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Abstract: Introduction: The potential utility of inflammatory and hemodynamic plasma biomarkers
for the prediction of incident lower extremity arterial disease (LEAD), carotid artery stenosis (CAS),
isolated atherosclerotic disease without concomitant abdominal aortic aneurysm (AAA), and isolated
AAA without concomitant atherosclerotic disease has not yet been integrated in clinical practice. The
main objective of this prospective study was to find predictive plasma biomarkers for cardiovas-
cular disease and to evaluate differences in plasma biomarker profiles between asymptomatic and
symptomatic CAS, as well as between isolated atherosclerotic disease and isolated AAA. Methods:
Blood samples collected at baseline from participants in the prospective Malmö Diet and Cancer
study (MDCS) cardiovascular cohort (n = 5550 middle-aged individuals; baseline 1991–1994) were
used for plasma biomarker analysis. Validation of each incident cardiovascular diagnosis was per-
formed by random sampling. Cox regression analysis was used to calculate hazard ratios (HRs)
per one standard deviation increment of each respective log-transformed plasma biomarker with
95% confidence intervals (CI). Results: Adjusted lipoprotein-associated phospholipase A2 (Lp-PLA2)
activity (HR 1.33; CI 1.17–1.52) and mass (HR 1.20; CI 1.05–1.37), C-reactive protein (CRP) (HR 1.55;
CI 1.36–1.76), copeptin (HR 1.46; CI 1.19–1.80), N-terminal pro-B-type natriuretic peptide (N-BNP)
(HR 1.28; 1.11–1.48), and cystatin C (HR 1.19; 95% 1.10–1.29) were associated with incident symp-
tomatic LEAD. Adjusted N-BNP (HR 1.59; CI 1.20–2.11), mid-regional proadrenomedullin (HR 1.40;
CI 1.13–1.73), cystatin C (HR 1.21; CI 1.02–1.43), and CRP (HR 1.53; CI 1.13–1.73) were associated
with incident symptomatic but not asymptomatic CAS. Adjusted HR was higher for Lp-PLA2 (mass)
for incident isolated AAA compared to for isolated atherosclerotic disease. Conclusions: Plasma
biomarker profile data support that subclinical vascular inflammation and cardiovascular stress seem
to be relevant for the development of atherosclerotic disease and AAA.

Keywords: plasma biomarkers; incident cardiovascular disease; lower extremity arterial disease;
carotid artery stenosis; abdominal aortic aneurysm; prospective study; Malmö Diet and Cancer Study

1. Introduction
1.1. Biomarkers

Biomarkers can be used to determine whether a patient has a particular medical
condition for which treatment may be indicated or if an individual free of a particular
disease will develop that disease in the future. In clinical practice, no biomarker test has
perfect clinical and analytical performance with 100% sensitivity and 100% specificity.
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To be of clinical value in relation to cardiovascular diseases such as lower extremity
arterial disease (LEAD), carotid artery disease (CAS), and abdominal aortic aneurysm
(AAA), a biomarker must be stable, reliably measurable with reasonable cost and ef-
fort and give additional relevant information on diagnosis or prognosis when combined
with the diagnostic methods already used in clinical practice. It is often beneficial to
combine the assessment of several different biomarkers due to large intra-individual
variations [1].

1.2. Old and New Plasma Biomarkers for Cardiovascular Disease

This review covers both older plasma biomarkers, such as C-reactive protein (CRP),
and more novel plasma biomarkers, such as lipoprotein-associated phospholipase (Lp-
PLA2) (mass and activity), proneurotensin, mid-regional proatrial natriuretic peptide
(MR-proANP), mid-regional proadrenomedullin (MR-proADM), N-terminal pro-B-type
natriuretic peptide (NT-proBNP), copeptin, and cystatin C. An overview of cell origin, type
of marker, and disease marker of these plasma biomarkers is shown in Table 1 [2–27].

Table 1. Overview of plasma biomarkers.

Name Cell Origin Type of Marker Disease Marker

CRP [2–5] Liver Inflammatory
Cardiovascular

Obesity
Diabetes

Lp-PLA2 [6–11] (mass) Monocytes Inflammatory Atherogenesis

Lp-PLA2 (activity) Monocytes Inflammatory Atherogenesis

Proneurotensin [12] Gut Fat metabolism Satiety
Obesity regulation

MR-proADM [13–15] Vascular smooth muscle and
endothelial cells, cardiomyocytes Vasodilatation Endothelial dysfunction

MR-proANP [13–15] Atria Cardiac Heart failure, volume overload

NT pro-BNP [16–19] Atria Cardiac Heart failure, volume overload

Copeptin [20–22] Hypothalamus Inflammatory Heart failure, acute myocardial
infarction, ischemic stroke

Cystatin C [23–27] Body fluids Renal Kidney failure

CRP: C-reactive protein, Lp-PLA2 (activity and mass): lipoprotein-associated phospholipase A2, MR-proADM:
mid-regional proadrenomedullin, MR-proANP: mid-regional proatrial natriuretic peptide, N pro-BNP: N-terminal
pro-B-type natriuretic peptide.

1.3. The Malmö Diet and Cancer Study Cohort—Cardiovascular Arm

A total of 71,104 middle-aged men and women from Malmö born between 1923 and
1950 (age range 45 to 73 years) were invited to participate in the population-based Malmö
Diet and Cancer Study (MDCS) [28], but only 30,046 accepted and underwent all examina-
tion procedures [29]. Among the MDCS participants, a random sample (14,000 individuals)
was invited to undergo additional evaluations, including blood sampling for future studies,
but only 6103 participants were included in this MDCS–cardiovascular arm (MDCS-CV)
cohort between 1991 and 1994 [28].

1.4. Objectives

The potential utility of inflammatory and hemodynamic plasma biomarkers for pre-
diction of incident LEAD, CAS, isolated atherosclerotic disease without concomitant AAA,
and isolated AAA without concomitant atherosclerotic disease has not yet been integrated
into clinical practice. The main objective of this prospective study was to find predic-
tive plasma biomarkers for cardiovascular disease and to evaluate differences in plasma
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biomarker profiles between asymptomatic and symptomatic CAS, as well as between
isolated atherosclerotic disease (AD) and isolated AAA.

2. Methods
2.1. Study Design

This is a summary of five contemporary published prospective cohort studies on
plasma biomarkers and incident cardiovascular disease by using data from the MDCS-
CV [30–35].

2.2. Plasma Biomarkers

Plasma biomarkers were measured from fasting plasma samples frozen at −80 ◦C
immediately after collection [36]. An overview of laboratory measurements, assays, manu-
facturers, and coefficients of variation (CV) are shown in Table 2 [22,36–39].

Table 2. Overview of laboratory measurements.

Name Assay Manufacturer CV (%)

CRP High sensitivity
Tina-quant® latex

Roche Diagnostics,
Rotkreuz, Switzerland 4.59

Lp-PLA2 (mass) [37] Sandwich enzyme immuno-
diaDexus Inc.,

San Francisco, California,
United States

4.62

Lp-PLA2 (activity) [37] Enzyme-linked
immunosorbent Non-commercial 5.78

Proneurotensin [38] Chemiluminescence Non-commercial 4.1–6.2

MR-proADM [39] Immunoluminometric
sandwich

Brahms AG, Hennigsdorf,
Germany ≤10

MR-proANP Immunoluminometric
sandwich

Brahms AG, Hennigsdorf,
Germany ≤10

NT pro-BNP [36] Automated Dimension Vista
Intelligent Lab System

Siemens diagnostics,
Erlangen, Germany 2.7

Copeptin [22] Chemiluminescence Brahms AG, Hennigsdorf,
Germany <20

Cystatin C Particle-enhanced
immune-nephelometric

Siemens diagnostics,
Erlangen, Germany 4.3

CRP: C-reactive protein, Lp-PLA2 (activity and mass): lipoprotein-associated phospholipase A2, MR-proADM:
mid-regional proadrenomedullin, MR-proANP: mid-regional proatrial natriuretic peptide, NT pro-BNP: N-
terminal pro-B-type natriuretic peptide, CV: coefficient of variation.

2.3. Endpoint Ascertainment

All subjects free of respective cardiovascular disease were followed up from the
baseline examination until the first respective cardiovascular event (LEAD, CAS, coronary
artery disease, atherothrombotic ischemic stroke, or AAA), mortality, emigration from
Sweden, or end of follow-up on 31 December 2016. Individuals from the MDCS-CV with a
first registered diagnosis of respective cardiovascular disease were identified from Swedish
registers (the Inpatient and Outpatient Registries and the Cause of Death Register) by
linkage of the unique 10-digit personal identification number. Diagnoses are coded using a
Swedish revision of the International Classification of Diseases (ICD), versions 8, 9, and
10. Isolated AD was defined as AD without concomitant AAA, and isolated AAA as AAA
without concomitant AD.
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2.4. Validation of Cardiovascular Disease

One hundred randomly sampled patients with incident LEAD, CAS, and AAA identi-
fied in MDCS-CV were validated. Ninety-seven percent had symptomatic LEAD, advanced
LEAD since 69 had chronic limb-threatening ischemia, and 13 had acute lower limb is-
chemia. Of patients with CAS, 99 had CAS, of which 57 had symptomatic CAS and 42 had
asymptomatic CAS. Ninety-seven percent (96/99) had acute myocardial infarction. The
diagnosis of ischemic stroke was confirmed in 89% (87/98). Among the 87 with ischemic
stroke, 31 (35.6%) had embolization due to atrial fibrillation (AF). Patients registered with
AF prior to or simultaneously (±30 days) to ischemic stroke were labeled as AF-related
ischemic stroke and excluded. AF-related ischemic strokes were followed up until the date
of incident atrial fibrillation. In this way, non-embolic atherothrombotic stroke was selected
as the endpoint. Ninety-five percent had AAA, four had aneurysm formation outside of
the abdominal aorta or pseudoaneurysm in the abdominal aorta, and only one patient had
no aneurysmatic disease.

2.5. Statistics

Plasma biomarkers and confounders for incident cardiovascular disease were assessed
using multi-variable Cox regression models, and hazard ratios (HRs) were expressed
per one standard deviation (SD) increment of each respective log-transformed plasma
biomarker (skewed distributed) in the Cox regression models. No imputation of data was
made when there was missing data. Cumulative incidences of cardiovascular disease were
analyzed using the Kaplan–Meier method. The log-rank test was used in the comparison
between sex. Analyses were performed using SPSS for Windows, version 26.0 (SPSS Inc.,
Chicago, IL, USA); p-values less than 0.05 were considered significant.

2.6. Ethics

The scientific work reported was performed after appropriate approval of the follow-
ing ethical applications: Dnr LU 51-90, approved 14 February 1990, Dnr 166-2007, approved
12 April 2007, Dnr 2009/633, approved 19 November 2009, Dnr 2013/566, approved 27
August 2013.

3. Results
3.1. Cumulative Incidence of Incident Cardiovascular Diseases

The cumulative incidence of LEAD during a median follow-up of 23.4 years (in-
terquartile range [IQR] 19.4–24.3) was 4.4% (244/5550); 5.9% (137/2307) for men and 3.3%
(107/3243) for women (p < 0.001, Figure 1a). The cumulative incidence of CAS was 2.3%
(125/5543), 3.4% (75/2227) in men, and 1.5% (50/3316) in women (p < 0.001) during a
median follow-up of 23.4 years (IQR 19.5–24.3) (Figure 1b). During a median follow-up of
23.1 years (IQR 16.3–24.2), the cumulative incidence of isolated AD without concomitant
AAA was 22.2% (1196/5381); 28.6% (622/2178) in men and 17.9% (574/3203) in women
(p < 0.001) (Figure 1c). The cumulative incidence of isolated AAA without concomitant
AD was 1.6% (88/5381), and 68 (77.3%) of study subjects diagnosed with AAA were men
(p < 0.001 compared to AAA in women) (Figure 1d).
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to sex among participants in the Malmö Diet and Cancer cohort.

3.2. Plasma Biomarkers Associated with Incident Cardiovascular Disease

In multi-variable Cox regression analysis adjusted for conventional risk factors, Lp-
PLA2 activity, Lp-PLA2 mass, CRP, Copeptin, N-BNP, and cystatin C were all independently
associated with incident LEAD during follow-up (Table 3). NT pro-BNP, MR-proADM,
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cystatin C, and CRP at baseline were independently associated with incident symptomatic
CAS during follow-up, whereas no associations were found between plasma biomarkers
and incident asymptomatic CAS (Table 4). Lp-PLA2 (activity) and MR-proADM were
both associated with incident-isolated AD and incident-isolated AAA during follow-up.
NT pro-BNP, copeptin, cystatin C, proneurotensin, and CRP were associated only with
incident-isolated AD, whereas Lp-PLA2 (mass) was associated only with incident-isolated
AAA (Table 5). Adjusted HR for Lp-PLA2 (mass) (HR 1.53, 95% CI 1.14–2.04 vs. HR 1.05,
95% CI 0.99–1.12) was higher for incident isolated AAA compared to incident isolated
AD, respectively.

Table 3. Hazard ratios for plasma biomarkers associated with incident LEAD.

Plasma Inflammatory Biomarkers PAD n = 244. HR * (95% CI)

C-reactive protein (n = 5300) 1.55 (1.36–1.76)

Proneurotensin (n = 4627) 0.94 (0.80–1.09)

Lipoprotein-associated phospholipase A2 (mass) (n = 5390) 1.20 (1.05–1.37)

Lipoprotein-associated phospholipase A2 (activity) (n = 5395) 1.33 (1.17–1.52)

Plasma hemodynamic biomarkers

Cystatin C (n = 5150) 1.19 (1.10–1.29)

Copeptin (n = 5248) 1.46 (1.19–1.80)

N-terminal pro-B-type natriuretic peptide (n = 5156) 1.28 (1.11–1.48)

Mid-regional proatrial natriuretic peptide (n = 5255) 1.13 (0.98–1.31)

Mid-regional proadrenomedullin (n = 5254) 1.16 (1.00–1.34)
The following variables were entered in the multivariable analysis besides each respective plasma biomarker: Age
at study entry, BMI, sex, current smoking, diabetes mellitus, hypertension, and total cholesterol. * Hazard ratios
(HRs) were expressed per one SD increment of each respective log-transformed plasma biomarker. LEAD: lower
extremity arterial disease, CI: Confidence interval. Table modified from Fatemi et al. [30,31].

Table 4. Hazard ratios for plasma biomarkers associated with incident symptomatic and asymp-
tomatic CAS.

Plasma Biomarkers Symptomatic CAS
n = 56. HR * (95% CI)

Asymptomatic CAS
n = 54. HR * (95% CI)

Lipoprotein-associated
phospholipase A2 (mass) 1.28 (0.97–1.69) 0.87 (0.64–1.18)

Lipoprotein-associated
phospholipase A2 (activity) 1.34 (0.99–1.81) 0.95 (0.68–1.33)

Proneurotensin 0.90 (0.63–1.28) 0.96 (0.70–1.30)

Mid-regional
proadrenomedullin 1.40 (1.13–1.73) 0.98 (0.69–1.40)

Mid-regional proatrial
natriuretic peptide 1.12 (0.83–1.52) 0.79 (0.58–1.09)

N-terminal pro-B-type
natriuretic peptide 1.59 (1.20–2.11) 1.08 (0.80–1.47)

Copeptin 1.35 (0.88–2.06) 1.16 (0.80–1.67)

Cystatin C 1.21 (1.02–1.43) 0.75 (0.50–1.10)

C-reactive protein 1.53 (1.13–2.05) 1.08 (0.80–1.46)
The following variables analyzed at baseline were entered in the multivariable analysis besides each respective
plasma biomarker: Age, sex, BMI, current smoking, diabetes mellitus, hypertension, and cholesterol. CAS: carotid
artery stenosis. Asymptomatic patients were excluded when assessing symptomatic CAS, and symptomatic
patients were excluded when assessing asymptomatic CAS. * Hazard ratios (HRs) were expressed per one SD
increment of each respective log-transformed plasma biomarker. CI: Confidence interval. Table modified from
Fatemi et al. [33].
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Table 5. Hazard ratios for plasma biomarkers associated with incident-isolated AD and incident-
isolated AAA.

Plasma Biomarker
Incident AD (Free from

Incident AAA)
HR * (95% CI)

Incident AAA (Free from
Incident AD)
HR * (95% CI)

Lipoprotein-associated
phospholipase A2 (activity) 1.12 (1.04–1.19) 1.53 (1.11–2.11)

Lipoprotein-associated
phospholipase A2 (mass) 1.05 (0.99–1.12) 1.53 (1.14–2.04)

Copeptin 1.09 (1.01–1.17) 0.98 (0.70–1.39)

Mid-regional
proadrenomedullin 1.17 (1.10–1.25) 1.47 (1.15–1.88)

Mid-regional proatrial
natriuretic peptide 1.03 (0.97–1.11) 1.01 (0.71–1.43)

N-terminal pro-B-type
natriuretic peptide 1.16 (1.08–1.24) 1.13 (0.80–1.60)

Cystatin C 1.17 (1.11–1.23) 1.13 (0.82–1.55)

Proneurotensin 1.07 (1.02–1.13) 1.09 (0.85–1.40)

C-reactive protein 1.17 (1.10–1.25) 1.22 (0.88–1.68)
Adjusted for age, sex, BMI, current smoking, hypertension, total cholesterol, and each respective plasma biomarker.
AD: atherosclerotic disease, AAA: abdominal aortic aneurysm. * Hazard ratios (HRs) were expressed per one SD
increment. Participants with incident AAA were excluded when assessing participants with incident AD, and
participants with incident AD were excluded when assessing participants with incident AAA. CI: Confidence
interval. Table modified from Acosta et al. [34].

4. Discussion

Elevated plasma levels of both inflammatory biomarkers such as Lp-PLA2 activity and
mass, CRP, and copeptin, and cardiac and renal markers such as NT pro-BNP and cystatin
C could all be considered markers of subclinical disease long time before the diagnosis
of LEAD advanced enough to cause symptoms and hospitalization. A combination of
multiple biomarkers [1] was also found to be useful, and a score taking high levels of
copeptin, NT pro-BNP, and cystatin C into account could be used to predict LEAD [31].

It is important to note that 82% of patients in whom the diagnosis of LEAD was
validated had either acute or chronic limb-threatening ischemia, and no conclusions can,
therefore, be drawn from the present results regarding the prediction of less severe forms
of LEAD not necessitating hospitalization. However, inflammatory markers have been
previously related to intermittent claudication [40,41]. We cannot draw any conclusions
from our findings regarding the potential importance of elevated biomarker levels for
limb prognosis or mortality in patients in whom LEAD has already been diagnosed. Such
relationships are known to exist, at least for CRP [42] and NT-pro BNP [43].

NT-pro BNP, MR-proADM, cystatin C, and CRP were all independently associated
with the occurrence of symptomatic CAS, in addition to their previously documented
associations with coronary artery disease and congestive heart failure [36]. As stroke
incidence in CAS patients is low [44–46], selection of proper candidates for carotid artery
surgery among patients in whom a CAS has so far remained asymptomatic is important.
As subjects developing symptomatic CAS underwent sampling several years before the
detection of CAS, the utility of the markers to predict neurological symptoms within
the near future needs to be further investigated. The utility of a combination of the
above four markers together with ultrasound plaque features [47] to predict neurological
symptoms needs to be prospectively tested in a cohort undergoing modern pharmacological
treatment [48] for an established asymptomatic CAS.

There seem to be complex and significant differences between the pathophysiology in
symptomatic CAS featuring active atherosclerotic embolization and cerebral events and
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asymptomatic CAS with dormant atherosclerotic plaques [49,50]. The different plasma
biomarker profiles might also indicate that individuals with incident symptomatic CAS
have more generalized and potentially progressive subclinical atherosclerosis already at
baseline compared to those developing incident asymptomatic CAS.

Plasma biomarker profiles for incident-isolated AD and incident-isolated AAA had
several important differences despite their many similarities. Among the biomarkers, both
the inflammatory marker Lp-PLA2 activity and the vasoactive marker MR-proADM were
associated with both incident-isolated AD and incident-isolated AAA and could, therefore,
be regarded as general indicators of increased risk for future vascular disease. The fact
that Lp-PLA2 mass was more elevated in those developing isolated AAA than in those
developing isolated AD might be interpreted as the development of AAA having a more
distinct component of vascular inflammation. Both Lp-PLA2 activity and mass [51] and MR-
proADM [52] have previously been established as biomarkers of future AAA hospitalization
in MDCS subjects, but in these previous reports, AAA incidence was not evaluated as
isolated AAA without concomitant AD. Interestingly, however, there might apparently
be differences in biomarker patterns regarding the prediction of either small AAA or
large AAA requiring hospitalization or surgery. The same markers predicted neither
aortic dilatation nor asymptomatic aneurysm when male MDCS participants underwent
ultrasonic screening for AAA at age 65 [53], suggesting that they might either not be
relevant until closer to AAA diagnosis or only for prediction of larger AAA. On the other
hand, the present review results do not allow us to draw any conclusion regarding the
proposed relationships [54,55] between biomarkers and AAA growth.

NT pro-BNP, copeptin, cystatin C, proneurotensin, and CRP, on the other hand, pre-
dicted only the outcome variable incident isolated atherosclerotic disease, i.e., a wider set
of cardiovascular manifestations. Apart from NT pro-BNP [56], none of the other plasma
biomarkers were found to be associated with future AAA in patients with concomitant
AAA and AD. Taken together, the differences in plasma biomarker profile long before
diagnosis of either AD or AAA might be interpreted that these cardiovascular diseases are
different disease entities with at least partly different pathophysiologies.

There are several limitations of the papers that contribute to this study. Firstly, only
a few of the many biomarkers with potential importance for the prediction of LEAD,
CAS, atherosclerotic disease, and AAA have been assessed. While the evaluated protein
biomarkers functionally mainly can be categorized as belonging to the inflammation and
hemodynamic system, there were no biomarkers that had a pronounced primary coagula-
tion [57] profile. The storage of samples before analysis and the lack of meticulous baseline
assessment of LEAD, CAS, and AAA are other limitations. Exclusion of subjects with preva-
lent disease already at baseline was performed by registry data and patient files, which is a
rough method mainly identifying a few patients with symptomatic cardiovascular disease.
Re-invitation of study participant survivors for objective detection and verification of the
development of vascular manifestations would also have been valuable, as this would
have captured both asymptomatic atherosclerosis and changes in risk factor status and
medication. During the last decade, the declining prevalence of smoking and the improved
pharmacological treatment among individuals with cardiovascular disease might well have
impacted the cumulative incidence of AAA and the extent of atherosclerotic disease [58].
The present study design only allows us to report incident diseases of enough clinical
importance to cause an episode of hospitalization to be registered in national registries.

Major strengths of the present report, on the other hand, were the longitudinal study
design, the inclusion of healthy middle-aged individuals, and the long follow-up of 23.4
years. Additionally, thorough validation of patient files from 100 patients in each of
the different disease groups confirmed that hospital diagnoses were accurate in the vast
majority of cases. It must also be emphasized that the associations between different
biomarkers and manifestations of vascular disease were independent of conventional, well-
established risk factors, such as smoking, blood pressure and lipid levels, and glycemic
status. On the other hand, we did not adjust for other risk markers of potential importance,
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such as nutritional factors [59], psychosocial stress [60], and family history [61]. First-degree
relatives of MDCS subjects have been further examined [62]; however, the extraction of
registry data regarding hospitalizations for AD in this group has recently been ethically
approved, potentially enabling such analysis in the future.

Investigation of circulating biomarkers related to incident AD or aneurysm might
potentially become a feasible screening alternative in primary care to select individuals
for more thorough investigation and preventive lifestyle and/or pharmacological mea-
sures to counteract cardiovascular risk factors at an early stage before the development of
manifest disease.

In conclusion, CRP and Lp-PLA2 activity and mass, NT pro-BNP, cystatin C, and
copeptin are independently associated with incident LEAD during long-term follow-up.
CRP, NT pro-BNP, cystatin C, and MR-proADM are independently associated with in-
cident symptomatic CAS, whereas no plasma biomarker was associated with incident
asymptomatic CAS. Different plasma biomarker patterns predict incident-isolated AAA
and incident-isolated AD during long-term follow-up.

Author Contributions: Conceptualization, S.A. and A.G.; methodology, S.A. and A.G.; software, S.A.;
validation, S.A., S.F.; formal analysis, S.A.; investigation, S.A. and A.G.; resources, S.A. and A.G.;
data curation, S.A.; writing—original draft preparation, S.A.; writing—review and editing, S.A., S.F.,
M.Z. and A.G.; visualization, S.A.; supervision, S.A. and A.G.; project administration, S.A. and A.G.;
funding acquisition, S.A. and A.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics committee of Lund University (Dnr LU 51-90, approved 14
February 1990), and by the regional ethical review board (Dnr 166-2007, approved 12 April 2007, Dnr
2009/633, approved 19 November 2009, Dnr 2013/566, approved 27 August 2013).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors upon request, without undue reservation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Engelberger, R.P.; Limacher, A.; Kucher, N.; Baumann, F.; Silbernagel, G.; Benghozi, R.; Do, D.-D.; Willenberg, T.; Baumgartner, I.

Biological variation of established and novel biomarkers for atherosclerosis: Results from a prospective, parallel-group cohort
study. Clin. Chim. Acta 2015, 447, 16–22. [CrossRef] [PubMed]

2. Sproston, N.R.; Ashworth, J.J. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front. Immunol. 2018, 9, 754.
[CrossRef] [PubMed]

3. Li, Y.; Zhong, X.; Cheng, G.; Zhao, C.; Zhang, L.; Hong, Y.; Wan, Q.; He, R.; Wang, Z. Hs-CRP and all-cause, cardiovascular, and
cancer mortality risk: A meta-analysis. Atherosclerosis 2017, 259, 75–82. [CrossRef] [PubMed]

4. Singh, T.P.; Morris, D.R.; Smith, S.; Moxon, J.V.; Golledge, J. Systematic Review and Meta-Analysis of the Association Between
C-Reactive Protein and Major Cardiovascular Events in Patients with Peripheral Artery Disease. Eur. J. Vasc. Endovasc. Surg. 2017,
54, 220–223. [CrossRef]

5. Badger, S.A.; Soong, C.V.; O’ Donnell, M.E.; Mercer, C.; Young, I.S.; Hughes, A.E. C-reactive protein (CRP) elevation in patients
with abdominal aortic aneurysm is independent of the most important CRP genetic polymorphism. J. Vasc. Surg. 2009, 49,
178–184. [CrossRef] [PubMed]

6. Charniot, J.C.; Khani-Bittar, R.; Albertini, J.P.; Giral, P.; Cherfils, C.; Cosson, C.; Bonnefont-Rousselot, D. Interpretation of
lipoprotein-associated phospho-lipase A2 levels is influenced by cardiac disease, comorbidities, extension of atherosclerosis and
treatments. Int. J. Cardiol. 2013, 168, 132–138. [CrossRef] [PubMed]

7. Li, S.-B.; Yang, F.; Jing, L.; Ma, J.; Jia, Y.-D.; Dong, S.-Y.; Zheng, W.-F.; Zhao, L.-S. Correlation between plasma lipoprotein-associated
phospholipase A(2) and peripheral arterial disease. Exp. Ther. Med. 2013, 5, 1451–1455. [CrossRef]

8. Liu, H.; Yao, Y.; Wang, Y.; Ji, L.; Zhu, K.; Hu, H.; Zhou, Y. Association between high sensitivity C-reactive protein, lipoprotein-
associated phospholipase A2 and carotid atherosclerosis: A crosssectional study. J. Cell Mol. Med. 2018, 22, 5145–5150. [CrossRef]

https://doi.org/10.1016/j.cca.2015.05.003
https://www.ncbi.nlm.nih.gov/pubmed/25979692
https://doi.org/10.3389/fimmu.2018.00754
https://www.ncbi.nlm.nih.gov/pubmed/29706967
https://doi.org/10.1016/j.atherosclerosis.2017.02.003
https://www.ncbi.nlm.nih.gov/pubmed/28327451
https://doi.org/10.1016/j.ejvs.2017.05.009
https://doi.org/10.1016/j.jvs.2008.07.081
https://www.ncbi.nlm.nih.gov/pubmed/18829218
https://doi.org/10.1016/j.ijcard.2012.09.054
https://www.ncbi.nlm.nih.gov/pubmed/23103135
https://doi.org/10.3892/etm.2013.1005
https://doi.org/10.1111/jcmm.13803


Biomolecules 2024, 14, 844 11 of 13

9. Garg, P.K.; Arnold, A.M.; Hinckley Stukovsky, K.D.; Koro, C.; Jenny, N.S.; Mukamal, K.J.; Cushman, M. Lipoprotein-Associated
Phospholipase A2 and Incident Peripheral Arterial Disease in Older Adults: The Cardiovascular Health Study. Arterioscler.
Thromb. Vasc. Biol. 2016, 36, 750–756. [CrossRef]

10. Garg, P.K.; Norby, F.L.; Polfus, L.M.; Boerwinkle, E.; Gibbs, R.A.; Grove, M.L.; Folsom, A.R.; Garimella, P.S.; Matsushita, K.;
Hoogeveen, R.C.; et al. Lipoprotein-associated phospholipase A(2) and risk of incident peripheral arterial disease: Findings from
The Atherosclerosis Risk in Communities study (ARIC). Atherosclerosis 2018, 268, 12–18. [CrossRef]

11. Garg, P.K.; Jorgensen, N.W.; McClelland, R.L.; Jenny, N.S.; Criqui, M.H.; A Allison, M.; Greenland, P.; Rosenson, R.S.; Siscovick,
D.S.; Cushman, M. Lipoprotein-associated phospholipase A(2) and risk of incident peripheral arterial disease in a multi-ethnic
cohort: The Multi-Ethnic Study of Atherosclerosis. Vasc. Med. 2017, 22, 5–12. [CrossRef] [PubMed]

12. Motiwala, S.R.; Sarma, A.; Januzzi, J.L.; O’Donoghue, M.L. Biomarkers in ACS and Heart Failure: Should Men and Women Be
In-terpreted Differently? Clin. Chem. 2014, 60, 35–43. [CrossRef] [PubMed]

13. Öner, Ö.; Deveci, F.; Telo, S.; Kuluöztürk, M.; Balin, M. MR-proADM and MR-proANP levels in patients with acute pulmonary
embolism. J. Med. Biochem. 2019, 38, 328. [CrossRef] [PubMed]

14. Johansson, M.; Ricci, F.; Di Martino, G.; Rogmark, C.; Sutton, R.; Hamrefors, V.; Melander, O.; Fedorowski, A. Cardiovascular
biomarkers predict fragility fractures in older adults. Heart 2019, 105, 449–454. [CrossRef]

15. Kollerits, B.; Sturm, G.; Lamina, C.; Hammerer-Lercher, A.; Rantner, B.; Stadler, M.; Kronenberg, F. Comparison and evaluation of
cardiac bi-omarkers in patients with intermittent claudication: Results from the CAVASIC study. Clin. Chem. 2013, 59, 692–702.
[CrossRef] [PubMed]

16. Falkensammer, J.; Frech, A.; Duschek, N.; Gasteiger, S.; Stojakovic, T.; Scharnagl, H.; Greiner, A. Prognostic relevance of ischemia-
modified albumin and NT-proBNP in patients with peripheral arterial occlusive disease. Clin. Chim. Acta 2015, 438, 255–260.
[CrossRef]

17. Sasaki, N.; Yamamoto, H.; Ozono, R.; Maeda, R.; Kihara, Y. Association of common carotid artery measurements with N-terminal
pro B-type natriuretic peptide in elderly participants. Intern. Med. 2020, 59, 917–925. [CrossRef] [PubMed]

18. Matsushita, K.; Kwak, L.; Yang, C.; Pang, Y.; Ballew, S.H.; Sang, Y.; Hoogeveen, R.C.; Jaar, B.G.; Selvin, E.; Ballantyne, C.M.;
et al. High-sensitivity cardiac troponin and natriuretic peptide with risk of lower-extremity peripheral artery disease: The
Atherosclerosis Risk in Communities (ARIC) Study. Eur. Heart J. 2018, 39, 2412–2419. [CrossRef]

19. Kremers, B.; Wübbeke, L.; Mees, B.; Ten Cate, H.; Spronk, H.; Ten Cate-Hoek, A. Plasma Biomarkers to Predict Cardiovascular
Outcome in Patients with Peripheral Artery Disease: A Systematic Review and Meta-Analysis. Arterioscler. Thromb. Vasc. Biol.
2020, 40, 2018–2032. [CrossRef]

20. Chan DC, S.; Cao, T.H.; Ng, L.L. Proenkephalin in Heart Failure. Heart Fail. Clin. 2018, 14, 1–11. [CrossRef]
21. Mueller, C.; Möckel, M.; Giannitsis, E.; Huber, K.; Mair, J.; Plebani, M.; Thygesen, K.; ESC Study Group on Biomarkers in

Cardiology of the Acute Cardiovascular Care Association. Use of copeptin for rapid rule-out of acute myocardial infarction. Eur.
Heart J. Acute Cardiovasc. Care 2018, 7, 570–576. [CrossRef] [PubMed]

22. Fenske, W.; Störk, S.; Blechschmidt, A.; Maier, S.G.K.; Morgenthaler, N.G.; Allolio, B. Copeptin in the differential diagnosis of
hypo-natremia. J. Clin. Endocrinol. Metab. 2009, 94, 123–129. [CrossRef] [PubMed]

23. Herget-Rosenthal, S.; Cystatin, C. Encyclopedia of Intensive Care Medicine; Vincent, J.L., Hall, J.B., Eds.; Springer: Berlin/Heidelberg,
Germany, 2012.

24. Yang, C.; Kwak, L.; Ballew, S.H.; Garimella, P.S.; Jaar, B.G.; Folsom, A.R.; Heiss, G.; Selvin, E.; Lutsey, P.L.; Coresh, J.; et al. Kidney
function, bone-mineral metabolism markers, and future risk of peripheral artery disease. Atherosclerosis 2017, 267, 167–174.
[CrossRef] [PubMed]

25. Urbonaviciene, G.; Shi, G.P.; Urbonavicius, S.; Henneberg, E.W.; Lindholt, J.S. Higher cystatin C level predicts long-term mortality
in patients with peripheral arterial disease. Atherosclerosis 2011, 216, 440–445. [CrossRef] [PubMed]

26. Umemura, T.; Kawamura, T.; Mashita, S.; Kameyama, T.; Sobue, G. Higher levels of cystatin c are associated with extracranial
carotid artery steno-occlusive disease in patients with noncardioembolic ischemic stroke. Cerebrovasc. Dis. Extra 2016, 6, 1–11.
[CrossRef]

27. Lindholt, J.S.; Erlandsen, E.J.; Henneberg, E.W. Cystatin C deficiency is associated with the progression of small abdominal aortic
aneurysms. Br. J. Surg. 2001, 88, 1472–1475. [CrossRef] [PubMed]

28. Hedblad, B.; Nilsson, P.; Janzon, L.; Berglund, G. Relation between insulin resistance and carotid intima-media thickness and
stenosis in non-diabetic subjects. Results from a cross-sectional study in Malmo, Sweden. Diabet. Med. 2000, 17, 299–307.
[CrossRef]

29. Wirfält, E.; Mattisson, I.; Johansson, U.; Gullberg, B.; Wallström, P.; Berglund, G. A methodological report from the Malmö Diet
and Cancer study: Development and evaluation of altered routines in dietary data processing. Nutr. J. 2002, 1, 3. [CrossRef]

30. Fatemi, S.; Gottsäter, A.; Zarrouk, M.; Engström, G.; Melander, O.; Persson, M.; Acosta, S. Lp-PLA2 activity and mass and CRP
are associated with incident symptomatic peripheral arterial disease. Sci. Rep. 2019, 9, 5609. [CrossRef]

31. Fatemi, S.; Acosta, S.; Gottsäter, A.; Melander, O.; Engström, G.; Dakhel, A.; Zarrouk, M. Copeptin, B-type natriuretic peptide and
Cystatin C are associated with incident symptomatic PAD. Biomarkers 2019, 24, 615–621. [CrossRef]

32. Fatemi, S.; Acosta, S.; Zarrouk, M.; Engström, G.; Melander, O.; Gottsäter, A. Pro B-type natriuretic peptide and midregional
proadrenomedullin are associated with incident carotid stenosis during long term follow-up. J. Stroke Cerebrovasc. Dis. 2021,
30, 105403. [CrossRef]

https://doi.org/10.1161/ATVBAHA.115.306647
https://doi.org/10.1016/j.atherosclerosis.2017.11.007
https://doi.org/10.1177/1358863X16671424
https://www.ncbi.nlm.nih.gov/pubmed/28215109
https://doi.org/10.1373/clinchem.2013.202531
https://www.ncbi.nlm.nih.gov/pubmed/24255075
https://doi.org/10.2478/jomb-2019-0049
https://www.ncbi.nlm.nih.gov/pubmed/33269021
https://doi.org/10.1136/heartjnl-2018-313741
https://doi.org/10.1373/clinchem.2012.193656
https://www.ncbi.nlm.nih.gov/pubmed/23315480
https://doi.org/10.1016/j.cca.2014.08.031
https://doi.org/10.2169/internalmedicine.3780-19
https://www.ncbi.nlm.nih.gov/pubmed/31787700
https://doi.org/10.1093/eurheartj/ehy106
https://doi.org/10.1161/ATVBAHA.120.314774
https://doi.org/10.1016/j.hfc.2017.08.001
https://doi.org/10.1177/2048872617710791
https://www.ncbi.nlm.nih.gov/pubmed/28593800
https://doi.org/10.1210/jc.2008-1426
https://www.ncbi.nlm.nih.gov/pubmed/18984663
https://doi.org/10.1016/j.atherosclerosis.2017.09.020
https://www.ncbi.nlm.nih.gov/pubmed/28992939
https://doi.org/10.1016/j.atherosclerosis.2011.02.016
https://www.ncbi.nlm.nih.gov/pubmed/21388623
https://doi.org/10.1159/000443338
https://doi.org/10.1046/j.0007-1323.2001.01911.x
https://www.ncbi.nlm.nih.gov/pubmed/11683743
https://doi.org/10.1046/j.1464-5491.2000.00280.x
https://doi.org/10.1186/1475-2891-1-3
https://doi.org/10.1038/s41598-019-42154-5
https://doi.org/10.1080/1354750X.2019.1631886
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105403


Biomolecules 2024, 14, 844 12 of 13

33. Fatemi, S.; Acosta, S.; Zarrouk, M.; Engström, G.; Melander, O.; Gottsäter, A. Circulating biomarkers predict symptomatic but not
asymptomatic carotid artery stenosis. Cerebrovasc. Dis. 2022, 51, 623–629. [CrossRef] [PubMed]

34. Acosta, S.; Fatemi, S.; Melander, O.; Engström, G.; Gottsäter, A. Prospective comparison of plasma biomarker and traditional risk
factor profiles for incident isolated atherosclerotic disease and incident isolated abdominal aortic aneurysm. Front. Cardiovasc.
Med. 2022, 8, 818656. [CrossRef] [PubMed]

35. Fatemi, S. The Value of Novel Biomarkers for Prediction of Arterial Disease during Long Term Follow-Up. Ph.D. Thesis,
Department of Clinical Sciences, Malmö, Lund University, Faculty of Medicine, Lund, Sweden, 2024.

36. Melander, O.; Newton-Cheh, C.; Almgren, P.; Hedblad, B.; Berglund, G.; Engström, G.; Persson, M.; Smith, J.G.; Magnusson, M.;
Christensson, A.; et al. Novel and conventional biomarkers for prediction of incident cardiovascular events in the community.
JAMA 2009, 302, 49–57. [CrossRef] [PubMed]

37. Persson, M.; Nilsson, J.; Nelson, J.J.; Hedblad, B.; Berglund, G. The epidemiology of Lp-PLA2: Distribution and correlation with
cardiovascular risk factors in a population-based cohort. Atherosclerosis 2007, 190, 388–396. [CrossRef] [PubMed]

38. Melander, O.; Maisel, A.S.; Almgren, P.; Manjer, J.; Belting, M.; Hedblad, B.; Engström, G.; Kilger, U.; Nilsson, P.; Bergmann, A.;
et al. Plasma proneurotensin and incidence of diabetes, cardiovascular disease, breast cancer, and mortality. JAMA 2012, 308,
1469–1475. [CrossRef] [PubMed]

39. Morgenthaler, N.G.; Struck, J.; Alonso, C.; Bergmann, A. Measurement of midregional proadrenomedullin in plasma with an
im-munoluminometric assay. Clin. Chem. 2005, 51, 1823–1829. [CrossRef] [PubMed]

40. McDermott, M.M.; Greenland, P.; Green, D.; Guralnik, J.M.; Criqui, M.H.; Liu, K.; Chan, C.; Pearce, W.H.; Taylor, L.; Ridker, P.M.;
et al. D-Dimer, inflammatory markers, and lower extremity functioning in patients with and without peripheral arterial disease.
Circulation 2003, 107, 3191–3198. [CrossRef]

41. Pande, R.L.; Brown, J.; Buck, S.; Redline, W.; Doyle, J.; Plutzky, J.; Creager, M.A. Association of monocyte tumor necrosis factor α
expression and serum inflammatory biomarkers with walking impairment in peripheral artery disease. J. Vasc. Surg. 2015, 61,
155–161. [CrossRef]

42. Vainas, T.; Stassen, F.R.; de Graaf, R.; Twiss, E.L.; Herngreen, S.B.; Welten, R.J.T.; Akker, L.H.v.D.; van Dieijen-Visser, M.P.;
Bruggeman, C.A.; Kitslaar, P.J. C-Reactive protein in peripheral arterial disease: Relation to severity of the disease and to future
cardiovascular events. J. Vasc. Surg. 2005, 42, 243–251. [CrossRef]

43. Clemens, R.K.; Annema, W.; Baumann, F.; Roth-Zetzsche, S.; Seifert, B.; von Eckardstein, A.; Amann-Vesti, B.R. Cardiac biomarkers
but not measures of vascular atherosclerosis predict mortality in patients with peripheral artery disease. Clin. Chim. Acta 2019,
495, 215–220. [CrossRef] [PubMed]

44. Abbott, A.L. Medical (nonsurgical) intervention alone is now best treatment for prevention of stroke associated with asymp-
tomatic severe carotid stenosis. Results of a systematic review and analysis. Stroke 2009, 40, e573–e583. [CrossRef]

45. Naylor, A.R.; Gaines, P.A.; Rothwell, P.M. Who benefits most from intervention for asymptomatic carotid stenosis: Patients or
professional? Eur. J. Vasc. Endovasc. Surg. 2009, 37, 625–632. [CrossRef]

46. Marquardt, L.; Geraghty, O.C.; Mehta, Z.; Rothwell, P.M. Low risk of ipsilateral stroke in patients with asymptomatic carotid
stenosis on best medical treatment. A prospective, poulation-based study. Stroke 2010, 41, E11–E17. [CrossRef] [PubMed]

47. Stenudd, I.; Sjödin, E.; Nyman, E.; Wester, P.; Johansson, E.; Grönlund, C. Ultrasound risk marker variability in symptomatic
carotid plaque: Impact on risk reclassification and association with temporal variation pattern. Int. J. Cardiovasc. Imaging 2020, 36,
1061–1068. [CrossRef] [PubMed]

48. Naylor, A.; Ricco, J.-B.; de Borst, G.; Debus, S.; de Haro, J.; Halliday, A.; Hamilton, G.; Kakisis, J.; Kakkos, S.; Lepidi, S.; et al.
Editor’s Choice—Management of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical Practice Guidelines of the
European Society for Vascular Surgery (ESVS). Eur. J. Vasc. Endovasc. Surg. 2018, 55, 3–81. [CrossRef] [PubMed]

49. Saam, T.; Cai, J.; Ma, L.; Cai, Y.-Q.; Ferguson, M.S.; Polissar, N.L.; Hatsukami, T.S.; Yuan, C. Comparison of symptomatic
and asymptomatic atherosclerotic carotid plaque features with in vivo MR imaging. Radiology 2006, 240, 464–472. [CrossRef]
[PubMed]

50. Shaalan, W.E.; Cheng, H.; Gewertz, B.; McKinsey, J.F.; Schwartz, L.B.; Katz, D.; Cao, D.; Desai, T.; Glagov, S.; Bassiouny, H.S.
Degree of carotid plaque calcification in relation to symptomatic outcome and plaque inflammation. J. Vasc. Surg. 2004, 40,
262–269. [CrossRef] [PubMed]

51. Acosta, S.; Taimour, S.; Gottsäter, A.; Persson, M.; Engström, G.; Melander, O.; Zarrouk, M.; Nilsson, P.M.; Smith, J.G. Lp-PLA2
activity and mass for prediction of incident abdominal aortic aneurysms: A prospective longitudinal cohort study. Atherosclerosis
2017, 262, 14–18. [CrossRef]

52. Acosta, S.; Gottsäter, A.; Engström, G.; Melander, O.; Zarrouk, M.; Nilsson, P.M.; Smith, J.G. Circulating Midregional Proad-
renomedullin and Risk of Incident Abdominal Aortic Aneurysm: A Prospective Longitudinal Cohort Study. Angiology 2018, 69,
333–338. [CrossRef]

53. Taimour, S.; Zarrouk, M.; Holst, J.; Melander, O.; Engström, G.; Smith, J.G.; Gottsäter, A. No relation between biomarkers at age
47–49 and aortic diameter after 14–19 years of follow-up–a population-based study. Vasa 2017, 46, 291–295. [CrossRef] [PubMed]

54. A Memon, A.; Zarrouk, M.; Ågren-Witteschus, S.; Sundquist, J.; Gottsäter, A.; Sundquist, K. Identification of novel diagnostic and
prognostic biomarkers for abdominal aortic aneurysm. Eur. J. Prev. Cardiol. 2020, 27, 132–142. [CrossRef] [PubMed]

55. Nana, P.; Dakis, K.; Brodis, A.; Spanos, K.; Kouvelos, G. Circulating biomarkers for the prediction of abdominal aortic aneurysm
growth. J. Clin. Med. 2021, 10, 1718. [CrossRef] [PubMed]

https://doi.org/10.1159/000523839
https://www.ncbi.nlm.nih.gov/pubmed/35340013
https://doi.org/10.3389/fcvm.2021.818656
https://www.ncbi.nlm.nih.gov/pubmed/35097031
https://doi.org/10.1001/jama.2009.943
https://www.ncbi.nlm.nih.gov/pubmed/19567439
https://doi.org/10.1016/j.atherosclerosis.2006.02.016
https://www.ncbi.nlm.nih.gov/pubmed/16530769
https://doi.org/10.1001/jama.2012.12998
https://www.ncbi.nlm.nih.gov/pubmed/23047361
https://doi.org/10.1373/clinchem.2005.051110
https://www.ncbi.nlm.nih.gov/pubmed/16099941
https://doi.org/10.1161/01.CIR.0000074227.53616.CC
https://doi.org/10.1016/j.jvs.2014.06.116
https://doi.org/10.1016/j.jvs.2005.03.060
https://doi.org/10.1016/j.cca.2019.04.061
https://www.ncbi.nlm.nih.gov/pubmed/30981846
https://doi.org/10.1161/STROKEAHA.109.556068
https://doi.org/10.1016/j.ejvs.2009.01.026
https://doi.org/10.1161/STROKEAHA.109.561837
https://www.ncbi.nlm.nih.gov/pubmed/19926843
https://doi.org/10.1007/s10554-020-01801-z
https://www.ncbi.nlm.nih.gov/pubmed/32144637
https://doi.org/10.1016/j.ejvs.2017.06.021
https://www.ncbi.nlm.nih.gov/pubmed/28851594
https://doi.org/10.1148/radiol.2402050390
https://www.ncbi.nlm.nih.gov/pubmed/16864672
https://doi.org/10.1016/j.jvs.2004.04.025
https://www.ncbi.nlm.nih.gov/pubmed/15297819
https://doi.org/10.1016/j.atherosclerosis.2017.04.014
https://doi.org/10.1177/0003319717723255
https://doi.org/10.1024/0301-1526/a000632
https://www.ncbi.nlm.nih.gov/pubmed/28447918
https://doi.org/10.1177/2047487319873062
https://www.ncbi.nlm.nih.gov/pubmed/31466471
https://doi.org/10.3390/jcm10081718
https://www.ncbi.nlm.nih.gov/pubmed/33923412


Biomolecules 2024, 14, 844 13 of 13

56. Acosta, S.; Gottsäter, A.; Engström, G.; Melander, O.; Zarrouk, M.; Nilsson, P.M.; Smith, J.G. B-type natriuretic peptide for
prediction of incident clinically significant abdominal aortic aneurysm: A population-based prospective study. Vasc. Med. 2018,
23, 46–51. [CrossRef] [PubMed]

57. Miceli, G.; Basso, M.G.; Rizzo, G.; Pintus, C.; Tuttolomondo, A. The role of the coagulation system in peripheral arterial disease:
In-teractions with the arterial wall and its vascular microenvironment and implications for rational therapies. Int. J. Mol. Sci.
2022, 23, 14914. [CrossRef] [PubMed]

58. Alhadad, A.; Wictorsson, C.; Alhadad, H.; Lindblad, B.; Gottsäter, A. Medical risk factor in peripheral arterial disease. Need for
further improvement. Int. Angiol. 2013, 32, 332–338. [PubMed]

59. Kulezic, A.; Bergwall, S.; Fatemi, S.; Sonestedt, E.; Zarrouk, M.; Gottsäter, A.; Acosta, S. Healthy diet and fibre intake are associated
with decreased risk of incident symptomatic peripheral arterial disease—A prospective cohort study. Vasc. Med. 2019, 24, 511–518.
[CrossRef] [PubMed]

60. Sara, J.D.S.; Toya, T.; Ahmad, A.; Clark, M.M.; Gilliam, W.P.; Lerman, L.O.; Lerman, A. Mental Stress and Its Effects on Vascular
Health. Mayo Clin. Proc. 2022, 97, 951–990. [CrossRef] [PubMed]

61. Banerjee, A. A review of family history of cardiovascular disease: Risk factor and research tool. Int. J. Clin. Pract. 2012, 66,
536–543. [CrossRef]

62. Brunkwall, L.; Jönsson, D.; Ericson, U.; Hellstrand, S.; Kennbäck, C.; Östling, G.; Nilsson, P.M. The Malmö Offspring Study (MOS):
Design, methods and first results. Eur. J. Epidemiol. 2021, 36, 103–116. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/1358863X17745150
https://www.ncbi.nlm.nih.gov/pubmed/29343179
https://doi.org/10.3390/ijms232314914
https://www.ncbi.nlm.nih.gov/pubmed/36499242
https://www.ncbi.nlm.nih.gov/pubmed/23711686
https://doi.org/10.1177/1358863X19867393
https://www.ncbi.nlm.nih.gov/pubmed/31431146
https://doi.org/10.1016/j.mayocp.2022.02.004
https://www.ncbi.nlm.nih.gov/pubmed/35512885
https://doi.org/10.1111/j.1742-1241.2012.02908.x
https://doi.org/10.1007/s10654-020-00695-4

	Introduction 
	Biomarkers 
	Old and New Plasma Biomarkers for Cardiovascular Disease 
	The Malmö Diet and Cancer Study Cohort—Cardiovascular Arm 
	Objectives 

	Methods 
	Study Design 
	Plasma Biomarkers 
	Endpoint Ascertainment 
	Validation of Cardiovascular Disease 
	Statistics 
	Ethics 

	Results 
	Cumulative Incidence of Incident Cardiovascular Diseases 
	Plasma Biomarkers Associated with Incident Cardiovascular Disease 

	Discussion 
	References

