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general population.23 Cardiometabolic disease
involves an alteration in metabolic organs and the
cardiovascular (CV) system that significantly
contribute to the development of cardiovascular
disease (CVD).* A detailed study of the whole
cardiometabolic status might be very complex,
expensive and time-consuming in the rheumato-
logical outpatient setting. Thus, the identification
of surrogate biomarkers that could be used as a
screening strategy to select those patients requir-
ing deeper evaluation is of great interest for
clinicians.

In this sense, complement factors have recently
drawn much attention due to their association
with metabolic disorders including metabolic
syndrome, obesity and other CV risk compo-
nents.?> The complement system is a protein com-
plex of the innate immune system that participates
not only in inflammatory response, coagulation or
fibrinolysis,® but also in the development and pro-
gression of cardiometabolic disease.* Thus, a
recent study has proposed that complement com-
ponent 3 (C3) and component 4 (C4) could be
involved in the development of the metabolic syn-
drome due to their increased levels in patients
with metabolic syndrome in cross-sectional and
prospective analysis.” In particular, large epide-
miological studies have demonstrated the key role
of complement C3 as a potential predictor of CV
events.® In addition, increased levels of comple-
ment C3 have been closely related with insulin
resistance, abdominal obesity and hypertension.®
Apart from immune cells, human adipose tissue is
an important source of complement factors. In
fact, the activated form of complement C3 can
act as a hormone involved in lipid storage and
energy homeostasis.!® Despite this fact, comple-
ment C3 has been associated with insulin secre-
tion independent of the adiposity, subclinical
inflammation and insulin sensitivity in non-
diabetic subjects.!! The mechanisms underlying
the relationship between complement C3 and the
cardiometabolic alterations have not been com-
pletely defined, but it has been described how
increased complement C3 levels are associated
with higher levels of dearginine (C3a-desArg),
which might affect adipocytes and macrophages
in the adipose tissue.!?

There is accumulating evidence about the direct
role of adipose tissue in the production and
release of complement C3, so that a direct rela-
tionship between adiposity and levels of

complement C3 has been described.!? In this
sense, increased rates of obesity have been linked
to rheumatic diseases, mainly due to the physical
inactivity and the chronic treatments adminis-
tered. So, it would be easy to hypothesize that
levels of complement C3 are increased in those
diseases due to the increased body mass index
(BMI). In fact, several authors have recently
described high levels of complement C3 in psori-
atic and rheumatoid arthritis closely related to
insulin resistance.!4-10

We sought to analyze the relationship between
levels of complement C3 and the prevalence of
cardiometabolic risk factors and the disease activ-
ity in the rheumatic diseases having the highest
rates of cardiovascular morbidity and mortality:
psoriatic arthritis (PsA), rheumatoid arthritis
(RA), and axial spondyloarthritis (axSpA), spe-
cifically excluding obesity.

Methods

Study design, setting and participants

A cross-sectional study in 200 patients with RA,
150 patients with axSpA, 80 patients with PsA
and 100 healthy donors (HDs) was carried out
after approval from the ethics committee of the
Reina Sofia Hospital (code PI17/01316 and
PI-0139-2017), Cordoba, Spain, and written
informed consent was obtained from all partici-
pants. All participants were Caucasian and con-
secutively recruited during daily clinical routine
at the rheumatology service of the Reina Sofia
Hospital. Patients were examined by experi-
enced rheumatologists and had to fulfil the clas-
sification criteria for rheumatoid arthritis
(ACR2010),'7 psoriatic arthritis (CASPAR)!8
and axial spondyloarthritis (ASAS classification
criteria).!® None of the HDs had a history of
other autoimmune disease. HDs were divided
into two groups according to the age and sex
matching criteria. The HDs(1) group was age
and sex-matched with rheumatoid arthritis
patients and the HDs(2) group was age and sex-
matched with psoriatic arthritis or ankylosing
spondylitis cohorts. Clinical details of patients
and HDs are shown in Table 1.

Variables and data measurement
Analytical measures including fasting serum glu-
cose, insulin, lipid profile, acute phase reactants
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Table 1. Clinical details of healthy donors and patients with rheumatoid arthritis, psoriatic arthritis and axial spondyloarthritis.

Healthy donors = Rheumatoid Healthy donors  Psoriatic arthritis  Axial

(1) arthritis (2) spondyloarthritis
Clinical parameters
Women/men (n/n) 39/11 (50) 158/42 (200) 17/33 (50) 34/46 (80) 45/105 (150)
Age (years) 46.06+=10.08 46.94+£7.94 43.85+11.15 45.82+9.99 44.63+11.93
Disease duration (years) = 10.00 + 9.43 - 8.43+7.81 14.28 +12.84b<
RF (n +/n-) - 140/60 - - -
ACPAs (n +/n-) = 151/49 = - _
DAS28 - 454+ 157 - 3.87+1.74 -
BASDAI = = - - 4.32+2.56
BASMI - - - - 3.09+1.73
Smoking (yes/no) 7/43 70/1302 16/84 25/55 68/822bc
BMI (kg/m?) 24.66+4.76 26.95+5.132 25.06 =3.93 28.29 +3.872 2651+ 4.31¢
Laboratory parameters
Glucose (mg/dl) 81.15+8.40 85.07 = 23.71 86.85+15.08 91.72+23.14 85.54 +16.09¢
Insulin (mg/dl) 6.30+3.35 9.15+ 6.262 7.56 +5.23 11.71 +7.802b 7.83 +5.26b:c

Cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
LDL-cholesterol (mg/dl)
Apolipoprotein A (mg/dl]
Apolipoprotein B (mg/dl)
Triglycerides (mg/dl)
ESR (mm/1 h)

CRP (mg/dl)
Treatments

NSAIDs (yes/no)
Corticosteroids (yes/no)
Antimalarial (yes/no)

Methotrexate (yes/no)

Leflunomide (yes/no)

177.43 + 32.44
56.98 £ 14.41
115.54 + 29.04
150.65 + 23.32
87.45+22.88
89.64+43.36
7.55+4.74
1.40=1.75

198.34 +36.22
57.24£19.11

119.83+31.43

146.64 = 30.05
84.76 £20.72
99.27 = 47.67
22.94+17.352
12.70 = 26.562

162/38

140/60
33/167

110/90
81/119

196.44 + 28.68
56.34*=15.05
119.96 = 25.45
149.95+25.11
90.38 = 24.87
97.54 = 43.43
6.62+5.12
1.60=2.04

188.76 + 38.06
50.00 = 12.572»b
130.64 + 26.962b
148.00 = 27.51
97.97 = 18.64°
106.82 = 46.32
19.07 =14.572
14.13 +20.422

64/16

32/48b
31/49°
17/630

188.76 + 38.06P
53.06 = 15.70b
114.73 = 30.90¢
138.35 = 23.432b.¢
90.82 = 25.020«
104.24 = 55.01
16.52+17.572
11.38 +18.532

138/126
4/145b<

7/143b<

Values are mean += SD, unless stated otherwise.
HDs(1), healthy donors cohort, age and sex-matched with rheumatoid arthritis group; HDs(2), healthy donors cohort, age and sex-matched with

psoriatic arthritis and ankylosing spondylitis cohorts.

aSignificant differences versus their corresponding HD group (p < 0.05).
bSignificant differences versus RA (p <0.05).
cSignificant differences versus PsA (p <0.05).
ACPAs, anti-citrullinated protein antibodies; BASDAI, Bath ankylosing spondylitis disease activity index; BMI, body mass index; CRP, C-reactive
protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NSAIDs, non-
steroidal anti-inflammatory drugs; RF, rheumatoid factor.
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(C-reactive protein, CRP; erythrocyte sedimenta-
tion rate, ESR) and complement C3 were analyzed
in all participants. In addition, traditional cardiovas-
cular risk factors such as obesity (BMI >30kg/m?),
type 2 diabetes (fasting blood glucose levels
>126mg/dL, hemoglobin Alc level >6.5% or
antidiabetic treatment), hyperlipidemia (cholesterol
>200mg/dL. and triglycerides >150mg/dL),
hypertension (blood pressure higher than 130 over
80mmHg) were analyzed.

Non-traditional cardiovascular risk factors such
as atherogenic index (AI), apolipoprotein B/apoli-
poprotein A (ApoB/ApoA) ratio and insulin
resistance markers were also evaluated.

Atherogenic risk was calculated by Al based on
the levels of total cholesterol (TC) (mg/dL) and
high-density lipoprotein (HDL) (mg/dL):
AI=TC/HDL. Atherogenic risk was established
as >4.5 in women and >5 in men.?°

Cardiovascular risk according to the levels of apoli-
poproteins was calculated by apolipoprotein ratio
establishing relative CVD risk groups: low CVD
risk (women: 0.3-0.59; men: 0.4-0.69), moderate
CVD risk (women: 0.6-0.79; men: 0.7-0.89) and
high CVD risk (women: 0.8-1; men: 0.9-1.1). In
this study, to calculate the prevalence of CVD risk
by ApoB/ApoA in the different rheumatic diseases,
subjects were separated into two groups: low CVD
risk and moderate to high CVD risk.21,22

Homeostatic model assessment (HOMA) was
used to quantify insulin resistance (IR) and B-cell
function from fasting glucose and insulin concen-
trations. HOMA is a standard of the relationship
between glucose and insulin concentrations for
different combinations of insulin resistance and
B-cell function. The equation for insulin resist-
ance uses a fasting blood sample, insulin and glu-
cose divided by a constant: HOMA-IR = [glucose
(mg/dL) X insulin (WU/mL)]/405. HOMA-IR val-
ues > 2.5 indicated IR.

Likewise, to determine insulin activity we used a
marker of basal insulin secretion of pancreatic 3-
cells: HOMA-B=360 X fasting insulin (uU/mL)/
fasting glucose (mg/dL)-63 (%).

Quantitative insulin sensitivity check index (QUICKI)
was used to quantify insulin sensitivity by a mathemat-
ical transformation of plasma glucose and insulin

levels, taking both the logarithm and the reciprocal of
the glucose and insulin product: QUICKI=1/log
[insulin (WU/mL)) +log (glucose (mg/dL)].

Statistical methods

A test for normal distribution was performed. In
addition, to compare two independent groups, we
used Student’s r-test or alternatively a non-para-
metric test (Mann—Whitney rank sum test). For
multiple comparisons, the one-way analysis of vari-
ance (ANOVA) test or Kruskall-Wallis test were
performed. The chi-squared test was performed to
analyze qualitative data. Receiver operating charac-
teristic (ROC) curves, plotting the true positive rate
(sensitivity) versus the false positive rate (1-specific-
ity) at various threshold settings, and the areas
under the curve (AUC) analysis were used to deter-
mine the sensitivity, specificity and corresponding
cut-off values using GraphPad Prism 8.0.1.
Furthermore, in order to establish different pheno-
types of patients according to their cardiometabolic
risk state we performed a cluster analysis with a
hard clustering method. Variables included in the
cluster analysis were complement C3 levels and
HOMA-IR. Besides, a multiple linear regression
model was applied to identify whether the treat-
ments affect complement C3 levels. Treatment
variables included were methotrexate, leflunomide,
non-steroidal anti-inflammatory drugs (INSAIDs),
hydroxychloroquine and corticosteroids.
Correlations were assessed by Spearman’s rank
correlation. p<<0.05 was considered statistically
significant.

Results

Differential prevalence of cardiometabolic risk
factors in patients with rheumatoid arthritis

and spondyloarthritis

We first evaluated the prevalence of cardiometa-
bolic risk factors in patients with rheumatoid
arthritis, psoriatic arthritis and axial spondyloar-
thritis, including: ApoB/ApoA and atherogenic
risks, insulin resistance, hyperlipidemia, obesity,
hypertension and type 2 diabetes mellitus (T2DM).
In our cohorts of three rheumatic diseases, psori-
atic arthritis was the one showing the worst CVr
risk profile with the highest accumulated number
of CV risk factors, showing a significant increase in
the prevalence of the seven CV risk factors studied
compared to the aged-matched control group

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

| Arias de la Rosa, P Font et al.

A B

300 —
APO-B/APO-A RISK 39.20-48.00 ok Aok
[ [ —
ATHEROGENIC RISK 3270-39.15
INSULIN RESISTANCE 2620-3260 200
HYPERLIPIDEMIA 1970-2610 | Y%
OBESITY 13.20-19.60 100
HYPERTENSION 6.60-13.10
T2DM 0-650

o

D m\\>\> D & P FF
Q‘ Qy\qu‘bQ Qp@ Ob\qo‘fﬂ

Complement C3 (mg/dL)

',

(2]

o
m

M
@
X

250 | — 250 250 | — 250 — 250

200 200 200 200

150: 150 150 150:

100 100 100: 100:

200
150:
100

50

50 50 50

Complement C3 (mg/dL)
a 8
g 8
*
o
Complement C3 (mg/dL)

Complement C3 (mg/dL)
Complement C3 (mg/dL)

50:

Complement C3 (mg/dL)
Complement C3 (mg/dL)

[
A

Complement C3
250 —

3 Insulin—
T
D 200 o 80
£ < HOMA-IR
3 150 £ 60
z E Glucose-{
g 100 H 40
2 ] AUCO.710 HOMA-B-
g = 20 sy 74070
ecificity: 58.87%
3 0 Ciratt> 139.4mg/dL QUICKIH
v T T 0 T T T T 1
& ¢ 0 20 40 60 80 100 05 00 05
® 100% - Specificity% Correlation coefficient (p)

Figure 1. Association between complement C3 levels and cardiometabolic risk factors in rheumatoid arthritis
and spondyloarthritis [PsA and axSpA). (A) Heat map showing the prevalence of cardiometabolic risk factors

in RA, PsA, axSpA patients and healthy donors. (B) Serum levels of complement C3 in RA, PsA and axSpA
patients. (C) Serum levels of complement C3 in non-obese and obese patients in the whole cohort of RA and
spondyloarthritis. (D) Serum levels of complement C3 in non-T2DM and T2DM patients in the whole cohort of
RA and spondyloarthritis. (E) Serum levels of complement C3 in patients with or without hyperlipidemia in the
whole cohort of RA and spondyloarthritis. (F) Serum levels of complement C3 in patients with or without ApoB/
ApoA risk in the whole cohort of RA and spondyloarthritis. (G) Serum levels of complement C3 in patients with
or without atherogenic risk in the whole cohort of RA and spondyloarthritis. (H] Serum levels of complement
C3 in patients with or without hypertension in the whole cohort of RA and spondyloarthritis. (I) Serum levels of
complement C3 in patients with or without insulin resistance in the whole cohort of RA and spondyloarthritis.
(J) ROC curve analysis of complement C3 to assess the accuracy of this parameter as a biomarker of insulin
resistance in RA and spondyloarthritis. (K] Spearman correlation between levels of complement C3 and insulin
resistance in the whole cohort of RA and spondyloarthritis.

HDs(1), healthy donors cohort, age and sex-matched with rheumatoid arthritis group.

HDs(2), healthy donors cohort, age and sex-matched with psoriatic arthritis and ankylosing spondylitis cohorts.
*p<0.05, "p<0.01, ""p<0.001, "p<0.0001.

AHT, hypertension; APO risk, apoB/apoA risk; AT, atherogenic; axSpA, axial spondyloarthritis; C3, component C3; HDs,
healthy donors; HOMA, homeostatic model assessment; HYP, hyperlipidemia; IR, insulin resistance; OB, obese; PsA,

psoriatic arthritis; QUICKI, quantitative insulin-sensitivity check index; RA, rheumatoid arthritis; ROC, receiver operating
characteristic; T2DM, type 2 diabetes mellitus.

(HDs(2)) (Figure 1A). Rheumatoid arthritis obesity and hypertension compared to healthy
was associated with an elevated frequency of controls (HDs(2)) (Figure 1A).

ApoB/ApoA and atherogenic risks, insulin resist-

ance, hyperlipidemia, obesity and hypertension ApoB/ApoA and atherogenic risks, hyperlipi-
compared to the aged-matched control group demia, obesity and hypertension risk were the
(HDs(1)). Finally, axSpA patients were character- four cardiovascular risk factors commonly
ized by a significantly increased prevalence of both increased in the three rheumatic diseases included
ApoB/ApoA and atherogenic risks, hyperlipidemia, in this study (Figure 1A).
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Figure 2. Cluster analysis recognizes two different phenotypes of patients according to their cardiometabolic
risk burden. (A) Cluster analysis including HOMA-IR and complement C3 levels as variables distinguished two
different phenotypes of patients according to their cardiometabolic risk factor prevalence. (B) The proportion of
RA, PSA and axSpA patients composing cluster 1. [C) The proportion of RA, PsA and axSpA patients composing
cluster 2. (D) CRP levels in cluster 1 and cluster 2. (E]) ESR levels in cluster 1 and cluster 2. (F) HOMA-IR levels
in cluster 1 and cluster 2. (G) HOMA-B levels in cluster 1 and cluster 2. (H) QUICKI levels in cluster 1 and
cluster 2. (1) DAS28 levels in RA patients included in cluster 1 and cluster 2. (J) DAS28 levels in PsA patients
included in cluster 1 and cluster 2. (K] BASDAI levels in axSpA patients included in cluster 1 and cluster 2.

*p<0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

axSpA, axial spondyloarthritis; BASDAI, Bath ankylosing spondylitis disease activity index; CRP, C-reactive protein; C3,
component C3; DAS, disease activity score; ERS, erythrocyte sedimentation rate; HOMA, homeostatic model assessment; PsA,
psoriatic arthritis; QUICKI, quantitative insulin sensitivity check index; RA, rheumatoid arthritis; T2DM, type 2 diabetes mellitus.

Complement C3 levels in rheumatoid arthritis

and spondyloarthritis: association with obesity,
insulin resistance, T2DM, hypertension,
atherogenic and ApoB/ApoA risks

Serum levels of component C3 were significantly
elevated in RA, PsA and axSpA patients com-
pared to healthy donors (Figure 1B). In addition,
those patients having obesity, T2DM, hyperlipi-
demia, hypertension, atherogenic and ApoB/
ApoA risks and insulin resistance had elevated
serum levels of complement C3 (Figure 1C-I).
Of note, among all the CV risk factors, comple-
ment C3 levels were able to discriminate between
insulin resistant and insulin sensitive patients,
showed by the ROC analyses (Figure 1]). In addi-
tion, levels of complement C3 strongly correlated

with serum levels of insulin and HOMA-IR or
QUICKI indexes (Figure 1K). Due to the strong
association observed between insulin resistance
and complement C3, we aimed to know whether
this association could differentiate a worse cardi-
ometabolic profile. Thus, cluster analysis includ-
ing HOMA-IR and complement C3 levels as
variables distinguished two different phenotypes
of patients according to their cardiometabolic risk
factor prevalence. Thus, cluster 1 was character-
ized by a significant increase of cardiovascular
risk compared to cluster 2, showing higher rates
of insulin resistance, ApoB/ApoA and athero-
genic risks, obesity, hyperlipidemia, hypertension
and T2DM (Figure 2A). This group was mainly
composed of a higher proportion of PsA patients,
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followed by RA and axSpA (Figure 2B).
Conversely, cluster 2 had a higher proportion of
axSpA patients, followed by RA and PsA patients
(Figure 2C).

Patients embedded in cluster 1 had significantly
elevated levels of CRP, ESR and markers of insu-
lin resistance such as HOMA-IR and HOMA-B
compared to cluster 2 (Figure 2D-H).

Regarding disease activity, PsA and RA patients
classified in cluster 1 according to complement
C3 levels and insulin resistance had elevated dis-
ease activity (DAS28 index) (Figure 2I and ]). In
contrast, disease activity score of the axSpA
patients was not different between the two clus-
ters (Figure 2K).

Non-related obesity complement C3 levels

and its association with CV risk factors and

clinical parameters in rheumatoid arthritis and
spondyloarthritis

As elevation of the BMI has been strongly related
to the levels of complement C3, and obesity is
increased in our cohorts of patients with rheu-
matic diseases, we sought to investigate the role of
complement C3 as a cardiovascular risk bio-
marker in these diseases independently of the
obesity rates.

As expected, serum levels of complement C3
were significantly elevated in obese compared to
non-obese subjects regardless of the presence or
absence of any rheumatic disease (Figure 3A-C).
Among non-obese subjects, patients suffering
either of three rheumatic diseases (RA, PsA or
axSpA) had significantly elevated levels of com-
plement C3 compared to healthy donors (Figure
3A—C). Only obese PsA patients had significantly
higher levels of complement C3 compared to
obese controls (Figure 3B).

In the three cohorts of rheumatic diseases,
excluding obese patients, levels of complement
C3 correlated with insulin resistance, inflamma-
tory markers, dyslipemia and activity of the dis-
ease (Figure 3D-F). In addition, ROC curve
analyses showed that complement C3 levels in
the absence of obesity could be used to discrimi-
nate between insulin resistant and insulin sensi-
tive patients (Figure 3G-I), especially in RA and
PsA (Figure 3G and H).

Complement C3 levels as a biomarker of

disease activity in rheumatoid arthritis and
spondyloarthritis

Serum levels of complement C3 were significantly
elevated in those RA, PsA and axSpA patients
having high disease activity [defined by a disease
activity score 28 (DAS28) >5.1 for RA and PsA
and a Bath ankylosing spondylitis disease activity
index (BASDAI) >4/ESR > 15 for AS] (Figure
4A, D and G). Thus, ROC curve analysis, per-
formed to assess the accuracy of complement C3
as a biomarker of disease activity, allowed us to
discriminate among patients with high activity
disease [DAS28 and ankylosing spondylitis dis-
ease activity score (ASDAS)] (Figure 4B, E and
H). In addition, insulin resistance was strongly
associated with the activity of the disease in the
three rheumatic diseases studied. Thus, patients
with high disease activity had higher levels of
HOMA-IR, suggesting the strong link between
the development of insulin resistance and sys-
temic inflammation (Figure 4C, F and I).

Discussion

The major finding of this study is that comple-
ment C3 levels, significantly elevated not only in
rheumatoid arthritis and psoriatic arthritis but
also in axial spondyloarthritis, are associated with
the concomitant presence of cardiometabolic risk
factors, including atherogenic and ApoB/ApoA
risks, obesity, insulin resistance, T2DM, hyper-
tension and hyperlipidemia. This relationship was
also noticed in a non-obesity setting. In addition,
complement C3 not only could be considered a
useful marker of CV risk in rheumatoid arthritis
and spondylarthritis, but also a biomarker of dis-
ease activity.

Here we showed the presence of cardiometabolic
risk factors in three rheumatic diseases, which
are well known for their association with CV
morbidity and mortality, RA, PsA and axSpA 23,24
Among them, PsA was the disease with the worst
CV risk profile, shown by the higher prevalence
of ApoB/ApoA and atherogenic risks, obesity,
insulin resistance, hyperlipidemia, hypertension
and T2DM compared to RA and axSpA. In all
of them, levels of complement C3 were signifi-
cantly elevated and strongly related to obesity,
IR, T2DM, hyperlipidemia and atherogenic and
ApoB/ApoA risks. Moreover, ROC curves
showed that complement C3 levels could be
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Figure 3. Association between complement C3 levels and disease activity and cardiometabolic risk factors in
non-obese patients with rheumatoid arthritis and spondyloarthritis (psoriatic arthritis and spondyloarthritis).
(A) Serum levels of complement C3 in healthy donors and RA patients with or without obesity. (B) Serum levels
of complement C3 in healthy donors and PsA patients with or without obesity. (C) Serum levels of complement
C3in healthy donors and axSpA patients with or without obesity. (D) Spearman correlation between levels of
complement C3 and clinical and laboratory parameters in non-obese RA patients. (E) Spearman correlation
between levels of complement C3 and clinical and laboratory parameters in non-obese PsA patients. (F)
Spearman correlation between levels of complement C3 and clinical and laboratory parameters in non-obese
axSpA patients. (G] ROC curve analysis of complement C3 to assess the accuracy of this parameter as a
biomarker of insulin resistance in non-obese RA patients. (H) ROC curve analysis of complement C3 to assess
the accuracy of this parameter as a biomarker of insulin resistance in non-obese PsA patients. (1) ROC curve
analysis of complement C3 to assess the accuracy of this parameter as a biomarker of insulin resistance in
non-obese axSpA patients.

*p<0.05, **p < 0.01, ***p<0.001, ****p <0.0001.

ASDAS, ankylosing spondylitis disease activity score; axSpA, axial spondyloarthritis; CRP, C-reactive protein; C3, component
C3; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; HOMA, homeostatic model assessment; OB,

obese; PsA, psoriatic arthritis; QUICKI, quantitative insulin sensitivity check index; RA, rheumatoid arthritis; ROC, receiver
operating characteristic; TG, triglycerides.

used as a useful marker of insulin resistance in cardiovascular disease, although the mecha-
these diseases. To date, several reports have nisms underlying this association are not com-
linked complement components, C3 or C4 and pletely understood yet.?>
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Figure 4. Complement C3 levels as a biomarker of disease activity in RA, PsA and axSpA. (A) Complement C3
levels in RA patients with high and low to moderate disease activity. (B) ROC curve analysis of complement C3
to assess the accuracy of this parameter as biomarker of disease activity in RA patients. (C) HOMA-IR levels
in RA patients with high and low to moderate disease activity. (D] Complement C3 levels in PsA patients with
high and low to moderate disease activity (E] ROC curve analysis of complement C3 to assess the accuracy of
this parameter as biomarker of disease activity in PsA patients. (F) HOMA-IR levels in PsA patients with high
and low to moderate disease activity. (G) Complement C3 levels in axSpA patients with high and low disease
activity. (H) ROC curve analysis of complement C3 to assess the accuracy of this parameter as a biomarker of
disease activity in axSpA patients. (I) HOMA-IR levels in axSpA patients with moderate to high and low disease
activity.

*p < 0.05, **p < 0.01, ***p < 0.001.

axSpA, axial spondyloarthritis; C3, component C3; HOMA, homeostatic model assessment; IR, insulin resistance; PsA,

psoriatic arthritis; QUICKI, quantitative insulin sensitivity check index; RA, rheumatoid arthritis; ROC, receiver operating
characteristic.
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In our work, cluster analysis including comple-
ment C3 and HOMA-IR as variables, identified
two phenotypes of patients characterized by high
and low CV risk. Thus cluster 1, mainly com-
posed of PsA patients, had a concomitant higher
prevalence of cardiometabolic risk factors and
high disease activity compared to cluster 2, mainly
composed of axSpA patients, which displayed less
CV risk and lower disease activity. These results
suggest that inflammation and abnormal glucose
metabolism are strongly linked to a defective CV
system and an altered lipid profile, and thus the
subsequent progression of these rheumatic dis-
eases, especially psoriatic arthritis.

Increased systemic inflammation is a determinant
in the development of adult cardiometabolic dis-
eases such as insulin resistance, dyslipidemia, ath-
erosclerosis, and hypertension. The complement
system is a part of the innate immune system and
plays a key role in the regulation of inflamma-
tion.?> In particular, complement C3 levels have
been shown to be correlated with inflammatory
markers such as CRP, lipid profile, BMI, fasting
glucose levels and fat distribution in randomly
selected elderly individuals, suggesting its contri-
bution to inflammation and the metabolic syn-
drome.> Complement C3 is produced primarily
by the liver but is also generated in adipocytes,
macrophages and endothelial cells, all of which
are present in adipose tissues. Epidemiologically,
patients with cardiometabolic disease (obese and
non-obese) have increased complement levels.?>
In our hands, serum complement C3 levels were
significantly increased in obese subjects compared
with non-obese subjects regardless of the presence
or absence of rheumatic disease, confirming the
strong link between fat mass and the production
of complement C3. In addition, comparing non-
obese subjects, patients with either of the three
rheumatic diseases had elevated levels of comple-
ment C3. However, only obese PsA patients had
significantly higher levels of complement C3 com-
pared to obese ‘healthy donors’, suggesting that
PsA might have more dysfunctional adipose tissue
contributing to the higher cardiometabolic risk
observed. Interestingly, in our hands, non-
obesity-related complement C3 levels strongly
correlated to inflammatory and insulin resistance
markers, lipid profile and disease activity in rheu-
matoid arthritis and spondyloarthritis, suggesting
the strong link of this immune component with
clinical parameters of the disease and cardiovascu-
lar risk factors regardless of fat mass contribution.

In addition, in this condition, complement C3
was able to act as a marker of insulin resistance in
the three rheumatic diseases studied.

Recently, complement C3 has been suggested as
a marker of insulin resistance in rheumatoid
arthritis and psoriatic arthritis patients.1416 In
fact, these authors reported that complement C3
could predict the presence of T2DM?26 and might
be a surrogate biomarker of fatty liver disease in
RA patients.?” Thus, the link of complement C3
with metabolic abnormalities has been studied
deeply in rheumatoid arthritis. However, there is
much less evidence in psoriatic arthritis and none
in axial spondyloarthritis. This is the first study
that gives an insight regarding the association of
complement C3 and cardiometabolic alterations
in axSpA.

On the other hand, the current search for serum
biomarkers of disease activity highlights the need
for having objective measures. In our work com-
plement C3 levels were elevated in those patients
having high disease activity, so that ROC curve
analysis showed that complement C3 might be a
useful biomarker of the assessment of disecase
activity in the clinical setting of rheumatoid
arthritis and spondyloarthritis.

In addition, HOMA-IR levels were also signifi-
cantly increased in those patients with high dis-
ease activity in rheumatoid arthritis and
spondyloarthritis, suggesting the strong link
between systemic inflammation and the develop-
ment of insulin resistance in those diseases. In
fact, inflammatory cytokines have directly been
involved in the development of insulin resist-
ance.?® Thus, we recently reported that metabolic
disturbances associated with rheumatoid arthritis
depend on the degree of inflammation and identi-
fied tumor necrosis factor (TNF)-a and interleu-
kin (IL)-6 as the main actors causing insulin
resistance in this disorder.?° In addition, insulin
resistance has been strongly related to the DAS28
in rheumatoid arthritis.?°

All in all, complement C3 could be considered as
a surrogate biomarker taken into account in the
cardiovascular risk and progression of the disease
assessments in rheumatoid arthritis and spondy-
loarthritis. Thus, complement C3 may represent
a new field for intervention in the prevention of
cardiometabolic disorders associated with rheu-
matic diseases.
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