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ORIGINAL ARTICLES

The metabolic effects of TNF inhibitors in 
rheumatoid arthritis patients

ABSTRACT
Objective. Cardiovascular disease (CVD) is considered to be the main cause of morbidity and mortality in rheu-
matoid arthritis (RA) patients. Tumor necrosis factor alpha (TNF), an important pro-inflammatory cytokine, has a 
multivalent role in the pathogenesis of RA. It is also responsible for the glucose metabolism related alterations and 
for the increased levels of serum lipids found in these patients. We aimed to evaluate the effects of TNF inhibitors 
on lipid and glucose metabolism in patients with active RA.
Methods. We performed a prospective study in 117 consecutive patients with active RA undergoing periodic 
treatment with TNF inhibitors – Adalimumab (ADA), Etanercept (ETA), Infliximab (IFX) –, combined with conven-
tional synthetic disease modifying antirheumatic drugs (csDMARDs), according to the national recommendations 
for the treatment of RA. At the time of the enrollment, all patients were assessed according to a predefined proto-
col including demographics and RA-related parameters (inflammatory syndrome, disease activity, medication) as 
well as metabolic biomarkers such as total cholesterol (TC), HDL cholesterol (HDL-C), LDL cholesterol (LDL-C), 
triglycerides (TG) and serum glucose level. Statistical analysis was performed in STATA 12/SE software, p<0.05.
Results. We demonstrated a significant decrease in TC, TG and fasting glucose levels, particularly in patients 
treated with ADA and ETA (p<0.05). Moreover, we noticed a significant correlation between the mean levels of 
lipid and glucose and inflammatory parameters (ESR and CRP), but not with DAS28-CRP. The same strong 
correlation was demonstrated between the decrease of TC and TG values (∆TC and ∆TG, respectively) and the 
decrease of CRP and ESR values (∆CRP and ∆ESR, respectively), that is not maintained with DAS28-CRP score.
Conclusions. TNF inhibitors, particularly ADA and ETA are able to decrease serum levels of both lipid and glu-
cose metabolism in patients with active RA in long-term administration, indirectly modulating the cardio-vascular 
risk. 
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INTRODUCTION
Cardiovascular disease (CVD) is considered to 

be the main cause of morbidity and mortality in 
rheumatoid arthritis (RA) patients, the risk of death 
being up to 50% bigger than in general population 
[1]. Some of the drivers of these statistical data are 
the metabolic changes associated with the disease 
itself and the medication [2]. Many studies showed 
an increased prevalence of metabolic syndrome 
among patients with RA, with differences between 
studies, depending on the different assessment crite-
ria, disease duration and activity [3]. Tumor necrosis 

factor alpha (TNF), an important pro-inflammatory 
cytokine, has a multivalent role in the pathogenesis 
of RA. It is also responsible for the glucose metabo-
lism related alterations and for the increased levels 
of serum lipids found in these patients [4]. Despite 
the increased risk of CVD, the prevalence of dyslip-
idemia in RA patients is not significantly different 
from the general population [5]. Recent studies re-
veal that, in early RA, the levels of total cholesterol 
(TC) and LDL cholesterol (LDL-C) are decreased, 
while other studies demonstrate a high level of TC, 
LDL and HDL cholesterol (HDL-C) [6]. 

Ref: Ro J Rheumatol. 2019;28(4)
DOI:  10.37897/RJR.2019.4.3

Article History: 
Received: 11 November 2019 
Accepted: 28 November 2019

Alexandra Jitaru1,2, Maria Magdalena Leon-Constantin1,3, Cristina Pomirleanu2,4, 
Codrina Ancuta2,4, Florin Mitu1,3

1Department of Medical Semiology, “Grigore T. Popa” University of Medicine and Pharmacy, Iasi, Romania
22nd Rheumatology Department, Clinical Rehabilitation Hospital, Iasi, Romania

3Cardiovascular Rehabilitation Department, Clinical Rehabilitation Hospital, Iasi, Romania
4Department of Rheumatology and Rehabilitation, “Grigore T. Popa” University of Medicine and Pharmacy, 

Iasi, Romania



145Romanian JouRnal of Rheumatology – Volume XXViii, no. 4, 2019

TNF inhibitors – Adalimumab (ADA), Etaner-
cept (ETA), Infliximab (IFX), Golimumab (GLM) 
and Certolizumab pegol (CZM) – are known to re-
duce disease activity and improve patient quality of 
life in RA [7]. However, their impact on the cardio-
vascular risk remains controversial, especially relat-
ed to the lipid and glucose metabolism. Recent stud-
ies of lipid profiles in RA patients reveal that TNF 
inhibitors and interleukin-6 receptor (IL-6R) inhibi-
tors, in monotherapy, worsen lipid and glucose lev-
els, while combination therapy (conventional syn-
thetic and biological agents) has a positive impact, 
especially when biological agents are associated 
with hydroxychloroquine (8).

Our study aimed to evaluate the effects of TNF 
inhibitors on metabolic parameters (serum lipids and 
glucose) in patients with active RA and to identify 
corelations between metabolic and inflammatory 
biomarkers as well as disease activity.

MATERIAL AND METHODS

Patient population

We assessed a cohort of 117 consecutive patients 
with RA undergoing periodic treatment with TNF 
inhibitors (ADA, ETA, IFX) as their first biologic, 
combined with conventional synthetic disease 
modifying anti-rheumatic drugs (csdmards), ac-
cording to the National Protocol and European 
League Against Rheumatism (EULAR) recommen-
dations for the treatment of RA [9,10]. They were 
recruited from the Outpatient Rheumatology De-
partment, Clinical Rehabilitation Hospital in Iasi 
and followed-up for a period of 3 years (01.01.2016 
– 31.12.2018). All patients were 18 years or older
and fulfilled the 1987 and 2010 classification criteria
for RA [11,12]. Also, they had preexistent CVD (ar-
terial hypertension, coronary disease, heart failure,
stroke). Based on their TNF inhibitor, the partici-
pants were divided in 3 subgroups as follows: 51 pa-
tients treated with ADA, 38 patients treated with
ETA and 28 receiving IFX.

 At the time of enrollment, all patients were as-
sessed according to the same complex protocol in-
cluding (i) demographic parameters - age, gender, 
smoking status, body mass index (BMI); (ii) disease-
related parameters - disease duration, stage, clinical 
(tender and swollen joint count on 28 evaluable 
joints, morning stiffness, pain on Visual Analog 
Scale (VAS), erythrocyte sedimentation rate (ESR) 

and C reactive protein (CRP), disease activity score 
(DAS28-CRP) and disability (HAQ-DI), concomi-
tant medication (csDMARDs); and (iii) metabolic 
parameters - total cholesterol (TC) and fractions 
HDL cholesterol (HDL-C), LDL cholesterol (LDL-
C) and triglycerides (TG) and serum glucose level.

Patients with a medical history of cardiac surgery 
or myocardial infarction or stroke 6 months before 
the onset, or diagnosed with diabetes mellitus (DM) 
and/or dyslipidemia, as well as those undergoing 
corticosteroid or statin therapy were not included in 
the study. 

ADA and ETA were administered subcutaneous-
ly at a dose of 40 mg every 2 weeks and 50 mg every 
week, respectively. IFX was administered intrave-
nously at a dose of 3 mg/kg at 0, 2 and 6 weeks, then 
every 8 weeks.

Study protocol

Blood samples were taken at the onset and the 
end of the study. Serum glucose, TC, HDL-C, LDL-
C and TG levels were measured by standard auto-
mated methods on every participant, at the onset and 
the end of the study (at 52 weeks). ESR was deter-
mined using the Westergren method and CRP by la-
tex immuno-turbidimetry. The other parameters 
were assessed according to the national protocol (ev-
ery 6 months). 

The study protocol was approved by the local in-
stitutional ethics committee. All patients gave in-
formed consent to participate in this study previous 
to their inclusion. 

Statistical analysis

Statistical analysis was performed using STATA 
12/SE (StataCorp, College Station, TX, USA). Dif-
ferences statistically significant were considered at 
p<0.05. Results were reported as mean ± standard 
deviation (SD) and t-student test was used for the 
comparison of normally distributed variables be-
tween groups. 

RESULTS
We assesed 117 consecutive patients with RA and 

concomitant CVD, undergoing TNF inhibitors and 
csDMARDS for their active disease. All patients 
were bio-naïve at the enrollment in the study and 
44% received ADA, 32% received ETA and 24% re-
ceived IFX. 
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Baseline assessment

Baseline characteristics of the patients enrolled in 
the study are shown in table 1. More than half of our 
patients were women (63.38%), with mean age of 
56.8±11.7 years and mean BMI of 31.3±11.6; the 
majority were classified as having established RA 
and had seropositive (rheumatoid factor and anti-
cyclic citrullinated peptide antibodies) disease 
(88.03%). Furthermore, all patients presented with 
moderate to severe active disease, with a mean 
DAS28-CRP of 5.88 ± 0.8.

About one third had arterial hypertension 
(31.3%), 12.5% coronary heart disease, 6.3% stroke, 
while 1.3% moderate heart failure.

Baseline serum levels of lipid parameters were 
above the normal range (TC 238.49±34.91 mg./dl, 
HDL-C 71.66±17.43 mg/dl, LDL-C 146.7±28.08 
mg/dl, TG 178.3±21.5 mg/dl), indirectly suggesting 
an increased cardiovascular risk among our RA pa-
tients. Also, the baseline serum glucose was higher 
than the normal limits (117.5±17.29), as seen in ta-
ble 1.

TABLE 1. Baseline characteristics of the patients 
enrolled in the study
Age at onset (years) 56.08 ± 11.76
Women (%) 80 (63.38%)
Disease duration (months) 140 ± 108.48
Non-smokers (%) 90 (76.56%)

BMI (kg/m2) 31.3 ± 11.6
Rheumatoid factor (RF) positive (n, %) 103 (88.03%)
Anti-citrullinated peptide antibody 
(ACPA) positive (n, %)

76 (64.95%)

Disease activity

DAS28-CRP 5.88 ± 0.8
Tender joint count (0-28) 6.5 ± 7.35
Swollen joint count (0-28) 6.1 ± 4.62
Visual Analog Scale (VAS) patient 
disease activity

75.3 ± 14.72

CRP(mg/l) 11.47 ± 4.92
ESR (mm/1 hour) 33.23 ± 7.47
Cardiovascular comorbidities

Arterial hypertension (n, %) 37 (31.3%)
Stroke (n, %) 7 (6.3%)
Coronary disease (n, %) 15 (12.5%)
Heart failure (n, %) 2 (1.3%)
Metabolic parameters

TC (mg/dl) 238.49 ± 34.91
HDL-C (mg/dl) 71.66 ± 17.43
LDL-C (mg/dl) 146.7 ± 28.08
TG (mg/dl) 178.3 ± 21.5
Fasting glucose (mg/dl) 117.5 ± 17.29

csDMARDs

Methotrexate (MTX) (n, %) 66 (56.41%)
Leflunomide (LEF) (n, %) 28 (23.93%)
Sulfasalazine (SSZ) (n, %) 6 (5.12%)
Biological DMARDs

ADA 51 (44%)
ETA 38 (32%)
IFX 28 (24%)

BMI, body mass index; RF, rheumatoid factor; ACPA, anti-citrullinated 
peptide antibody; DAS28-CRP, disease activity score by evaluation of 28 
joints; VAS, Visual Analog Scale; CRP, C-reactive protein; ESR, erytro-
cytes sedimentation rate; HAQ, Health Assessment Questionnaire; DM, 
diabettes mellitus; TC, total cholesterol; HDL, high density lipoprotein; 
LDL, low density lipoprotein; TG, triglycerides; csDMARDs, conventional 
synthetic Disease Modifying Anti Rheumatic Drugs; MTX, Methotrex-
ate; LEF, Leflunomide; SSZ, Sulfasalazine; ADA, Adalimumab; ETA, Etan-
ercept; IFX, Infliximab 

52-weeks assessments

Globally, we reported significant improvement in
all clinical and lab parameters as well as disease ac-
tivity score at 52 weeks of treatment, the majority of 
patients reaching moderate or even low disease ac-
tivity as supported by DAS28-CRP, indicating drug 
efficacy; also subgroup analysis showed significant 
improvement of disease activity as compared to 
baseline (table 2).

We also noticed a significant decrease of the 
mean levels of lipid parameters as well as serum glu-
cose at the final evaluation, as seen in table 2.

Subgroup analysis showed a decrease in TC, TG 
and fasting glucose levels in patients treated with 
ADA (figure 1): both TC and TG values decreased 
significantly, the difference between the 2 graphical 
curves being relatively constant.

Among the patients treated with ETA, there is 
also a decrease in the values of TC, TG and glucose. 
Similar to ADA, a significant decrease is recorded 
especially for the TC and TG values, the distance 
between the 2 graph lines being relatively constant 
(figure 2).

For the particular case of IFX treatment, a de-
crease in TC, TG and glucose levels is generally ob-
served; however, it is easy to notice that the decrease 
of the serum levels of metabolic parameters is sig-
nificant only for some patients, while in others it is 
negligible or there even increased (figure 3).

A strong correlation was observed between the 
decrease of TC and TG values (∆TC and ∆TG, re-
spectively) and the decrease of CRP and ESR values 
(∆CRP and ∆ESR, respectively), illustrated by the 
trend of polynomial curves of the values recorded 
among the patients; there is also a weaker correlation 
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TABLE 2. Evolution of the disease activity and metabolic parameters in each study subgroup
Parameters ADA ETA IFX
Disease activity Initial Final Initial Final Initial Final
DAS28-CRP 5.8±0.8 2.78±0.75 5.95±0.89 2.79±0.68 5.9±0.87 2.98±2.8
CRP (md/dl) 11.78±5.21 2.71±1.81 11.92±4.45 2.34±1.69 10.29±4.82 2.75±1.72
ESR (mm/1h) 34±7.07 21.5±6.24 31.74±7.26 20.58±6.7 32.86±8.03 25.25±7.73
Patient global 
assessment 0-100

74.55±14 54.51±9 78.08±14.8 54.71±8.9 72.93±15.32 65.32±7.86

Metabolic markers
TC (mg/dl) 238.51±31.47 206.57±14.38 240.32±37.03 201.55±14.79 236±37.68 220.79±15.21
HDL-C (mg/dl) 68.59±17.47 55.82±8.86 77.13±17.07 55.21±8.98 69.86±16.05 61.57±9.24
LDL-C (mg/dl) 148.14±26.82 118.39±12.33 145±31.13 120±13.22 146.43±25.78 132.11±14.77
TG (mg/dl) 175.51±22.43 153.8±15.76 181.26±21.28 151.95±17.14 179.64±19.56 164.25±18.53
GLC (mg/dl) 118.61±17.89 102.45±8.67 119.95±16.19 98.97±10.02 112.93±16.73 102.75±10.37

DAS28, Disease Activity Score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; VAS, Visual Analog Scale; TC, 
total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides; GLC, serum glucose

FIGURE 1. Evolution of TC, TG and glucose values in patients undergoing ADA therapy
(graphically illustrated by the areas delimited by the initial and final polynomial trend)

FIGURE 2. Evolution of TC, TG and glucose values in patients undergoing ETA therapy
(graphically illustrated by the areas delimited by the initial and the final trend)
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with the decrease of the DAS28-CRP score, suggest-
ed by a similar trend, but with a higher error (figure 
4).

DISCUSSION
We performed a study on a significant cohort of 

active RA patients, presenting different disease sub-
types (seropositive, seronegative), with concomitant 
CVD, receiving TNF inhibitors combined with csD-
MARDs for 52 weeks. We assessed the impact of the 

medication on metabolic parameters (lipids and se-
rum glucose) and, indirectly on the cardiovascular 
risk. Our results clearly demonstrated the dynamic 
decrease of these parameters, both globally and in 
subgroup analysis, particularly in patients under 
ADA and ETA therapy. Furthermore, the study the 
study showed an important correlation with inflam-
matory syndrome, but not with the composite score 
of disease activity.

The results obtained are consistent with the data 
from the literature, especially regarding the treat-

FIGURE 3. Evolution of TC, TG and glucose values in patients undergoing IFX therapy 
(illustrated graphically by the areas delimited by the initial and final polynomial trend)

FIGURE 4. The correlation between ∆CRP, ESR, TC, TG and glucose and normalized DAS28-CRP
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ment with IFX. Concerning the treatment with ADA 
and ETA, the data are contradictory; there are studies 
that show a less significant impact of the therapy 
with biological agents on the lipid and glucose me-
tabolism as compared to our results.

Different studies have already evaluated the car-
diovascular safety of TNFα inhibitors and other non-
TNF drugs as well as their influence on cardiovascu-
lar risk factors in patients with active RA. 
Nurmohamed et al. [13] evaluated the impact of in-
dividual TNF inhibitors on different risk factors; 
they concluded that ADA treatment did not show 
any effect on TC or TG values, while HDL choles-
terol and LDL cholesterol showed slight increases. 
Moreover, ADA therapy resulted in a significant re-
duction in CRP level. The myocardial infarction rate 
was 0.3-0.6%, while the stroke rate was 0.3%, and 
the incidence of thromboembolic events was higher 
in patients with immunogenicity phenomena, espe-
cially in those who developed anti-ADA antibodies 
(2.5%), unlike those without these modifications 
(0.8%). Regarding the administration of ETA, an in-
crease of HDL-C was observed, without significant 
effects on LDL-C and TG. There were also marked 
decreases in CRP and DAS28-CRP values, as well 
as a low rate of major cardiovascular events (1%). 
However, in patients with diabetes mellitus and/or 
chronic lung disease, the rate of these complications 
was higher. Data about IFX were quite controversial, 
but consistent with those obtained in our research. 
Thus, increases in TC, HDL-C and TG values were 
observed along with a less significant effect on LDL-
C; serum CRP levels remained low during IFX ther-
apy, as well as the rate of major cardiovascular 
events such as myocardial infarction or stroke [13].

An interesting paper regarding the association 
between dyslipidemia and inflammation in RA was a 
case-control study published in 2018 by Clarke et 
al.; they assessed 1905 patients highlighting the im-
portant correlation between pro-inflammatory cyto-
kines and the modification of lipid biomarkers. Al-
though TNFα is directly involved in this phenomenon, 

significant results were also obtained in relation to 
IL-6, this cytokine having the strongest association 
with cardiovascular disease. As a result, the level of 
IFNγ, which is known to be modulated by IL-6, is 
directly proportional to cardiovascular risk. Thus, 
after modulation of IL-6 levels, the association be-
tween IFN-γ and CVD is significantly decreased 
[14].

It is important to mentioned another longitudinal 
cohort study, carried out by Audrey et al. and pub-
lished in 2017 over a period of 5 years and including 
6902 patients with active RA, demonstrating that 
TNF inhibitors are associated with a lower cardio-
vascular risk, compared to the synthetic immuno-
suppressive therapy; moreover, TNFα inhibitors 
have a higher protective effect than IL-12/23 inhibi-
tors [15].

Finally, we can conclude that RA patients under-
going TNF inhibitors therapy had an indirect reduc-
tion of cardiovascular risk.

Returning to our study, we consider that our re-
sults are relevant for routine medical practice in Ro-
mania; indeed, the study has several limits that are 
worth mentioning: the short duration of follow-up, a 
rather classic than extensive evaluation of lipid me-
tabolism, as well as the absence of a control group. 
Further studies are needed in larger cohorts of RA 
patients, with a more complex evaluation of the met-
abolic parameters (including apolipoprotein A, gly-
cated hemoglobin) not only related to TNF inhibi-
tors, but also to other biological DMARDs. We also 
consider relevant to assess other disease activity 
scores (SDAI, CDAI) than DAS28-CRP and their 
relation with lipid and glucose metabolism.

CONCLUSIONS
The result of our study demonstrated that the lev-

els of TC, TG and glucose directly correlate with 
disease activity in RA patients (DAS28-CRP, ESR, 
CRP). Moreover, the TNFα blockade is associated 
with lower cardiovascular risk in these patients. 
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