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Visceral adipose tissue in granulomatosis with polyangiitis:
association with disease activity parameters
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Abstract
Objective To assess the body composition (BC) of patients with granulomatosis with polyangiitis (GPA) compared to healthy
controls, emphasizing visceral adipose tissue (VAT) and associated BC parameters with disease activity, the damage index, and
inflammatory parameters in patients with GPA.
Methods This study was conducted in 43 patients with GPA and 43 healthy controls matched by sex, age, and body mass index
(BMI). BC was analyzed using dual-energy X-ray absorptiometry (DXA). The fat mass parameters evaluated were total fat mass
(FM), adiposity (%), the fat mass index (FMI: fat mass/ht2), and VAT (g, cm2, cm3). Disease activity was assessed by the
BirminghamVasculitis Activity Score (BVAS). Damage was assessed by the Vasculitis Damage Index (VDI). C-reactive protein
(CRP) and the erythrocyte sedimentation rate (ESR) were measured.
Results Comparing patients with GPA with healthy controls, patients had a significantly greater VAT (VAT in g: 685.81 ±
306.10 vs. 581.21 ± 235.57, p = 0.04; VAT in cm2: 142.23 ± 63.48 vs. 119.84 ± 49.54, p = 0.03; VAT in cm3: 741.33 ± 330.97
vs. 628.44 ± 254.66, p = 0.04). Patients with higher VAT (≥ 768 g) had an increased value of ESR (22.77 ± 26.79 vs. 11.57 ±
11.30 mm/1st hour, p = 0.04) and an increased value of BVAS (3.18 ± 4.15 vs. 0.90 ± 1.70, p = 0.01) when compared to patients
with less VAT (< 768 g).
Conclusion Patients with GPA have altered BC compared to healthy controls. Moreover, higher VAT was associated with

disease activity and higher inflammatory markers, suggesting a relationship between GPA activity and adiposity
parameters.Keywords Adipose tissue . ANCA vasculitis . Body composition . Granulomatosis with polyangiitis . Inflammatory
markers

Introduction

Granulomatosis with polyangiitis (GPA) is an autoimmune
systemic vasculitis that affects small vessels. It is recognized
by the serological marker antineutrophil cytoplasmic antibody

(ANCA) [1]. The main findings of GPA include necrotizing
vasculitis, granulomatous inflammation, and necrotizing glo-
merulonephritis [2]. In addition to the main findings, it also
has a very wide spectrum of clinical presentation; it may affect
the kidneys, lungs, and upper respiratory tract, leading to non-
specific symptoms and signs such as pulmonary infiltrates,
sinusitis, arthralgia, fever, otitis, hemoptysis, ocular inflam-
mation, and renal damage that can cause different failure de-
grees, including end stage renal failure [3, 4].

The association between immune-inflammatory diseases
and increased cardiovascular risk is well known. In fact, in
rheumatoid arthritis (RA), two recent metaanalyses [5, 6]
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demonstrated a 48% increase in the risk of cardiovascular
events in patients with RA compared to the general popula-
tion. It was observed that patients with greater disease activity,
assessed by acute phase inflammatory markers, such as C-
reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), had increased cardiovascular risk [7–9]. It has also
been found that obese women with RA have higher CRP
values and greater disease activity than nonobese women with
RA [5].

Individuals with GPA have a higher prevalence of comor-
bidities. Furthermore, patients with GPA have both an in-
creased cardiovascular risk and a higher risk for acute myo-
cardial infarction in comparison to the overall population,
mainly due to the higher prevalence of obesity, hypertension,
and dyslipidemia [6, 10].

The role of adipose tissue as a producer of inflammation
has been described in the literature. Interleukin-6 is the main
cytokine produced by adipose tissue and acts directly on the
liver, stimulating the production of CRP. There is also an
increased level of TNF-α and leptin in obesity, which directly
contribute to systemic inflammation [11]. Considering the dif-
ferent adipose tissue locations, the visceral adipose tissue
(VAT) produces proinflammatory factors (TNF-α, IL-6, IL-
1) in greater quantity when compared to subcutaneous and
pericardium adipose tissue [12]. VAT is also the adipose tis-
sue that mainly correlates with the pathogenesis of cardiovas-
cular diseases [12, 13]. In the pathogenesis of GPA, TNF-α
appears to have a fundamental role in the formation of gran-
uloma, and high levels of IL-6 have been observed in the
active phase of the disease [14].

There are several methods for calculating body composi-
tion, including VAT, such as computed tomography, magnet-
ic resonance, and densitometry (dual X-ray absorptiometry
[DXA]). Among them, DXA is the most interesting because
it is cheaper and can be used more widely, in addition to
exposing the patient to a lower dose of radiation.

Thus, considering that VAT produces proinflammatory
factors that are involved in the genesis and worsening of the
disease, the main objective of this study is to assess the body
composition of patients with GPA, comparing it with healthy
controls, with special emphasis on VAT. Second, we will
evaluate disease activity, the damage index, and inflammatory
parameters in patients with GPA.

Materials and methods

Patients

Forty-three patients with GPA diagnosis according to the
American College of Rheumatology criteria [15] and the
Chapel Hill Consensus (2012) were included in this study.
The patients were followed up at the Vasculitis Outpatient

Clinic of the Rheumatology Service of Clinics Hospital,
University of Sao Paulo, School of Medicine. Patients with
other associated autoimmune diseases or the presence of
infections other than the airways at the time of analysis
were excluded.

Clinical and demographic data

Clinical and demographic data were obtained by interviewing
each patient and reviewing medical records, including race,
age, disease duration, clinical manifestations, comorbidities,
and treatment of GPA (glucocorticoid, immunosuppressant,
immunobiological therapy, and prophylactic sulfamethoxa-
zole-trimethoprim).

Body composition

All patients underwent total body densitometry (DXA)
(Hologic, QDR 4500, Bedford, MA, USA). Fat mass param-
eters for the total body (except the head) and by region (arms,
legs, and trunk) were obtained using APEX Software Version
4.0.2 (Bedford, MA, USA). Height (in cm) and weight (in kg)
measurements were performed on all individuals by standard-
ized protocols, standing, and wearing light clothes without
shoes. BMI was calculated as weight (in kg) divided by height
(in m2). The fat mass parameters evaluated were total fat mass
(FM), body fat percentage (adiposity), the fat mass index
(FMI: fat mass/m2), and visceral adipose tissue (VAT in g,
cm2, cm3) [16, 17].

Laboratory evaluation

C-reac t i ve p ro te in (CRP) was asse ssed by the
immunoturbidimetric method, and levels above 5 mg/L were
considered high. The erythrocyte sedimentation rate (ESR)
was measured by the Westergren method, with normal refer-
ence values in the first hour as follows: < 15 mm for men and
< 20 mm for women. ANCA was assessed by indirect
immunofluorescence.

Disease activity

Disease activity in GPA was assessed using the Birmingham
Vasculitis Activity Score Modified for Wegener’s
Granulomatosis (BVAS/WG), a tool designed for clinical
use and for research purposes to measure disease activity,
vasculitis treatment outcomes, and prognosis. The BVAS/
WG has 34 items divided into 9 groups, ranging from 0 to
63. Disease activity is defined as a BVAS ≥ 1, and remission is
defined as a BVAS/WG of 0 [18]. We also considered the
presence of ANCA positivity as an activity marker [19].

2836 Clin Rheumatol (2021) 40:2835–2841



Damage score

The damage assessment by GPA and its treatment was done
through the Vasculitis Damage Index (VDI). The VDI con-
tains 64 items divided into 11 organ-based systems and a
category “other”, related to possible side effects of the treat-
ment. A damage item is only considered if it occurred after the
onset of vasculitis and if it lasts for more than 3 months. In the
case of patients with established comorbidity before vasculitis,
this will only be recorded if there has been significant clinical
deterioration for at least 3 months since the onset of the dis-
ease [20].

Human Rights

This study was conducted in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsinki and its
later amendments and was approved by our Research Ethics
Committee of Clinics Hospital, University of Sao Paulo,
School of Medicine, under the following number: 2.723.911.
All subjects of the study agreed in participate before their
inclusion in the research protocol.

Statistical analysis

Statistical analyzes were performed using the Statistical
Package for the Social Sciences (SPSS for Mac, 25.0, SPSS
Inc). The results were presented as mean ± SD for continuous
variables and as percentages for categorical variables.
Quantitative variables were analyzed using Student’s t test
(normal distribution) or Mann–Whitney test (nonnormal dis-
tribution). Differences between categorical variables were
assessed using the chi-square or Fisher’s exact test. To estab-
lish correlation between the results, the Pearson correlation
coefficient was used for data that conformed to normality
and Spearman’s correlation coefficient was adopted for
nonnormal data. Statistical significance was considered for
p values less than 0.05.

Results

A total of 43 patients with GPA (26 women and 17 men) were
compared to 43 healthy controls, matched for age, sex, and
BMI. The mean age of the patients was 46.9 ± 14.4 years. The
mean age at diagnosis was 38.6 ± 14.4 years, and the mean
disease duration was 7.4 ± 4.5 years.

Most patients (63%) had a generalized form of the disease,
with a VDI of 4.8 ± 2.4 and BVAS of 2.7 ± 4.1. ANCA
positivity was observed in 47%. The proportion of patients
with BVAS ≥ 1 was 41.9%. Regarding therapy, 51% of pa-
tients received prednisone at doses of 10.8 ± 16.6 mg/day,
69% were using sulfamethoxazole-trimethoprim as a

prophylactic approach, 74% were using immunosuppressants
(methotrexate, sulfasalazine, azathioprine), and 14% were
using biological treatment with rituximab. The rest of the pa-
tients (12%) were naive to treatment or using only trimetho-
prim-sulfamethoxazole.

The general characteristics of patients and heathy controls
as well as treatment information are demonstrated in Table 1.

Regarding body composition, patients with GPA presented
increased VAT compared to healthy controls (VAT in g:
685.8 ± 306.1 vs. 581.2 ± 235.6, p = 0.04; VAT in cm2:
142.2 ± 63.5 vs. 119.8 ± 49.5, P = 0.03; VAT in cm3: 741.3
± 330.9 vs. 628.4 ± 254.6, P = 0.04); however, the total fat
mass (26.8 ± 12.0 vs. 25.3 ± 10.2 kg, P = 0.26), adiposity
tissue (33.7 ± 10.3 vs. 32.1 ± 9.6%, P = 0.23), and fat mass
index (10.7 ± 5.0 vs. 9.8 ± 4.4 kg/m2, P = 0.18) were not
different between the two groups (Table 2).

We observed a significant correlation between CRP with
total fat (0.379, P = 0.01), fat mass index (0.361, P = 0.01),
and adiposity (0.337, P = 0.02). VAT was not significantly
correlated with CRP (0.248, P = 0.10), ESR (0.129, p = 0.40),
BVAS (0.171, P = 0.27) or cumulative glucocorticoid dose
(0.01, P = 0.91).

Within the patient group, we divided them according to the
value of VAT in grams. Due to the nonnormal distribution, we
used the median value of 768 g, considering the higher group
to be VAT ≥ 768 g, and the lower group to be VAT < 768 g.
Patients with GPAwith more VAT (> 768 g) had an increased
value of ESR (22.8 ± 26.8 mm vs. 11.6 ± 11.3 mm, P = 0.04)
and an increased value of BVAS (3.2 ± 4.1 vs. 0.9 ± 1.7, P =
0.01) than patients with GPA with less VAT, g. In addition,
patients with less VAT, g had a longer disease duration com-
pared to patients with GPA with more VAT, g (disease dura-
tion in years: 8.6 ± 4.8 vs. 6.3 ± 4.1, P = 0.049). No significant
difference was observed when comparing other parameters
between the GPA groups (Table 3).

Discussion

Inflammatory diseases are associated with changes in body
composition [16, 21]. The relationship of visceral adipose
tissue with cardiovascular disease and cerebrovascular disease
in immune-inflammatory diseases has been the subject of sev-
eral studies [22, 23], although this issue is not yet established
in other rheumatic diseases, including vasculitis. To the best
of our knowledge, the present study is the first to assess body
composition in patients with GPA, comparing controls
matched by age, sex and BMI.

Patients with GPA showed high VAT values when com-
pared to controls, suggesting an active role of this adipose
tissue in the inflammation caused by the disease. Since the
patients and controls were matched by BMI, no difference in
the total fat mass, adiposity, or fat mass index was observed.
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Importantly, VAT was differently suggesting that the location
of visceral fat is a fundamental factor in defining its biological
effects. Similarly, Özer Gökaslan et al. [24] evaluated that
patients with mesenteric panniculitis, characterized by chronic
inflammation, fat necrosis, and fibrosis, had higher VAT com-
pared to healthy controls. VAT works as a proinflammatory

environment, and adipocytes express cytokines such as
TNF-α, IL-6, and IL-12 that produce acute phase proteins
(CRP, ESR), in addition to producing other cytokines (MCP-
1, MIF) that activate the cellular inflammatory response
through macrophages [25]. The chronic use of glucocorticoids
increases the BMI in most patients undergoing GPA treatment

Table 1 Characteristics of
granulomatosis with polyangiitis
(GPA) patients and matched
healthy controls

GPA patients (n = 43) Healthy controls (n = 43) P

Demographics - - -

Female, n (%) 26 (40) 26 (40) 1.00

Caucasian race, n (%) 32 (74) 36 (83) 0.42

Current age, yrs 46.9 ± 14.4 46.4 ± 14.6 0.45

Body mass index, kg/m2 30.7 ± 6.7 29.5 ± 5.6 0.18

GPA disease characteristics - - -

Disease duration, yrs 7.4 ± 4.5 - -

Generalized form, n (%) 27 (63) - -

Localized form, n (%) 16 (37) - -

BVAS 2.7 ± 4.1 - -

VDI 4.8 ± 2.4 - -

ANCA, n (%) 20 (47) - -

Obesity 23 (53) 16 (37) 0.19

Current GPA treatment - - -

Prednisone, n (%) 22 (51) - -

Prednisone dose, mg/day 10.8 ± 16.6 - -

Trimethoprim-sulfamethoxazole, n (%) 30 (69) - -

Immunosuppressive, n (%) 32 (74) - -

Rituximab, n (%) 6 (14) - -

*Values are expressed in mean SD and percentage unless otherwise indicated; GPA granulomatosis with poly-
angiitis; BVAS Birmingham Vasculitis Activity Score; VDI Vasculitis Damage Index

Table 2 Anthropometric and dual
x-ray absorptiometry–derived
body composition characteristics
for GPA patients and matched
healthy controls

GPA patients (n = 43) Healthy controls (n = 43) P

Body mass index, kg/m2 30.7 ± 6.7 29.5 ± 5.6 0.18

Body mass index classification 0.22

Underweight, n (%)† 1 (2) 0 -

Normal weight, n (%)‡ 8 (18) 9 (20) -

Overweight, n (%)§ 11 (25) 18 (41) -

Obese, n (%)¶ 23 (53) 16 (37) -

Fat mass parameters - - -

Total fat mass, kg 26.8 ± 12.0 25.3 ± 10.2 0.26

Adiposity, % 33.7 ± 10.3 32.1 ± 9.6 0.23

Fat mass index, kg/m2 10.7 ± 5.0 9.8 ± 4.4 0.18

Android fat mass, g 2400.4 ± 1249.4 2152.8 ± 952.9 0.15

Visceral adipose tissue (VAT), g 685.8 ± 306.1 581.2 ± 235.6 0.04

Visceral adipose tissue (VAT), cm2 142.2 ± 63.5 119.8 ± 49.5 0.03

Visceral adipose tissue (VAT), cm3 741.3 ± 331.0 628.4 ± 254.6 0.04

*Values are expressed in mean SD and percentage unless otherwise indicated; GPA Granulomatosis with poly-
angiitis; †BMI ˂ 18.50 kg/m2 ; ‡BMI 18.50–24.99 kg/m2 ; § BMI 25.00–29.99 kg/m2 ; ¶BMI ≥ 30 kg/m2
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[25]. The exact gain in fat mass andVAT due to glucocorticoids
is not well defined, nor is the extent to which this increase alters
disease control. In our study, we did not find that patients with
more VAT, g had significantly higher use of glucocorticoid
cumulative dose or higher current glucocorticoid use.

Comparing the group of patients with GPA with higher
values of VAT, with those with lower values, we observed
that the first group had higher values of BVAS, reflecting
greater disease activity. Ahn et al evaluated 117 patients with
AAV, 28 of them with GPA, in relation to BC, using comput-
ed tomography. The authors observed that VAT was signifi-
cantly correlated with age, BMI and BVAS in patients with
AAV. In addition, high VAT was independently associated
with all-cause mortality in these patients (OR, 7.13; 95% CI,
1.34–37.94; p = 0.02) [26].

In our patients, higher values of ESR were demonstrated in
patients with GPA with higher VAT, suggesting that patients
with more VAT produce a greater quantity of inflammatory
mediators and consequently have greater disease activity. We
also found that patients with longer disease had lower levels of
VAT. One hypothesis for this finding is that the chronic

metabolic stress induced by longer disease promoted lipolysis
in VAT, since this visceral tissue is more sensitive to adren-
ergic stimulation, i.e., more susceptible to catecholamine-
induced lipolysis [27].

The limitations of this study were mainly the small number
of GPA patients analyzed, since this disease is rare even in a
tertiary center.

Our study also demonstrated that the amount of VAT in
patients with GPA is associated with disease duration, disease
activity, and inflammatory markers. This finding shows new
applicability of bone densitometry (DXA) in the assessment
of body composition with VAT analysis in immune-
inflammatory diseases, herein in patients with GPA.
Longitudinal studies are necessary in relation to treatment
with immunosuppressants, reduction of inflammatory param-
eters, and possible decrease in VAT values.

Funding Programa de Iniciação Científica e de Iniciação em
Desenvolvimento Tecnológico e Inovação da USP (PIBIC) (P.L.F.);
Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq) #305556/2017-7 (R.M.R.P).

Table 3 Anthropometric dual x-
ray absorptiometry–derived body
composition characteristics, in-
flammatory markers and treat-
ment for GPA patients with me-
dian VAT ≥ 768 g vs. VAT, < 768
g

VAT ≥ 768 g (n = 22) VAT < 768 g (n = 21) P

Body mass index, kg/m2 34.7 ± 5.2 26.6 ± 5.6 < 0.01

Body mass index classification < 0.001

Underweight, n (%)† 0 (0) 1 (4) -

Normal weight, n (%)‡ 0 (0) 8 (38) -

Overweight, n (%)§ 4 (18) 7 (34) -

Obese, n (%)¶ 18 (82) 5 (24) -

Inflammatory markers - - -

CRP, mg/L 7.9 ± 12.3 4.3 ± 5.7 0.11

ESR, mm/1st hour 22.8 ± 26.8 11.6 ± 11.3 0.04

GPA disease characteristics - - -

Disease duration, yrs 6.3 ± 4.1 8.6 ± 4.8 0.049

Generalized form, n (%) 13 (59) 14 (67) 0.75

Localized form, n (%) 9(41) 7 (33) 0.75

All GPA (n = 43), n (%) 22 (51) 21 (49) < 0.01

ANCA, n (%) 11 (50) 9 (43) 0.76

BVAS 3.2 ± 4.1 0.9 ± 1.7 0.01

VDI 5.2 ± 2.5 4.5 ± 2.3 0.19

Current GPA treatment - - -

Prednisone, n (%) 11 (50) 12 (57) 0.76

Prednisone dose,mg/day 12.2 ± 19.5 9.4 ± 13.4 0.30

Trimethoprim-sulfamethoxazole, n (%) 15 (68) 15 (71) 1.00

Immunosuppressive, n (%) 16 (73) 16 (76) 1.00

Rituximab, n (%) 2 (09) 4 (19) 0.41

Cumulative prednisone, last 3 yrs, mg 6178 ± 7196 6125 ± 9073 0.49

*Values are expressed in mean SD and percentage unless otherwise indicated; VAT visceral adipose tissue; GPA
granulomatosis with polyangiitis; BVAS Birmingham Vasculitis Activity Score; VDI Vasculitis Damage Index;
†BMI ˂ 18.50 kg/m2; ‡BMI 18.50–24.99 kg/m2 ; §BMI 25.00–29.99 kg/m2 ; ¶BMI ≥ 30 kg/m2
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