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ABSTRACT

Rheumatoid Arthritis (RA), a chronic inflammatory joint disorder, is marked by
increased morbidity and mortality, largely attributed to cardiovascular disease
(CVD). Despite advancements, the underlying mechanisms driving heightened
CVD risk in RA remain incompletely elucidated, with chronic inflammation
emerging as a key contributor. Recently, attention has turned to biomarkers such
as Anti-cyclic citrullinated peptide (Anti-CCP), linked not only to RA disease
activity but also to endothelial dysfunction. To address this knowledge gap, we
conducted a cross-sectional observational study to investigate the relationship
between anti-CCP levels and carotid intima-media thickness (CIMT), a surrogate
measure of subclinical atherosclerosis, in RA patients. In this cross-sectional
observational study, we enrolled 79 consecutive Anti-CCP positive RA patients,
assessing their clinical and disease characteristics and cardiovascular risk factors
and conducting carotid artery Doppler assessments for CIMT. Serum anti-CCP
levels were measured using ELISA. Notably, patients exhibiting abnormal CIMT
(>0.6mm) displayed higher Disease Activity Score 28 (DAS 28) scores (mean
4.44+40.63) compared to those with normal CIMT (<0.6mm; mean DAS 28 score
3.45+0.81), linking increased disease activity to CIMT changes. Significantly
elevated Anti-CCP levels were observed in patients with abnormal CIMT
(mean 290.45+22.74 U mL™') compared to those with normal CIMT
(mean 111.72+92.63 U mL™"; p=0.0004). Univariate regression analysis identified
several factors linked to CIMT, including anti-CCP (p = 0.0004), LDL cholesterol
(p = 0.026), DAS 28 score (p = 0.0002) and erythrocyte sedimentation rate (ESR)
(p =0.001). Importantly, anti-CCP maintained a robust, independent association
with CIMT in multivariate regression analysis (r* = 0.812, p = 0.007). Our study
establishes a compelling, direct correlation between anti-CCP levels and CIMT in
RA patients. Even after accounting for potential confounders, the association
remains pronounced. This underscores the potential utility of anti-CCP as a
predictive tool for CVD risk in RA patients.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic
inflammatory disease of unknown etiology that
manifests as symmetric peripheral polyarthritis. It is
the most common form of chronic inflammatory
arthritis, affecting approximately 0.5-1% of the adult
population worldwide and often leads to stiffness, joint
destruction and long-term physical disabilities™. RA
though most commonly presents with joint pain and
deformities; is a systemic disease marked by a variety
of extra-articular manifestations™. The incidence of
carotid atherosclerosis and coronary artery disease is
higher in patients with RA than in the general
population, irrespective of the presence or absence of
traditional cardiac risk factors such as hypertension,
diabetes, obesity and smoking. Patients with RA are at
a twofold increased risk for myocardial infarction and
stroke, with risk increasing to nearly threefold in
patients who have had the disease for 10 years or
more, making cardiovascular disease the most
common cause of death in RA patients®™. Studies have
shown that the increase ininflammatory markersin RA
could explain the increased risk of cardiovascular
mortality in these patients. Mediators such as
interleukin-6 and tumor necrosis factor-alpha seem to
be mediators of inflammation in RA®. Anti-anti-cyclic
citrullinated peptide (anti-CCP) is an independent
predictor of radiological damage and progression in
patients with RA™¥. These antibodies have been
associated with the pathogenesis, clinical expression
and cardiovascular risk in RA. Patients positive for anti-
CCP, have shown endothelial dysfunction and it might
reflect an early reversible stage of the atherosclerotic
process possibly indicating an increased risk of
cardiovascular disease (CVD)".. Ultrasonic assessment
of carotid intima-media thickness (CIMT) is a reliable
and valid method for both population studies and
clinical trials of atherosclerosis progression and
regression. CIMT is a mirror image of CVD risk and
clinical coronary events®?. It is a strong predictor of
future cardiovascular events and is associated with
conventional markers of cardiovascular risk, such as
age, diabetes and serum cholesterol. Statistically
significant correlations were observed between CIMT
and atherosclerosis have been noted. As a noninvasive
method for the risk assessment of CVD, CIMT has
therefore become a valuable research tool in clinical
trials for the assessment of interventions directed
against atherosclerosis®'”. Few observational studies
have suggested that anti-CCP antibody positivity is
associated with increased CIMT. However, many of
these studies have only considered the presence or
absence of anti-CCP antibodies™. Studies evaluating
the impact of anti-CCP titers on atherosclerosis or
CIMT are limited®'*?, There is a paucity of Indian
studies on CVD risk in patients with RA despite the high
disease burden of both CVD and RA in India. This study

aimed to determine the correlation between anti-CCP
antibody levels and CIMT in RA patients.

MATERIAL AND METHODS

This cross-sectional observational study was
conducted at a tertiary care government hospital in
India. Consecutive patients attending the
rheumatology clinic of the department during the
study period who were diagnosed with RA according to
the ACR EULAR-2010 criteria 13 and found to be anti-
CCP positive were included in the study. Patients were
excluded from the study in case of the presence of
confounding variables like obesity (BMI>30 kg m™),
diabetes mellitus, hypertension, CVD (old myocardial
infarction, CABG/PTCA, typical angina, stroke,
peripheral vascular disease, etc.), renal insufficiency
(GFR <60 mL min~!), taking biologicals or statins,
history of previous or current smoking as these factors
are known to influence CIMT and inflammation. After
applying the exclusion criteria, 79 patients were
included in the study. Written informed consent was
obtained from all patients. The study was approved by
the Institutional Review Board and Ethics Committee of
the Atal Bihari Vajpayee Institute of Medical Sciences
(Formerly PGIMER) and Dr. Ram Manohar Lohia
Hospital, New Delhi.

A detailed history, including the history of
medications for each subject, was noted. Each subject
was clinically examined in detail, with a focus on the
musculoskeletal system. The patients were evaluated
for the presence of obesity, hypertension, diabetes
mellitus and renal dysfunction. The disease activity
status of RA was estimated using the Disease Activity
Score-28 for Rheumatoid Arthritis with ESR (DAS 28-
ESR) score. The patients then underwent investigations
such as blood sugar, lipid profile, kidney function tests,
ECG, markers of inflammation (ESR, CRP), anti-CCP
levels and rheumatoid factor. Anti-CCP antibodies of
IgG class were measured using second-generation
enzyme-linked immunosorbent assay (ELISA) using
Hycor Biomedical AUTOSTATTM Anti-Cyclic
Citrullinated Peptide (Anti-CCP)' kit as per
manufacturer'sinstructionsand avalue >51U mL~" was
considered as positive for anti-CCP. CIMT in the study
participants was estimated by ultrasound Doppler
examination of carotids using Philips HD 11 by
transducer L12-3 MH following standard methods 9 by
an experienced radiologist blinded to the patient
characteristics and the ongoing study protocol.
Statistical analysis of the data was performed using
Statistical Package for Social Sciences (SPSS) software
version 21.0. Continuous variables are presented as
meanzSD while categorical variables are presented as
numbers with percentages. Quantitative variables
were compared between the two groups using an
unpaired t-test. Qualitative variables were compared
using the chi-squared test. Univariate and multivariate
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linear regression analyses were performed to assess
the significance of the correlation between anti-CCP
antibody levels and CIMT. Statistical significance was
set at p-value <0.05.

RESULTS

The study group included a minimum age of
21 years and a maximum age of 70 years. The mean
age was 42.85+9.65 years. The proportion of females
was higher (78.48%) than expected in RA patients.
Disease duration of RA in patients ranged from
6 months to 8 years. Patients showed a high
percentage of seropositivity with 96.2% (n = 76) of the
patients having positive RF. The mean DAS 28 score in
our study population was 3.71+0.88 with the majority
of patients having moderate disease activity. For
statistical analysis, patients were divided into 2 groups,
group 1 consisting of patients with normal CIMT
(<0.6 mm) and group 2 consisting of patients with
abnormal CIMT (>0.6 mm). The two groups were
comparable for age, sex, SBP, DBP, FBS, BMI, eGFR,
serum HDL, Triglycerides and Total cholesterol, CRP
and Disease Duration. However, the mean values for

Table 1: Patient characteristics according to CIMT status

Group 1 Group 2
Characteristic (CIMT<0.6 mm) (n=58) (CIMT>0.6 mm) (n =21)
Age (years) 43.05+10.15 42.29+8.31
Male 11 (18.9%) 6 (28%)
Female 47 (81%) 15 (71.4%)
SBP (mm of Hg) 111.1748.1 109.62+9.37
DBP (mm of Hg) 77.9745.79 77.8148.22
BMI (kg m™) 22.542.11 22.48+1.89
FBS (mg dL™") 87.64+11.61 86.48+9.03
Triglycerides (mg dL™") 100.22+10.27 102.13+11.77
HDL (mg dL™) 51.5347.48 52.1947.78
LDL (mg dL™") 92.74+8.96 100.48+20.17
Total Cholesterol (mg dL™") 144.71431.95 155.54429.37
eGFR (mL/min/1.73 m?) 110.71+10.9 106.67+7.73
Anti-CCP (U mL’l) 111.72492.63 290.45+22.74
CIMT (mm) 0.4£0.08 0.76%0.08
Disease Duration (years) 2.06+1.27 1.55+1.58
DAS 28 Score 3.45+0.81 4.44+0.63
CRP (mg dL™Y) 10.947.43 13.148.19
ESR (mm/hr) 42.76+0.81 61.38+0.63

LDL, Anti-CCP, DAS 28 score and ESR were all higher in
group 2 compared to group 1(Table 1). The mean
Anti-CCP value was 290.45+22.74 U mL™" in group 2
(CIMT>0.6) patients whereas it was
111.72492.63 U mL"in group 1. The DAS 28 score was
higher in patients in group 2 (CIMT>0.6) with a value of
4.44+0.63. The patients with CIMT <0.6 had a DAS 28
score of 3.45+0.81.

For statistical analysis, a regression model was
applied to find whether the increase in CIMT, which
represented a cardiovascular risk, was associated with
traditional and other risk factors present in RA
patients. The association of individual risk factors or
independent variables with increased CIMT as a
dependent variable was initially assessed by univariate
regression analysis. Further, variablesfound to have an
association with CIMT on univariate analysis were
subjected to multivariate regression analysis to
determine the independent association of the variable
with CIMT. On univariate analysis, Anti-CCP was found
to have a significant association with CIMT (r* = 0.744,
p = 0.0004) (Table 2).

A scatter plot drawn between Anti-CCP and CIMT
showed a positive linear relationship between the two
(Fig. 1). Other variables that were also associated with
CIMT were LDL (p = 0.026), DAS 28 score (p = 0.0002)
and ESR (p = 0.001). Total cholesterol (p = 0.158),
Disease duration (p = 0.150) and eGFR (p = 0.125) also
showed an association with CIMT but it was not
significant. All of these variables were considered for
multivariate analysis by relaxing the p<0.2. On
multivariate analysis, it was found that Anti-CCP
showed an independent significant association with
increased CIMT (B = 0.47, p = 0.007, r* = 0.812). This
association was found even after adjusting for
confounding variables like LDL, DAS 28 score, ESR, Total
cholesterol, Disease duration and eGFR, proving the
independent direct relationship between CIMT and
anti-CCP. This regression model accounted for 81.2% of
the total variance (Table 3).

Table 2: Univariate regression analysis to find variables showing association with CIMT

95% C.l. for odds ratio

Independent variable B S.E. P value 0Odds ratio Lower Upper R’
AGE -0.008 0.027 0.754 0.992 0.941 1.045 0.002
SBP -0.022 0.030 0.468 0.978 0.922 1.038 0.01
DBP -0.004 0.040 0.924 0.996 0.922 1.077 0
BMI -0.006 0.125 0.963 0.994 0.778 1.271 0

FBS -0.010 0.024 0.675 0.990 0.945 1.037 0.003
Triglycerides -0.028 0.015 0.342 0.972 0.945 1.001 0.08
HDL 0.012 0.034 0.730 1.012 0.947 1.081 0.002
LDL 0.044 0.020 0.026 1.045 1.005 1.085 0.092
Total cholesterol -0.012 0.009 0.158 0.988 0.971 1.005 0.037
Anti-CCP 0.041 0.012 0.0004 1.042 1.019 1.066 0.744
Disease duration (years) -0.359 0.250 0.150 0.698 0.428 1.139 0.047
DAS 28 score 1.997 0.531 0.0002 7.366 2.602 20.855 0.387
CRP 0.037 0.033 0.261 1.037 973 1.106 0.023
ESR 0.068 0.020 0.001 1.070 1.030 1.112 0.284
eGFR -0.041 0.027 0.125 .959 .910 1.012 0.046
SEX

M 1.000 0.015
F -0.536 0.588 0.362 0.585 0.185 1.852

RF (+) 0.997 1.764 0.572 2.711 0.085 86.087919 0.107
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Table 3: Multivariate regression analysis to find the variables showing independent association with CIMT

95% C.I. for odds ratio

Independent variable B S.E. p-value Odds ratio Lower Upper
LDL 0.022 0.038 0.556 1.023 0.949 1.102
Anti-CCP 0.047 0.018 0.007 1.048 1.012 1.084
DAS 28 score 1.493 1.043 0.152 4.448 0.576 34.364
ESR -.010 0.046 0.810 0.990 0.905 1.084
eGFR -.040 0.073 0.566 0.961 0.833 1.108
Total Cholesterol -0.002 0.019 0.877 0.998 0.962 1.035
Disease Duration (years) 0.397 0.370 0.254 1.487 0.720 3.071
107 ¢ cIMmT anti-CCP was significantly higher in patients with CIMT
0.9 4 — Linear (CIMT) POPS >0.6 mm (p =0.0004). Thus, in this study, we were able
08 . to demonstrate an association between higher anti-
07 - . . CCP levels in patients with increased CIMT. A scatter
06 - . * plot drawn between Anti-CCP and CIMT also showed a
- . . s
So51e e o I|.ne:?1fr. relatlonshl'p ('Flg. 1). Other factors that showed
(@] =
04 - h e & o significant association were LDL (p = 0.026), DAS 28
03 * score (p = 0.0002) and ESR (p = 0.001). The DAS 28
0'2 score was higher in patients with CIMT >0.6 mm with
' a value of 4.44+0.63 in comparison to patients with
011 CIMT <0.6 mm who had a DAS 28 score of 3.45+0.81,
0.0 ' ' ' ! reflecting that the patients with higher disease activity
0 100 200 300 400 . . .
ANtiLCCP had increased CIMT. Only 4 patients in the study had
DAS28 scores in the high disease activity range and all
Fig. 1: Scatter plot showing a positive linear these patients had their CIMT values >0.6 mm. Other

relationship between Anti-CCP titers and CIMT

DISCUSSION

RA patients are known to have anincreased risk of
CVD whichin turn accounts for nearly 40% mortality in
these patients and reduced life expectancy by 3 years.
The exact cause for this increased prevalence of CVD in
RA patients is not known. Many studies have
highlighted that traditional cardiovascular risk factors
are no different in RA patients compared to non-RA
patients™**. There is increasing evidence that ongoing
chronic inflammatory process and immune
dysregulation contributes to accelerated
atherosclerosis in these patients. There are some
reports implicating biomarkers like RF and anti-CCP as
the cause of increased cardiovascular events in RA
patients. We hence aimed to find the correlation
between anti-CCP levels; a biomarker of RA and CIMT;
a marker of subclinical atherosclerosis.

According to the CIMT, patients were divided into
two groups: Group 1 with CIMT <0.6 mm and Group 2
with CIMT >0.6 mm. Patient characteristics were
compared between the two groups. The age group >50
years had a maximum percentage of patients (33.33%)
with increased CIMT. Thus, the age of patients could be
an additive risk factor for subclinical atherosclerosis.
Group 2 was seen to have a higher percentage of male
patients. In group 2 anti-CCP had a mean value of
290.45+22.74 U mL™* compared to group 1 which had
mean anti-CCPas 111.72492.63 U mL™". This difference
in anti-CCP between the two groups was assessed
statistically by an unpaired t-test, which showed that

patient characteristics were comparable between
these two groups. A multiple logistic regression
analysis was performed using anti-CCP, LDL, DAS28
score, ESR, total cholesterol, disease duration and
eGFR after relaxing p<0.2 to include other significant
variables. It was found that anti-CCP was strongly
associated with increased CIMT (B=0.47, p=0.007,
r’ = 0.812). This association was found even after
adjusting for confounding variables like LDL, DAS 28
score, ESR, Total cholesterol, Disease duration and
eGFR, proving an independent direct relationship
between CIMT and anti-CCP (Table 3). The study
showed that there is a strong, direct, statistically
significant correlation between anti-CCP levels and
CIMT in RA patients. Considering the high prevalence
of RA in India, the result of this study is of immense
importance for the detection of subclinical
atherosclerosis in RA patients. This could be of great
value in the prediction of and hence prevention of the
development of CVD in RA patients.

In a study from Mexico, Mercado et al.*"! studied
the relationship between serum anti-CCP levels and
increased CIMT in RA patients. In this study, 45 anti-
CCP positive and 37 anti-CCP negative RA patients and
62 healthy controls were studied. Along with anti-CCP,
other biomarkers of RA i.e., CRP, TNF-alfa and
Interleukin-6 were measured. Conventional risk factors
for atherosclerosis which can influence CIMT were
measured and considered while drawing results. In
addition to the exclusion criteria mentioned in our
study, this study also excluded patients who were
previously treated with high doses of steroids

| ISSN: 1993-6095 | Volume 17 | Number 10 |

75

| 2023 |



Res. J. Med. Sci., 17 (10): 72-77, 2023

(>10 mg day™' prednisone, including intravenous
administration). They found that among RA patients,
levels of anti-CCP antibodies were associated with
increased CIMT (r = 0.37, p<0.009) Result obtained in
the present study is similar and rather association is
even stronger. The average age of patients in anti-CCP-
positive patients in this study was comparable to the
mean age of patients in our study. The duration of RA
in these patients was higher and their DAS28 score was
in the low disease activity range. Mean LDL and total
cholesterol levels were higher and HDL mean was
lower than our study. Among the inflammatory
markers studied, mean CRP was comparable though
ESR was found to be higher in our study. In
Mercado et al™ study, in a multivariate linear
regression analysis using CIMT as a dependent variable,
anti-CCP level was independently and directly
associated with CIMT after adjusting for various
variablesincluding age, disease duration, CRP, RF, DAS
28 score, TNF-alfa, Interleukin-6. These results are in
concurrence with our study. In addition, higher levels
of CRP were also seen to be associated with increased
CIMT in the study. CRP levels in our study did not have
a statistically significant relationship with CIMT,
possibly because serum CRP level determined by
conventional assay often fluctuates in patients with
chronicinflammatory diseases™. Since atherosclerosis
may be dependent on the median of serial
measurements of CRP levels, measurement of CRP at
a single point failed to be associated with increased
CIMT.

In a similar study from India, Banerjee et al.!”
carried out a cross-sectional and observational study
and evaluated the association between anti-CCP
antibody and atherosclerotic changes as well as CV
manifestations in established RA patients. RA patients
with both anti-CCP positive and negative status were
included in the study. Conventional risk factors for
atherosclerosis which can influence CIMT were
measured. The baseline characteristics of patients used
were comparable to those used in the present study.
They found significantly increased average CIMT
among anti-CCP positive individuals (p = 0.029) as
compared to the age, sex-matched anti-CCP negative
RA population. In addition to CIMT measurement, ECG
and transthoracic echocardiography were also done in
all cases to assess CVD. Disease duration was greater
in this study (6.24+3.76 years) in comparison to our
study, as RA patients having a disease duration of at
least 3 years since diagnosis were considered in the
study. Anti-CCP positive group had relatively increased
disease activity and higher ESR (p = 0.007). This was
consistent with the findings in our study. This study
underscores the significant link between subclinical
atherosclerosis, as represented by CIMT and specific
risk factorsin RA patients. The findings suggest that the

autoimmune component of RA, indicated by anti-CCP
levels, plays a pivotal role in the development of
atherosclerosis, even when accounting for other
traditional cardiovascular risk factors and disease-
related parameters. These results shed light on the
complexinterplay between inflammation, autoimmune
activity and cardiovascular risk in the context of RA.
Further research is warranted to elucidate the
underlying mechanisms driving this relationship, with
the potential to guide more effective preventive and
management strategies for cardiovascular
complications in RA patients.

CONCLUSION

There is a strongly independent and direct
correlation between anti-CCP levels and CIMT, even
afteradjusting for confounding variables, as evidenced
by the present study and supported by other studies.
This suggests that anti-CCP might be an emerging and
useful biomarker for the prediction of CVD in RA
patients. Considering the high prevalence of RA in
India, the results of this study could be of help in early
detection of subclinical atherosclerosis in RA patients
and measures to prevent CVD could be undertaken.
This might prove to be a very cost-effective way of
reducing the prevalence of CVD in RA patients. Larger
multicentric prospective studies should be done to
further establish this association.
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