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Abstract
Objective: Psoriasis is an immune mediated disorder associated with T cell activation and cardiovascular disease (CVD).
We explored the association of inflammation with left ventricular (LV) remodelling in psoriasis patients receiving treatment
with the tumour necrosis factor-α (TNF-α) blocker infliximab.Methods: Psoriasis patients (n = 47, age 47 ± 14 years, 66%
men) and 99 control subjects without psoriasis (age 47 ± 11 years, 72% men) were examined by echocardiography in a
cross-sectional study. LV remodelling was assessed by LV mass index for height in the allometric power of 2.7. Serum
concentrations of C-reactive protein (CRP), serum amyloid A (SAA), neopterin, kynurenine:tryptophan ratio (KTR) and
the pyridoxic acid ratio (PAr) index were measured. Results: Serum concentration of neopterin (p = .007) was higher in
psoriasis patients, while the other inflammatory biomarkers had similar levels. LV mass index was lower in patients than
controls (35.6 ± 9.6 g/m2.7 vs. 40.3 ± 9.8 g/m2.7, p = .008). In the total study population, serum SAA (β = 0.18, p = .02), KTR
(β = 0.20, p = .02) and the PAr index (β = 0.26, p = .002) were all associated with higher LV mass index independent of age,
sex, body mass index, hypertension, smoking, renal function and psoriasis. Also in psoriasis patients, higher SAA level (β =
0.34, p = .02), KTR (β = 0.32, p = .02) and the PAr index (β = 0.29, p = .05) were associated with higher LV mass index
independent of body mass index, hypertension and diabetes. Conclusion: Higher levels of the inflammatory biomarkers
SAA, KTR and the PAr index were associated with greater LV mass index in psoriasis patients, indicating a role of chronic
inflammation in LV remodelling evident even during treatment with TNF-α blockers.
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Introduction

The activation of T cells is central in the pathogenesis if the
immune mediated skin disorder psoriasis.1,2 Complex
pathways of pro-inflammatory cytokines released from T
cells stimulate keratinocyte proliferation, increase angio-
genic mediators and promote immune cell infiltration in the
skin.1,3 The predominant cytokine pathways are thought to
be driven by interleukins-17,-22,-23, but also by tumour
necrosis factor-α (TNF-α) and interferon-γ (IFN-γ).1,3 The
degree of Tcell activation, reflecting disease severity, could
be assessed by circulating biomarkers. IFN-γ released from
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activated T cells is also a potent activator of the enzyme
indoleamine 2,3-dioxygenase 1 (IDO).4 Indoleamine 2,3-
dioxygenase 1 regulates the first and rate-limiting step of
the degradation of the essential amino acid tryptophan into
metabolites collectively called kynurenines. INF-γ pro-
duced by activated T cells also stimulates the macrophages
to produce neopterin, and together, neopterin and kynur-
enines serves as biomarkers of T cell mediated inflam-
mation, which is of particular interest in psoriasis.4,5

The risk of atherosclerotic cardiovascular disease
(CVD) is increased in psoriasis and related to disease
severity.6 Disease modifying treatment with TNF-α in-
hibitors is frequently used in the treatment of moderate to
severe psoriasis,7 and has been associated with reduction
in atherosclerotic CVD in these patients.8,9 Furthermore,
growing evidence suggests that inflammation is associ-
ated with left ventricular (LV) remodelling10–12 and LV
dysfunction.13,14 Presence of structural LV remodelling is
a strong predictor of future CVD, independent of co-
presence of other CVD risk factors.15–18 In particular,
increased LV mass impacts all-cause mortality as well as
major cardiovascular events including coronary artery
disease, cardiac arrhythmias and heart failure.15–18 In
psoriasis, we recently demonstrated that higher disease
severity at initiation of systemic treatment with infliximab
was associated with persistent LV remodelling after 4.9
years of treatment.19 In this substudy, we hypothesized
that levels of circulating biomarkers of inflammation, and
in particular, markers of T cell mediated inflammation, are
associated with LV remodelling in psoriasis patients even
after treatment with TNF-α inhibitors. Thus, the study
purpose was to explore the association of inflammatory
biomarkers with LV remodelling in psoriasis patients
receiving chronic treatment with TNF-α inhibitors, and in
controls subjects without psoriasis.

Methods

Patient population

In 2017, all patients with psoriasis receiving systemic
treatment with the TNF-α inhibitor infliximab at the
Department of Dermatology, Haukeland University
Hospital, Bergen, Norway were asked to participate in
the present cross-sectional study.19 Exclusion criteria
were previous myocardial infarction, cardiac surgery or
heart failure, severe psychiatric disorders or low ex-
pected compliance. In total, 55 patients were screened,
and 53 patients were included in the study. For the
present analysis, five patients were excluded because
biobank samples were not available, and one patient
was excluded because of a clinical infection at the time
when the biobank samples were drawn, leaving 47
patients for the present analyses.

Controls without psoriasis were included from the FAT
associated CardiOvasculaR dysfunction (FATCOR) co-
hort. Details on the FATCOR study have been published
previously.20,21 In short, the study was conducted at the
Department of Heart Disease, Haukeland University
Hospital between 2009 and 2017 (ClinicalTrials.gov
Identifier: NCT02805478) and included 618 study sub-
jects between 30 and 65 years of age with a body mass
index >27.0 kg/m2 and free from clinical CVD. Control
subjects were matched with psoriasis patients in a 2:1
manner for age, sex and body mass index. In total, 106
controls were included, of whom seven were excluded
from the present analysis because of missing echocardio-
graphic data, leaving 99 control subjects. Written, informed
consent was signed by all study participants in agreement
with the Declaration of Helsinki, and the study was ap-
proved by the Norwegian Regional Committees for
Medical and Health Research Ethics division West (2016/
2194).

Echocardiography

All echocardiographic examinations of patients and con-
trols were performed at the Department of Heart Disease,
Haukeland University Hospital following a standardized
protocol on a GE Vivid E9 scanner. The examinations were
analysed offline with Image Arena software version 4.1
(Tom Tec Imaging Systems GmbH, Unterschleissheim,
Germany) at the Echocardiography Core Laboratory at the
University of Bergen, Bergen, Norway. Analysis of LV
chamber dimensions was done in accordance with the joint
European Association of Echocardiography and American
Society of Echocardiography guidelines.22 Left ventricular
mass was indexed for height2.7 and LV hypertrophy was
defined as LV mass index exceeding 47 g/m2.7 in women
and 50 g/m2.7 in men.15 Relative wall thickness was de-
termined as 2 × the posterior wall thickness/LV internal
diameter at end-diastole.22 LV remodelling was defined by
LV mass index and relative wall thickness. Intra- and in-
terobserver variability were assessed by repeated analysis
of LV mass in 20 randomly selected patients.

Biobank analyses

Non-fasting blood samples were collected at the Biobank at
the Department of Dermatology, Haukeland University
hospital and stored at �80°C before analysis at the Bevital
laboratory, Bergen, Norway (www.bevital.no). The fol-
lowing inflammatory biomarkers were measured: the acute
phase reactants serum amyloid A (SAA) and C-reactive
protein (CRP), the markers of Tcell mediated inflammation
neopterin and kynurenine-tryptophan ratio (KTR), as well
as the novel marker of cellular inflammation, the pyridoxic
acid ratio (PAr) index. Serum levels of neopterin,
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tryptophan and kynurenines, 4-pyridoxic acid, pyri-
doxal 5’-phosphate and pyridoxal were measured by liquid
chromatography tandemmass spectrometry.23 Kynurenine:
tryptophan ratio was calculated as the ratio between ky-
nurenine (in nmol) to the concentration of tryptophan (in
µmol). The PAr index was calculated as the ratio of the
vitamin B6 metabolites 4-pyridoxic acid divided by the
sum of pyridoxal 5’-phosphate and pyridoxal.24 CRP and
SAAwere analysed by Matrix-Assisted Laser Desorption/
Ionization Time-Of-Flight mass spectrometry (MALDI-
TOF MS).25

Cardiovascular risk factors and psoriasis severity

Self-reported information about CVD risk factors, actual
medication and medical history was collected on a stan-
dardized questionnaire and quality ensured against the
patients’ medical hospital records at the time of the
echocardiographic examination. Office blood pressure was
measured according to European guidelines using a Welch
Allyn ProBPTM 2000 digital apparatus (Skaneateles Falls,
NY, USA).15 The 24-h ambulatory blood pressure mea-
surement was done using a Diasys Integra II device
(Novacor, Cedex, France) with appropriately sized cuff in
the individual participant.19 Hypertension was defined as
history of hypertension, use of antihypertensive medica-
tions or elevated ambulatory blood pressure (≥130/80
mmHg). Diabetes was defined as known diabetes or use
of antidiabetic treatment. Psoriasis severity was assessed
by the treating dermatologist based on the Psoriasis Area
Severity Index (PASI) and Dermatology Life Quality Index
(DLQI).26,27

Statistical analyses

IBM SPSS statistical program version 26.0 (IBM, Armonk,
New York, USA) was used for statistical analyses. Con-
tinuous data were reported as mean ± standard deviation
(SD) or median (interquartile range) for normally and non-
normally distributed data, respectively. Categorical vari-
ables were given as numbers (percentages). The compar-
isons between groups were analysed by the two-sample
Student’s t-test or Chi-square test as appropriate. Non-
normally distributed variables (CRP, SAA, neopterin,
KTR, PAr) were log transformed before analysis. Uni- and
multivariable associations were assessed by linear re-
gression using an enter method and collinearity tools, and
the results reported as multiple R2 for models and stan-
dardized beta coefficients for individual variables. Due to
collinearity between inflammatory markers, the association
between each marker and LV remodelling was tested in
separate multivariable models, adjusted for significant
variables of LV remodelling identified in univariable
analysis and/or known clinical confounders.

Reproducibility of the echocardiographic measurements
was assessed by the intraclass correlation coefficient (ICC)
with 95% confidence intervals (CI) of LV mass. A two-
tailed p-value of < .05 was considered statistically sig-
nificant in all analyses.

Results

Clinical characteristics

Psoriasis disease duration was on average 25 years ranging
from 4 to 52 years. The duration of infliximab treatment
was on average 5 ± 4 years, and 85% of psoriasis patients
received additional treatment with methotrexate. At the
time of the echocardiographic examination, patients had an
average PASI score of 0.8 ± 0.8 and a DQLI score of 0.7 ±
1.4 indicating very well treated psoriasis. Except for more
patients than controls being active smokers, the CVD risk
factor profile was comparable between groups (Table 1).
The neopterin concentration was higher in psoriasis pa-
tients (p = .007), while the other inflammatory biomarkers
showed similar serum levels between patients and controls
(Table 1).

Left ventricular remodelling and
inflammatory biomarkers

Total study population. The patients had lower LV end-
diastolic interventricular septum thickness and LV inter-
nal diameter resulting in higher LV relative wall thickness
and lower LV mass index compared to controls (Table 1).
LV mass reproducibility was excellent with intraobserver
variability (ICC 0.92, 95% CI 0.79–0.97) and interobserver
variability (ICC 0.92, 95% CI 0.79–0.97).

Clinical variables associated with higher LV mass index
in univariable analyses were greater body mass index, male
sex and hypertension. Having psoriasis was associated with
lower LV mass index both in univariable (β�0.22, p =
.008) and in multivariable analyses (β�0.21, p = .007) after
adjustment for age, sex, body mass index and hypertension.

In univariable analyses, higher serum KTR and PAr
index were associated with higher LV mass index, while
there was a borderline significant association with SAA
(Table 2). In subsequent multivariable analyses adjusting
for presence of psoriasis and significant clinical variables,
KTR, PAr index and SAA remained associated with higher
LV mass index (Table 2). There was a significant associ-
ation between neopterin and LV relative wall thickness (β
0.19, p = .02) in univariable analysis, but after adjusting for
age and sex, this association became non-significant (β
0.14, p = .08).

Patients with psoriasis. Significant covariables of higher LV
mass index in univariable analyses were higher body mass
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index, hypertension and diabetes (all p < .05). Psoriasis
duration or PASI score was not associated with higher LV
mass index or serum levels of inflammatory markers (p >
.05 for both). Both higher SAA (β 0.36, p = .01) and KTR
(β 0.32, p = .03) were significantly associated with higher

LV mass index in univariable analyses, while higher ne-
opterin had a borderline association (β 0.29, p = .05) (Table
3). In multivariable analyses, higher SAA (β 0.34, p = .02)
and KTR (β 0.32, p = .02) both remained independently
associated with higher LV mass index after adjustment for

Table 1. Clinical and echocardiographic characteristics of psoriasis patients and controls.

Psoriasis (n = 47) Controls (n = 99) p

Age, years 47.3 ± 14.3 47.0 ± 10.6 .90
Male sex, n (%) 31 (66) 71 (72) .48
Body mass index, kg/m2 29.3 ± 5.8 29.9 ± 3.9 .54
Office SBP, mmHg 137 ± 17 132 ± 17 .14
Office DBP, mmHg 86 ± 8 82 ± 9 .01
Creatinine, µg/L 75 ± 14 77 ± 12 .43
Psoriasis duration, years 24.6 ± 13.2 na na
Psoriasis arthritis, n (%) 15 (32) na na
Hypertension, n (%) 27 (66) 57 (61) .57
Current smoking, n (%) 17 (38) 15 (17) .006
Obesity, n (%) 16 (34) 33 (33) .93
Diabetes, n (%) 3 (7) 5 (7) 1.0
Treated hypertension, n (%) 13 (48) 20 (35) .25
Statin treatment, n (%) 5 (11) 11 (11) .90
Inflammatory biomarkers
CRP, median (IQR), µg/ml 1.0 (0.2, 2.7) 1.1 (0.6, 3.2) .22
Serum amyloid A, median (IQR), µg/ml 2.1 (1.6, 3,6) 2.6 (2.0, 3.8) .41
Neopterin, median (IQR), nmol/L 23.7 (18.5, 32.9) 21.3 (16.7, 25.4) .007
KTR, median (IQR), nmol/µmol 24.8 (20.8, 31.7) 25.0 (22.9, 28.9) .96
PAr, median (IQR) 0.34 (0.27, 0.53) 0.38 (0.29, 0.48) 1.00

Echocardiographic measurements
Interventricular septum, end-diastole, cm 1.0 ± 0.2 1.1 ± 0.2 .005
LV posterior wall, end-diastole, cm 0.9 ± 0.1 0.8 ± 0.2 .08
LV internal diameter, end-diastole, cm 4.8 ± 0.6 5.1 ± 0.5 .001
Relative wall thickness 0.38 ± 0.09 0.34 ± 0.07 .001
LV mass, g 163 ± 48 187 ± 56 .01
LV mass index, g/m2.7 35.6 ± 9.6 40.3 ± 9.8 .008
LV hypertrophy, n (%) 4 (9) 14 (14) .33
Ejection fraction, % 65 ± 5 62 ± 5 <.001

CRP: C-reactive protein; DPB: diastolic blood pressure; KTR: kynurenine:tryptophan ratio; LV: left ventricular; PAr: pyridoxic acid ratio; SBP: systolic
blood pressure; IQR: interquartile range.

Table 2. Association of inflammatory biomarkers with LV mass index in the total study population.

Univariable Model 1a Model 2b Model 3c

β p β p β p β p

SAA, µg/ml 0.16 .05 0.17 .04 0.13 .09 0.18 .02
CRP, µg/ml 0.07 .41 0.06 .44 0.04 .61 0.06 .48
Neopterin, nmol/L 0.03 .69 0.01 .86 0.08 .29 0.11 .17
KTR, nmol/µmol 0.18 .03 0.20 .02 0.19 .01 0.20 .02
PAr index 0.26 .002 0.27 .001 0.26 .001 0.26 .002

The association between each inflammatory marker and LV mass index was tested in separate multivariable models adjusted for aage and sex; bage, sex,
psoriasis, body mass index, hypertension; cage, sex, psoriasis, body mass index, hypertension, smoking, kidney function.
CRP: C-reactive protein; KTR: kynurenine:tryptophan ratio; LV: left ventricular; PAr: pyridoxic acid ratio; SAA: serum amyloid A.
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body mass index, hypertension and diabetes (Table 3). The
PAr index was not associated with higher LV mass index in
univariable analyses, but a significant association was
found in multivariable analyses after adjustment for body
mass index, hypertension and diabetes (β 0.29, p = .048)
(Table 3). There was no association between any of the
inflammatory markers and higher LV relative wall thick-
ness in psoriasis patients.

The univariable association between inflammatory bio-
markers and LVmass indexwas also tested in separatemodels
in patients and controls (Figure 1). For SAA, neopterin and
KTR, there were significant associations with higher LVmass
index for psoriasis patients, but not in controls (Figure 1). The
PAr index was associated with higher LV mass index in
controls, but this association was not statistically significant
for patients in univariable analysis.

Discussion

This study is the first to assess circulating inflammatory
markers in relation to LV remodelling in patients with
psoriasis receiving systemic treatment with the TNF-α
inhibitor infliximab. Although the serum levels of in-
flammatory markers were comparable between patients and
controls, an independent association of higher levels of
serum SAA, KTR and PAr index with unfavourable in-
crease in LVmass index could be demonstrated in psoriasis
patients, pointing to the role of inflammation in LV re-
modelling in psoriasis that is evident even during chronic
treatment with TNF-α blockers.

Traditionally, increased LV mass index has been per-
ceived as secondary to cardiac haemodynamic load, where
pressure or volume overload results in cardiomyocyte and

Table 3. Association of inflammatory biomarkers with LV mass index among psoriasis patients.

Univariable Model 1a Model 2b

β p β p β p

SAA, µg/ml 0.36 .01 0.36 .02 0.34 .02
CRP, µg/ml 0.05 .73 0.04 .79 0.16 .27
Neopterin, nmol/L 0.29 .05 0.31 .04 0.24 .10
KTR, nmol/µmol 0.32 .03 0.32 .03 0.32 .02
PAr index 0.23 .12 0.26 .10 0.29 .05

The association between each inflammatory marker and LV mass index was tested in separate multivariable models adjusted for aage, sex, bbody mass
index, hypertension, diabetes.
CRP: C-reactive protein; KTR: kynurenine:tryptophan ratio; LV: left ventricular; PAr: pyridoxic acid ratio; SAA: serum amyloid A.

Figure 1. Association between serum amyloid A (Panel A), neopterin (Panel B), KTR (Panel C) and the PAr index (Panel D) with LV
mass index in psoriasis patients (solid lines and filled rings) and control subjects (broken line and open rings). CRP: C-reactive protein;
KTR: kynurenine:tryptophan ratio; LV: left ventricular; PAr: pyridoxic acid ratio; SAA: serum amyloid A.
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interstitial hypertrophy and fibrosis.28 However, growing
evidence links inflammation to LV remodelling.12,29 In
cardiac TNF-α overexpressing mice, neutralization of T
cells with anti-CD3 antibodies blocked LV hypertrophy
development.12 In a clinical trial of 150 psoriasis patients,
treatment with the interleukin-17 inhibitor secukinumab
resulted in better LV function compared to cyclosporine
and methotrexate treatment.30 Using cardiac magnetic
resonance imaging, it has been documented that myocar-
dial fibrosis increases with inflammatory activity in
rheumatoid arthritis patients.31 In a community-based
study of 1564 subjects, electrocardiographic confirmed
LV hypertrophy at baseline was associated with higher
CRP levels over 6 years follow-up.29 However, in another
population-based cohort of 1370 subjects, CRP was only
associated with LV mass in women, but not in men.32

Further, the present study demonstrated that the markers of
T cell mediated inflammation like KTR and neopterin were
particularly associated with higher LV mass index in
psoriasis patients. The ratio of tryptophan to kynurenine,
KTR, is both a marker of IFN-γ mediated T cell inflam-
mation and of IDO activity.5 Recent experimental research
has demonstrated that there is upregulation of IDO in
hypertrophic hearts of both human and mice, as well as in
hypertrophic rat cardiomyocytes.33 Of note, IDO over-
expression was alone not sufficient to induce cardiac hy-
pertrophy, but needed presence of elevated angiotensin II.33

In another study of 136 subjects with primary hyper-
parathyroidism, higher LV mass index was associated with
activation of the tryptophan-kynurenine pathway as well as
higher levels of CRP.34 In psoriasis, it has been demon-
strated that the expression of IDO varies with disease
activity and is paradoxically lower in severe disease.35 As
IDO is an immunoregulatory enzyme capable of blunting T
cell response, it has been hypothesized that this is a po-
tential pathophysiological mechanism of the dysregulated
immunity in psoriasis.35 Another marker of cellular in-
flammation, the PAr index, was also associated with higher
LV mass index in the present study. The PAr index reflects
vitamin B6 catabolism during inflammatory states. It has
been associated with increased risk of stroke in a
community-based cohort of 6891 subjects,36,37 as well as
with higher all-cause mortality in 7796 subjects with es-
tablished CVD.38 Taken together, the present results
suggest that T cell driven inflammation is associated with
LV remodelling in psoriasis.

The acute phase protein SAA was particularly associ-
ated with higher LV mass index in psoriasis patients. SAA
may aggregate into fibrils and accumulate in tissues if
concentrations are elevated over time causing LV hyper-
trophy and amyloid A (AA) amyloidosis.39 In an elegant
study of transgenic mice with dermatitis and sustained
elevated levels of interleukin-1, extensive amyloid

deposition in internal organs as well as LV hypertrophy
were demonstrated.40 The researchers were able to show
that these abnormalities were ameliorated with use of
antibodies to interleukin-1, establishing a direct link from
the inflamed skin to LV hypertrophy in mice.40 From a
nationwide Japanese study of 199 patients with histo-
pathological confirmed AA amyloidosis, rheumatic dis-
eases were the underlying condition in two thirds of
patients.41 In psoriasis, casuistic reports of AA cardiac
amyloidosis have been published;42 however, larger studies
are lacking. In the current study, psoriasis patients had a
low prevalence of LV hypertrophy and lower LV mass
index compared to controls, but psoriasis patients were
under aggressive anti-inflammatory treatment with in-
fliximab and methotrexate. It is therefore particularly
striking that an association of higher serum levels of SAA
with higher LV mass index could still be demonstrated in
the psoriasis patients. Of note, a similar association be-
tween SAA and LV mass index was not found in controls
without psoriasis.

Study limitations and strengths

This is a cross-sectional study, and causality between in-
flammatory markers and LVmass index cannot be claimed.
Since the study only included patients receiving infliximab
treatment, the effect of infliximab on inflammatory markers
could not be tested. It is also possible that infliximab
treatment has attenuated the association between some
markers of inflammation with LV remodelling, explaining
why several of the biomarkers tested did not show a sig-
nificant association with LV mass index or LV relative wall
thickness. Unfortunately, biomarkers were not measured
before initiation of infliximab treatment. Prospective
studies addressing the longitudinal effect of systemic bi-
ological treatment on inflammatory heart disease in pso-
riasis are warranted. Further, because of the limited sample
size in the current study, we cannot rule out any type 2 error.
The strengths of the current study include usage of a core
laboratory for the echocardiographic analyses, as recom-
mended in European echocardiography guidelines.43

Furthermore, biomarkers were analysed simultaneously
in patients and controls at Bevital AS to minimize ana-
lytical variations, and the control group had a similar CVD
risk factor burden as the patients.

Conclusion

Higher levels of the inflammatory biomarkers SAA, KTR
and the PAr index were associated with greater LV mass
index in psoriasis patients, indicating a role of chronic
inflammation in LV remodelling evident even during
treatment with TNF-α blockers.
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