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Abstract

Psoriasis is a skin disorder which mostly affects adults, beginning in childhood in almost one-third of patients. In adults it is
associated with increased risk for cardiovascular diseases (CVD), while this association is still debated at younger age. Our
aim was to evaluate the association between psoriasis and metabolic markers and cardiovascular findings in this age group.
Twenty consecutive patients previously diagnosed with psoriasis (group A) were enrolled and compared with healthy non-
psoriatic age- and sex-matched subjects (group B). The severity of the disease, CV risk factors, including anthropometric
data with adiposity and its distribution, blood pressure (BP), laboratory metabolic tests, echocardiography and vascular
ultrasound (transcranial echo-Doppler and carotid artery echo-Doppler with carotid intima-media thickness, cIMT) were
performed for each subject. Personal history for CV risk, BP, anthropometric data were similar between the two groups, while
familiar history for psoriasis was more frequent in group A (p <0.02). C-IMT was significantly higher in group A compared
to B (right, p=0.001; left, p=0.002). In addition, c-IMT was positively correlated with disease duration, triglycerides and
triglycerides/glucose. Cerebral flow velocities, cardiac measurements, systo-diastolic function, ventricle geometry and mass
were normal and comparable between the two groups, and did not correlate with CV risk factors. In childhood psoriasis
c-IMT could represent a marker of pre-clinical cardiovascular involvement and contribute to start a personalized manage-
ment, while cardiac findings seem to be normal in the early stage of disease. Longitudinal studies can clarify the progression
of CV involvement in paediatric-onset psoriasis.
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RI Resistivity index

RWT Relative wall thickness

SBP Systolic blood pressure

TAPSE Tricuspid annular plane systolic excursion
TCD Transcranial echo-Doppler

TGR Triglycerides

UsS Ultrasound

WwC Waist circumference

What is Known

Increase of cardiovascular risk is a well-documented issue in
psoriatic adults. Its increase in childhood is nowadays mat-
ter of discussion. Some correlations between psoriasis and
metabolic disease in children have already been discovered.

What is New

This study investigated cardiovascular risk using ultrasound.
We evidenced a significant increase of carotid Intima-Media
Thickness (cIMT) in psoriatic children compared to control
group, identifying a possible early marker of disease and
assuming a cut-off for early management.

Introduction

Psoriasis is a chronic, immune—mediated skin disorder
mostly affecting adult population, with a prevalence of
0.1-2.1% [1]. In adults a link between psoriasis and cardio-
vascular disease (CVD) has been found [2, 3]: despite the
precise mechanism has not been clarified yet, the systemic
inflammation is hypothesized to predispose to pro-athero-
genic profile and large vessel inflammation [4—6], sustaining
an ongoing generalized inflammatory autoimmune diathesis.

The mechanism leading to increase CVD seems to be
due to systemic inflammation and insulin resistance, with
subsequent endothelial dysfunction that would predispose
to atherosclerosis and finally to major cardiac events, such
as myocardial infarction and stroke [7-10].

In children, metabolic conditions linked with increased
CVD, such as obesity, systemic hypertension, hyperlipidae-
mia, diabetes mellitus, metabolic syndrome, have been asso-
ciated with psoriasis [11-19].

In adults, carotid intima media thickness (cIMT) rep-
resents a well-established early marker of atherosclerosis
in the pre-clinical stages and CVD: in moderate to severe
cutaneous psoriasis it is significantly increased compared
to controls [20-25] and it positively correlates with lipid
profile [26]. Compared to controls, in psoriatic patients
flow-mediated dilation, a marker of endothelial status, is

not significantly impaired possibly suggesting a pathogenic
mechanism of endothelial injury other than nitric oxide-
mediated dysfunction [27-29], In addition, coronary artery
calcification, another marker of CVD, is increased in adults
with plaque type psoriasis [30].

All this considering, adults with psoriasis should be mon-
itored for CVD risk especially when the disease is severe and
long-lasting [31].

In children, psoriasis is associated with metabolic condi-
tions linked with increased CVD, such as obesity, central
adiposity [32], systemic hypertension, hyperlipidaemia, dia-
betes mellitus, metabolic syndrome, non-alcoholic fatty liver
disease [7-17, 33].

Despite these findings, few studies have precisely focused
on cardiovascular involvement and increased risk for CVD
in children with psoriasis. The published works found left
ventricular dysfunction, heart failure [33, 34].

Because psoriasis begins in childhood in almost one-third
of patients, early identification of CV risk may be crucial:
an early intervention could modify the progression of CVD
from the very beginning of the disease in a pre-clinical stage.

Consequently recommendations have proposed for rou-
tine screening in paediatric patients with psoriasis to early
identify and monitor CV risk factors in order to minimize
health effects over a lifetime [18].

The early identification of cardiovascular involvement
could help the clinicians to monitor the disease and treat it
to stop its progression.

The primary aim of this study was to assess cardiac
and vascular involvement in affected children compared to
healthy controls in order to early detect a marker of CV
impairment. Secondary aim was to investigate the potential
association of psoriasis with serological and anthropomet-
ric markers of metabolic syndrome, known risk factors for
CVD, since metabolic syndrome is strictly linked to CVD.

Materials and Methods
Selection of Groups

We performed a monocentric, prospective, case—control
study from August 2018 to September 2019.

Considering a mean prevalence of 1.1% [1] of psoriasis,
an error margin of 5% with a confidence interval (CI) of
95%, we obtained a representative sample of population as
follows:

n= (za/z)zpq JE* = (1.96)* x 0.011 x 0.989/(0.05)* = 16.7

We enrolled patients affected by psoriasis (group A)
followed as outpatients by Pediatric Dermatology Depart-
ment. Inclusion criteria included: age between 1 month
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and 18 years, paediatric onset of disease, acquisition of
consent by patient’s parents/guardians[32]. Patients with
chronic diseases or syndromes, secondary arterial hyper-
tension, diabetes, or lipidic metabolism disorders were
excluded.

For each of the selected patients, PASI (Psoriasis Area
Severity Index) and BSA (Body Surface Area) affected
by psoriasis were assessed by dermatologist, in order to
define severity of disease, i.e. PASI> 10 or BSA > 10%
[34].

We recruited age and sex-matched case controls without
dermatological diseases including psoriasis, chronic dis-
eases or syndromes (group B). These subjects were selected
among hospitalized patients in Emergency Pediatric Depart-
ment for acute illness or scheduled minor surgery.

Clinical and Laboratory Evaluation

Group A and B were screened for personal and familiar risk
factors for CVD, included adiposity and its distribution,
blood pressure and metabolic profile. They performed blood
exams screening for metabolic syndrome, specifically cho-
lesterol (total, HDL), triglycerides (TGR), fasting glucose
(FG), glycated haemoglobin (HbA1c). LDL cholesterol was
calculated according to Friedewald equation. A complete
clinical evaluation was performed by paediatric cardiologist.

Demographic and anthropometric parameters (age, sex,
ethnicity, height, weight, waist circumference (WC), body
mass index (BMI), body shape index (ABSI) and waist/
height ratio), patients’ disease duration (i.e. time from the
time of diagnosis to the time of enrolment), personal (birth
gestational age and weight, history of intra-uterine growth
restriction (IUGR), perinatal morbidity, or cardiovascular
and urologic diseases, smoke or alcohol habits, current phar-
macotherapy) and familiar (psoriasis, metabolic, renal or
cardiovascular diseases) risk for CVD were recorded.

Based on BMI, overweight was defined when > 85th per-
centile for age and sex, obesity when > 95th percentile for
age and sex [35, 36]. Waist/height ratio is associated with
risk for CVD when the ratio> 0.5 [37].

For each patients systolic (SBP) and diastolic arterial
blood pressure (DBP) were measured with auscultatory
method and expressed as absolute value and percentiles
according to 2016 European Society of Hypertension [38].
Hypertension (HTN) was defined when SBP and/or DBP
were at least 95th percentile for sex, age and height meas-
ured on at least three separate occasions, high-normal BP
when the average SBP and/or DBP was at least 90th and less
than 95th for children younger than 16 years-old. For boys
and girls who were 16 year-old or older, BP was defined
HTN was defined if 140/90 mmHg and high-normal if
130-139/85-89 mmHg but less than 140/90 mmHg.
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Echocardiography and Vascular Echography

All subjects underwent echocardiography, transcranial echo-
Doppler (TCD) and carotid artery echo-Doppler and intima-
media thickness measurement (cIMT).

Echocardiography and TCD were performed by an
expert paediatric cardiologist using a Philips IE33 ultra-
sound machine with S5-1 Phased Array Ultrasound Probe.
All measurements were performed on 3 consecutive cardiac
cycles. The paediatric cardiologist reviewed all the images
acquired. Left chambers dimensions (interventricular sep-
tal width in end diastole, IVSD; left ventricle end-diastole
diameter, LVEDD; posterior wall thickness at end diastole,
PWD; left atrium volume, LA), biventricular systolic func-
tion (fractional shortening, FS%; tricuspid annular plane
systolic excursion, TAPSE), left ventricle diastolic function
(early diastolic filling wave, E; late diastolic filling wave, A
and E/A ratios) and aortic dimensions (aortic root, root Ao;
LA/Ao Root), left ventricular mass (left ventricular mass
indexed to height, LVMI/h*7) and geometry (relative wall
thickness, RWT) were collected.

Transcranial Doppler (TCD) ultrasonography was
obtained using transtemporal window, using a low fre-
quency ultrasound probe (2 MHz in average) placed over
the insonation windows to study bilateral middle cerebral
artery (MCA) mean flow velocities.

cIMT, peak velocity of blood flow, resistivity index (RI)
measurement were performed using ultrasound technique
while the subject was in a supine position with the neck
rotated (45°) to the side opposite to the undergoing exami-
nation. Mean cIMT measured from carotid ultrasound was
obtained d in a standard manner according to the Mannheim
cIMT [39] consensus. In brief, using a high-definition lin-
ear probe (High Linear Probe 7.5 MhZ, DC-T6 Diagnostic
Ultrasound System Maindray), the intima-media thicknesses
of the carotid arteries on both sides were evaluated through
longitudinal projection. The measurement was carried out
1 cm before the bifurcation of the common carotid artery,
at the level of the posterior wall of the vessel. cIMT was
defined as the distance between the leading edge of the
lumen-intima interface and the media-adventitia interface
of the posterior wall measured during diastole. Three meas-
urements were made on each side in order to obtain the aver-
age value. All measurements were performed by a single
operator.

Informed Consent and Study Approval

All legal representatives of the children provided writ-
ten informed consent before examination. The study was
approved by the Ethics Committee of the Sant’Orsola-Mal-
pighi Hospital (Approval Number 232/2018/Sper/AOUBo).
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Statistical Analysis

Data were plotted in electronic database (©OExcel) and ana-
lysed through Statistical Package for Social Sciences 17
(©SPSS). Quantitative variables were described by mean
and standard deviation. Qualitative variables were described
as frequencies and percentages. Since our groups were com-
posed of less than 30 subjects, Kolmogorov—Smirnov test
was used to test the normality of the distribution for each
quantitative variable, to decide using parametrical or non-
parametrical tests. We compared the two groups by  test for
independent samples for quantitative variables with normal
distribution, by Mann—Whitney test for quantitative vari-
ables without normal distribution, and by Chi-square test
for qualitative variables. Pearson correlation coefficient was
used to evaluate association between quantitative variables;
Ro-Spearman correlation coefficient used to evaluate associ-
ation between qualitative variables and quantitative variables
with or without normal distribution. We, then, performed
linear regression models.

A p value <0.05 was considered statistically significant.

Results

We enrolled 20 subjects for group A (7 boys, mean age,
10.72 £ 4.63 years), and 20 age- and sex-matched controls
for group B (8 boys, mean age, 10.66+3.51 years). Demo-
graphic and anthropometric data, family and personal risk
factors for CVD, blood pressure and laboratory exams are
displayed in Table 1.

Anthropometric data and personal history, particularly
risk factors for CVD, were comparable between the two
groups. Family history was significantly different for the
presence of psoriasis (p <0.02) in group A.

Group A had a mean age at diagnosis of 8.82 +4.68 years,
mean duration of disease of 22.1 + 14.24 months. Fifteen out
of 20 (65%) cases presented plaque psoriasis, 2/20 (10%)
persistent guttate psoriasis, 4/20 (20%) inverse psoriasis
and 4/20 (20%) nail psoriasis. Most involved skin sites were
scalp in 12/20 (60%), both trunk and extremities in 10/20
(50%), face in 8/20 (40%), nail and genital mucosae in 4/20
(20%), respectively. The mean value of PASI was 2.64 +2.6
SD and BSA affected by psoriasis was 5.46 +7.5 SD, cor-
responding to a mild degree of severity. Three of 20 (15%)
received systemic therapy with cyclosporine, switched to
guselkumab in 2; 18 (90%) received topical therapy (corti-
costeroids, calcipotriol, urea, pimecrolimus, salicylic acid
individually or in combination).

BP values were not significantly different between the two
groups. Systolic HTN was found in 1 patient (5%) and high-
normal SBP in 1 (5%) in group A, diastolic HTN in 3/20

(15%) of group A and 2/20 (10%) of group B, high-normal
DBP in 1 patient for each group (5%).

Among the metabolic markers, HDL-cholesterol and tri-
glycerides, despite within normal values, were significantly
different between the two groups (p=0.021 and p =0.046,
respectively).

Cardiac and vascular echographic data are shown in
Table 2. Cardiac dimensions and systo-diastolic function
were normal and similar between the two groups, such as LV
mass and geometry, LA dimensions, and global RV function.
Blood flow velocities in carotid arteries and mean cerebral
arteries were comparable. In addition peak and mean flow
velocities in carotid arteries did not correlate with SBP nor
DBP.

On the opposite, right and left cIMT were normal but
significantly thinner in Group B (respectively p=0.001 and
p=0.002).

Through a linear regression model, we found a positive
correlation between the disease duration (expressed as years
of active disease) and cIMT (dependent variable) (Fig. 1),
but none with anthropometric data (weight and abdominal
circumference, WC/height, BMI), BSA affected by psoriasis,
PASI, SPB and DBP. c-IMT was positively correlated with
TRG and TRG/glucose ratio in Group A (Fig. 2).

We documented an inverse correlation between BMI and
BSA affected by psoriasis (Fig. 3).

Furthermore, since the significant difference of c-IMT
bilaterally between the groups, we tried to find a cut-off to
distinguish healthy from affected subjects that could help
to start a personalized program to limit the progression
to CVD. We considered the worse value between left and
right c-IMT and calculated for this new variable the quartile
distribution for both cohorts. The quartile distributions of
the two groups are characterized by opposite trends, which
cross each other at the second quartile, corresponding to
c-IMT=0.53 mm (Fig. 4).

Discussion

Our findings showed a significant increase of c-IMT bilater-
ally in psoriatic children compared with controls, despite the
absolute values of the c-IMT were normal in both.

In addition, c-IMT increases over time after diagnosis and
it is positively related with markers of metabolic syndrome,
particularly triglycerides and triglycerides/glucose.

Our findings are important because in adult patients cIMT
is a recognized early marker of atherosclerosis and cardio-
vascular risk [25, 26, 31], and several studies have demon-
strated the association between psoriasis and higher cIMT.
Furthermore, c-IMT measurements are easy to do, safe and
non-invasive technique, so easy to perform in paediatric age
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Table 1 Comparison of

. Group A Group B

demographic data, personal and

familiar histories, SBP and DBP Sex, boys 7 (35%) 8 (40%)

tvlf;“;f’olgfgg;"ry parameters of o\ ears 10.724+4.63 10.66+3.51
Ethnicity
Caucasian 17 (85%) 18 (90%)
Asiatic 1(5%) 1 (5%)
African 2 (10%) 1 (5%)
Gestational age
Term 18 (90%) 18 (90%)
Pre-term 2 (10%) 1 (5%)
Post-term 0 (0%) 1 (5%)
Perinatal period
Regular 17 (85%) 19 (95%)
Birth weight (kg) 3.33+0.66 3.31+£0.46
TUGR 0 (0%) 0 (0%)
CV or urologic disease 4 (20%) 4 (20%)
Other diseases 4 (20%) 1 (5%)
Tobacco/alcohol use 1(5%) 0 (0%)
Familiarity with psoriasis up to 3rd degree 7 (35%) 1 (5%)
Familiarity with CV or renal disease up to 2nd degree 8(40%) 9 (45%)
Familiarity with metabolic diseases up to 2nd degree 11 (55%) 8 (40%)
Weight, kg 40.37+16.67 36.72+13.28
Height, cm 143.15+21.47 140.55+16.57
WC/height ratio 0.47+0.05 0.47+0.07
BMI 18.73+£3.28 17.99+3.36
ABSI 0.079 £0.004 0.082+0.012
SBP, mmHg 102.25+12.3 99.60+13.44
DBP, mmHg 68.25+9.9 62.85+10.98
FG, mg/dl 86.39+15.55 93.78+12.6
Total cholesterol, mg/dl 166.89 +26.8 165.39+42.66
LDL—cholesterol, mg/dl 103.22 +22.31 103.61+30.23
HDL—cholesterol, mg/dl 56.9+11.07 45.27+16.86
TGR, mg/dl 86.50+38.35 116.78 +48.68
TGR/FG ratio 1.02+0.43 1.26+0.51
Glycated haemoglobin (Hb1Ac) 32.75+4.94 32.12+3.35

Categorical variables are expressed as number (%) and continuous variables as mean+SD. Group A:
patients affected by psoriasis; Group B: control group

group. Thus, c-IMT could represent the first tool to monitor
psoriatic young patients over time.

Moreover, despite c-IMT was normal in all patients,
it seems that in our population, a measure of c-IMT of
0.53 mm could represent a value to distinguish subjects
with psoriasis from controls, and that, despite normal, could
contribute to drive the personalized management and moni-
toring of patients. Further larger studies are mandatory to
support our findings.

Surprisingly, the lipidic profile, within normal range in
all subjects of both cohorts, was however more “protec-
tive” with higher HDL-cholesterol and lower triglycerides
in psoriatic children than in controls. These results could
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be explained, by one side, by the short duration and mild
severity of the disease in our cohort, and, by the other, by
the increased awareness of CVD in this population and con-
sequent a tendency to healthy lifestyle. Since we would have
expected a “worse” lipid profile in psoriatic patients as the
basis of early atherogenesis in this condition, we hypothesize
that the psoriasis itself might increase cIMT [28].

Cardiac involvement was not detected in our cohorts,
where all echocardiographic measurements were normal.
In addition, systo-diastolic function, dimensions, mass and
geometry of left ventricle were comparable with healthy
controls, and they were not related with metabolic pat-
tern nor BP. Our results differ from those published by
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Table 2 Comparison of echographic findings of the two groups

Group A Group B p value
IVSD (mm) 7.07+£1.19 6.69+1.28 n.s
LVEDD (mm) 38.77+4.48 39.5+44 ns
PWD (mm) 7.04+1.1 6.45+1.03 ns
LVMU/h*7 293+5.96  28.4+4.46 ns
RWT 0.34+0.05 0.31+0.06 n.s
FS (%) 38.86+3.2 40.23+5.74 ns
TAPSE (mm) 23.58+3.76 23.38+3.15 n.s
LA, cm 2.21+0.36 3.18+4.44 ns
Aortic root, cm 2.15+0.33 2.11+0.31 ns
LA/Aortic root 1.06+0.19 1.04+0.07 n.s
E wave (cm/s) 95.59+9.28 93.89+12.81 n.s
A wave (cm/s) 55.73+10.79 50.66+7.88 n.s
E/A 1.77+0.38 1.89+0.37 ns
Right cIMT, mm 0.57+0.08 0.47+0.09 p=0.001
Left cIMT, mm 0.56+0.07 0.47+0.08 p=0.002

Right peak flow velocity, 84.77+20.16 82.23+24.32 n.s
cm/s

Left peak flow velocity, 84.66 +£23.88 81.59+26.79 n.s
cm/s

Resistivity Index 0.74+0.04 0.76+0.06 n.s

Mean flow in right MCA, 78.79+12.28 79.29+15.57 n.s
cm/s

Mean flow in left MCA, 77.72+11.59 82.88+16.33 n.s
cm/s

Data are expressed as mean +SD. Group A: patients affected by pso-
riasis; Group B: control group

Cevik et al. [40] that found bigger LV diameters in psori-
atic children compared to healthy, comparable systolic, but
impaired diastolic function. The discrepancy can partially
be due to the differences between the recruited populations:
our patients had a shorter duration of the disease and are
younger compared to Turkish Cohort (respectively mean age
10.72 +4.63 versus 14.2 +0.89 years [40]). Abnormalities
of left ventricle could occur at a later stage of disease, while
cIMT could be the first and earliest marker of CVD.

Fig.1 Correlation between 40
duration disease (time from
diagnosis) and cIMT (p=0.04,
R?>=0.2026)

Time from diagnosis
= (mogths) «

0,04

Transcranial Doppler (TCD) ultrasonography provides a
non-invasive real-time measurement of blood flow charac-
teristics and cerebrovascular hemodynamics within the basal
arteries of the brain, and it represents an easily, non-irradiant
way to monitor vascular changes. In children it is a well-
recognized tool to identify those subject at risk for cerebro-
vascular accidents in sickle cell disease [41]. We applied this
modality to study cerebral vessels in the psoriatic population
to see if it could detect vascular involvement and correlate
with blood pressure. In our cohort, TCD did not evidence
any significant differences in blood flow characteristics in
middle cerebral artery in affected and healthy children and
did not correlate with pressure nor metabolic panel.

Differently from psoriatic adults, our patients had familiar
and personal risks for CV diseases, including anthropomet-
ric data, distribution of adiposity and systolic and diastolic
blood pressures, comparable with healthy subjects, and the
metabolic panel was normal. We found a positive familiar
history for psoriasis in 35% of affected children, according
with literature reporting it in 32.71-48.8% of cases [1, 17].

Conflictual data have, indeed, been published [14, 17,
18, 33] about the association of adiposity and metabolic
syndrome. In our psoriatic patients’ anthropometric data,
fat distribution and blood values were not correlated with
metabolic syndrome. Furthermore, they had normal weight
and mean blood pressure, despite 7/20 (35%) had altered
blood pressure absolute values, in line with findings by For-
tina et al. [12].

Surprisingly, the area of the body affected by psoriasis,
expressed by the BSA, was inversely correlated with the
body mass index (BMI), and not with the parameters of cen-
tral obesity, such as body shape index (ABSI), waist/height
ratio and waist circumference, in contrast with previous
studies that report an increase of central obesity increases
for each year of psoriasis duration [18, 32]. These findings
could be partially due to the relative homogeneity of disease
severity in our patients and awareness of lifestyle and dietary
habits, in addition to the younger age and shorted disease the
duration of our patients.
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Since early identification of subjects at risk for CVD
could modify the natural history of atherogenesis progres-
sion and prolong the life expectancy, further studies are
needed to support the role of c-IMT in psoriatic young
patients and a longitudinal cardiovascular follow-up. The
screening should include cardiac US and cIMT beside the
lipid profile.

There are some limitations in our study: firstly, the small
sample size mainly due to the extreme rarity of the disease in
paediatric age, and secondly the relative homogeneity of the
disease, generally characterized by mild severity and short
duration.

Conclusions

This is the first report identifying c-IMT as a marker of vas-
cular involvement in children with psoriasis from the very
early stage of the disease, when serological metabolic panel
and cardiac measurements and left ventricular geometry and
mass are still normal.

C-IMT could contribute to drive a personalized pharma-
cological and non-pharmacological management, together
with echocardiography and metabolic panel.

Longitudinal studies are needed to study the progression
of cardiovascular involvement when psoriasis begins in early
ages.
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