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Objectives: To evaluate the effect of treatment with adalimumab on blood lipid levels, lipoproteins, and
atherosclerosis of the carotid artery.

Key words: Methods: Fourteen patients with active rheumatoid arthritis (11 women and 3 men; mean age 63.7 years;
AIEGFOSCIGFOSiS median disease duration 9.0 years; and 78% rheumatoid factor positive) were treated with adalimumab
Lipids 40 mg subcutaneously every 2 weeks and followed for 3 months. The patients had not been treated

Rheumatoid arthritis

INF inhibitors with adalimumab previously and had not received other tumor necrosis factor inhibitors within the past

3 months or moderate/high dose corticosteroids within the past 2 weeks. The intima-media thickness
of the common carotid artery was assessed using B mode ultrasonography. Triglycerides, total choles-
terol, LDL cholesterol, and HDL cholesterol levels were analyzed in fresh fasting blood samples, whereas
apolipoprotein B and apolipoprotein A1 (apoA1) levels were determined in thawed plasma samples using
standard turbidimetric immunoassays.
Results:  Total cholesterol (mean=5.36 vs 5.96 mmol/L; P=0.005), LDL cholesterol (mean=3.33 vs
3.77 mmol/L; P=.005), HDL cholesterol (mean=1.43 vs 1.55 mmol/L; P=0.048), apolipoprotein B
(mean=1.04 vs 113 g/L; P=.012), and apoAl (mean=142 vs 1.58 g/L; P=0.005) all increased, but
there were no major changes in the LDL to HDL cholesterol ratio (median=2.56 vs 2.35; P=0.27) or
the apolipoprotein B to apoA1 ratio (mean=0.76 vs 0.74; P=0.46). There was no change in triglyceride
levels (P=0.55). Disease activity decreased significantly from baseline to the 3-month evaluation (dis-
ease activity score based on 28 joints mean=5.6 vs 4.1; P=0.007). An increase in apoA1 correlated with
decreases in the patient global assessment of disease severity (r=0.79; P=0.001) and C-reactive pro-
tein level (r=0.74; P=0.003). Changes in the apoliprotein B to apoA1l ratio correlated with changes in
erythrocyte sedimentation rate (r=0.54; P=0.046). There was no major change in the common carotid
artery intima-media thickness (mean=0.78 vs 0.80 mm; P=0.48).
Conclusions: Although these results suggest that control of inflammation could have a beneficial effect on
the lipid profile through an increase in HDL cholesterol levels, the observed protective effect on cardio-
vascular disease events by tumor necrosis factor blockers is likely to be explained by other mechanisms
than changes in lipid levels or short-term effects on atherosclerosis of the carotid artery.
© 2018 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disease
characterized by chronic polyarthritis, with progressive, erosive
joint damage and extensive disability. Patients with RA also have
an increased mortality compared with the general population, in
particular from cardiovascular disease (CVD).! This excess risk is
not explained by traditional risk factors for CVD.! A large number
of studies have demonstrated an increased rate of cardiovascular
events in patients with RA.Z Predictors of CVD in patients with RA
include disease severity measures such as elevated serum markers
of inflammation,? severe disability, and systemic extra-articular
disease manifestations.” Although overall rates of CVD have de-
creased in many countries, including Sweden, in recent years, the
extent of the excess risk in patients with RA has been demon-
strated to be stable over time.5”

Treatment with tumor necrosis factor (TNF) inhibitors has
been shown to be effective in RA.8-'' TNF inhibitors are cur-
rently recommended for the treatment of patients with active dis-
ease despite monotherapy with conventional synthetic disease-
modifying anti-rheumatic drugs (DMARDs),'?!> in particular those
with prognostically unfavorable factors.'? In the era of more ef-
fective treatment of RA, quality of life has improved in many
patients.!41>

Active antirheumatic treatment may also contribute to re-
duced risk of CVD. An observational study demonstrated re-
duced CVD-related mortality in patients with RA treated with
methotrexate (MTX).16 An association between lower CVD risk
and anti-TNF treatment has also been found in a number of ob-
servational studies.'”'® In particular, patients with an adequate
clinical response to TNF inhibitors have been shown to have
a reduced risk of CVD,920 suggesting that control of inflam-
mation may prevent RA-related cardiovascular events. However,
the mechanisms underlying such associations are not completely
understood.

In observational studies, an increase of serum lipid levels
in patients treated with TNF inhibitors has consistently been
demonstrated.”’~?> This has been attributed to reversal of the
catabolic effect of inflammation, which is known to affect serum
lipid levels in RA.2* By contrast, in a meta-analysis of random-
ized controlled trials (RCTs), the risk of hyperlipidemia was not
significantly increased in patients treated with TNF inhibitors
compared with control RA patients.?”> Differences in case selec-
tion between RCTs and observational studies may explain such
discrepancies.

Treatment with tocilizumab, a monoclonal antibody directed
against the interleukin-6 receptor, has also been shown to increase
lipid levels in patients with RA.%5 In a direct comparison, increases
in serum cholesterol levels were greater in RA patients treated
with tocilizumab compared with those receiving adalimumab.?’
Treatment with janus kinase (JAK) inhibitors has also been re-
ported to increase lipid levels.?® The clinical relevance of these ef-
fects is unclear.

A number of studies have evaluated markers of atherosclerotic
vascular disease in patients with RA treated with TNF inhibitors.
In such studies, intima-media thickness (IMT) of the carotid artery,
which is a validated and reproducible measure of early atheroscle-
rosis,?? has been reported to be improved,??>! or to have a re-
duced rate of progression compared with control RA patients.3%33
These reports included patients treated with a mix of different
TNF inhibitors, and did not differentiate between individual drugs.
Whether TNF inhibitors differ in their effect on the risk of CVD is
unknown. There is limited information on changes in IMT during
treatment with adalimumab.

The aim of this study was to investigate the effect of treatment
with the adalimumab, a fully human, monoclonal anti-TNF anti-

body, on blood lipid levels, lipoproteins, and atherosclerosis in a
Phase IV clinical trial of patients with RA.

Subjects and Methods
Study design

This was a single-center, open label, Phase IV clinical trial of
adalimumab for the treatment of RA. The purpose was to evaluate
the effect of adalimumab on vascular markers and blood lipid lev-
els after 3 months of treatment. The trial was conducted according
to the Code of Ethics of the World Medical Association (Declara-
tion of Helsinki). All participating patients gave their written in-
formed consent to participate. The study was approved by the Re-
gional Ethical Review Board for southern Sweden (Lund, Sweden),
and also approved as a clinical trial by the Swedish Medical Prod-
ucts Agency. The study was monitored according to a standard pro-
tocol by an independent agent. This study is registered with Clini-
calTrials.gov (identifier No. NCT01270087). Results from evaluation
of vascular endothelial markers in skeletal muscle®* and serum cy-
tokine profiles®> from this study have been published previously.

Inclusion and exclusion criteria

Consecutive patients with a clinical diagnosis of RA fulfilling
the 1987 American College of Rheumatology classification crite-
ria for RA3® for whom treatment with adalimumab was indicated
according to a rheumatologist, were included. They had to have
been nonresponders to at least 1 DMARD. Additional inclusion cri-
teria were at least 6 swollen joints in the 28-joint index,>’ and a
C-reactive protein (CRP) level >8 mg/L at >1 occasion within the
past 3 months.

Patients were excluded if they had been treated with anti-TNF
drugs during the 3 months before inclusion, received intravenous
corticosteroids within 14 days before inclusion, and if they had on-
going treatment with oral moderate to high-dose corticosteroids
(equivalent to >20 mg prednisolone daily) or had completed such
treatment <15 days before inclusion.

The protocol for the study included a muscle biopsy at baseline
and at the 3-month evaluation. Details on these procedures and
tissue evaluation studies, and the results of these analyses, have
been described in a separate report.>* Patients with contraindica-
tions to muscle biopsy, such as severe bleeding disorder, extensive
or refractory leg ulcers, or severe peripheral vascular disease, were
also excluded from the study.

Treatment

All patients were started on adalimumab, administered as sub-
cutaneous injections of 40 mg every 14 days. Current treat-
ment with DMARDs, glucocorticosteroids, and nonsteroidal anti-
inflammatory drugs was continued. No change in the doses of
these medications was allowed during the study period.

Clinical evaluation

Patients were evaluated at baseline and after 3 months for RA
disease activity, using standard clinical measures (ie, number of
swollen joints and number of tender joints, using the 28-joint in-
dex®’) and patient reported outcomes (health assessment ques-
tionnaire [HAQ] disability index?), patient’s assessment of pain
(visual analog scale of 0-100), and patient’s global assessment of
disease activity (visual analog scale of 0-100). The composite Dis-
ease Activity Score based on 28 joints (DAS28) was calculated, as
previously described.?” Changes in disease activity (DAS28) from
baseline to the 3-month follow-up were categorized according to
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the European League Against Rheumatism response criteria.? Clin-
ical remission was defined as DAS28 < 2.6.%7

In addition, a standard general physical examination was per-
formed, and data on medications and cardiovascular risk factors
such as smoking, current hypertension, and history of cardiovas-
cular events were recorded through a structured clinical interview.
Blood pressure was measured with a mercury sphygomanometer
to the nearest 5 mm Hg with the patient supine, after 10 minutes
of rest.

Laboratory investigations

Fasting blood samples were drawn on the same day as the clini-
cal evaluation, at inclusion and after 3 months of treatment. Serum
and plasma was stored at -70 °C.

Antibodies to cyclic citrullinated peptides were detected with
ELISA second generation test (Eurodiagnostica, Malmo, Sweden),
whereas rheumatoid factor and CRP were quantified using neph-
elometry (Beckman Image; Beckman Coulter, Fullerton, California).
The erythrocyte sedimentation rate (ESR) was determined using
the Westergren method.

Triglycerides, total cholesterol, LDL cholesterol, and HDL choles-
terol levels were analyzed in fresh serum samples, using stan-
dard methods at the Department of Clinical Chemistry, Malmo Uni-
versity Hospital. Apolipoprotein B (apoB) and apolipoprotein Al
(apoA1) levels were determined in thawed plasma samples, at a
single time point after study completion, using standard turbidi-
metric immunoassays, at the Department of Clinical Chemistry,
Malmé University Hospital.

Ultrasonography

On the same day as the clinical evaluation, the IMT of the com-
mon carotid artery (CCA) was assessed using B mode ultrasonog-
raphy. For this investigation, an Acuson128 Computed Sonography
System (Acuson, Mountain View, California), with a 7 MHz trans-
ducer, was used. The examination procedure and the image analy-
sis system have been described previously.?>#%-4! In brief, using a
standardized procedure, longitudinal images showing the intima-
media complex along at least 1 ¢cm of the CCA proximal to the
bifurcation were recorded for offline analysis. The images were
captured in end-diastole by R-trigging in an electrocardiogram
recording. Images were analyzed offline by the sonographer ac-
cording to a strict protocol and by means of a computerized image-
analysis system.*0 Leading edges of wall layer echoes were out-
lined on the frozen video image by using a digitizer. The computer
calculated IMT as the mean thickness along a 1-cm portion of
the far wall of the vessel. Repeated examinations were performed
without knowledge of the results of previous examinations. The
identity of all patients, and the timing of the investigation (base-
line vs end of study), were coded to minimize the possibility of ob-
server bias. Mean values of 3 examinations of the left and the right
CCA were calculated, and the average CCA-IMT values for each pa-
tient were determined.

Most previous studies of changes in CCA-IMT have used a
longer follow-up than 3 months. However, several studies inves-
tigating effect of antidiabetes treatment using pioglitazone*? or
dipeptidyl peptidase-4 inhibitors*> have demonstrated meaningful
changes in CCA-IMT already after 3 months.

Statistical analyses

Normality of distribution for parameters at baseline and at
follow-up, and for changes over time, was examined using the
Shapiro-Wilk test. For comparison of findings at baseline and af-
ter 3 months treatment, the paired t test was used for parame-

Table 1

Baseline characteristics of the included patients with rheumatoid arthritis.
Characteristic Result
Sample size 14
Sex 11 female / 3 male
Age at inclusion, y* 63.7 (8.9)
Disease duration, y' 9.0 (2.6-11.6)
Rheumatoid factor positive* 11 (78)
Positive for antibodies to cyclic citrullinated peptides* 13 (93)
Methotrexate treatment at inclusion? 8 (57)
Prednisolone treatment at inclusion’ 9 (64)
Current smoker* 7 (50)
Systolic blood pressure, mm Hg* 134 (14)
Diastolic blood pressure, mm Hg 77 (12)

* Values are presented as mean (SD).
T Value is presented as median (interquartile range).
¥ Values are presented as n (%).

ters with a change demonstrating a normal distribution (eg, apoB
to apoA1l ratio and CCA-IMT). For parameters without a normal
distribution of the change (eg, CRP level and LDL to HDL choles-
terol ratio), the Wilcoxon sign-rank test was used. Pairwise corre-
lations between changes in different parameters from baseline to
3 months were assessed using Pearson test and Spearman test, as
appropriate.

Results
Clinical baseline characteristics

A total of 14 patients (79% women) with active RA were in-
cluded (Table 1). Of these, 8 were taking MTX, with a mean dose
of 18.75 mg/wk (range =10-25 mg/wk). The other 6 had previ-
ously been treated with MTX. Nine patients were taking pred-
nisolone (median dosage =5 mg/d, range =5-10 mg). Two patients
had been treated with anti-TNF drugs in the past. One patient had
stopped her only previous anti-TNF treatment just more than 3
months before the start of the study. The other had received 2
previous TNF inhibitors, the last of which was stopped more than
18 months before inclusion. Both these patients had discontinued
anti-TNF treatment due to adverse events. No patient had been
treated with other biologic DMARDs than TNF inhibitors, or with
JAK inhibitors. Ten patients had previously been treated with 1 or
more other conventional synthetic DMARDs, mainly sulphasalazine
(n=7) and antimalarial agents (n=>5).

The majority of patients were rheumatoid factor and/or posi-
tive for antibodies to cyclic citrullinated peptides (Table 1). Four
patients had extra-articular involvement in the form of rheuma-
toid nodules at inclusion, but no current vasculitis or other severe
manifestations were recorded. One patient had a history of sys-
temic rheumatoid vasculitis.

At inclusion, all patients had active, severe RA, as demonstrated
by high levels of DAS28 and HAQ-DI (Table 2).

Cardiovascular risk profile

Seven patients were current smokers, 3 were former smokers,
and 4 had never smoked. Two patients reported a history of car-
diovascular events, and another 2 had been diagnosed with hyper-
tension. Although the mean systolic and diastolic blood pressures
were within the normal range (Table 1), 6 patients had a blood
pressure above 140/80 mm Hg at inclusion. Three patients used
antihypertensive drugs. Diabetes or hyperlipidemia had not been
diagnosed in any patient. None were treated with statins or other
lipid-lowering drugs.
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Table 2

Disease characteristics, blood lipid levels and CCA-IMT at baseline (before starting adalimumab) and after 3 months of treatment.
Characteristic Baseline Follow-up at 3 mo P value
DAS28 5.6 (1.3) 4.0 (1.4) 0.007"
HAQ-DI 1.48 (0.73) 1.30 (0.81) 0.22f
Patient global assessment* 55 (25) 42 (29) 0.17f
CRP, mg/L 22 (9-39) 8 (2-22) 0.055¢
ESR, mm/h 30 (18-47) 18 (9-31) 0.096%
Cholesterol, mmol/L 5.36 (0.98) 5.96 (1.10) 0.005f
LDL, mmol/L 3.33 (1.00) 3.77 (114) 0.0057
HDL, mmol/L 1.43 (0.43) 1.55 (0.48) 0.048"
LDL to HDL ratio 2.56 (1.50-3.50) 2.35 (1.54-4.05) 0.278
Triglycerides, mmol/L 1.38 (0.70) 1.40 (0.93) 0.55%
Apolipoprotein B, g/L 1.04 (0.27) 1.13 (0.28) 0.0127
Apolipoprotein A1, g/L 142 (0.24) 1.58 (0.21) 0.005"
Apolipoprotein B to apolipoprotein A1 ratio 0.76 (0.25) 0.74 (0.26) 0.46'
CCA-IMT, mm 0.78 ) 0.80 (0.16) 0.48"

CCA-IMT = common carotid artery-intima-media thickness; CRP = C-reactive protein; DAS28 = disease activity score based on 28-joint
count scores; ESR =erythrocyte sedimentation rate; HAQ-DI = health assessment questionnaire disability index.
* Values are presented as mean (SD), except CRP, ESR, and LDL to HDL ratio, which are presented a median (interquartile range).

T Paired t test.
 Based on visual analog scale of 0 to 100.
§ Wilcoxon signed-rank test.

Lipids

All patients completed the study. Total cholesterol (mean
change=0.59 mmol/L), LDL cholesterol (mean change=0.44
mmol/L), and HDL cholesterol (mean change=0.12 mmol/L) lev-
els all increased significantly, but there were no major changes in
the LDL to HDL cholesterol ratio (median change =0.06) (Table 2).
There was no change in triglyceride levels (median change =-0.05
mmol/L) (Table 2).

Plasma levels of apoB (mean=1.04 g/L vs 113 g/L; P=0.012)
and apoAl (mean=142 g/L vs 1.58 g/L; P=0.005) both increased
during the first 3 months on adalimumab treatment (Table 2). The
mean changes in apoB and apoA1 were 0.09 g/L (95% CI, 0.02-0.15)
and 0.16 g/L (95% CI, 0.05-0.25), respectively. However, the average
apoB/apoA1 ratio was stable over time (mean=0.76 at inclusion vs
0.74 at 3 months; P=0.46) (Table 2).

An increase in apoAl correlated with decreases in the patient
global assessment of disease severity (r=0.79; P=0.001) and CRP
(r=0.74; P=0.003). Changes in the apoB to apoAl ratio correlated
with changes in ESR (r=0.54; P=0.046); that is, patients with a
major reduction in ESR after initiation of adalimumab were more
likely to have a reduced apoB to apoA1l ratio. The correlation be-
tween changes in CRP and changes in the apoB to apoA1l ratio did
not reach statistical significance (r=0.53; P=0.052).

CCA-IMT

The average CCA-IMT at inclusion was 0.78 mm and 0.80 mm
at 3 months (P=0.48) (Table 2). The mean change in CCA-IMT be-
tween inclusion and the 3-month follow-up was 0.02 mm (95% CI,
-0.03 to 0.06).

Clinical outcomes

Disease activity decreased from baseline to the 3-month eval-
uation (DAS28 mean=5.6 vs 4.1; P=0.007). A good or moderate
European League Against Rheumatism response was seen in 8 out
of 14 patients. Disability measured by the HAQ-DI, and inflamma-
tion measured by CRP and ESR, were also reduced after 3 months,
but the differences from baseline did not reach statistical signifi-
cance (Table 2). Two patients achieved clinical remission (DAS28 <
2.6) at the follow-up at 3 months.

Discussion

In this study of patients initiating adalimumab for RA, lipid
levels and apolipoproteins increased significantly, but there were
no major changes in the LDL to HDL cholesterol ratio or the
apoB to apoAl ratio. Reduced inflammation was associated with
an increase in apoAl, and an improved apoB to apoA1l ratio, al-
though larger studies are needed to further assess the nature of
these associations. Atherosclerosis, measured as CCA-IMT, did not
change significantly during 3 months of treatment with adali-
mumab. There was an estimated increase in CCA-IMT of 0.02 mm,
which did not reach statistical significance. For comparison, previ-
ous surveys of patients with RA not treated with TNF inhibitors
have demonstrated increases of CCA-IMT of approximately 0.02
mm/y.3"32 Given the short follow-up and the small sample size,
the relevance of the estimated increase in the present study is un-
clear.

Most previous studies of lipid changes in RA patients treated
with TNF inhibitors have mainly included patients treated with in-
fliximab or etanercept.?! Most observational studies have reported
an increase in both total cholesterol and HDL cholesterol levels,
with unchanged atherosclerotic indices (LDL to HDL ratio or total
cholesterol to HDL ratio).?! However, changes in serum lipid levels
have also been evaluated in patients treated with adalimumab or
tocilizumab in the ADalimumab ACTemrA (ADACTA) RCT.?” In that
study, total cholesterol, LDL cholesterol, and HDL cholesterol levels
all increased significantly more in patients who were treated with
tocilizumab. There was a significant increase in the total choles-
terol to HDL cholesterol ratio in the tocilizumab group, but not in
the adalimumab group.?’ This suggests that, although control of
inflammation in general leads to increased lipid levels in patients
with RA, the effects of inhibition of TNF and interleukin-6 in this
context are different.

In contrast to most observational studies,?! and to a meta-
analysis of RCTs,2> we found a significant increase in LDL
cholesterol levels. The increase in total cholesterol levels in the
present study was also greater than in most observational stud-
ies (mean=0.59 mmol/L compared with an estimated average of
0.27 mmol/L in meta-analysis).2! The magnitude of these changes
suggest that they may be clinically meaningful. On the other hand,
there was also a substantial increase in HDL cholesterol levels,
which is in concordance with previous findings.?!



U. Bergstrom et al./Current Therapeutic Research 89 (2018) 1-6 5

HDL cholesterol and its main apolipoprotein, apoAl, have sev-
eral putative atheroprotective functions.** The increase in apoAl
in this study is in accordance with a previous report on patients
treated with adalimumab.*> We cannot rule out that long-term
control of inflammation may lead to improved atherogenic indices
and reduce atherosclerosis, and that this could translate into a re-
duction of CVD events.

However, given the lack of significant changes in apoB to apoAl
ratio and in CCA-IMT in the present study, it is likely that other
mechanisms may contribute to a reduced risk of CVD in pa-
tients treated with TNF inhibitors. We have previously reported
decreased expression of markers of vascular endothelial activation
after 3 months of adalimumab treatment in the present study sam-
ple.3* Moreover, initiation of adalimumab in RA patients previously
refractory to another TNF inhibitor (ie, infliximab) has been associ-
ated with improved endothelial function.*® Such vascular changes
may be more relevant to short-term effects of anti-TNF treatment
on CVD.

Guidelines for the management of cardiovascular risk in pa-
tients with RA and other rheumatic disorders recommend the use
of risk assessment algorithms based on traditional CVD risk factors,
including serum lipid levels.*’ Such algorithms have been shown
to be useful in patients with RA.*® However, the importance of ad-
equate control of inflammation through antirheumatic treatment
for prevention of CVD is also underlined in current recommenda-
tions.?

Limitations of this study are mainly related to the small sample
size, the lack of a control group of RA patients not treated with
TNF inhibitors, and the relatively short follow-up. Three months
may be too short to detect a change in CCA-IMT, and the find-
ings for this outcome are therefore not unexpected. Compared with
previous studies of changes in CCA-IMT during anti-TNF treatment
in RA,30-33 the participants in the present study were older, with
higher proportions of smokers and more patients treated with glu-
cocorticosteroids.

Strengths include the thorough evaluation of consecutive pa-
tients using standardized methods. Patients with previous cardio-
vascular events or systemic disease were not excluded. This may
partly explain the differences in results on lipid changes in the
present study, compared with RCTs of highly selected patients.?’
The participants in the study are representative for patients treated
with adalimumab for RA in clinical practice, but were also sub-
jected to structured follow-up using a prespecified protocol. The
study therefore adds information to previous RCTs and cohort stud-
ies.

Conclusions

In patients with severe RA initiating treatment with adali-
mumab, serum lipid and apolipoprotein levels increased without
major changes to the atherogenic profile or to CCA-IMT within 3
months. Although reduced inflammation correlated with increase
of the potentially beneficial apoA1, other mechanisms may explain
the negative associations between anti-TNF treatment and CVD
events in observational studies.
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