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Abstract   
Objective

To assess the plasma apolipoprotein B/apolipoprotein A1 ratio and its potential association with cardiovascular events (CVE) in 
patients with rheumatoid arthritis (RA).

Methods
A baseline analysis was made of the CARdiovascular in rheuMAtology Project (CARMA), a 10-year prospective study evaluating the 
presence of at least one CVE in 775 Spanish patients with RA. Of them, 29 had already experienced CVE prior to the inclusion in the 

study. We assessed the association between the elevation of the apoB/apoA1 ratio with the presence of CVE according to a logistic 
regression model for possible confounding factors. We also analysed the main parameters of activity of RA and parameters related to 

lipid metabolism. RA patients were classified according to treatment: patients treated with disease-modifying anti-rheumatic drugs 
without biologics and those undergoing biologic therapy (anti-TNF-α, anti-IL-6 receptor, and other biologic agents).

Results
The apoB/apoA1 ratio of patients who had experienced CVE was higher than that of patients without previous CVE (0.65 vs. 0.60). 

However, the difference between both subgroups did not reach statistical significance (p=0.197). It was also the case after the multi-
variate analysis [OR: 1.48 (95% CI: 0.15–14.4); p=0.735]. RA patients from the group with CVE were more commonly receiving 

lipid-lowering treatment with statins than those without CVE history (41.4% vs. 20%, p=0.005). High HAQ and high atherogenic index 
were significantly associated with the presence of CVE. There was no statistical association between the type of biologic therapy used 

in RA and the presence of CVE. 

Conclusion
No association between ApoB/apoA1 ratio and CVE was found at the baseline visit of patients with RA from the CARMA study.   
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Introduction
Rheumatoid arthritis (RA) is a chronic 
inflammatory disease associated with 
increased risk of cardiovascular (CV) 
disease (1, 2). This is the result of a pro-
cess of accelerated atherosclerosis (3). 
Apart from the role of traditional CV risk 
factors (CVRFs) (4), the excess of CV 
disease observed in patients with RA is 
also attributed to the presence of chronic 
inflammation (5) and the concurrence of 
a genetic component (6). Recently, the 
role of adipokines has been suggested 
as a striking link between adiposity, 
inflammation, and cardiometabolic dis-
eases in these patients, mainly related 
with endothelial dysfunction and insulin 
resistance (7). Regarding CVRFs, alter-
ations in lipid metabolism play a special 
role, given that lipids undergo important 
pro-atherogenic molecular transforma-
tions that are usually linked to chronic 
inflammation (8, 9). 
Apolipoproteins are proteins that bind 
lipids to form the lipoproteins that trans-
port the lipids through the lymphatic and 
circulatory systems. Apolipoprotein B 
(apo B) is the primary apolipoprotein in 
low-density lipoprotein (LDL), which is 
responsible for transporting cholesterol 
to the tissues. In contrast, apolipoprotein 
A1 (apo A1), the major protein compo-
nent in high-density lipoprotein (HDL), 
expresses its anti-atherogenic properties 
by transporting cholesterol from tissues 
to the liver (10). Interestingly, the ra-
tio between these two apolipoproteins 
has been associated with CV risk (11). 
In fact, an increased apoB/apoA1 ratio 
is one of the strongest predictive risk 
factors for suffering future CV events 
(CVE) in the general population (12, 
13). However, the impact of this as-
sociation has not been well elucidated 
in patients with chronic inflammatory 
rheumatic diseases (CIRD). In this con-
text, in an attempt to find new predictors 
of CVD in RA, we assessed the associa-
tion of this ratio with CVE (14), because 
the evaluation of CV risk through tra-
ditional CVRFs underestimates the risk 
of suffering a CVE in patients with RA.  
Taking all these considerations into ac-
count, the purpose of the present study 
was to evaluate the plasma apoB/apoA1 
ratio and its association with CVE in 
Spanish patients with RA enrolled in 

the “CARdiovascular in rheuMAtol-
ogy” (CARMA) project, a real-world 
prospective study designed to deter-
mine the CV morbidity and mortality 
risk in patients with CIRD.

Material and methods
Study design
Cross-sectional analysis from the base-
line visit of the CARMA study, a 10-
year prospective study aimed to iden-
tify the CVD risk profile in Spanish pa-
tients with RA, ankylosing spondylitis 
and psoriatic arthritis followed at 67 
Outpatients Rheumatology Units after 
10 years of follow-up.
 
Patient recruitment
For this study, a total of 775 patients 
diagnosed with RA were included. The 
67 participants Rheumatology Units 
were randomly selected from Spanish 
National Health System hospitals after 
a probabilistic cluster sampling from 
the database of the Spanish Society of 
Rheumatology (SER).
The inclusion criteria for the recruit-
ment period (July 2010-January 2012) 
were patients older than 18 years with a 
diagnosis of RA according to the 1987 
American College of Rheumatology 
(ACR) classification criteria (15). In-
formation on the sample size of the pro-
ject and baseline characteristics of the 
population was previously described by 
Castañeda et al (16).  
The study was performed following 
the principles outlined in the Helsinki 
Declaration (17), and the study protocol 
was approved by the Ethics Committee 
for Clinical Research of Lugo, Gali-
cia, Spain (approval protocol number: 
2009/077) and later in all participants 
centres. All patients signed a written 
informed consent to participate in the 
study and to publish the data obtained. 

Variables and operative definitions
The dependent variable was the pres-
ence of at least one CVE in patients 
with RA, defined by the following con-
ditions: i) ischaemic heart disease (IHD) 
defined by a personal history of acute 
myocardial infarction (AMI) or non-
silent angina; ii) cerebrovascular acci-
dent (CVA): any vascular episode docu-
mented, transient or established, haem-
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orrhagic or ischaemic, in the brain; iii) 
congestive heart failure (CHD) includ-
ing all cases of heart failure according to 
the Framingham criteria (18) (episodes 
of non-cardiac dyspnea were excluded); 
iv) peripheral arterial disease (PAD) 
defined as a chronic or acute occlusive 
disease of the lower extremities caused 
by atherosclerotic arterial.

Traditional CVRF
Traditional CVRFs analysed were: 1) 
Obesity: based in the body mass index 
(BMI), kg/m2, using the WHO crite-
ria (lower weight BMI <18.5, normal 
weight BMI between 18.5–24.9, over-
weight BMI between 25–29.9 and 
obesity BMI ≥30 kg/m2); 2) Physical 
activity level (low, medium or intense) 
according to daily activity (low activ-
ity: sitting most of the time; moder-
ate activity: standing most of the time 
and with little movement or effort; 
intense activity: walking most of the 
time or performing tasks that require 
high physical activity); 3) Hyperten-
sion: Patients were considered to have 
hypertension if before baseline recruit-
ment they had been diagnosed as hav-
ing hypertension by their family physi-
cians or if systolic blood pressure (BP) 
was ≥140 mmHg and/or diastolic BP 
≥90 mmHg; 4) Dyslipidaemia: if before 
baseline recruitment they were taking 
lipid-lowering drugs because a diagno-
sis of dyslipidaemia or at the time of re-
cruitment they had an abnormal amount 
of lipids [triglycerides (TG) and/or total 
cholesterol (TC)] in the blood. Hyper-
cholesterolaemia was defined when se-
rum TC was ≥240 mg/dL (6.5 nmol/L) 
in two different times or if the patient 
was under treatment for hypercholes-
terolaemia. Hypertriglyceridaemia was 
defined when blood TG levels were 
≥150 mg/dL in two different consecu-
tive occasions or if the patient was un-
der therapy for hypertriglyceridaemia; 
5) Smoking was stratified in 3 catego-
ries: current smokers (<10, 10–20, >20 
cigarettes/day), ex-smokers (time past 
>1 year) and never smokers; 6) Diabe-
tes mellitus (DM), if before baseline re-
cruitment patients had been diagnosed 
as having diabetes mellitus or at the 
time of recruitment the serum levels of 
glucose ≥126 mg/dL (7.0 mmol/L) after 

nocturnal fasting; 7) Family history of 
IHD (current or not).

Parameters related with 
lipid metabolism
The serum apoB/apoA1 ratio was con-
sidered a primary criterion of evalua-
tion, expressed as a continuous vari-
able. Regarding lipid metabolism, the 
main parameters analysed were: TC, 
TG, LDL-cholesterol (LDL-c), HDL-
cholesterol (HDL-c), apolipoprotein A1 
(apo-A1), apolipoprotein B (apo-B), 
TC/HDL-c ratio (atherogenic index), 
and also LDL-c/HDL-c. All the vari-
ables were measured in mg/dL.

Parameters associated with 
disease activity and therapy
We analysed the main parameters of in-
flammation and RA activity, including 
the number of tender and swollen joints 
(TJ and SJ), C-reactive protein (CRP) 
in mg/L, erythrocyte sedimentation rate 
(ESR) in mm/h (Westergren method); 
DAS28-ESR activity score, expressed 
a continuous variable; rheumatoid fac-
tor (RF) (positive or negative) and anti-
cyclic citrullinated peptide antibodies 
(anti-CCP) (positive or negative). 
RA treatment as an added variable was 
classified in 4 categories: a) only dis-
ease-modifying anti-rheumatic drugs 
(DMARDs): sulfasalazine, methotrex-
ate and/or leflunomide; b) treatment 
with tumor necrosis factor antagonists 
(anti-TNFα agents); c) treatment with 
IL-6 receptor antagonists (tocilizum-
ab); and d) other biologic therapies 
(rituximab or abatacept). Glucocorti-
coid treatment and non-steroidal anti-
inflammatory drugs (NSAIDs) were not 
considered as a different category.

Statistical analysis
Variables were described according to 
their typology and distribution. Cat-
egorical variables were described using 
frequencies and percentages. Differ-
ences between groups were compared 
using chi-squared tests. Continuous 
variables that followed a Normal distri-
bution were described using the mean 
and standard deviation (SD) and the dif-
ferences between groups were assessed 
using analysis of variance tests.
Bivariate study was done for evaluating 

the demographic and clinical character-
istics of the patients as well as the tradi-
tional CVRFs. The association between 
CVE and RA patients was completed by 
a logistic regression model for potential 
confounding factors. To reduce vari-
ability in the methods of measurement 
of apoB/apoA1 across the participating 
hospitals, mixed multivariate regression 
models were constructed with robust 
variance estimators using the hospital 
as a cluster for variable estimation. The 
selection of adjusted variables in the 
multivariate model was based on clini-
cal judgment and those with a p-value 
≤0.20 in the bivariate analysis. Multicol-
linearity among independent variables 
was also explored to build the model. 
Data management and statistical analy-
sis were centralised at the Research Unit 
of the SER following a pre-established 
analysis plan. All the analyses were 
performed using the Stata 13.1 package 
(Copyright 1985-2013 StataCorp LP 
4905. Lakeway Drive, College Station, 
Texas 77845, USA).

Results
Demographic and clinical 
characteristics of our study of 
patients with RA 
From 775 RA patients included in the 
CARMA study, 29 had already experi-
enced CVE before their inclusion in the 
study. Of all of them, only 591 and 603 
patients had data on the plasma apoA1 
and apoB levels, respectively, at the 
baseline visit, without loss of registry 
of apolipoprotein values in the 29 cases 
that had suffered a CVE. 
Table I shows the clinical character-
istics, comorbidities and laboratory 
data of the RA patients included in 
the present study. In total, 75% were 
women, with a mean age of 56.6±12.3 
years. The patients who had experi-
enced CVE had an older age with a 
higher frequency of hypertension and 
hypercholesterolaemia with statistical 
significance with respect to the group 
without CVE history. 
Regarding clinical features, the group 
of patients who had suffered a CVE has 
increased Health Assessment Ques-
tionnaire (HAQ) with respect to the 
group without history of CVE at the 
time of inclusion in the study. 
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Lipid metabolism alterations
The lipid panel included in the study 
and the lipid levels analysed are shown 
in Table II.
In the bivariate analysis, no statistical-
ly significant differences were found in 
the lipid profile between patients with 

or without a history of CVE, except 
for the atherogenic index (TC/HDL-c 
ratio), which was higher in the group 
with a CVE history compared to the 
other group (p=0.047).
With respect to the main variable of the 
study, although apoB/apoA1 ratio was 

slightly higher in patients with CVE 
history compared to those without CVE 
(0.65 vs. 0.60), this difference was not 
statistically significant (p=0.197).  
Statins were more commonly pre-
scribed in patients from the group 
with CVE than in those without CVE 

Table I. Baseline sociodemographic, traditional cardiovascular risk factors and clinical characteristics of patients.

 Total  No CVE CVE p-value
 (n=775)  (n=746)  (n=29) 

Sociodemographic features    
Age at inclusion, years, mean (SD) 56.6  (12.3) 56.1  (12.2) 68.4  (8.7) <0.001
Age at the beginning of disease, years, mean (SD) 45.8  (13.4) 45.4  (13.1) 58.0  (14.1) <0.001
Sex, female, n (%) 581  (75.0) 576  (76.0) 14  (48.3) 0.001

Educational level, n (%)    
- Elementary                                            467  (60.9) 442  (59.9) 25  (86.2) 
- Secondary /University 300  (39.1) 296  (40.1) 4  (13.8) <0.001

Traditional CVRF    
BMI, kg/m2, mean (SD) 26.9  (4.8) 26.8  (4.8) 28.4  (4.8) 0.076
Hypertension, n (%) 236  (30.5) 215  (28.8) 21  (72.4) <0.001
Hypercholesterolaemia, n (%) 238  (30.7) 224  (30.0) 154  (48.3) 0.037

Smoking status, n (%)    
- Current smokers 189  (24.4) 187  (24.1) 2  (6.9) 
- Past smokers 202  (26.1) 191  (24.6) 11  (37.9) 
- Never smoking 384  (49.6) 368  (47.5) 16  (55.2) 0.061
Family history of IHD, n (%) 96  (12.4) 90  (11.6) 6  (20.7) 0.170
Diabetes, n (%)       <0.001
Non-insulin dependent 46  (5.9) 40  (5.5) 6  (20.7) <0.001
Without organic damage  10  (1.3) 10  (1.3) 0  (0.0) 0.573
With organic damage 3  (0.4) 2  (0.3) 1  (3.5) 0.003

Clinical characteristics    
Disease duration, mean (SD) 10.2  (8.9) 10.2  (8.9) 9.8  (10.3) 0.806
Tender joint count (out of 28), median [p25–p75] 1  [0-3] 1  [0-3] 2  [0-4] 0.322
Swollen joint count (out of 28), median [p25–p75] 0  [0-2] 0  [0-2] 0  [0-1] 0.267
CRP, mg/L, median [p25–p75] 1.4  [0.4-4.5] 1.4  [0.4-4.4] 1.2  [0.2-7.4] 0.244
ESR, mm/first hour, median [p25–p75] 17.0  [9.0–29.0] 17.0  [9.0-29.0] 17.0  [10.0-25.0] 0.873
DAS28-ESR, mean (SD) 3.2   (1.3) 3.2  (1.2) 3.4  (1.3) 0.447
RF positive, n (%) 594  (76.7) 571  (76.5) 23  (79.3) 0.730
Anti-CCP positive, n (%) 463  (59.7) 442  (59.3) 21  (72.4) 0.156
HAQ (0–3), median [p25-p75] 0.5  [0.1 -1.1] 0.5  [0.1 -1.1] 1.0  [0.5-1.6] 0.001
 
Anti-CCP: anti-cyclic citrullinated peptide antibodies; BMI: body mass index; CRP: C-reactive protein; CVE: cardiovascular events; DAS28-ESR:  
Disease Activity Score using 28 swollen or tender joint count and ESR; DMARD: disease-modifying anti-rheumatic drugs; ESR: erythrocyte sedimentation 
rate; HAQ (0–3): Health Assessment Questionnaire; IHD: ischaemic heart disease; RF: rheumatoid factor; SD: standard deviation; TNF: tumour necrosis factor. 
In bold, all significant values (p<0.05).

Table II. Lipid profiles of patients with rheumatoid arthritis stratified by cardiovascular disease. 

  Total No CVE CVE p-value
 (n=775) (n=746) (n=29) 

ApoB/ApoA1 ratio, mean (SD) 0.60  (0.01) 0.60  (0.01) 0.65  (0.06) 0.197
Triglycerides (mg/dL), mean (SD) 95.3  (2.2) 94.8  (2.3 ) 107.6  (12.2) 0.275
Total cholesterol (mg/dL), mean (SD) 204.2  (35.6) 204.4  (35.8) 197  (29.5) 0.267
HDL-c (mg/dL), mean (SD) 55.2  (0.9) 55.6  (0.9) 47.1  (4.1) 0.068
LDL-c (mg/dL), mean (SD) 110.2  (1.8) 110.4  (1.8) 103  (1.8) 0.477
Lipoprotein (a) (mg/dL), mean (SD) 26.6  (1.6) 26.9  (1.7) 16.4  (7.59) 0.227
Apo A1 (mg/dL),mean (SD) 163.0  (1.3) 163.3  (1.3) 156.4  (7.1) 0.295
Apo B (mg/dL), mean (SD) 94.4  (1.0) 94.4  (1.0) 94.2  (4.3) 0.965
LDL-c/HDL-c, mean (SD) 2.19  (1.01) 2.18  (0.98) 2.43  (1.66) 0.462
Atherogenic index, mean (SD) 3.6  (1.3) 3.6  (1.3) 4.1  (2.3) 0.047 
    (Total cholesterol/HDL-c) 
 
Apo: apolipoprotein; Atherogenic index: total cholesterol/HDL-c; CVE: cardiovascular events; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-
density lipoprotein cholesterol. In bold, all significant values (p<0.05).
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history (41.4% vs. 20% in spite of 20; 
p=0.005) (Table III). 
Patients with CVE or without CVE 
history did not show differences in the 
anti-rheumatic treatment prescribed: 
biologic or synthetic DMARDs. It was 
also the case for the type of biologic 
agent administered: anti TNF-α, tocili-
zumab, rituximab or abatacept. 
A multivariate analysis was performed 
to determine the association between 
ApoB/ApoA ratio and CVE in patients 
with RA. However, as shown in Table 
IV, apoB/apoA1 ratio did not reach sta-
tistically significant differences [OR: 

1.48 (95% CI: 0.15–14.4); p=0.735] af-
ter adjustment for the main confound-
ing factors. However, patients with 
non-insulin dependent type 2 DM had 
an increased risk of CVE (Table IV).

Discussion  
In the present study, no association was 
found between the apoB/apoA1 ratio 
and CVE history in patients with RA 
included in the baseline visit of the 
CARMA project, although the ratio 
was slightly higher in patients with a 
CVE history.
Besides homocysteine, lipoprotein (a) 

and atherogenic index, ApoB/ApoA1 is 
a predictive lipid parameter associated 
with CVE in the general population (19). 
According to INTERHEART study, a 
case-control study where participants 
were recruited from 52 countries world-
wide, the risk of developing a CVE 
correlated with a higher plasma apoB/
apoA1 ratio in the general population, 
being this risk higher than smoking, hy-
pertension, DM, and abdominal obesity. 
In fact, the proportion of apoB/apoA1 
and smoking could explain up to 70% of 
the CV risk in this study, after the multi-
variate analysis and the evaluation of the 

Table IV. Multivariate analysis to determine the association between ApoB/ApoA ratio and CVE in patients with RA.

Variables Crude OR (95% CI) p-value Adjusted OR p-value
    (95% CI) 

Age at the onset of the study  1.1  (1.06-1.15) <0.001 1.09  (1.03-1.01) 0.002
Sex (ref. female)  0.29  (0.14-0.62) 0.001 0.57  (0.18-1.9) 0.35
ApoB/ApoA ratio 3.40  (0.53-21.77) 0.197 1.48  (0.15-14.4) 0.735

Smoking (ref. current smokers)    
   - Never smoking 4.07  (0.92-17.84) 0.06 2.66  (0.49-14.43) 0.26
   - Past smokers 5.39  (1.18-24.62) 0.30 2.13  (0.34-13.29) 0.42
Family history of IHD (ref. no) 1.89  (0.75-4.78) 0.18 2.51  (0.77-8.24) 0.13

Diabetes (ref. no)    
   - Non-insulin dependent 4.75  (1.82-12.32) 0.001 5.42  (1.69-17.4) 0.004
   - Without organic damage --  -- --  --
   - With organic damage 15.77  (1.38-180.54) 0.003 9.28  (0.51-169.65) 0.13
Hypertension (ref. no) 6.48  (2.83-14.86) <0.001 2.29  (0.82-6.36) 0.11
Hypercholesterolaemia (ref. no) 2.18  (1.03-4.58) 0.04 0.88  (0.32-2.42) 0.80
HDL-c 0.99  (0.97-1.00) 0.07 0.99  (0.97-1.01) 0.32
Anti-CCP positive (ref. no)  1.81  (0.79-4.13) 0.16 1.33  (0.47-3.78) 0.59
Biologic DMARDs 0.97  (0.45-2.08) 0.93 1.34  (0.49-3.65) 0.57

All variables were recorded at the time of inclusion in the study. Anti-CCP: anti-cyclic citrullinated peptide antibodies; Apo: apolipoproteins; CVE: cardiovas-
cular events; DMARDs: disease-modifying anti-rheumatic drugs; HDL-c: high-density lipoprotein cholesterol; IHD: ischaemic heart disease; ESR: erythro-
cyte sedimentation rate; OR: odds ratio; adjusted OR for all variables included in the multivariate model; RA: rheumatoid arthritis.
In bold, all significant values (p<0.05).

Table III. Baseline therapies of the population included in the study.

 Total No CVE  CVE p-value
 (n=775)  (n=746) (n=29) 

Statins, n (%) * 161  (20.8) 149  (20.0) 12  (41.4) 0.005
Glucocorticoids, n (% ever treated) 357  (46.1) 340  (45.6) 17  (58.6) 0.167
Synthetic DMARDs, n (%) 653  (84.3) 671  (84.1) 26  (89.7) 0.416
Anti-TNF drugs, n (%) 226  (29.2) 216  (29.0) 10  (34.5) 0.52
Tocilizumab, n (%) 30  (3.9) 30  (4.0) 0  (0.0) 0.271
Other biologic DMARDs, n (%) 47  (6.1) 46  (6.2) 1  (3.5) 0.547
Methotrexate, n (%) 541  (69.81) 23  (79.31) 518  (69.44) 0.256
Leflunomide, n (%) 172  (22.19) 4  (13.79) 168  (22.52) 0.267
Infliximab, n (%) 48  (6.19) 2  (6.9) 46  (6.17) 0.873
Etanercept, n (%) 95  (12.26) 3  (10.34) 92  (12.33) 0.749
Adalimumab, n (%) 85  (10.97) 5  (17.24) 80  (10.72) 0.27
Golimumab, n (%) 8  (1.03) 0  (0) 8  (1.07) 0.575
Certolizumab, n (%) 5  (0.65) 0  (0) 5  (0.67) 0.658
Rituximab, n (%) 27  (3.48) 0  (0) 27  (3.62) 0.297
Abatacept, n (%) 20  (2.58) 1  (3.45) 19  (2.55) 0.764

CVE: cardiovascular events; DMARDs: disease-modifying anti-rheumatic drugs; TNF: tumour necrosis factor.
In bold, all significant values (p<0.05).
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attributable risk of the population (20). 
The AMORIS study showed that pa-
tients with RA had a 1.6 higher inci-
dence rate of myocardial infarction and 
stroke compared to the general popula-
tion, although there was no statistical 
significance related to total cholesterol 
or triglycerides (21, 22). However, after 
multivariate analysis, the apoB/apoA1 
ratio was the best factor associated 
with the risk of CVE. Also, a prospec-
tive Scandinavian study in RA patients 
showed that apoB/apoA1 ratio, TG lev-
els, ESR and haptoglobin were associ-
ated with the presence of CVE (23). 
Moreover, in another prospective study, 
the authors highlighted that an increase 
in the apoB/apoA1 ratio during follow-
up was significantly associated with an 
increase in the diameter of the carotid 
plaque after 5 years from the diagnosis 
of RA (24) and, consequently, increased 
the risk of CVD.
Although our study included a high 
number of patients, the absence of an 
association between the apoB/apoA1 
ratio and the risk of CVE could be par-
tially explained because RA patients 
with CVE history were more commonly 
undergoing treatment with statins than 
the other group. Therefore, they prob-
ably had more reliable control of sys-
temic inflammation and atherogenesis, 
including the role of this kind of drugs 
in the immunomodulation of the T cell-
mediated inflammatory endothelial re-
sponse (25). Furthermore, it has been 
described that in context of chronic 
inflammation, as occurs in RA patients, 
HDL-c and apoA1 levels fall and they 
often increase following anti-rheumatic 
therapy (26). In keeping with that, an 
observational study revealed that the 
use of DMARDs in 80 patients with RA 
had a beneficial effect in increasing lev-
els of apo A1, with a potential decrease 
in the risk of CVE (27).
Some studies have shown that the asso-
ciation between traditional lipid parame-
ters (TC/HDL-c and LDL-c/HDL-c) and 
CVE would decrease after a period of 
treatment with statins, while the associa-
tion between the apoB ratio/apoA1 and 
CVE would not be influenced following 
treatment with these agents (28, 29).     
The atherogenic index was statistically 
associated with the CVE in our patients 

with RA, as reported in other studies 
that also described a relationship be-
tween this parameter and the CV risk 
(30, 31). Other factors such as age and 
non-insulin-dependent DM were also 
associated and they are among the clas-
sic risk factors for CVE (32, 33). 
A high score of HAQ is related to a pro-
gressive and active disease that has also 
been described associated with CVE 
(34). Therefore, a reduction in the in-
flammatory burden may lead to a better 
quality of life and a reduction of the CV 
risk in patients with RA. On the other 
hand, an increased risk of CVE was 
found in our RA patients with non-insu-
lin-dependent DM type 2.     
The use of biologic therapy has been 
associated with better control of the dis-
ease and a reduction of CV risk in pa-
tients with RA. ApoA1 has been related 
to anti-inflammatory and anti-athero-
genic properties. Its action is independ-
ent of HDL-c and it is also involved in 
the inhibition of the synthesis of TNF-α 
and IL-1β (35). Certainly, it has been 
described that this apolipoprotein be-
haves as a biomarker related to the re-
sponse to treatment with infliximab in 
patients with RA (36).  Ajeganova et 
al. showed that biologic therapies in-
creased the level of apoA1 in patients 
with RA and consequently decreased 
the apoB/apoA1 ratio (37). However, in 
our study, we did not find statistically 
significant differences to associate the 
type of biological therapy received with 
the presence of CVE. Moreover, as pre-
viously mentioned, some adipokines 
play a potential role in the risk of CVE 
in patients with RA. With respect to 
this, the use of tocilizumab (TCZ), a 
biologic agent that inhibits IL-6, may 
have a potential cardioprotective effect 
modulating serum levels of adiponectin 
and chemerin in patients with RA (38) 
as well as decreasing the levels of the 
activator plasminogen inhibitor 1 (PAI-
1), which preserves fibrinolysis and 
reduces the risk of thrombotic CVE in 
these subjects (39). Similarly, the in-
travenous administration of TCZ has 
proved to yield a rapid and statistically 
significant reduction on insulin resist-
ance along with a significant increase 
of insulin sensitivity in non-diabetic 
RA patients (40). These findings sup-

port the potential beneficial effect of 
the IL-6 blockade on the mechanisms 
associated with the development of 
metabolic syndrome and cardiovascu-
lar disease in patients with RA (40). 
In addition, TCZ decreases the levels 
of lipoprotein (a), a lipoprotein with 
atherogenic and thrombogenic proper-
ties; although it does not seem to affect 
plasma values of apolipoproteins (41). 
Therefore, although this drug appears 
to reduce CV risk, it is not reflected 
in the estimated CV risk as assessed 
by the apoB/apoA1 ratio. Neverthe-
less, this protective effect against CVE 
may also be associated with the use of 
other biologic therapies. In this regard, 
a retrospective study that assessed the 
risk of acute CVE during a hospitalisa-
tion period in patients with RA did not 
show differences in medium-term risk 
of CVE between patients who received 
TCZ compared to those who were treat-
ed with etanercept (42).
Our study included an important na-
tional cohort of patients with RA, being 
the first study in our country that seeks 
to establish an association between the 
apoB/apoA1 ratio and the presence of 
CVE in patients with CIRD. Howev-
er, it has some limitations such as the 
cross-sectional design used, which did 
not allow us to establish causality be-
tween data found and the results that 
we obtained. In addition, it is important 
to emphasise that our cohort included a 
series of patients periodically followed-
up at the outpatient clinics. They were 
submitted to a tight control strategy and 
a high number of them were undergo-
ing biologic therapy. This management 
may have had an influence decreasing 
the frequency of CVE in this popula-
tion, what may have underestimated the 
actual relevance of the ApoB/apoA1 ra-
tio in the risk of CVE.   
In conclusion, apoB/apoA1 ratio has 
not been associated with the presence 
of CVE in patients with RA undergoing 
anti-rheumatic treatment at the baseline 
visit of our Spanish longitudinal cohort 
study on patients with RA. Prospective 
studies are needed to evaluate if this ra-
tio may be a predictor factor of devel-
opment of CVE in patients with RA or 
other chronic inflammatory rheumatic 
diseases.
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