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Background: Ulcerative colitis (UC) is a chronic inflammatory bowel disease with involvement of the immune system. Chronic
inflammatory diseases have been associated with increased risk of cardiovascular disease (CVD) but few stud-
ies have assessed this risk in patients with UC and the influence of drug treatment. Thus, we evaluated the
risk of development of CVD in women with UC in clinical remission, considering the drug treatment.

Material/Methods: Twenty-one women with UC participated in this study: 12 used aminosalicylates (ASA group) and 9 used aza-
thioprine added to aminosalicylates (AZA+ASA group). The healthy control group was matched for age. We
evaluated blood pressure, body composition, and biochemical and immunological parameters.

Results: Compared to the respective control group, the UC groups showed expansion of body fat and less lean body
mass. Blood pressure, pro-inflammatory cytokines, nitric oxide, C reactive protein, erythrocyte sedimentation
rate (ESR), and anti-oxidized LDL antibodies were higher in UC groups. Only AZA+ASA group showed increased
anti-inflammatory cytokines (IL-10 and TGF-f). Framingham scores showed higher risk of CVD in UC groups.
UC groups were compared and women treated with azathioprine showed reduction of total protein, globulin,
ESR, and lymphocytes, with increased IL-6, TNF, IL-10, and TGF-f.

Conclusions: Our data suggest that women with UC in clinical remission have a higher risk for development of atheroscle-
rosis and CVD when compared to the control group, while women treated with azathioprine seem more pro-
tected than those treated only with aminosalicylates, due to better regulation of the inflammatory process.
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Background

Ulcerative Colitis (UC) is an inflammatory bowel disease (IBD)
whose etiology is only partially known. It is characterized by
diffuse inflammation of the colonic mucosa, which starts in
the rectum and extends continuously along the colon [1]. It is
presented in variable clinical course with periods of remission
or activity. In general, patients with UC have increased body
fat and decreased lean body mass, increased production of in-
flammatory cytokines and they maintain a chronic low-grade
inflammation [2-4]. Treatment of UC aims to induce and main-
tain remission of the active disease [1].

Cardiovascular diseases (CVD) are also chronic disorders as-
sociated with (low-grade) inflammation. Atherosclerosis is the
main cause of CVD and is associated with endothelial dysfunc-
tion, increased accumulation of oxidized LDL (oxLDL), leuko-
cytes, and smooth muscle cells in the intima of the artery, with
release of inflammatory mediators (TNF, IL-6, CCL-2), resulting
in the development and expansion of the atheroma plaque.
Risk factors for CVD include smoking, alcohol, sedentary, diet,
hypertension, and diabetes mellitus (DM) and dyslipidemia, as
well as emerging factors such as total leukocytes count, levels
of hemoglobin, and reactive C protein, IL-6, and fibrinogen [5-8].

Several studies have demonstrated that patients with chronic
inflammatory diseases such as rheumatoid arthritis and sys-
temic lupus erythematosus have higher incidence of cardio-
vascular disease (CVD) due to chronic and systemic inflamma-
tion [9-12]. Several studies have suggested that patients with
IBD also have higher risk of atherosclerosis and cardiovascular
events compared the healthy population [7,13-19]. However,
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there are no studies evaluating this risk in UC patients when
the inflammatory process is controlled. The aim of this study
was to evaluate the risk of CVD in women with UC, in clinical
remission, using of aminosalicylates or azathioprine and ami-
nosalicylates and to compare the results to those obtained
in healthy matched volunteers and suggest a mechanism ex-
plaining the relationship between UC and CVD.

Material and Methods

The patients were selected at the Reference Center
for Inflammatory Bowel Disease of the ALFA Institute of
Gastroenterology, Clinical Hospital, Federal University of Minas
Gerais (UFMG). Inclusion criteria included women aged 18-60
years that did not present hypertension, dyslipidemia, diabe-
tes mellitus, hormonal disorders, or cardiovascular disease.
Those presenting symptoms and signs of disease activity or
using glucocorticoids or biologic agents were excluded. From
144 patients with UC monitored in the Reference Center, only
21 met the inclusion criteria, showing the high prevalence of
risk factors for cardiovascular disease in this population and
the presence of active disease phase (Supplementary Figure 1).

UC was diagnosed by clinical, laboratory, endoscopic, and his-
tological criteria. All participants were in clinical remission [do
not fit the Truelove and Witts [20] criteria] by the use of ami-
nosalicylates (sulfasalazine or mesalazine) (12 patients) or aza-
thioprine combined with aminosalicylate (9 patients). Because
the introduction of azathioprine could modify the immunolog-
ical and inflammatory status of patients, we initially divided
patients in an ASA group (aminosalicylates) and an AZA+ASA

144 UC
[ |
93 (64.6%) 51(35.4%)
Women Men
|
I I I
21(22.6%): 1(1.1%): 10(10.7%): 21(22.6%) 16 (31.4%): exclued by drug treatment;
excluded by drug age <20 abonded participants 14 (27.4%: factor risk or diagnosis of CVD;
treatment; years; the treatment, 1(2%): age <20 years;
23 (24.7%): 7(7.5%): were not 4(7.8%): age >60 years;
factor risk age >60 found or not 10 (25.5%):
or diagnosis years wanted to abandoned the treatment, were not found or not wanted to
of (VD participated participated of the study;
of the study 3(5.9%): possibles participants

Supplementary Figure 1. Patients with UC treated in the Reference Center for Inflammatory Bowel Disease of the ALFA Institute of
Gastroenterology. Of the total of 144 patients with UC treated at the Reference Center, 93 were women and 51 were
men. Among men, 48 did not meet the inclusion criteria. Among women, 21 (22.6%) were excluded for drug treatment
(use of corticosteroids or biology therapy); 23 (24.7%) were excluded for risk factors or diagnosis of CVD or other
diseases; 8 (8.6%) were excluded by age; 10 (10.7%) abandoned the treatment, were not found, or did not want to

participate in the study, and only 21 (22.6%) women met the study criteria and wanted to participate.
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group (azathioprine + aminosalicylates) to determine the in-
flammatory profile and cardiovascular risk; later, we compared
both treatments for remission to observe possible differences.
The control group consisted of by healthy age-matched wom-
en. The study was approved by the Ethics Committee in Human
Research of the Federal University of Minas Gerais (protocol
342/11). All participants read and signed the informed consent.

Participants answered questionnaires about their clinical and
family histories and lifestyle routines. Blood pressure and an-
thropometric data such as weight, height, body mass index
(BMI), waist circumference, and body composition (body fat
and body fat-free) were also obtained. After 12 h of fasting,
20 mL blood was collected for biochemical and inflammatory
markers analysis. Total cholesterol, HDL-cholesterol, glycemia,
total protein, albumin, hemoglobin, fibrinogen, and high-sen-
sitive C reactive Protein (hs CRP) were assessed using com-
mercial kits (Labstest® and Bioclin, Belo Horizonte, Brazil). The
erythrocyte sedimentation rate (ESR) was measured using a
Westergren pipette. LDL-cholesterol (LDLc) was calculated us-
ing the Friedewald equation. Globulin was determined as the
difference between the total protein and albumin concentra-
tions. Total and differential leukocyte count was obtained us-
ing a Neubauer chamber, and a differential count was per-
formed on slides using a Rapid Kit Panoptic® kit (Laborclin,
Parana, Brazil). Nitric oxide (NO) concentration was measured
indirectly according to Griess technique [21]. IL-6, TNF, IL-1j,
IL-10, TGF-B, CCL-2, and anti-oxLDL antibodies were deter-
mined by ELISA (BD OptEIA ®, United States) [22,23]. The 10-
and 30-year Framingham risk scores (FRS) were determined
using online calculators (http://www.framinghamheartstudy.
org/), considering lipid profile or BMI.

Data are presented as mean + standard error or median. The
Kolmogorov-Smirnov test was used to evaluate the distribution
of the data. Unpaired Mann-Whitney, Wilcoxon, or Student’s
t-tests were used for continuous variables. Categorical vari-
ables were analyzed using Fisher’s exact test. The correlation
between variables was analyzed using Pearson correlation co-
efficient. Statistical analysis was performed using SPSS soft-
ware (Statistical Package for Social Sciences) version 19.0. The
level of significance was set at p<0.05.

Results

Comparison between patients with UC in clinical remission
in use of aminosalicylates (ASA) and control healthy (CT)

Body weight, BMI, waist circumference, and traditional risk fac-
tors for CVD such as glycemia, triglyceridemia, total cholester-
ol, and its fractions were similar between groups (Tables 1, 2),
while body fat was increased and fat-free mass was reduced in
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ASA group (Table 1). ASA patients also showed increased to-
tal proteins due to increase in globulin, with the concomitant
decreased on albumin fraction (Figure 1). Diastolic and systol-
ic blood pressures another important risk factor for CVD, and
hsCRP and ESR were higher in ASA patients (Table 1, Figure 1).
Inflammatory markers such as IL-6 and CCL2 were also in-
creased in the ASA group (Figure 2). Nitrite concentration (in-
dicating nitric oxide status) and IgG anti-oxLDL (an indicator
of oxLDL concentration) were increased in women in the ASA
group (Figure 3), suggesting an increased risk of atherosclero-
sis in these patients. The Framingham scores showed that ASA
patients have a higher 10-year risk for CVD, considering lipid
profile or BMI. Similar results were obtained when assessing
the 30-year risk of CVD, showing higher relative risk of CVD in
the ASA group (Figure 4). Together, changes in blood pressure
and inflammation markers show that patients with UC in clin-
ical remission and treated with aminosalicylates have higher
risk of CVD when compared to healthy subjects.

Comparison between patients with UC in clinical remission
receiving azathioprine and aminosalicylate (AZA+ASA) and
healthy controls (CT)

Patients using of AZA+ASA had higher BMI (p=0.06), increased
waist circumference, fat mass, and blood pressure, but there
was no relation with physical activity in their routines (Table 1).
Lipid profile, glycemia, total protein, globulin, albumin, hemoglo-
bin, ESR, and fibrinogen were similar between groups (Figure 1,
Table 2) and the CRP was higher in the AZA+ASA group (Figure
1). The global and differential leukocyte counts were simi-
lar between groups (Table 2). Levels of IL-6, TNF, CCL-2, IL-10,
TGF-B (Figure 2), nitrite, and 1gG anti-oxLDL (Figure 3) were in-
creased in the AZA+ASA group, showing higher risk of athero-
sclerosis and CVD in this group. Simultaneously, adding azathi-
oprine treatment promotes the increase of anti-inflammatory
mediators in attempting to regulate the inflammatory process.

The relative risk for CVD assessed by 10- and 30-year
Framingham scores was higher in the AZA+ASA group (Figure 4),
suggesting increased relative risk of CVD in these patients.

Comparison between patients in use of aminosalicylates
(ASA) and azathioprine combined with aminosalicylate
(AZA+ASA) for UC remission

After comparing the patients with their respective controls,
the remission treatments (ASA and AZA+ASA) were compared.
Anthropometric data were similar between groups (Table 1).
Women in the AZA+ASA group presented decreased levels of
total protein, globulin, ESR, and lymphocytes (Figure 1, Table 2)
compared to the ASA group, suggesting better regulation of the
inflammatory process characteristic of the disease. Patients in
the AZA+ASA group had higher levels of TNF, IL-6, IL-10, and
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Table 1. General characteristics of women using aminosalicilate (ASA) or azathioprine and aminosalicilate (AZA+ASA) for UC clin-
ical remission and their respective matched controls.

Parameter Control (ASA) ASA Control (AZA+ASA) AZA+ASA
Number of patients 12 12! 9 9!
CAgeyeary 378824 378221 378228 378:34
Time of UC diagnose - ess7 - easle
Csmokers o o o o
CEthilsts o7s% o 7(78%) o
Physicalactiviy o5%) - 4G33%: 7 G78%) o

Sulphasalazine - 10 (83.3%) - 2 (22.2%)
"""" Mesalazine - 2067 - 6@67%
 Azathioprine - o - 9(100%)
| oVD familial history 4(85%) 8667%°  5(655%) - 4 @aa%y
Body Weight kg s84r17 602:370 s83:17 7215670
s 27:06 Barie 27:08 2826210
| Waist circumference (cm) 730618 800:38' 733221 891559
Bodyfat(®) 290:18 s2027% 29322 369828
Body fat free mass kg) 8212 369:12% sst1 4168200
CSBP(mmHg) 997425 13.2639% 998:37 1165:7.6%
DBP(mmH®) 650511 765:31% 670229 766162

! T paired test; 2 Fisher test; > Mann Whitney test. * Represents differences between UC group and their respective matched control.
No differences were observed between both UC groups. CVD — cardiovascular disease, BMI — Body Mass Index.

Table 2. Seric profile of the women using aminosalicilate (ASA) or azathioprine and aminosalicilate (AZA+ASA) for UC clinical re-
mission and their respective matched controls.

Parameters Control ASA ASA Control AZA+ASA AZA+ASA
Triglycerides (mg/dL) 87.6+7.6 84.3+15.3? 96.2+13.7 84.3+14.0!
Total cholesterol (mg/d) 184180 1902168 1854:130 185501350
CHDL(mgd) ssaras a62:320 s2e61 961610
Lgay 12677 1302720 13334127 134841330
Glycemia (mg/d) 758434 7554320 728437 sles3t
Hemoglobin (g/d) 143108 12810810 134106 1445130
Total leucocyte count(cel/ul) 63218074 597718478' | 551919652 | 502518857'
Neutrophils (cel/ut) - 405585577 3328470390 343616248 34355160
Eosinophils (cel/u) 10258204 5751198 971266 5356300
lymphocoytes (cel/w) 1808:2343 74301700 172063212 1484133541
Monocytes (celiut) 29974532 23818090 19350445 1943:6072

! T paired test; 2 Mann Whitney test. # Represents diferences between UC groups. No differences were observed between UC groups
and their respective matched control.
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Figure 1. Markers of inflammation in women treated with aminosalicylates (ASA) or azathioprine+aminosalicylates (AZA+ASA) and
their controls. (A) Total protein; (B) albumin; (C) globulin; (D) erythrocyte sedimentation rate; (E) fibrinogen; (F) C-reactive

protein.

TGF-B compared to the ASA group. Others parameters were
similar between groups (Tables 1, 2, Figure 3). However, the
presence of these differences between both treated UC groups
and the 10 and 30-year Framingham risk scores were similar
between groups (Figure 4).

Discussion

In this paper we highlight the mechanisms by which patients
with UC in clinical remission are at higher risk for CVD and
how drug treatment influences this. This is the first work per-
formed in patients with UC in clinical remission that associ-
ates markers of inflammation, risk of CVD, and drug treatment.

Compared with healthy women, women with UC in clinical re-
mission showed increased body fat with reduced fat-free mass.
The AZA+ASA group still had an increase in BMI and waist cir-
cumference and in risk markers for CVD, including diseases such
as diabetes mellitus and dyslipidemia [24]. Changes in body
composition have been reported in IBD patients [3,25,26] and
could be related to several factors such as poor eating habits,
physical inactivity, and previous use of steroids. Furthermore,
patients with Crohn’s disease have increased number of adipo-
cytes, with reduced volume and increased inflammatory infil-
trate of mononuclear cells, favoring expansion and inflammato-
ry capacity. Adipose tissue is an endocrine organ that produces
and secretes inflammatory cytokines and nitric oxide, leading
to a chronic low-grade systemic inflammation, increasing the
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Figure 2. Serum levels of cytokines in women treated with aminosalicylates (ASA) or azathioprine+aminosalicylates (AZA+ASA)
and their controls. (A) Interleukin-6 — IL-6; (B) Chemokine (CC motif) ligand 2 — CCL-2; (C) Tumor necrosis factor — TNF;
(D) Interleukin-1p — IL-1B; (E) Transforming growth factor beta — TGF-f; (F) Interleukin-10 — IL-10.

Nitric oxide Anti oxLDL
p=0.007 p=0.02 p=0.02 p=0.05
A | A

M

” T ihd
Arbitrary units
o o
n i +

0.0
Control ASA Control AZA+ASA Control ASA Control AZA+ASA

Figure 3. Serum markers of oxidative stress in women treated with aminosalicylates (ASA) or azathioprine+aminosalicylates
(AZA+ASA) and their controls. (A) nitric oxide; (B) anti-oxidized LDL.
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Figure 4. Risk of cardiovascular disease at 10 and 30 years in women treated with aminosalicylates (ASA) or
azathioprine+aminosalicylates (AZA+ASA) and their controls. The Framingham Risk Score for CVD over a period of 10 years
(A) or 30 years (B) according to the lipid profile; CVD risk over a period of 10 years (C) or 30 years (D) according to BMI.

risk for CVD. The expansion of adipose tissue may contribute
to increased blood pressure, another risk factor for CVD that
has been observed in IBD [13] and in this study. Even in re-
mission, patients with UC have a subclinical inflammatory re-
sponse in the colon, which may also contribute to the increase
of these inflammatory mediators.

The reduction in fat-free mass in the UC group can indicate
changes in muscle mass, bone mass, and hydration status and
appears to be due to poor dietary habits, physical inactivity, pre-
vious use of corticosteroids, or even due to catabolic process in
common chronic diseases. The increased levels of circulating
cytokines and globulins (IgG anti-oxLDL and anti-cytokine anti-
bodies) favors the diversion of amino acids for production of in-
flammatory mediators affecting protein synthesis and body com-
position. The increase of total protein seen in the ASA group is
the result of increased globulins. Albumin synthesis may also be
affected, leading to a reduction in its level, as seen in the ASA
group [3,27,28]. Previous studies suggest the increase of anti-
immunoglobulins cytokines in patients with chronic inflammato-
ry diseases in an attempt to combat inflammatory process [29].
In the AZA+ASA group, there were no changes in these parame-
ters, which might be associated with better immunological and
inflammatory regulation and nutritional status, which were not
observed in the ASA group, suggesting the effect of azathio-
prine in UC remission.

CRP and ESR were within recommended levels, confirming clin-
ical remission in UC groups. Even so, the CRP levels were high-
er in UC groups compared to controls, while ESR was higher
only in the ASA group, suggesting better regulation of the in-
flammatory process in the AZA+ASA group and the effect of
azathioprine in this group. Inflammatory cytokines such as TNF
and IL-6 induce hepatic production of CRP, which induces ex-
pression of adhesion molecules and oxLDL uptake by macro-
phages, favoring the development of atherosclerosis plaque
and cardiovascular events [9,10,30]. Serum nitrite concentra-
tion was higher in the UC group compared to matched con-
trols, possibly due to higher inflammatory cytokine levels that
also induce iNOS expression [31], generating NO and peroxyni-
trite, triggering changes in vascular endothelium, and increas-
ing expression of adhesion molecules and vascular permeabil-
ity, leading to increased oxidative stress and increased blood
pressure [32-34], which are risk factors for CVD.

The lipid profile parameters met the NCEP-ATPIII criteria [35] in
both groups. Although the lipid profile was similar, changes in the
vascular endothelium in the UC group triggered by the increase
of NO, CRP, and inflammatory cytokines may favor the migra-
tion of LDL in the arterial intima and its oxidation, contributing
to formation atherosclerosis plaque. High levels of anti-IgG ox-
LDL antibodies were found in the UC groups. LDL oxidation gen-
erates antigenic epitopes that induce the production of anti-IgG
oxLDL [10]. The increase of circulating IgG anti-oxLDL is related
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to risk of atherosclerosis and suggests that patients with UC
have higher levels of oxLDL than controls and higher risk of CVD.

Compared to the control group, the ASA group showed in-
creased serum levels of IL-6 and CCL-2, while the AZA+ASA
group has higher levels of TNF, IL-6, CCL-2, IL-10, and TGF-
circulating. The increases in these cytokines may be derived
from adipose tissue, colonic mucosa affected by UC, or of cir-
culating inflammatory cells as mononuclear cells [36-38]. IL-6
plays an important role in the maintenance of chronic inflam-
mation, preventing apoptosis of lamina propria T cells. IL-6
usually binds to its membrane receptor, interacting with the
gp80 and gp130 subunits, and activating the STAT3 pathway,
but sometimes IL-6 binds to its soluble receptor and that in-
teract with gp130 on the surface of cells (especially those not
expressing IL-6 receptors), leading to activation of STAT3. In
turn, STAT3 promotes upregulation of anti-apoptotic genes,
avoiding leukocytes elimination in intestinal mucosa, thus
contributing to maintenance of inflammation and release of
these mediators to the circulation, even during the remission
phase [39-41]. These processes, in turn, may interfere in the
cardiovascular system, favoring changes in vascular permea-
bility and LDL oxidation, and leading to development of ath-
erogenesis and its complications. In this regard, we question
whether IL-6 could interfere with leukocyte survival in athero-
sclerotic plaque, contributing to its maintenance and progres-
sion. IL-6 is also capable of reducing the production of NO via
eNOS, resulting in endothelial dysfunction as well as increased
expression of adhesion molecules and the scavenger receptors
CD36 and SR-A1 [38,42-45]. Vascular permeability can be al-
tered by these factors, favoring the migration of monocytes
to the intima of arteries and the up-take of oxLDL, contribut-
ing once again to the formation of the foam cells and progres-
sion of atherosclerosis.

CCL-2, in turn promotes the recruitment of monocytes, thereby
facilitating the migration to different locations, including adipose
tissue, colon, and intima of arteries, thereby contributing to the
formation of atheroma [10]. Although the levels of circulating
leukocytes, especially monocytes, were similar between groups,
the increased concentration of CCL-2 could induce migration of
monocytes, perpetuating inflammation, but keeping monocyte
concentration in the normal range in the systemic circulation.
TNF were increased only in the AZA+ASA group, demonstrating
higher severity of the disease, which can justify the use of aza-
thioprine in this group. In general, the addition of azathioprine
occurs when the patient does not respond to corticosteroids,
when the patient is dependent on corticosteroids, or when the
patient does not respond to conventional treatment with ami-
nosalicylates [1], requiring the addition of the drug. TNF induc-
es the secretion of other inflammatory mediators such as IL-1,
PCR, and NO. In addition, it also increases adhesion molecules and
causes endothelial dysfunction, increasing risk of DCV [41,46-48].
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Only the AZA+ASA group showed increased production of IL-
10 and TGF-B, which are anti-inflammatory cytokines. IL-10 re-
duces the antigen presentation and activation of inflammatory
cells and reduced the activation of NF-kB as well as production
of inflammatory mediators [49,50], contributing to immunol-
ogy homeostasis, while TGF-f participates of the modulation
of the activation of endothelial cells and Th1 cells [10,51], in-
ducing the formation of regulatory T cells [52] and promoting
mucosal intestinal healing [53]. Increased levels of these cyto-
kines in patients using azathioprine compared to controls sug-
gest a mechanism of immunoregulation, which was not seen
when the ASA group was compared to its matched controls.

When both UC groups were compared, we noted that the
AZA+ASA group showed increased IL-6, CCL-2, TNF, IL-10, and
TGF-B, indicating that although there is increase of inflam-
matory cytokines, the association of azathioprine and amino-
salicylate induces increase of the anti-inflammatory cytokines
(IL-10 and TGF-B), suggesting better immunoregulation in this
group, and consequently reducing the risk of atherosclerosis.

Azathioprine reduces colonic inflammation by blocking Racl
via, resulting in apoptosis of TCD4+ lymphocytes and regulat-
ing colonic inflammation [1]. Thus, azathioprine appears to
modulate T cell repertoire, reducing TCD4+ lymphocytes and
preserving the IL-10 and TGF-f producer regulatory T cells, and
promoting immunoregulation of the inflammation related to
UC and CVD in this group. Although aminosalicylates are asso-
ciated with reduction of inflammatory cytokines and oxidative
stress [1], the ASA group was not able to induce anti-inflam-
matory mediators, suggesting that this group has a more in-
flammatory profile that leads to a more susceptible CVD sta-
tus compared to the AZA+ASA group.

The combination of azathioprine and aminosalicylates changed
the profile of immune-inflammatory response in the studied pa-
tients, regulating the inflammatory process and reducing the risk
of CVD, probably because the drugs have different mechanisms
of action that block different inflammatory pathways. However, it
is not possible to know whether the isolated use of azathioprine
induces immunoregulatory response similar to that observed or
whether this effect is only seen when the drugs are combined.

The relative risk for CVD, estimated by the Framingham risk
scores at 10 and 30 years, showed that ASA and AZA+ASA
groups had higher CVD risk compared to their controls. Although
most patients did not show traditional risk factor for CVD, high-
er risk was probably due to the increase in blood pressure in
UC groups. Although the Framingham risk scores were simi-
lar in both UC groups, the AZA+ASA group showed a better in-
flammatory profile, which is not included in the Framingham
score, and which could benefit these patients, improving CVD
risk and its complications.
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Figure 5. Schematic hypothesis of increased risk
of CVD in women with UC in clinical
remission. Women with UC tend to
have sedentary lifestyles, inadequate
dietary habits and previous use of
glucocorticoids, factors that lead
to increased adipose tissue. The
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We believe that previous use of glucocorticoids associated
with sedentary lifestyle and poor dietary habits favor the ex-
pansion of adipose tissue. Adipose tissue expansion and the
inflamed bowel mucosa are factors related to higher produc-
tion of cytokines and oxidative stress. Increased inflammation
markers result in changes in the vascular permeability, includ-
ing increased expression of adhesion molecules and endothe-
lial dysfunction, favoring the development of complications
such as increased blood pressure and migration of monocytes
to the arterial intima. Increased inflammatory cytokines, RCP,
and NO also induce LDL oxidation, which was indirectly seen
by anti-oxLDL antibodies. Together, this profile favors the de-
velopment of atherosclerotic plaque, resulting in a higher risk
for CVD. In turn, therapy for maintenance of clinical remission
affects the inflammatory response, suggesting that the addi-
tion of azathioprine to conventional treatment with amino-
salicylates decreases the inflammatory process, induces anti-
inflammatory mediators, and reduces the risk of CVD in this
group (Figure 5).

Conclusions

Women with UC in clinical remission maintain a more inflam-
matory profile compared to their healthy controls, suggesting
increased risk of atherosclerosis and CVD. The addition of aza-
thioprine to treatment with aminosalicylates reduces inflam-
mation and increases anti-inflammatory cytokines, evidenc-
ing better regulation of inflammatory processes and reducing
the risk of CVD in this group when compared to that treated
with aminosalicylates alone.
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