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ABSTRACT

Introduction: Hidradenitis suppurativa (HS)
has been linked to higher cardiovascular risk
(CVR) due to its inflammatory burden. There is
little evidence on how biologic treatment could
modify the cardiovascular risk of patients with
HS. The aims of the present study were to
explore the modification of CVR in patients
under adalimumab treatment and to explore
the potential factors associated with CVR
improvement.

Methods: A prospective longitudinal study was
performed. A cohort of patients with HS treated
with adalimumab was followed up. Carotid
intima-media thickness (IMT) and other
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clinical and biochemical CVR factors were col-
lected at baseline and 32 weeks after starting the
treatment.

Results: Twenty-seven patients with severe HS
were included. Overall, there were no differ-
ences in IMT between baseline (633 um) and
32 weeks follow-up (634 um). However, 40.7%
(11/27) of the patients presented an improve-
ment in IMT. This group (IMT responders) had a
higher prevalence of dyslipidemia, diabetes
mellitus, higher HbAlc levels, consumed more
tobacco, and had higher BMI at baseline.
Moreover, these patients had lower IHS4 scores
at baseline and tended to have a greater IMT
basal value, indicating a higher burden of sub-
clinical atherosclerosis.

Conclusions: Adalimumab treatment might
benefit a subset of patients with HS in terms of
cardiovascular risk reduction. In light of the
results of the present study patients with clas-
sical cardiovascular risk factors, and those with
higher burden of subclinical atherosclerosis and
with less inflammatory load, may be more likely
to improve their IMT during adalimumab
treatment.
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Key Summary Points

Why carry out this study?

Hidradenitis suppurativa has been
associated with higher cardiovascular risk.
No studies have evaluated cardiovascular
risk reduction in patients with
hidradenitis suppurativa under active
treatment.

The study aimed to evaluate if TNF
blockade could lead to an improved
cardiovascular risk in patients with severe
hidradenitis suppurativa.

What was learned from the study?

Adalimumab treatment might benefit a
subset of patients in terms of
cardiovascular risk reduction, specifically
patients with classical cardiovascular risk
factors, subclinical atherosclerosis, and
less inflammatory load.

TNF blockade could be of interest to
improve cardiovascular risk in selected
patients with hidradenitis suppurativa.

INTRODUCTION

Hidradenitis suppurativa (HS) is a chronic fol-
licular disorder characterized by the develop-
ment of painful nodules, abscesses, and fistulae
in apocrine gland areas. Its treatment is still
challenging, and is mainly based on topical and
oral antibiotics, oral retinoids, biologic drugs,
and surgery. Moreover, this entity has been
previously associated with higher cardiovascu-
lar risk because of the great associated inflam-
matory burden [1, 2] or endothelial dysfunction
[3], as demonstrated for other skin diseases such
as psoriasis [4]. One accessible technique for
cardiovascular risk stratification in patients with
HS and other diseases is the carotid
intima-media thickness (IMT), which reflects
the burden of subclinical atherosclerosis and is

therefore linked to higher risk of cardiovascular
events [5-8].

Adalimumab is one of the standard treat-
ments for patients with severe HS [9]. It acts
through the inhibition of tumor necrosis factor
(TNF) and therefore leads to a decrease in the
inflammatory lesions in patients [1]. As a result
of its anti-inflammatory effect, it has been
hypothesized that adalimumab might be of
benefit to patients with inflammatory diseases
and higher cardiovascular risk [4]. Despite this
hypothesis, no studies have addressed the issue
of cardiovascular risk improvement in patients
with severe HS who receive adalimumab
treatment.

Given that cardiovascular disorders are cur-
rently the leading cause of mortality [10], dee-
per knowledge about the possible implication of
adalimumab treatment in cardiovascular risk
improvement in patients with HS is of great
interest. Moreover, further characterization of
the subsets of patients who might benefit from
this therapy could lead to a more holistic
approach to the disease treatment. Therefore,
the aim of this study are to (a) explore the
evolution of cardiovascular risk by means of
carotid IMT in a cohort of patients with HS
under adalimumab treatment; and (b) explore
potential clinical and biochemical factors asso-
ciated with cardiovascular risk improvement in
these patients.

METHODS
Design

A prospective longitudinal study was per-
formed. A cohort of patients with HS treated
with adalimumab was followed up to explore if
TNF blockade could improve the cardiovascular
risk of patients with HS, and to evaluate
potential clinical and blood biomarkers associ-
ated with cardiovascular risk improvement in
this population.
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Patients

Patients were collected from the Hidradenitis
Suppurativa Clinic of the Hospital Universitario
Virgen de las Nieves.

Ethics

This study was approved by the Institutional
Review Board of the Hospital Universitario Vir-
gen de las Nieves and is in accordance with the
Declaration of Helsinki.

Inclusion Criteria

The inclusion criteria were (a) patients with
clinical diagnosis of HS; (b) patients suffering
from severe HS who started biologic treatment
with adalimumab according to international
guidelines for HS [9]; (c) informed consent from
the patient of the legal representatives to be
included in the study.

Exclusion Criteria

The exclusion criteria were (a) refusal from the
patient or legal representative to participate in
the study; (b) patients suffering from HS who
were not candidates to be treated with
adalimumab.

Variables of Interest

Main Variables

The patients were assessed two times: firstly, the
day of the initiation of their biologic treatment;
secondly, 32 weeks after, as previously per-
formed in similar studies [4]. The main variables
considered included those associated with car-
diovascular risk assessment and those related to
disease severity.

(A) Cardiovascular risk factors were evaluated
by performing blood tests, clinical exami-

nation, and carotid artery
ultrasonography:
(@) Carotid intima-media thickness

(IMT): IMT was assessed in both

carotid arteries of the patients by
using ultrasonography as previously
described [4]. Briefly, left, right, and
mean IMT were recorded using a
high-resolution ultrasound (Esaote
MyLab Gold 25) with a 12-mHz
sounding line running specific soft-
ware for measuring I'TM (Esaote QIMT
Software). The definitive value of the
IMT measurements was obtained by
calculating the average of six valid
measurements taken from the sono-
graphic scanning. To explore poten-
tial predictors of IMT reduction
patients were classified qualitatively
in terms of IMT reduction as IMT
responders (improvement of IMT
between week O and week 32 of at
least 1 uym) and IMT non-responders
(patients not meeting the “IMT
responders” criteria).

(b) Clinical data: Patients were explored
to assess the body mass index (BMI),
the metabolic syndrome criteria
(ATPIII criteria) [11], and tobacco
consumption (cigarettes/day).

(c) Other blood biomarkers: Different
measurements were performed in
patients following an 8-h fasting
period. Recorded blood parameters
included basal glucose, basal insulin,
HOMA score, glycated hemoglobin,
triglycerides, HDL and LDL choles-
terol, transaminases, albumin, para-
thyrin, vitamin D, erythrocyte
sedimentation rate (ESR), and C-reac-
tive protein (CRP).

(B) Disease severity was assessed using disease
activity indexes:

(@) The International HS Severity Scoring
System (IHS4) was used to assess
inflammatory activity. It was calcu-
lated using the following formula:
(number of nodules x 1) + (number
of abscesses x 2) + (number of fistu-
las x 4) [12]. The reduction of 55% in
the IHS4 score was also collected
(IHS4-55) [13].
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Table 1 Sociodemographic and clinical features of the sample

Variables
All patients (z = 27)

Age (years)

Age at onset (years)
Disease duration (years)
Family history of HS (%) 37% (10/27)
0% (0/27)

Previous surgical interventions for HS (%) 33.3% (9/27)

Previous biologic treatment (%)

Hurley stage (%)

37.59 (SD 13.68)
21.96 (SD 10.31)
164 (SD 15.5)

I: 11.1% (3/27)

66.6% (18/27)
423 (SD 1.96)
Dissecting cellulitis of the scalp (%) 3.8% (1/27)

Acne conglobate (%) 25.9% (7/27)
Pilonidal sinus (%) 33.3% (9/27)
Basal IHS4 index 19.48 (SD 8.11)
II: 37% (10/27) IL: 51.8% (14/27)

Sex (male)

Number of areas affected

(b) The Hurley classification was used to
assess structural damage. It consists of
three stages (I, presence of abscesses
without fistulous tracts or scars; II,
recurrent abscesses and single or mul-
tiple fistulae and scars widely sepa-
rated between them; III, abscesses and
confluent fistulas with large areas of
extensive scarring) [14].

Other Variables

Sociodemographic, biometric, and clinical
variables, including age, sex, comorbidities, and
previous treatments for HS, were recorded by
clinical interview and physical examination.

Statistical Analysis

Descriptive statistics were used to evaluate the
characteristics of the sample. The Shapiro-Wilk
test was used to assess the normality of the
variables. Continuous variables are expressed as
mean and standard deviation (SD). Qualitative
variables are expressed as relative and absolute
frequency distributions. The y* test or Fisher’s
exact test, as appropriate, was used to compare
nominal variables, and Student’s ttest or Wil-
coxon-Mann-Whitney test was used to com-
pare between nominal and continuous data. To
explore possible associated factors, simple linear
regression was used for continuous variables.
The f coefficient and SD were used to predict
the log odds of the dependent variable. Signifi-
cantly associated variables (p < 0.05) or those

showing trends towards statistical significance
(p < 0.20) were included in multivariate analy-
sis. Statistical significance was considered
if p values were less than 0.05. Statistical anal-
yses were performed using JMP version 9.0.1
(SAS institute, North Carolina, USA).

RESULTS

Sociodemographic and Basal Clinical
Features of the Sample

Twenty-seven patients with severe HS were
included in the study. The male to female ratio
was 2:1, and the mean age of the sample was
37 years old (SD 13.68). Family history of HS
was present in 37% (10/27) of the patients,
Table 1. Basal ITHS4 mean score was 19.48 (SD
8.11), which indicated severe disease. Further-
more, 51.8% (14/27) of the patients were clas-
sified as Hurley III stage. Patients had suffered
from HS for a mean of 21.96 years (SD 10.31).
Detailed information about comorbidities can
be seen in Table 1.

Distribution of Cardiovascular Risk
Markers in the Sample

Previously diagnosed prevalence of diabetes
mellitus and dyslipidemia was 3.7% (1/27) and
7.4% (2/27), respectively (Table 2). Basal glyce-
mia, basal insulin, and mean HOMA index
indicated a high prevalence of insulin resistance
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Table 2 Distribution of cardiovascular risk markers in the sample

Cardiovascular risk markers
All patients (z = 27)

Diabetes mellitus (%) 3.7% (1/27)
87.48 (SD 12.46)
12.84 (SD 10.07)
2.83 (SD 2.22)
5.52 (SD 0.36)
2.55 (SD 6.41)
33.3% (9/27)

39.60 (SD 8.25)

Basal glycemia (mg/dL)
Basal insulin (pU/mL)
HOMA index

HbAIc (%)

Tobacco (cig/day)
Obesity (%)

Body mass index (kg/m?)

Dyslipidemia (%)

Triglycerides (mg/dL)

HDL (mg/dL)

High blood pressure (%)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Metabolic syndrome (%)

Intima—media Thickness (pm)

7.4% (2/27)

125.55 (SD 59.32)
48.11 (SD 11.65)
11.1% (3/27)
127.56 (SD 5.96)
83.91 (SD 6.89)
25.9% (7/27)
633.92 (SD 120.63)

in the sample: mean HOMA index was close to
the threshold of 3 which is considered to diag-
nose insulin resistance. Obesity had a high
prevalence in the sample and appeared in
33.3% (9/27) of the patients with a mean BMI of
39.60 (SD 8.25). High blood pressure had been
diagnosed in 11.1% (3/27) of patients, and 48%
of patients were smokers (13/27). Finally, 26%
(13/50) of the patients met criteria for metabolic
syndrome.

Evolution of Disease Severity and Other
Clinical Features After Adalimumab
Treatment

After 8-month treatment with adalimumab,
disease severity improved in the sample. Basal
IHS4 score (19.48, SD 8.11) decreased at
32 weeks (9.03, SD 9.83) (p <0.01). IHS4-55
response was obtained in 70.3% (19/27) of the
patients. On the other hand, no significant
differences were found over time in terms of
BMI (p = 0.42), HOMA index (p = 0.37), HbAlc
levels (p = 0.75), CRP levels (p = 0.62), erythro-
cyte sedimentation rate (p = 0.42), or vitamin D
levels (p = 0.50).

Evolution of Carotid IMT Under
Adalimumab Treatment and Predictors
of IMT Responders

Overall there were no differences in mean IMT
between baseline (633.92 um) and 32 weeks

follow-up (634.39 um) (p = 0.98). However,
there was a subset of 40.7% (11/27) of the
patients who were IMT responders, i.e., they
showed an improvement in IMT over time. The
non-IMT responders group increased their
mean IMT value from 606 to 668 pm over time,
whereas the IMT responders group had a sig-
nificant decrease of IMT over time, from 673 to
585 um (p < 0.001). A univariate analysis was
performed to detect basal clinical and bio-
chemical characteristics which were associated
with the cardiovascular risk improvement group
(Table 3). In this regard, some variables showed
tendency towards statistical significance:
patients who had an IMT improvement when
compared to those without it were more likely
to have some characteristics. This group had a
higher prevalence of dyslipidemia (p = 0.05),
diabetes mellitus (p = 0.18), and had higher
HbA1lc levels (p = 0.12) at baseline. Moreover,
these patients had higher BMI (p = 0.19), higher
levels of CRP (p=0.17), consumed more
tobacco (p = 0.14), and had less basal inflam-
matory burden (p = 0.22). Finally, patients who
improved IMT tended to have a greater IMT
basal value (p = 0.08), but no relationship was
found between inflammation reduction (IHS4-
55 achievement) and IMT reduction (p = 0.72).
Interestingly, those patients who did not
improve IMT over time showed tendency
towards higher 32-week CRP levels (difference
3.96, p = 0.58) and higher 32-week IHS4 scores
(difference 1.75, p=0.65). A correlation
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Table 3 Potential clinical and biochemical factors associated with cardiovascular risk improvement over time in patients

with severe HS under adalimumab treatment

Age (years)
Sex (female)

Disease duration (years)
Acne conglobate (%)
Diabetes mellitus (%)
Basal HOMA index
Basal HbAlc levels
High blood pressure (%)

Dyslipidemia (%)

Tobacco consumption (cig/day)

Basal IHS4 score

32-week IHS4 score

IHS4-55 responders (%)

Basal BMI (kg/m?)

Metabolic syndrome criteria (ATPIIL) (%)
C-reactive protein (mg/dL)

32-week C-reactive protein (mg/dL)

Basal IMT (pum)

IMT responders IMT non responders p value
(m = 11) (2 = 16)

37.6 (SD 3.4) 38.75 (SD 4.2) 0.98
36.3% (4/11) 31.2% (5/16) 0.78
13.09 (SD 4.71) 18.75 (SD 3.90) 0.36
28.5% (2/11) 31.2% (5/16) 0.38
9.09% (1/11) 0% (0/16) 0.18*
2.72 (SD 0.69) 2.60 (SD 0.57) 0.89

5.65 (SD 0.10) 5.43 (SD 0.08) 0.12*
18.1% (2/11) 6.2% (1/16) 0.36
18.1% (2/11) 0% (0/16) 0.05*

2 (SD 2.85) 1.53 (SD 1.7) 0.14*
17.18 (SD 2.42) 21.06 (SD 2.01) 0.22
.0 (SD 3.01) 9.75 (SD 2.49) 0.65
72.7% (8/11) 68.7% (11/16) 0.97
31.28 (SD 2.5) 28.5 (SD 2.07) 0.19
27.3% (3/11) 25% (4/16) 0.89

18.1 (SD 8.09) 9 (SD 6.60) 0.17*

445 (SD 5.61) 8.41 (SD 4.42) 0.58
673.36 (SD 35.6) 606.81 (SD 29.55) 0.08

ATPIII criteria for detecting metabolic syndrome, BMI body mass index, HOMA Homeostatic Model Assessment for
detecting insulin resistance, IHS4-55 % of patients who had a reduction of at least 55% on the International Hidradenitis

Suppurativa Severity Score System, IMT carotid intima—media thickness

*» < 0.20

analysis showed similar results for quantitative
variables (Fig. 1).

DISCUSSION

Adalimumab treatment might benefit a subset
of patients with HS in terms of cardiovascular
risk reduction. In light of the results of the
present study, those patients with less severe
disease, those with classical cardiovascular risk
factors (such as glycemic disorders, diabetes
mellitus, high blood pressure, higher BMI, or

tobacco consumption), and those with higher
burden of subclinical atherosclerosis would
more likely to improve their IMT under adali-
mumab treatment. On the contrary, those
patients with higher inflammatory load after
treatment could be more prone to have a lack of
improvement of IMT.

HS has been previously linked to increased
cardiovascular risk [1, 2, 15]. The biological
association of both entities is connected with
the already known link between inflammation
and atherosclerosis. In this regard, a chronic
inflammatory burden could accelerate the
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Fig. 1 Correlation of carotid IMT improvement after
adalimumab treatment with disease severity, basal IMT
values, and HbAIc levels: less severe disease, higher basal

atheroma plaque formation process, therefore
resulting in an early appearance of cardiovas-
cular events [16].

Regarding cardiovascular risk measurement,
apart from classical cardiovascular risk factors
and clinical scores [17, 18], carotid IMT mea-
surement by means of ultrasound has become a
practical tool to stratify cardiovascular risk [6].
Moreover, IMT has already been associated with
other classic CVR factors, such as insulin resis-
tance and glycemic disorders [15], as well as
with poorer cardiovascular outcomes in a vari-
ety of populations [19-21]. On the other hand,
the low rate of smokers in our study could lead
to bias due to the limited sample size. Moreover,
as the patients suffered from a severe disease,
this could have led to a reduced smoking rate as

carotid IMT, and higher basal HbAlc were associated with
greater improvement in IMT after adalimumab treatment

the patients might be concerned with the
importance of smoke avoidance.

Our study aimed to assess IMT evolution
over time in patients with HS under adali-
mumab treatment. However, although global
evaluation showed no differences in IMT over
time, we identified the profile of patients who
had an improvement in IMT after 32 weeks of
adalimumab treatment.

Similar studies have been performed for
other skin and non-skin diseases. Martinez-
Lopez et al. [4] studied the evolution over time
of IMT and insulin in patients with psoriasis
under treatment with biologic drugs (anti-TNF
and anti-IL12/23) and classic systemic psoriasis
drugs (such as methotrexate). This study
showed how patients under anti-TNF treatment
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improved their insulin levels, but had no
changes in IMT after 32 weeks of treatment.
However, as in our study, sample size could
have been insufficient for detecting significant
differences, and these authors did not perform
any stratified analysis for defining an “IMT-im-
provement group”. More recent studies have
demonstrated the potential benefit of anti-TNF
treatment in terms of IMT improvement in
other inflammatory diseases, such as rheuma-
toid arthritis, regardless of the specific drug
employed [22].

Finally, in light of the results of this pilot
study, IMT could be a predictive biomarker of
CVR in patients with HS. As previously descri-
bed [23], there are many useful ultrasono-
graphic markers in HS, such as dermal
vascularization. Moreover, other measurements
such as CRP or ESR seem to be predictive
biomarkers. Future studies for IMT would be of
great interest.

The main limitations of the present study are
the limited sample size, which could have lim-
ited the detection of significant differences, and
the lack of a control group.

CONCLUSIONS

Adalimumab treatment seems to be potentially
associated with cardiovascular risk improve-
ment in HS who have cardiovascular risk factors
and subclinical atherosclerosis. Further investi-
gation on this issue might be of great interest to
improve treatment guidelines taking into
account not only disease severity and comor-
bidities but also  cardiovascular  risk
stratification.
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