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Original Article

The current study aimed to assess the correlation between lipoproteins, in particular lipoprotein a [Lp (a)], and inflammatory ac-
tivity in rheumatoid arthritis (RA).
This retrospective case control study was conducted over a period of 6 months and studied two groups, RA patients (n = 70) and 
healthy control subjects (n = 52), who were matched by age and gender (P value < 0.005). The modified Health Assessment Ques-
tionnaire (MHAQ) was employed by self-administration. Fasting lipid profiles including LDL, HDL, total cholesterol, triglycer-
ides, and Lp (a) were assayed, and the findings for the two studied groups were compared using the Student t test. 
Thirty-two patients in the RA group (45.71%) and 27 subjects in the control group (51.92%) had abnormally high Lp (a) levels  
(P value = 0.57). Mean serum Lp (a) values between the RA and control groups were significantly different (P value = 0.79). Serum 
Lp (a) had no significant correlation with ESR (r  =  0.27, P value = 0.028). No significant correlation was found between Lp (a) 
level and MHAQ (r = 0.11, P value = 0.37). Serum Lp (a) was also found to have no significant relationship with other laboratory 
parameters (CRP and RF) or clinical indices of RA activity (functional class and morning stiffness duration).
No correlation was observed between serum Lp (a) and clinical/laboratory indices of RA activity other than a weak one with ESR. 
It is not recommended to use routine serum Lp (a) measurements to assess RA severity.
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  Introduction
Rheumatoid arthritis (RA) is a chronic progressive au-

toimmune disorder of unknown etiology manifested by 
symmetric, erosive synovitis, and usually multi-organ in-
volvement [1, 2]. Epidemiologic studies have shown an 
increased premature mortality and loss of life expectancy 
in patients diagnosed with RA when compared with the 
general population. Chronic inflammation and develop-
ment of pro-atherogenic agents such as lipids are the main 
underlying mechanisms of the observed higher mortality. 
Several experts have noted increased cardiovascular dis-
ease-related morbidity and mortality in active RA patients 
[3, 4]. In support of these observations, adding statins to 
standard routine agents used for RA patients can decrease 
RA activity [5].

There is evidence in the literature that inflammation in 
RA might cause an altered lipid metabolism. This adverse 
consequence can potentially accelerate atherosclerosis [6]. 

Lipoprotein (a) (Lp (a)) is a plasma lipoprotein consist-
ing of an LDL-like particle. Lp (a) is linked to apoB-100 
through disulphide bonds. Because of its structure, Lp (a) 
is postulated to perhaps have both pro-atherosclerotic and 
pro-thrombotic actions. Although Lp (a) is also suggested 
to act as an acute-phase reactant in certain situations, such 
as surgical interventions or after acute myocardial infarc-
tion (MI), this remains to be clarified [7].  

The goal of this clinical study was to assess the pattern 
of lipoproteins in RA patients and investigate the relation-
ship between Lp (a) and inflammatory activity. We also 
intended to explore whether Lp (a) acts as an acute-phase 
reactant in RA.

Materials and Methods
Study design and setting
This retrospective case control study was performed on RA pa-

tients referring to the Internal Ward (Academic Rheumatology 
Center) of Ghaem Hospital and private clinics of Mashhad, Iran.
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Study population
All RA patients who referred to our academic rheuma-

tology clinic during the study period were eligible for 
inclusion in the study. RA was diagnosed using the re-
vised criteria for RA proposed by the American College 
of Rheumatology [8]. Exclusion criteria were ischemic 
heart disease (IHD), stroke, thrombotic events, familial 
hyperlipidemia, diabetes mellitus, and malignancy or any 
sign of kidney, liver, thyroid or other inflammatory dis-
eases. In addition, those who were receiving prednisolone 
> 12.5mg/day, statins, estrogenic drugs, or other medica-
tions with known effects on lipoprotein metabolism were 
not included. 

Sample
The sample size was determined to be 44 cases in each 

group based on previous reports on the levels of serum li-
poprotein and lipids in patients with RA (p1 = 0.39) and 
healthy controls (p2 = 0.140) [8] using a power of 80% and 
a confidence level of 95%. 

A total of 70 RA patients were entered into the case 
group through purposive sampling. The number of pa-
tients included was higher than the estimated sample size 
to ensure the validity of the outcome. Of these patients, 
62 were female. The mean (SD) age of the patients was 
51 (±11) years (range, 17-80 years). The mean (SD) BMI 
was 27 (±4) kg/m2. Most patients (91.1%) were receiv-
ing corticosteroids (prednisolone,  < 12.5mg daily), 75% 
were receiving remission-inducing drugs (methotrexate 
and hydroxychloroquine), and 88.9% were receiving both 
corticosteroid and remission-inducing drugs. About 33.3% 
of the patients were taking NSAIDs.

Control subjects were recruited from among patients pre-
senting at our clinic during the study period with non-spe-
cific musculoskeletal complaints for whom RA as well as 
other autoimmune connective tissue diseases had been ex-
cluded. Two patients were removed at the end stage of this 
study due to their dissatisfaction with continuing the study. 
The control group consisted of 52 non-obese subjects (11 
men and 41 women) who were matched to the RA group 
by age, gender, weight, and height. Mean (±SD) values of 
age and BMI in the control group were, respectively, 55 
(±10) years and 26 (±3) kg/m2. Exclusion criteria for the 
control group were familial hyperlipidemia and cigarette 
smoking. 

Data collection
Morning stiffness, visual analogue scale for pain (VAS) 

for pain, the modified Health Assessment Questionnaire 
(MHAQ), and functional status were examined in RA pa-
tients.

Laboratory assays
Venous blood samples were taken in the early morning to 

measure fasting lipid profiles. Blood was allowed to clot 
45 min at room temperature; serum was obtained immedi-
ately by centrifugation and stored at -70 ºC until analysis. 
Total cholesterol (TC), high-density lipoprotein-cholester-
ol (HDL-C), LDL-cholesterol (LDL-C), and triglyceride 
levels were determined with the enzymatic colorimetric 
method (Randox Technologies reagent kits, UK). Lp (a) 
was measured using the enzyme-linked immunosorbent 
assay (ELISA) method. The normal range of Lp (a) was 
1.8-3.0 mg/dl. A level higher than 30 mg/dl was consid-
ered abnormal according to the manufacturer’s instruc-
tions. Erythrocyte sedimentation rate (ESR) was measured 
by the Westergrin method, and C-reactive protein (CRP), 
rheumatoid factor, white blood cells, platelets and hemo-
globin were measured by routine methods.

Statistical analyses
Descriptive indices including frequency, percentage, 

mean, and standard deviation (SD) were used to express 
the data. Normal or non-normal distribution of quantitative 
variables was assessed with a combination of the statis-
tical test (the Kolmogorov-Smirnov test) and histograms. 
The lipid profile findings of the two studied groups were 
compared using the Student t test when the distribution of 
data was normal or the Mann Whitney U test when it was 
abnormal. Correlations between the continuous variables 
were analyzed using the Pearson’s correlation test. Spear-
man correlation coefficients were calculated to assess 
the relationships between variables if the variables were 
non-parametric. A level of P value < 0.05 was considered 
statistically significant. Analyses were done using SPSS 
software (ver. 20.0, IBM, US). 

Ethics
First, the study objectives were explained to the subjects. 

Then, informed consent to participate was obtained from 
each subject prior to enrollment. Participation was on a 
voluntary basis. The study proposal was approved by the 
Ethics Committee of the Research Deputy of our universi-
ty. The study protocol details were in agreement with the 
Declaration of Helsinki.

Results
Lipid profile
Table 1 presents the comparison of lipoproteins between 

the studied groups. A significant difference was observed 
between the two groups in terms of TC/HDL-C (P val-
ue < 0.001). Moreover, LDL-C/HDL-C was significant-
ly different between RA patients and the control group  
(P value = 0.001). Mean LDL-C was considerably high-
er in the RA group than in the control group (P value < 
0.001). There was no statistically significant difference in 
the mean values of serum Lp (a) between the two groups  
(P value = 0.64). 
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Table 1. Comparison of lipid profile in rheumatoid arthritis (RA) patients and control group

Table 2. Correlations between lipid profile and clinic-laboratory parameters in rheumatoid arthritis patients

Correlation of serum Lp (a) with inflammatory markers 
Serum Lp (a) had no significant correlation with ESR (r = 

0.27, P value = 0.028). It was noted that serum Lp (a) had 
no associations with other laboratory parameters or clinical 
indices of RA activity (Table 2). ESR correlated negatively 

with HDL-C (r = -0.28, P value = 0.019). There were no sig-
nificant correlations between ESR and other lipid profiles 
such as TC, triglycerides, LDL, TC/HDL, or LDL/HDL. No 
significant correlation was found between serum CRP levels 
and any lipid profile. Duration of morning stiffness corre-
lated negatively with HDL-C (r = -0.315, P value = 0.039).

 Variables RA (N = 70) Control (N = 52) P value

TC, mg/dl 198.5 (±44.2) 223.2 (±44.7) 0.003

LDL-C, mg/dl 118.9 (±38.4) 136.8 (±44.9) 0.019

HDL-C, mg/dl 50.51 (±11.0) 46.69 (±15.9) 0.004

TC/HDL-C 4.06 (±1.06) 5.14 (±1.72)  < 0.001

LDL-C/HDL-C 2.45 (±0.89) 3.20 (±1.40) 0.001

Triglyceride, mg/dl 142.8 (±70.5) 188.7 (±96.7) 0.007

Lp(a),mg/dl 19.2 (±30.0) 18.9 (±31.41) 0.64

Data are presented as mean (±standard deviation); Abbreviations: TC =  total cholesterol; LDL-C =  low-density lipoprotein choles-
terol; HDL-C =  high-density lipoprotein cholesterol; Lp (a) =  lipoprotein a

Variables TC TG LDL HDL Lp(a) TC/HDL LDL/HDL

ESR, mm/h
r

 P value

-0.14

0.17

-0.12

0.23

-0.12

0.23

0.14

0.18

0.12

0.26

-0.14

0.16

-0.14

0.17

CRP, mg/dl
r

P value

0.09

0.54

0.15

0.34

0.09

0.56

0.03

0.83

-0.22

0.15

0.12

0.43

0.144

0.36

Morning stiffness(min)
r

P value

-0.106

0.497

0.22

0.14

-0.06

0.68

-0.31

*0.03

-0.11

0.49

0.29

*0.05

0.18

0.24

RF,U/L
r

P value

-0.16

0.109

-0.32

*0.002

-0.09

0.37

0.23

*0.02

-0.07

0.47

-0.25

*0.01

-0.2

0.058

MHAQ(0-3)
r

P value

-0.03

0.75

0.29

*0.01

-0.12

0.29

-0.23

0.058

0.11

0.37

0.26

*0.03

-0.01

0.909

Functional class(I-IV)
r

P value

-0.03

0.75

0.25

*0.03

-0.08

0.47

-0.23

0.058

0.16

0.2

0.2

0.101

0.08

0.49

MHAQ =  modified Health Assessment Questionnaire; RF =  rheumatoid factor
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Discussion 
The increased mortality rate in RA patients is largely as-

sociated with CVD, particularly coronary atherosclerosis. 
The risk of CVD is 3 times more in RA patients than in the 
general population [4, 9]. Dyslipidemia, diabetes mellitus, 
hypertension, and obesity might increase the risk of CVD 
[10, 11]. A former study showed that untreated hyperten-
sion and hypercholesterolemia are the main predisposing 
factors for the risk of CVD in RA patients [12]. As chronic 
inflammation is a prominent component in RA, it has been 
supposed that RA itself could independently be a risk fac-
tor for CVD [13, 14].

To assess alterations in the lipoproteins among RA pa-
tients, the correlation between the inflammatory activity 
of RA and lipid profiles. The results suggested that patients 
with active RA had altered lipid profiles in comparison 
with healthy subjects. There is a theory about the associ-
ation between changes in lipid profiles and acute phase 
reactants with accelerated atherosclerosis in RA patients. 

Lp (a) is a predictive index for ischemic heart diseases in 
patients with hypercholesterolemia. There is controversy 
in the literature regarding serum Lp (a) levels in RA pa-
tients and its role in the pathophysiology of CVD in RA 
[15]. It has been reported that serum Lp (a) levels were 
significantly higher in RA patients and were significantly 
correlated with acute phase response, including ESR and 
platelet count, but not with CRP level [16]. However, an-
other study did not find any meaningful serum Lp (a) rise 
in RA patients [17]. Moreover, the latter study also did not 
suggest an association between Lp (a) and acute phase re-
sponse. Another study [18] showed that serum Lp (a) was 
higher in 30 RA patients (an average of 21.6 mg/dL) than 
in 30 participants in the control group with an average Lp 
(a) level of 17.2 mg/dL. 

The existing data on lipid profiles in patients with RA is 
contradictory with some studies reporting no significant 
difference in TC, LDL-C, and HDL-C in RA patients com-
pared with the control group [19-21]. In contrast, some 
reports have indicated lower TC, LDL, and HDL levels in 
active untreated RA patients [22, 23]. It seems that most 
studies agree on lower HDL in RA patients compared with 
controls, but this has not been suggested for TC and LDL 
[24]. In the current study, lower levels of TC, HDL, LDL, 
and triglycerides were observed in RA patients compared 
with the control group. This discrepancy can be attributed 
to different factors such as the age and gender of the stud-
ied patients in these studies. Active inflammation [25] and 
received treatments [26] are also important in this regard. 
In addition, socioeconomic factors, namely female gender, 
smoking, and alcohol consumption, have been shown to be 
associated with dyslipidemia [27]. 

Only a limited number of studies have investigated lipid 

levels and their association with disease activity among 
RA patients. An opposite association between elevated 
HDL-C-levels and CRP was found in a study on 204 RA 
cases [28]. An important aspect is the effect that treatment 
can have on the improvement of lipid profiles. Robust ev-
idence exists regarding abnormal lipoproteins in untreated 
RA patients with active disease [24].  

TNFα and other pro-inflammatory enzymes are responsi-
ble for rheumatoid cachexia and are also related to lowered 
TC and HDL-C levels [24]. As RA activity aggravates, a 
relation to higher TNF levels is observed. This might ex-
plain the converse relationship between disease activity 
and lipid levels. The evidence indicates that inflammation 
in RA has a crucial effect on HDL-C and Lp (a) metabo-
lisms. It has been noted that the lipid profile in RA patients 
can influence the response to treatment [29]. The biolog-
ical disease-modifying anti-rheumatic drugs (DMARD) 
and vitamin K level have been suggested to be correlated 
with lipoproteins [30, 31]. 

Hydroxychloroquine has a favorable effect on lipid me-
tabolism. In addition to lipoproteins, glucose control is 
also better achieved among RA patients who are under 
treatment with hydroxychloroquine [32]. In a recent sys-
tematic review, the meta-analysis showed lower mean dif-
ferences in TC, LDL, HDL, and triglycerides among RA 
patients who were taking hydroxychloroquine compared 
with those who were not receiving this agent [33]. A pe-
riod of three months has been suggested as the minimum 
required time to observe the beneficial effects of hydroxy-
chloroquine on the lipid profiles of RA patients [34].

Study Limitations
Among the main limitations of the current study, its ret-

rospective nature can be noted. Because of this, it was im-
possible to control the confounding variables during the 
study. Moreover, because convenience sampling was used 
in this study, the data cannot be generalized to the general 
population.

Conclusion
Serum Lp (a) was not significantly different between the 

RA and control groups. No correlation between serum Lp 
(a) and acute phase reactants was seen other than a weak 
one with ESR. Routine serum Lp (a) measurement in clin-
ical practice to assess RA activity and severity is not rec-
ommended.

Acknowledgments 
The authors would like to thank all those who helped 

them writing this paper.  

Conflict of Interest
The authors declare no conflicts of interest.



91

Lipid profile, Lp (a), and RA                                                                                                                   Rezaieyazdi  et al.

Rheumatology Research., Vol. 4, No. 3, July. 2019

References
1.	 Dougados M. Comorbidities in rheumatoid arthritis. 

Curr Opin Rheumatol 2016; 28(3):282-88. doi: 10.1097/
BOR.0000000000000267.

2.	 Goshayeshi L, Saber H, Sahebari M, Rezaieyazdi Z, Rafat-
panah H, Esmaily H, et al. Association between metabolic 
syndrome, BMI, and serum vitamin D concentrations in 
rheumatoid arthritis. Clin Rheumatol 2012; 31(8):1197-
03. doi: 10.1007/s10067-012-1995-3.

3.	 Zhang J, Chen L, Delzell E, Muntner P, Hillegass WB, 
Safford MM, et al. Republished: The association between 
inflammatory markers, serum lipids and the risk of car-
diovascular events in patients with rheumatoid arthritis. 
Postgrad Med J 2014; 90(1070):722-29. doi: 10.1136/
postgradmedj-2013-204715rep.

4.	 Liao KP, Liu J, Lu B, Solomon DH, Kim SC. Associa-
tion between lipid levels and major adverse cardiovascular 
events in rheumatoid arthritis compared to non-rheumatoid 
arthritis patients. Arthritis Rheumatol 2015; 67(8):2004-
10. doi: 10.1002/art.39165.

5.	 Sarabi ZS, Saeidi MG, Khodashahi M, Rezaie AE, 
Hashemzadeh K, Khodashahi R, et al. Evaluation of the 
Anti-inflammatory Effects of Atorvastatin on Patients with 
Rheumatoid Arthritis: A Randomized Clinical Trial. Elec-
tron Physician 2016; 8(8):2700-06. Doi: 10.19082/2700.

6.	 Rezaieyazdi Z, Hatef M-R, Maghrebi M, Sedighi S, 
Hashemzadeh K. Association of serum lipid profiles with 
inflammation in autoimmune diseases. Clin Biochem 
2011; 44(13):S171.

7.	 Novikova DS, Popkova TV, Lukina GV, Luchikhina EL, 
Karateev DE, Volkov AV, et al. The Effects of Rituximab 
on Lipids, Arterial Stiffness and Carotid Intima-Media 
Thickness in Rheumatoid Arthritis. J Korean Med Sci 
2016; 31(2):202-07. doi: 10.3346/jkms.2016.31.2.202.

8.	 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, 
Bingham CO, 3rd, et al. 2010 rheumatoid arthritis classi-
fication criteria: an American College of Rheumatology/
European League Against Rheumatism collaborative initi-
ative. Ann Rheum Dis 2010; 69(9):1580-88. doi: 10.1136/
ard.2010.138461.

9.	 Batun Garrido JA, Olan F, Hernandez Nunez E. Dyslipi-
demia and atherogenic risk in patients with rheumatoid 
arthritis. Clin Investig Arterioscler 2016; 28(3):123-31.  
doi: 10.1016/j.arteri.2016.02.002. 

10.	 Boers M, Dijkmans B, Gabriel S, Maradit-Kremers H, 
O’Dell J, Pincus T. Making an impact on mortality in 
rheumatoid arthritis: targeting cardiovascular comorbid-
ity. Arthritis Rheum 2004; 50(6):1734-39.doi: 10.1002/
art.20306.

11.	 Naerr GW, Rein P, Saely CH, Drexel H. Effects of synthet-
ic and biological disease modifying antirheumatic drugs 
on lipid and lipoprotein parameters in patients with rheu-
matoid arthritis. Vascul Pharmacol 2016; 81:22-30. doi: 
10.1016/j.vph.2016.01.006. 

12.	 van Breukelen-van der Stoep DF, van Zeben D, Klop 

B, van de Geijn GJ, Janssen HJ, van der Meulen N, et 
al. Marked underdiagnosis and undertreatment of hy-
pertension and hypercholesterolaemia in rheumatoid 
arthritis. Rheumatology (Oxford) 2016;55(7):1210-16.  
doi: 10.1093/rheumatology/kew039. 

13.	 Maradit-Kremers H, Nicola PJ, Crowson CS, Ballman 
KV, Gabriel SE. Cardiovascular death in rheumatoid ar-
thritis: a population-based study. Arthritis Rheum 2005; 
52(3):722-32. doi: 10.1002/art.20878.

14.	 Nicola PJ, Maradit-Kremers H, Roger VL, Jacobsen SJ, 
Crowson CS, Ballman KV, et al. The risk of congestive 
heart failure in rheumatoid arthritis: a population-based 
study over 46 years. Arthritis Rheum 2005; 52(2):412-20. 
doi: 10.1002/art.20855.

15.	 Garcia-Gomez C, Nolla JM, Valverde J, Gomez-Geri-
que JA, Castro MJ, Pinto X. Conventional lipid profile 
and lipoprotein(a) concentrations in treated patients with 
rheumatoid arthritis. J Rheumatol 2009; 36(7):1365-70.  
doi: 10.3899/jrheum.080928.

16.	 Rantapaa-Dahlqvist S, Wallberg-Jonsson S, Dahlen G. 
Lipoprotein (a), lipids, and lipoproteins in patients with 
rheumatoid arthritis. Ann Rheum Dis 1991; 50(6):366-68. 
doi: 10.1136/ard.50.6.366.

17.	 Lee YH, Choi SJ, Ji JD, Seo HS, Song GG. Lipoprotein(a) 
and lipids in relation to inflammation in rheumatoid ar-
thritis. Clin Rheumatol 2000; 19(4):324-25. doi: 10.1007/
pl00011174.

18.	 Govindan KP, Basha S, Ramesh V, Kumar CN, Swathi S. 
A comparative study on serum lipoprotein (a) and lipid 
profile between rheumatoid arthritis patients and normal 
subjects. J Pharm Bioallied Sci 2015; 7(Suppl 1):S22-25. 
doi: 10.4103/0975-7406.155767.

19.	 Kavanaugh A. Dyslipoproteinaemia in a subset of pa-
tients with rheumatoid arthritis. Ann Rheum Dis 1994; 
53(8):551-52. doi: 10.1136/ard.53.8.551.

20.	 Asanuma Y, Kawai S, Aoshima H, Kaburaki J, Mi-
zushima Y. Serum lipoprotein(a) and apolipo-
protein(a) phenotypes in patients with rheuma-
toid arthritis. Arthritis Rheum 1999; 42(3):443-47.  
doi: 10.1002/1529-0131(199904)42:3 < 443::AID-AN�-
R8>3.0.CO;2-Q.

21.	 Hurt-Camejo E, Paredes S, Masana L, Camejo G, Sartipy P, 
Rosengren B, et al. Elevated levels of small, low-density li-
poprotein with high affinity for arterial matrix components 
in patients with rheumatoid arthritis: possible contribution 
of phospholipase A2 to this atherogenic profile. Arthri-
tis Rheum 2001; 44(12):2761-67. doi: 10.1002/1529-
0131(200112)44:12 < 2761::aid-art463>3.0.co;2-5.

22.	 Myasoedova E, Crowson CS, Kremers HM, Fitz-Gibbon 
PD, Therneau TM, Gabriel SE. Total cholesterol and LDL 
levels decrease before rheumatoid arthritis. Ann Rheum 
Dis 2010; 69(7):1310-14. doi: 10.1136/ard.2009.122374. 

23.	 Choy E, Sattar N. Interpreting lipid levels in the context of 
high-grade inflammatory states with a focus on rheuma-

https://doi.org/10.19082/2700
https://doi.org/10.1002/art.20306
https://doi.org/10.1002/art.20306
https://doi.org/10.1002/art.20878
https://doi.org/10.1002/art.20855
https://doi.org/10.1136/ard.50.6.366
https://doi.org/10.1007/pl00011174
https://doi.org/10.1007/pl00011174
https://doi.org/10.1136/ard.53.8.551
https://doi.org/10.1002/1529-0131(199904)42:3%3c443::AID-ANR8%3e3.0.CO;2-Q
https://doi.org/10.1002/1529-0131(199904)42:3%3c443::AID-ANR8%3e3.0.CO;2-Q
https://doi.org/10.1002/1529-0131(200112)44:12%3c2761::aid-art463%3e3.0.co;2-5
https://doi.org/10.1002/1529-0131(200112)44:12%3c2761::aid-art463%3e3.0.co;2-5


92

Lipid profile, Lp (a), and RA                                                                                                                   Rezaieyazdi  et al.

Rheumatology Research., Vol. 4, No. 3, July. 2019

toid arthritis: a challenge to conventional cardiovascular 
risk actions. Ann Rheum Dis 2009; 68(4):460-69. doi: 
10.1136/ard.2008.101964.

24.	 Steiner G, Urowitz MB. Lipid profiles in patients with 
rheumatoid arthritis: mechanisms and the impact of treat-
ment. Semin Arthritis Rheum 2009; 38(5):372-81. doi: 
10.1016/j.semarthrit.2008.01.015.

25.	 Yoo WH. Dyslipoproteinemia in patients with active 
rheumatoid arthritis: effects of disease activity, sex, and 
menopausal status on lipid profiles. J Rheumatol 2004; 
31(9):1746-53.

26.	 Park YB, Choi HK, Kim MY, Lee WK, Song J, Kim DK, 
et al. Effects of antirheumatic therapy on serum lipid lev-
els in patients with rheumatoid arthritis: a prospective 
study. Am J Med 2002; 113(3):188-93. doi: 10.1016/
s0002-9343(02)01186-5.

27.	 Dessein PH, Christian BF, Solomon A. Which are the 
determinants of dyslipidemia in rheumatoid arthritis and 
does socioeconomic status matter in this context? J Rheu-
matol 2009; 36(7):1357-61. doi: 10.3899/jrheum.090288.

28.	 White D, Fayez S, Doube A. Atherogenic lipid profiles in 
rheumatoid arthritis. N Z Med J 2006; 119(1240):U2125.

29.	 Cacciapaglia F, Anelli MG, Rinaldi A, Serafino L, Covelli 
M, Scioscia C, et al. Lipid profile of rheumatoid arthri-
tis patients treated with anti-tumor necrosis factor-alpha 
drugs changes according to disease activity and predicts 
clinical response. Drug Dev Res 2014; 75 Suppl 1:S77-80. 
doi: 10.1002/ddr.21203.

30.	 Schimmel EK, Yazici Y. Increased lipid levels but un-

changed atherogenic index in rheumatoid arthritis patients 
treated with biologic disease modifying antirheumatic 
drugs: published experience. Clin Exp Rheumatol 2009; 
27(3):446-51.

31.	 Kolahi S, Pourghassem Gargari B, Mesgari Abbasi M, 
Asghari Jafarabadi M, Ghamarzad Shishavan N. Effects 
of phylloquinone supplementation on lipid profile in 
women with rheumatoid arthritis: a double blind placebo 
controlled study. Nutr Res Pract 2015; 9(2):186-91. doi: 
10.4162/nrp.2015.9.2.186.

32.	 Hage MP, Al-Badri MR, Azar ST. A favorable effect of hy-
droxychloroquine on glucose and lipid metabolism beyond 
its anti-inflammatory role. Ther Adv Endocrinol Metab 
2014; 5(4):77-85. doi: 10.1177/2042018814547204.

33.	 Rempenault C, Combe B, Barnetche T, Gaujoux-Viala 
C, Lukas C, Morel J, et al. Metabolic and cardiovascular 
benefits of hydroxychloroquine in patients with rheuma-
toid arthritis: a systematic review and meta-analysis. Ann 
Rheum Dis 2018; 77(1):98-103. doi: 10.1136/annrheum-
dis-2017-211836.

34.	 Kerr G, Aujero M, Richards J, Sayles H, Davis L, Cannon 
G, et al. Associations of hydroxychloroquine use with lipid 
profiles in rheumatoid arthritis: pharmacologic implica-
tions. Arthritis Care Res (Hoboken) 2014; 66(11):1619-
26. doi: 10.1002/acr.22341.

https://doi.org/10.1016/s0002-9343(02)01186-5
https://doi.org/10.1016/s0002-9343(02)01186-5

