kuntic M, Bayo Jimenez MT, et al. Vascular
Inflammation and Oxidative Stress: Major Triggers for Cardiovascular Disease. Oxid Med

Cell Longev 2019; 2019:7092151.

35. Ndrepepa G. Myeloperoxidase - A bridge linking inflammation and oxidative stress with

cardiovascular disease. Clin Chim Acta 2019; 493:36-51.

36. Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM, Ridker PM. C-reactive protein and

the risk of developing hypertension. JAMA 2003; 290:2945-2951.

37. Sharif S, Van der Graaf Y, Cramer MJ, Kapelle LJ, de Borst GJ, Visseren FLJ, et al. Low-
grade inflammation as a risk factor for cardiovascular events and all-cause mortality in

patients with type 2 diabetes. Cardiovasc Diabetol 2021; 20:220.

38. Winkelmayer WC, Schaeffner ES, Chandraker A, Kramar R, Rumpold H, Sunder-
Plassmann G, et al. A J-shaped association between high-sensitivity C-reactive protein and

mortality in kidney transplant recipients. Transpl Int 2007; 20:505-511.

39. Privsek E, Hellgren M, Rastam L, Lindblad U, Daka B. Epidemiological and clinical
implications of blood pressure measured in seated versus supine position. Medicine

(Baltimore) 2018; 97:¢11603.

17 (30)



40. Jamieson MJ, Webster J, Philips S, Jeffers TA, Scott AK, Robb OJ, et al. The
measurement of blood pressure: sitting or supine, once or twice? J Hypertens 1990; 8:635-

640.

41. Netea RT, Lenders JW, Smits P, Thien T. Influence of body and arm position on blood

pressure readings: an overview. J Hypertens 2003; 21:237-241.

Figures and Tables

18 (30)



Table 1. Baseline characteristics according to blood pressure classification.
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Sustained normotension White coat hypertension Masked hypertension Sustained hypertension Total

(n=2706) (n=813) (n=209) (n = 820) (N =4548)
Sex, men, n (%) 1276 (47.2) 377 (46.4) 149 (71.3) 484 (59.0) 2286 (50.3)
Age (years), median (Q1-Q3) 56.4 (53.0-60.5) 59.0 (54.8-62.4) 57.3 (53.8-60.8) 58.7 (54.5-61.8) 57.2 (53.4-61.2)
Ever-smokers, n (%)
Previous 777 (28.7) 288 (35.4) 63 (30.1) 286 (34.9) 1414 (31.1)
Current 254 (9.4) 50 (6.2) 23 (11.0) 89 (10.9) 416 (9.1)
BMI (kg/m?), median (Q1-Q3) 252 (23.1-27.7) 26.7 (24.3-29.4) 28.2(26.5-31.2) 28.2(25.5-31.2) 26.1 (23.7-29.0)
Waist circumference (cm), median (Q1-Q3) 89 (81-97) 94 (85-101) 100 (94-109) 99 (91-106) 92 (83-100)
Fasting glucose (mmol/L), median (Q1-Q3) 5.4 (5.2-5.8) 5.6 (5.3-6.1) 5.7 (5.3-6.2) 5.8 (5.4-6.2) 5.5(5.2-5.9)
HbA1lc (mmol/mol), median (Q1-Q3) 35(33-37) 35(33-38) 36 (34-38) 35(33-38) 35(33-37)
¢GFR (mL/min/1.73 m?), median (Q1-Q3) 86.4 (77.7-96.5) 86.2 (77.5-96.1) 84.8 (76.5-94.9) 87.5(77.2-97.6) 86.4 (77.5-96.6)
LDL (mmol/L), median (Q1-Q3) 3.2 (2.6-3.8) 3.3 (2.7-4.0) 3.2(2.7-3.7) 3.3 (2.7-4.0) 3.2(2.7-3.9)
HDL (mmol/L), median (Q1-Q3) 1.7 (1.4-2.0) 1.6 (1.3-2.0) 1.4 (1.1-1.6) 1.5(1.2-1.8) 1.6 (1.3-2.0)
Triglycerides (mmol/L), median (Q1-Q3) 0.9 (0.7-1.3) 1.1 (0.8-1.5) 1.2 (0.9-1.7) 1.3 (0.9-1.8) 1.0 (0.8-1.4)
LDL/HDL ratio, median (Q1-Q3) 1.9 (1.4-2.5) 2.1 (1.5-2.7) 2.4 (1.6-3.1) 2.2(1.7-2.9) 2.0 (1.5-2.7)
Past event, n (%) Myocardial infarction 49 (1.8) 11(1.4) 3(1.4) 14 (1.7) 77 (1.7)
Stroke 35(1.3) 12 (1.5) 1(0.5) 6(0.7) 54 (1.2)
Current Hypertension 258 (9.5) 186 (22.9) 65 (31.1) 266 (32.4) 775 (17.0)
medication, n (%)  Hyperlipidemia 142 (5.2) 77 (9.5) 25 (12.0) 81(9.9) 325(7.1)
Diabetes mellitus 66 (2.4) 28 (3.4) 19 (9.1) 36 (4.4) 149 (3.3)
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Sustained normotension White coat hypertension Masked hypertension Sustained hypertension Total

(n=2706) (n=2813) (n=209) (n=820) (N =4548)
Office BP (mmHg), Systolic 122.0 (114.0-129.0) 145.0 (141.0-152.0) 131.0 (126.0-135.0) 152.0 (144.0-162.0) 130.0 (120.0-143.0)
median (Q1-Q3) Diastolic 78.0 (73.0-82.0) 90.0 (86.0-94.0) 83.0 (80.0-86.0) 96.0 (91.0-101.0) 82.0 (76.0-90.0)
Home BP (mmHg), Systolic 113.1 (106.4-119.9) 123.5(117.7-128.7) 132.3 (127.8-137.9) 137.9 (132.7-144.7) 119.5(110.5-128.9)
median (Q1-Q3) Diastolic 73.4 (69.1-77.7) 79.1 (75.6-82.1) 86.5 (85.3-88.7) 89.0 (86.1-93.0) 77.2 (71.7-83.3)

Office-home BP difference (mmHg), median

(Q1-Q3)

8.2 (2.8-14.0)

23.0(16.2-30.3)

1.7 (-9.3 to -2.5)

14.3 (6.9-22.6)

10.8 (4.2-18.8)

Values for sex, age, BMI, estimated glomerular filtration rate (¢GFR), HDL, triglycerides, all current medication variables, and all BP variables (including the office-home BP difference) were
calculated based on all 4548 participants. Values for other variables (smoking status, waist circumference, fasting glucose, HbAlc, LDL, LDL/HDL ratio and past events) were calculated based
on 4415-4546 (97-99.96%) of the total population..

BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MH, masked

hypertension; SH, sustained hypertension; SN, sustained normotension; WCH, white coat hypertension.

21 (30)



Table 2. Markers of inflammation and cardiovascular disease according to blood pressure classifications.

Sustained White coat Masked Sustained Total P value (for each hypertension
normotension hypertension hypertension hypertension (N =4548) phenotype in relation to sustained
(n=2706) (n=2813) (n=209) (n = 820) normotension)

sP-selectin (ng/mL), median (Q1-Q3) 33.5(26.7-41.1) 34.9 (27.3-43.0) 35.8 (28.5-42.4) 36.8 (29.1-45.1) 34.3 (27.3-42.3) <.001 (SH), .030 (MH), .011 (WCH)

hsCRP (mg/L), median (Q1-Q3) 0.8 (0.4-1.4) 0.9 (0.5-1.8) 1.2 (0.7-2.1) 1.2 (0.7-2.3) 0.9 (0.5-1.7) <.001 (SH, MH, WCH)

PWYV, median (Q1-Q3) 8.3 (7.6-9.0) 9.2 (8.4-10.0) 9.3 (8.7-10.1) 9.9 (9.0-10.8) 8.7 (7.9-9.6) <.001 (SH, MH, WCH)

Total CACS, median (Q1-Q3) 0.0 (0.0-9.0) 0.0 (0.0-28.0) 4.0 (0.0-68.0) 0.0 (0.0-50.3) 0.0 (0.0-17.0) <.001 (SH, MH, WCH)

Total CACS >100, n (%) 217 (8.0) 115 (14.1) 42 (20.1) 142 (17.3) 516 (11.3) <.001 (SH, MH, WCH)

Carotid artery plaques >1, n (%) 1351 (49.9) 499 (61.4) 129 (61.7) 541 (66.0) 2520 (55.4) <.001 (SH, MH, WCH)

Values for hsCRP, sP-selectin and carotid artery plaques were calculated based on all 4548 participants. Values for CACS and PWV were calculated based on 4416 (97%) and 3134 (69%)
respectively of the total population. Differences between blood pressure classifications was tested using a Kruskal-Wallis test with pairwise comparisons using Conover's many-to-one test and
the Holm-Bonferroni method to correct for multiple comparisons.

CACS, coronary artery calcium score; hsCRP, high sensitivity C-reactive protein; MH, masked hypertension; PWV, pulse wave velocity; SH, sustained hypertension; SN, sustained

normotension; WCH, white coat hypertension.
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Table 3. Odds ratio of each hypertension phenotype vs sustained normotension for those with
sP-selectin and hsCRP in quartile 4 vs quartiles 1-3. Participants with sP-selectin in quartiles
4 more often had sustained hypertension than sustained normotension, also when adjusted for
age, sex, smoking, diabetes mellitus diagnosis and hyperlipidemia diagnosis. Participants with
hsCRP in quartile 4 vs quartile 1 more often had white coat hypertension, masked
hypertension, and sustained hypertension vs sustained normotension, also when adjusted for

age, sex, smoking, diabetes mellitus diagnosis and hyperlipidemia diagnosis.

SN  White coat hypertension Masked hypertension Sustained hypertension

(ref) (n=813) (n=209) (n=820)
sP-selectin Q4 vs Q1-3 OR OR(95% CI) Pvalue OR(95% CI) Pvalue OR(95% CI) P value
Crude 1 129(1.07-1.54) .007 1.20 (0.86-1.67) .280 1.67 (1.40-1.98) <.001
Adjusted for age and sex 1 1.24 (1.03-1.49) .024 1.02 (0.73-1.43) .893 1.51(1.26-1.81) <.001

Adjusted for age, sex, smoking, 1 1.23 (1.02-1.49) .034 0.88 (0.62-1.25) .480 1.52 (1.26-1.82) <.001
diagnosis of diabetes mellitus, and

hyperlipidemia

Adjusted for age, sex, smoking, 1 1.18 (0.98-1.44) .086 0.81 (0.57-1.16) .255 1.41 (1.17-1.70) <.001
diagnosis of diabetes mellitus,

hyperlipidemia, and hsCRP

hsCRP Q4 vs Q1-3 OR OR(95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) P value
Crude 1 1.37 (1.14-1.64) <.001 2.31(1.72-3.10) <.001 2.25(1.89-2.66) <.001
Adjusted for age and sex 1 1.31(1.09-1.58) .004 2.43 (1.80-3.28) <.001 2.25(1.89-2.68) <.001

Adjusted for age, sex, smoking, 1 1.35(1.12-1.63) .002 2.41(1.76-3.28) <.001 2.23 (1.87-2.66) <.001
diagnosis of diabetes mellitus, and

hyperlipidemia

Adjusted for age, sex, smoking, 1 1.33 (1.10-1.61) .003 2.42(1.78-3.31) <.001  2.18(1.82-2.61) <.001
diagnosis of diabetes mellitus,

hyperlipidemia, and sP-selectin

The odds ratios and 95% CI for each hypertension phenotype vs sustained normotension for participants with sP-selectin and
hsCRP respectively in quartile 4 vs quartiles 1 to 3 was tested using binomial generalized linear model analyses, and analyses
were crude, adjusted for age and sex, adjusted for age, sex, smoking, diagnosis of diabetes mellitus and hyperlipidemia, and

adjusted for age, sex, smoking, diagnosis of diabetes mellitus, hyperlipidemia, and hsCRP and sP-selectin respectively.
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Abbreviations: CI, confidence interval; hsCRP, high-sensitivity C-reactive protein, OR, odds ratio; ref, reference; SN,

sustained normotension; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.
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Table 4. Odds ratio of coronary artery calcifications core (CACS) >100 and carotid artery
plaques >1, respectively, for participants with sP-selectin and hsCRP in quartile 4 vs
quartiles 1-3. Participants with sP-selectin in quartile 4 more often had CACS >100 and
carotid artery plaques >1, but not when adjusted for age and sex. Participants with hsCRP in
quartile 4 more often had carotid artery plaques >1, also when adjusted for age, sex, smoking,

and diagnosis of diabetes mellitus, hyperlipidemia, and hypertension.
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Coronary artery calcification score

Carotid artery plaques

(CACS) (n = 4548)
(n = 4416)
<100 (ref) >100 0 (ref) >1

sP-selectin Q4 vs Q1-3 OR OR (95% CI) P value OR OR(95% CI) P value
Crude 1 1.26 (1.03-1.55) .026 1 1.16 (1.01-1.33) .035
Adjusted for age and sex 1 1.00 (0.81-1.24) .982 1 1.04 (0.90-1.20) .586
Adjusted for age, sex, smoking, diagnosis of 1 0.98 (0.78-1.22) .833 1 1.03 (0.89-1.19) .679
diabetes mellitus, and hyperlipidemia

Adjusted for age, sex, smoking, and 1 0.97 (0.77-1.22) .795 1 1.03 (0.89-1.19) .710
diagnosis of diabetes mellitus,

hyperlipidemia, and hypertension

Adjusted for age, sex, smoking, and 1 0.96 (0.77-1.21) .738 1 1.02 (0.88-1.18) .787

diagnosis of diabetes mellitus,

hyperlipidemia, hypertension, and hsCRP

hsCRP Q4 vs Q1-3 OR OR (95% CI) P value OR OR(95%CI) Pvalue
Crude 1 1.19 (0.97-1.46) .097 1 1.21 (1.05-1.38) .007
Adjusted for age and sex 1 1.18 (0.95-1.46) .128 1 1.20 (1.04-1.38) .010
Adjusted for age, sex, smoking, diagnosis of 1 1.10 (0.88-1.37) .413 1 1.19 (1.03-1.37) .019
diabetes mellitus, and hyperlipidemia

Adjusted for age, sex, smoking, and 1 1.04 (0.83-1.30) .761 1 1.16 (1.01-1.34) .042
diagnosis of diabetes mellitus,

hyperlipidemia, and hypertension

Adjusted for age, sex, smoking, and 1 1.04 (0.83-1.30) .732 1 1.16 (1.00-1.34) .045

diagnosis of diabetes mellitus,
hyperlipidemia, hypertension, and sP-

selectin

The odds ratios and 95% CI for CACS >100 and carotid artery plaques >1 respectively for participants with sP-selectin and

hsCRP respectively in quartile 4 vs quartiles 1 to 3 was tested using binomial generalized linear model analyses, and analyses

were crude, adjusted for age and sex, adjusted for age, sex, smoking, diagnosis of diabetes mellitus and hyperlipidemia,

adjusted for age, sex, smoking, diagnosis of diabetes mellitus, hyperlipidemia, and hypertension, and adjusted for age, sex,

smoking, diagnosis of diabetes mellitus, hyperlipidemia, hypertension, and hsCRP and sP-selectin respectively.
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Abbreviations: CACS, coronary artery calcification score; CI, confidence interval; hsCRP, high-sensitivity C-reactive

protein; OR, odds ratio; ref, reference; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, quartile 4.

Figure 1. Box plot of sP-selectin in relation to blood pressure classification. All hypertension

phenotypes had higher sP-selectin than sustained normotension.
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Pairwise comparisons between sustained normotension and hypertension phenotypes were tested using a Kruskal-Wallis test
with pairwise comparisons using Conover's many-to-one test and the Holm-Bonferroni method to correct for multiple

comparisons.
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Figure 2. Box plot of high sensitivity C-reactive protein (hsCRP) in relation to blood pressure

classification. All hypertension phenotypes had higher hsCRP than sustained normotension

(P <.001 for all).
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Pairwise comparisons between sustained normotension and hypertension phenotypes were tested using a Kruskal-Wallis test

with pairwise comparisons using Conover's many-to-one test and the Holm-Bonferroni method to correct for multiple

comparisons.
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Figure 3. Proportional area plots of each blood pressure classification in relation to sP-
selectin. The fit line (black) and 95% CI (shaded) illustrates the trend of the linear regression

with associated estimates, 95% CI and P values.
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The dark grey areas represent the proportion of the blood pressure classification for each level sP-selectin. The fit line (black)
illustrates the estimate of the linear regression for the proportion of the blood pressure classification as the dependent

variable, and sP-selectin as the independent variable, with associated 95% CI (shaded).
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Figure 4. Proportional area plots of each blood pressure classification in relation to high-
sensitivity C-reactive protein (hsCRP). The fit line (black) and 95% CI (shaded) illustrates the

trend of the linear regression with associated estimates, 95% CI and P values.
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The dark grey areas represent the proportion of the blood pressure classification for each level of high-sensitivity C-reactive
protein (hsCRP). The fit line (black) illustrates the estimate of the linear regression for the proportion of the blood pressure

classification as the dependent variable, and hsCRP as the independent variable, with associated 95% CI (shaded).
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