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Aims: Inflammatory cytokines, particularly tumour necrosis factor-α (TNFα), are

thought to promote arterial disease through a variety of mechanisms leading to arte-

riosclerosis and atherosclerosis. We reviewed the existing evidence of the effect of

anti-TNFα treatment on arteriosclerosis and atherosclerosis in chronic inflammatory

disease.

Methods: We performed a systematic review of studies examining effects of mono-

clonal antibodies against TNFα on subclinical measures of arteriosclerosis (arterial

pulse wave velocity) and atherosclerosis (endothelial function measured by flow-

mediated dilation or forearm blood flow responses to endothelium-dependent ago-

nists, and common carotid intima-media thickness).

Results: We identified 60 studies (of 854 potential studies identified using a sys-

tematic search) in which effects of anti-TNFα biologics on these measures were

assessed in patients receiving anti-TNFα therapy for a clinical indication (usually

an inflammatory disease such as an inflammatory arthritis, psoriasis or inflamma-

tory bowel disease). Of these, only 6 were randomised clinical controlled trials.

Whilst many observational studies and noncontrolled studies reported positive

findings, positive finding were reported in only 1 of 6 randomised clinical con-

trolled trials.

Conclusions: There is no strong evidence for an effect of anti-TNFα biologics on the

subclinical measures of arteriosclerosis or atherosclerosis examined in this review.

This does not exclude a positive effect of TNFα biologics on clinical outcomes

through alternate pathways including those induced by remission of the primary

inflammatory disease.
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1 | INTRODUCTION

Morbidity and mortality from circulatory disease is thought to arise

from both atherosclerosis and arteriosclerosis. Atherosclerosis is

characterized by development of lipid-laden, fibro-muscular plaques

within the intima that give rise to acute clinical events through rup-

ture and subsequent thrombosis occluding the arterial lumen—

atherothrombosis. 1 Arteriosclerosis is the stiffening of the media of
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the arterial wall as a result of degeneration of connective tissue, par-

ticularly elastin.2,3 Clinical events in arteriosclerosis are thought to be

driven by the systolic hypertension that results from aortic stiffening

as well as other adverse haemodynamic effects. Whilst both athero-

sclerosis and arteriosclerosis commonly occur together, they are

thought to have differing aetiology and to be influenced to different

degrees by classical risk factors.4 However, inflammatory cytokines,

particularly tumour necrosis factor-α (TNFα) are thought to play a role

in both conditions5,6 and could represent a novel therapeutic target

for preventing or treating arterial disease. Key evidence cited for this

in humans derives from studies on patients with various inflammatory

diseases (who are at increased risk of arterial disease and often have

subclinical arterial disease) treated with anti-TNFα monoclonal anti-

bodies. However, most studies that have examined specific aspects of

arterial disease (rather than focusing on clinical events that could

result from many aspects of arterial disease and/or thrombosis), have

been small scale and uncontrolled. We therefore performed a system-

atic review of studies examining effects of anti-TNFα treatments on

subclinical measures of arterial disease. These included endothelial

function measured by flow-mediated dilation (FMD) and as a forearm

blood flow (FBF) response to an endothelium-dependent vasodilator

and common carotid intima-media thickening (CIMT), measures of

subclinical atherosclerosis7,8 and pulse wave velocity (PWV), a mea-

sure of arterial stiffening and arteriosclerosis.9 We also included

results of studies examining augmentation index (AIx), which has been

widely used as a measure of arterial stiffening, but which is probably

influenced by other haemodynamic factors.10

2 | METHODS

A systematic search (see appendix) was performed using MEDLINE

and EMBASE databases from inception to October 2018. Filters

included articles in the English language only. Once relevant publica-

tions were identified, a manual search of citation lists was performed.

2.1 | Selection criteria

Articles were initially screened and rejected if the reviewer could

determine from the title that the article was not relevant to the search

question. Publications were rejected if they: (i) did not use an anti-

TNFα treatment; (ii) did not measure at least 1 of the following; PWV,

AIx, FMD, FBF, cIMT; (iii) were review articles; or (iv) were conference

abstracts.

2.2 | Data extraction

Variables extracted from each study included: (i) the chronic inflam-

matory disease investigated and the number of patients and/or con-

trols; (ii) the study design, including type of anti-TNFα administered,

duration of study and time points of the measurements; (iii) type of

measurement used to determine arterial function/structure and endo-

thelial function; and (iv) outcome variables following anti-TNFα treat-

ment: changes reported in PWV, CIMT, FMD and endothelium-

dependent FBF.

2.3 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked

to corresponding entries in http://www.guidetopharmacology.org,

the common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY.

3 | RESULTS

The initial search identified 854 potentially relevant articles. Of

these, 220 were duplicates, non-English language or conference

proceedings leaving 634 articles which were screened based on the

title and abstract; 549 were identified as not relevant and the

remaining 85 publications were retrieved in full for detailed review.

After review, a further 25 publications were identified as not fulfill-

ing the inclusion criteria, leaving 60 papers included in the final

analysis (Figure 1).

3.1 | Data analysis

The identified studies were heterogenous in size and methodology,

with many small scale and uncontrolled studies. In total, 1626

What is already known about this subject

• Proinflammatory cytokines such as tumour necrosis

factor-α (TNFα) are associated with arterial disease, par-

ticularly in the context of chronic inflammatory diseases.

What this study adds

• This paper reviews the existing evidence of the effect of

anti-TNFα monoclonal antibodies on subclinical measures

of arterial disease.

• There is no strong evidence from randomised trials that

anti-TNFα treatment causes durable improvement in such

measures.

• TNFα antagonism could still have positive effects on clini-

cal outcomes in this population through other

mechanisms.
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patients were treated with anti-TNFα across the 60 studies

included. Seven studies were cross-sectional, of which 4 included a

control group. Thirty studies were uncontrolled longitudinal studies

with a mean sample size of 19 (median 14) and mean follow up of

33 weeks (median 12). Twenty-four were longitudinal controlled

studies; of these only 6 were randomised. The controlled studies

were on average larger, with a mean sample size of 47 (median

29), and of longer duration, with a mean follow up of 41 weeks

(median 28). Mann–Whitney U tests showed that this difference

was statistically significant for both duration of follow up

(W = 521.5, P = .0221) and sample size (W = 567.5, P = .00243).

The majority of studies were in patients with rheumatoid arthri-

tis (33), ankylosing spondylitis (8), psoriasis (6) and psoriatic arthritis

(2). Seven studies included multiple different types of inflammatory

arthritides. Two were in systemic vasculitis and 2 in IBD. In terms

of anti-TNFα therapy, 30 studies included patients taking multiple

different TNFα antagonists. Fifteen assessed the effect of

infliximab alone, 7 etanercept, 7 adalimumab and 2 studies

assessed the effect of golimumab. Many studies did not

break down the results according to the individual TNFα

antagonist used.

3.2 | Arterial stiffness

In total, 27 studies investigated some measure of arterial stiffness

(Table 1). Twenty-two measured PWV, of which 15 used carotid-

femoral PWV, 5 used some other technique (e.g. a carotid-radial

PWV) and 2 measured both. Nineteen studies measured AIx. Of

the 22 studies measuring PWV, 2 were cross-sectional, 10 were

uncontrolled longitudinal studies, 6 were controlled and 4 were

randomised controlled trials. Of these studies, 9 suggested a bene-

ficial effect of anti-TNFα (i.e. a reduction in PWV in treated

patients), with 13 showing no effect or suggesting a negative

effect. Of the studies finding a statistically significant effect of

anti-TNFα treatment on PWV, the magnitude (decrease

in PWV) ranged from 0.46 to 2.6 m s−1 (median 0.73 m s−1). All

4 of the randomised controlled trials measuring PWV showed no

benefit of anti-TNFα agents. Of the 19 studies measuring AIx,

1 was cross sectional, 8 were uncontrolled longitudinal

studies, 5 were controlled and 5 were randomised controlled

trials. Only 3 studies showed an improvement in AIx associated

with anti-TNFα treatment; 1 of these a randomised

trial,24 which measured only AIx and not PWV. The other

4 randomised controlled trials showed no beneficial effect of anti-

TNFα on AIx.

3.3 | Carotid intima-media thickness

Twenty-three studies reported the effect of anti-TNFα therapy on

CIMT (Table 2). Four were cross-sectional studies, 7 uncontrolled

longitudinal studies, 8 controlled studies and 4 randomised controlled

trials. Overall, 7 studies showed a positive effect of anti-TNFα

therapy on CIMT (i.e. a reduction in CIMT), whilst 16 showed either

no effect or a worsening of CIMT. Observed decreases in cIMT in

response to anti-TNFα treatment were generally small, ranging from

0.06 to 0.16 mm.

F IGURE 1 Summary of search results and
review process
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TABLE 1 Studies evaluating the effects of anti-TNFα treatment on arterial stiffness in patients with CID

Reference CID Study design Outcome measures and results

11 35 RA, PsA or AS 35 patients given either etanercept, adalimumab or

infliximab. 25 patients delayed anti-TNFα treatment

(controls). Measurements at baseline and 3 months.

1. cfPWV decreased significantly in anti-TNF group

but remained unchanged in control group after

3 months (P = .002).

2. AIX remained unchanged in both groups.

12 17 RA, PsA or AS Patients treated with infliximab for 12 months.

Measurements taken before every infliximab

infusion and thereafter every 10th day until their

next infusion. No controls.

1. cfPWV did not change after infliximab treatment.

2. AIX did not change after infliximab treatment.

13 41 RA, PsA or AS Either etanercept, adalimumab or infliximab

administered for 1 year to 41 patients compared to

a nontreatment group (19 patients).

1. cfPWV improved in treatment group vs. controls

(P = .004).

2. No difference in AIX or AIX@75.

14 14 psoriasis Patients received adalimumab for 12 weeks. No

controls.

1. Adalimumab therapy had no effect on cfPWV.

15 34 AS Cross-sectional study comparing 34 AS patients on

anti-TNFα, 33 treated with NSAIDs and 34 healthy

controls.

1. cfPWV significantly lower in healthy controls

compared to AS patients (P = .004).

2. No significant difference in cfPWV between AS

treatment groups.

16 15 RA Cross-sectional study comparing 15 patients on

infliximab with 73 RA patients on other therapy and

87 healthy controls.

1. bPWV reduced in infliximab group (P = .004) vs.

controls.

2. AIX remained unchanged post-infliximab therapy vs.

controls.

17 26 RA 21 treated with MTX, 26 treated with etanercept.

Follow-up at 2 and 4 months.

1. AIX@75 significantly improved in etanercept group

at 2 and 4 months (P = .025). No change in MTX

group.

18 21 psoriasis 21 psoriasis patients randomised to receive either

etanercept 20 mg SC twice weekly or placebo for

12 weeks (n not specified). cfPWV and AIX

measured at baseline, 12 and 24 weeks.

1. No significant change in cfPWV or AIX at 12 or

24 weeks.

19 50 psoriasis 150 patients randomised to either ustekinumab

(n = 50), cyclosporine (n = 50) or etanercept (n = 50).

cfPWV and AIX measured at baseline and 16 weeks.

1. No significant change in cfPWV or AIX at 16 weeks.

20 28 RA Patients treated with etanercept for 6 mo and

compared with 20 RA controls on standard DMARD

therapy. Measurements at 3 and 6 months.

1. No significant change in cfPWV at 6 months.

21 28 AS Treated with anti-TNFα as per ASAS guidelines.

cfPWV and AIX measured at baseline, 24 weeks and

2 years. No controls.

1. No significant change in cfPWV or AIX at 24 weeks

or 2 years.

22 8 RA RA patients received 40 mg subcutaneous adalimumab

every 2 weeks. Measurements taken up to week 24.

1. No significant change in cfPWV at week 24.

23 15 RA RA subjects received inflixmab infusions at 0, 2 and 6

weeks at 3 mg kg–1 with measurements taken at

each infusion. No controls.

1. cfPWV remained unchanged.

24 42 RA Patients were randomly assigned to receive either

tocilizumab (n = 22), etanercept (n = 21) or

adalimumab (n = 21) for 24 weeks..

1. AIX@75 significantly improved after anti-TNFα
therapy at wk 24 vs. baseline (P < .05).

25 9 RA Patients received etanercept and were assessed at

weeks 0, 4 and 12 after therapy onset. No controls.

1. AIX % did not change

2. bPWV did not change

3. cfPWV significantly reduced at weeks 4 and 12

(P = .0003).

26 17 RA Patients assessed before and after 8 weeks of

etanercept or adalimumab treatment. No controls.

1. cfPWV significantly reduced post-treatment

(P = .04).

2. bPWV showed a trend to improve post-treatment

(P = .06).

27 18 AS 1. AIX remained unchanged post–anti-TNFα
treatment.

(Continues)
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3.4 | Endothelial dysfunction

The majority of studies identified in this review measured endothelial

function either by FMD or FBF response in the brachial artery.

Twenty two studies measured FMD (Table 3) and, of these,

19 reported an improvement in FMD after anti-TNFα treatment.

However, these were largely short-term studies, with a mean duration

of follow up of 24 weeks and a median of 12 weeks. Only 9 studies

followed up patients for more than 12 weeks Of these longer duration

studies only 4 showed sustained improvement with 2 showing tran-

sient effects and 3 showing no effect, including the only randomised

trial measuring FMD.18 In 3 studies demonstrating an initial

improvement in FMD, this was not sustained at later measurements
46,55,58 and, in 1 study, sustained improvement was seen only with

adalimumab and no other anti-TNFα treatments.57 Statistically signifi-

cant changes in FMD were more variable than PWV or cIMT with

absolute increases in FMD in response to anti-TNFα treatment rang-

ing from 0.9 to 16.23% (median 3.61%).

Some studies investigated FBF responses to acetylcholine (endo-

thelium dependent) and glyceryl-trinitrate (as an endothelium-

independent control) via plethysmography as measures of endothelial

function (Table 4). No study showed any difference in endothelium-

independent FBF response (results not shown). Regarding

endothelium-dependent FBF there are overall 7 studies in Table 4

TABLE 1 (Continued)

Reference CID Study design Outcome measures and results

Treatment with either infliximab, etanercept or

adalimumab. Measurements taken at baseline and

week 14. No controls.

28 49 AS Received either etanercept, infliximab or adalimumab.

Measurements taken at 0, 24 and 52 weeks. No

controls.

1. AIX did not improve post-treatment.

2. cfPWV did not improve post-treatment.

29 20 RA, 7 AS, 5

PsA

32 CID patients treated with anti-TNFα for 6 months

and compared with 8 RA controls. Measurements

taken at baseline and 3 months.

1. Significant decrease in aPWV (as measured by CMR)

at 3 months in treatment group (P < .001).

30 17 RA and 13 AS Patients received infliximab infusions at weeks 0, 2

and 6 at 3 mg kg–1 in RA and 5 mg kg–1 in AS. No

controls.

1. AIX significantly increased collectively (P = .03) and

in RA group (P = .01).

31 29 psoriasis Patients treated with 40 mg SC adalimumab 2 weekly

for 6 months. No controls.

1. Significant improvement in cfPWV at 6 months

(P = .003).

32 20 RA Patients randomly assigned to receive either MTX

alone (n = 20) or MTX and infliximab (n = 20). All

patients followed up at 6 months and some up to

12 months.

1. cfPWV improved in MTX group vs. infliximab and

MTX (P = .044) after 6 months, but did not remain

significant at 12 months.

2. No change in AIX@75 at 6 or 12 months.

33 20 AS Randomized double blinded RCT comparing

golimumab at 50 mg mo–1 (n = 20) vs. placebo

(n = 21) for 12 months in AS patients. Most placebo

patients switched to golimumab at 6 months

(n = 17).

1. No significant difference in bPWV or AIX between

placebo and treatment groups at 6 or 12 months.

2. Greater progression in bPWV in placebo group at

6 months (P = .028).

34 14 RA Either etanercept, adalimumab or infliximab for

6 weeks. No controls.

1. No change in AIX

35 18 RA Patients treated with adalimumab 40 mg SC 2 weekly

for 12 weeks, compared to controls receiving

methotrexate. Measurements at baseline and

12 weeks.

1. Significant decrease in cfPWV at 12 weeks

(P = .0006) in treatment group only. No change in

AIX.

36 26 RA Administration of infliximab for 56 weeks. No controls. 1. cfPWV reduced significantly over 56 weeks

(P = .004).

2. AIX did not change post-therapy.

37 11 IBD 11 IBD patients treated with anti-TNFα, compared to

14 matched controls treated with salicylates, 11

with DMARDS and 30 healthy matched controls.

Measurements taken at baseline and follow up,

mean duration 3.4 years.

1. No change in cfPWV in anti-TNFα group at follow

up, compared to significant increase in salicylate

treated group and healthy controls.

2. No change in AIX.

CID: chronic inflammatory disease; RA: rheumatoid arthritis; PsA: psoriatic arthritis; AS: ankylosing spondilitis; IBD: inflammatory bowel disease;

anti-TNFα: anti-tumour necrosis factor α; PWV: pulse wave velocity; aPWV: aortic PWV; bPWV: brachial PWV; cfPWV: carotid–femoral PWV; AIX:

augmentation index; AIX@75: augmentation index adjusted for 75 beats min–1; ASAS: Association of SpondyloArthritis international Society.
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TABLE 2 Studies evaluating the effects of anti-TNFα treatment on carotid atherosclerosis in patients with CID

Reference CID Study design Outcome measures and results

13 41 RA, PsA or AS Either etanercept, adalimumab or infliximab

administered for 1 year to 41 patients compared to a

nontreatment group (19 patients).

1. CIMT progression reduced in treatment group vs.

controls (P = .01).

38 14 RA Adalimumab 40 mg 2 weekly for 3 months with CIMT

measured at baseline and conclusion. No controls.

1. No significant change in CIMT.

15 34 AS Cross-sectional study comparing 34 AS patients on

anti-TNFα, 33 treated with NSAIDs and 34 healthy

controls.

1. No significant difference in CIMT between groups.

39 30 RA RA patients received either infliximab or etanercept for

1 year. 10 RA patients remained on standard

treatment. Carotid ultrasound performed at 0 and

12 months.

1. Significant CIMT reduction on right and left sides

(P < .0001 for both sides) post-infliximab/etanercept

therapy. CIMT was also reduced in treatment group

compared to controls (P = 0.002).

40 7 RA 7 RA patients treated with infliximab and standard

therapy for 1 year compared to 7 RA controls on

standard therapy only. IMT measured at 0 and 12

months.

1. IMT worsened post-infliximab treatment (P = .026)

compared to baseline. No difference in IMT in

control group.

41 120 PsA Cross-sectional study comparing 120 PsA patients on

anti-TNFα and 104 on DMARDs.

1. CIMT was higher in those on DMARDs compared

to those on anti-TNFα (P < .001).

42 40 RA 119 RA patients recruited and commenced on MTX.

After 3 months 40 non-responders to MTX therapy

received either infliximab/etanercept or adalimumab.

The rest remained on MTX.

1. CIMT decreased significantly in anti-TNFα treatment

group after 2-year follow-up (p < 0.001) compared

to no change in CIMT in MTX treated group.

43 34 RA Patients received 40 mg adalimumab every other week

from day 0 to month 12 . Measurements taken at

day 0, day 14 and month 12. No controls.

1. No significant change in CIMT at 12 months.

44 16 psoriasis Etanercept/infliximab/adalimumab for 6 months with

measurements at baseline and 6 months. No

controls.

1. Reduction in cIMT in 13 patients without plaque

disease (P = .0002); no change in 3 patients with

established atherosclerosis.

22 8 RA RA patients received 40 mg subcutaneous adalimumab

every 2 weeks. Measurements up to week 24. No

controls.

1. CIMT decreased post-treatment at week 24 vs.

baseline (P = .002).

24 42 RA Patients were randomly assigned to receive either

tocilizumab (n = 22), etanercept (n = 21) or

adalimumab (n = 21) for 24 weeks.

1. No change in CIMT post–anti-TNFα therapy.

45 13 psoriasis 53 psoriasis patients recruited, of whom 13 were

treated with anti-TNFα agents. Compared with 30

DMARD patients and 10 on other biological drugs.

Assessment at baseline and 8 months.

1. No significant change in cIMT at 8 months.

46 23 RA and PsA 3 groups, treated with either infliximab (n = 13)

etanercept (n = 10) or DMARDs (n = 13).

1. No significant difference in CIMT between

treatment groups.

47 32 PsA Etanercept/infliximab/adalimumab for 2 years. No

controls.

1. Progression of cIMT at 2 years (P < .0005).

48 12 RA Patients taking infliximab or adalimumab.

Measurements performed at baseline and every

3 months up to 18 months. No controls.

1. No change in cIMT at 18 months.

32 20 RA Patients randomly assigned to receive either MTX

alone (n = 20) or MTX and infliximab (n = 20). All

patients followed up at 6 months and some up to

12 months.

1. No change in IMT at 6 or 12 months.

33 20 AS Randomized double blinded RCT comparing

golimumab at 50 mg month–1 (n = 20) vs. placebo

(n = 21) for 12 months in AS patients. Most placebo

patients switched to golimumab at 6 months

(n = 17).

1. No significant difference in IMT between groups at

6 or 12 months.

2. Greater IMT progression in placebo group at

6 months.

49 10 RA

(Continues)
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reporting on FBF responses to anti-TNFα therapy. Five of these

reported an improvement after anti-TNFα therapy, which was only

transient in 1 study; none of these studies were randomised con-

trolled trials.

4 | DISCUSSION

This systematic review identified 60 studies that investigated the

effects of treatment with TNFα antagonists on subclinical measures

of arteriosclerosis and atherosclerosis in a range of chronic inflamma-

tory diseases. In general, these studies reported a short-term improve-

ment in FMD in response to anti-TNFα, with a less pronounced effect

on FBF. The results were mixed with regards to PWV and largely neg-

ative with regards to AIx and CIMT. These differences may reflect var-

ious experimental factors such as the importance of technique and

inter-observer variability in FMD measurement.71 It may also reflect

the underlying quality of the studies, which were mostly small scale,

with relatively small sample sizes and short follow up.

Importantly, there is a clear dissociation between the results of

uncontrolled and controlled studies; the latter were both on average

larger and had a longer duration, and were more likely to be negative.

The 5 randomised controlled trials in this review were all negative

apart from 1,24 which showed a positive effect on AIx. Unlike other

measures examined in this review, it is uncertain whether AIx is a

measure of arteriosclerosis or atherosclerosis.10 Differences between

controlled and uncontrolled studies could represent differences in sta-

tistical power, but given that our results have highlighted multiple

small studies with positive results and larger negative controlled stud-

ies, such differences are more likely to be due to publication bias. It is

notable that, with regards to studies measuring FMD, of 22 total

studies, the 17 uncontrolled studies were mostly positive whereas all

5 of the controlled studies were negative. Given the heterogenous

quality and the negative controlled studies, we find no convincing evi-

dence for an effect of anti-TNFα treatment on subclinical measures of

atherosclerosis and arteriosclerosis.

A previous meta-analysis by Vlachopoulos et al. looking at effects

of anti-TNFα treatment on measures of arterial stiffness in rheuma-

toid arthritis6 concluded that there was a positive effect of such treat-

ment on both PWV and AIx. However, they did not distinguish

between controlled and uncontrolled studies. Of the 14 studies

included, 3 were uncontrolled and 11 were controlled. It is notable

that of the only 2 randomised controlled trials the first24 only mea-

sured augmentation index and had no placebo control group, whilst

the second32 showed a statistically significant improvement in

carotid–femoral PWV at 6 months, but not at 12 months; it is thus

included as a negative study in our review. The broader scope of our

review and distinction between controlled and uncontrolled trials thus

probably explains the difference in results.

The above meta-analysis6 also suggested a greater efficacy of

adalimumab and etanercept compared to infliximab. With regards to

individual agents, there were no clear differences observable in our

review; the majority of the studies included multiple different

agents and results were rarely reported individually. However,

among single agent studies, some patterns may be of interest. Two

studies showed a positive effect of infliximab on arterial stiffness

with 4 showing no effect or a negative effect. This compares to

2 positive studies for adalimumab and etanercept, with 2 and 3 neg-

ative studies for these 2 agents, respectively. For cIMT, all studies

of infliximab were negative, whilst for adalimumab there was 1 posi-

tive and 3 negative studies. There were no individual studies of the

effects of etanercept on cIMT. For studies on endothelial function,

TABLE 2 (Continued)

Reference CID Study design Outcome measures and results

RA patients assigned to receive MTX (n = 10) or

adalimumab 40 mg every other wk subcutaneously

(n = 10). Measurements at baseline and 18 months.

1. No change in CIMT in either treatment group

post-therapy.

50 81 AS 70 treated with etanercept, 11 with adalimumab.

Measurements taken at baseline and 5 years. No

controls.

1. No significant change in cIMT at 5 years, but a trend

towards increase in patients who discontinued

anti-TNFα.
51 290 RA Placebo + MTX (n = 102), golimumab + placebo

(n = 98), golimumab 50 mg + MTX (n=91) or

golimumab 100 mg + MTX (n = 101) with

assessments at baseline, 24 and 52 weeks.

1. No effect of golimumab compared to placebo.

2. Increase in cIMT compared to placebo at 24 weeks

in the MTX + golimumab 100 mg group (P = .005).

3. Increase in cIMT compared to placebo at 52 weeks

in the MTX + golimumab 50 mg group (P = .029).

52 13 RA Cross sectional study comparing 13 RA patients on

anti-TNFα therapy (adalimumab/infliximab/

etanercept) and 12 on DMARDs.

1. No significant difference in cIMT between groups.

36 26 RA Infliximab for 56 weeks. No controls. 1. No significant change in cIMT.

53 14 AS 14 AS patients treated with anti-TNFα for at least

2 years compared with 14 healthy controls.

1. Significantly reduced cIMT in AS patients compared

to healthy controls.

CID: chronic inflammatory disease; RA: rheumatoid arthritis; PsA: psoriatic arthritis; AS: ankylosing pondylitis; anti-TNFα: anti-tumour necrosis factor α;
cIMT: carotid intima media thickening; NSAIDs: nonsteroidal anti-inflammatory drugs; DMARDs: disease modifying antirheumatic drugs; MTX:

methotrexate.
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TABLE 3 Studies evaluating the effects of anti-TNFα treatment on endothelial function measured by FMD in patients with CID

Reference CID Study design Outcome measures and results

14 14 psoriasis Patients received adalimumab for 12 weeks. No

controls.

1. FMD improved significantly after 12 weeks (P = .01).

54 9 RA 9 RA patients treated with etanercept/infliximab for

36 weeks, compared to 5 RA patients on

conventional treatment.

1. FMD significantly improved in anti-TNFα treatment

group vs. controls (P = .02) after 36 weeks.

55 10 RA Infliximab administered at wks 0, 2, 6, 14 at 3 mg kg–1.

No controls.

1. FMD improved significantly in RA after each

infliximab infusion (P < .05), but no sustained change

seen.

56 10 RA 5 treated with infliximab, 5 with etanercept and

assessed at 1 day, 1, 2 and 6 weeks.

1. FMD improved from baseline up to wk 6 (P < .05).

57 24 RA Patients treated with either infliximab, etanercept or

adalimumab. Endothelial function measured at day 0,

week 1, 2 and 6, and every 6 months. No controls.

1. FMD improved significantly at 6 weeks (P < .05)

post–anti-TNFα treatment. After 2 years only

patients on adalimumab maintained FMD

improvement.

58 7 RA 7 RA patients with prior infliximab treatment for at

least 1 year had FMD measured weekly for 3 weeks

post-infusion. No controls.

1. FMD improved significantly up to day 7

post-infliximab infusion (P = .02), but by day 28

values returned to baseline.

59 8 RA Patients taking infliximab for at least 1 year were

switched to adalimumab due to loss of efficacy.

Patients assessed prior to (day 0) and day 2, week 2

and 12 after onset of adalimumab therapy. No

controls.

1. Rapid increase in FMD up to wk 12 compared to

baseline (P = .012).

43 34 RA Patients received 40 mg adalimumab every other week

from day 0 (onset of study) to month 12 (end of the

study). Measurements taken at day 0, day 14 and

month 12. No controls.

1. FMD significantly improved at day 14 (P = .03) and

month 12 vs. baseline (P < .001).

18 21 psoriasis 21 psoriasis patients randomised to receive either

etanercept 20 mg SC twice weekly or placebo for

12 weeks (n not specified). Measurements at

baseline, 12 and 24 weeks.

1. No significant change in FMD at 12 or 24 weeks.

60 11 RA Treatment with infliximab at week 0, 2 and 6 at

3 mg kg–1 measurements taken at baseline and

12 weeks. No controls.

1. FMD improved significantly 12 weeks

post-treatment (P = .018).

61 10 RA Treatment with infliximab at week 0, 2 and 6 at

3 mg kg–1. No controls.

1. FMD increased post-treatment at each week

(P < .05).

22 8 RA RA patients received 40 mg subcutaneous adalimumab

every 2 weeks. Measurements taken up to week 24.

No controls.

1. FMD improved post-treatment up to week12

(P < .05).

25 9 RA Patients received etanercept and were assessed at

week 0, 4 and 12 after therapy onset. No controls.

1. FMD significantly increased at weeks 0, 4 and 12

(P = .003).

26 17 RA Patients assessed before and after 8 weeks of

etanercept or adalimumab treatment. No controls.

1. FMD improved after 8 weeks of anti-TNFα therapy

(P = .003).

46 23 RA and PsA 3 groups, treated with either infliximab (n = 13)

etanercept (n = 10) or DMARDs (n = 13).

Measurements for FMD taken at 1 h and 8–12 wk

post-treatment.

1. FMD improved significantly at 1 hour post–
anti-TNFα treatment but no significant change at

12 weeks.

31 29 psoriasis Psoriasis patients received 40 mg subcutaneous

adalimumab every 2 weeks. Measurements taken at

baseline and 6 months. No controls.

1. FMD improved significantly after 26 weeks of

treatment (P = .008).

47 32 PsA Etanercept/infliximab/adalimumab for 2 years. No

controls.

1. No change in FMD at 2 years.

62 23 RA Treated with either infliximab, etanercept or

adalimumab. Assesments at baseline, 2 weeks and

3 months. No controls.

1. No change in FMD post-treatment.

48 12 RA

(Continues)
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all 5 studies of adalimumab were positive; the 5 studies on

infliximab included 3 positive and 2 negative findings. Results for

etanercept were positive in 2 studies and negative in 1 study. The

3 studies of golimumab were all negative. The results of multiple

agent studies were roughly evenly split between negative and

positive. It could thus be argued that our results support

Vlachopoulos et al.'s finding of better efficacy of adalimumab and

etanercept compared to infliximab, but small sample sizes and vari-

able trial design are a significant confounder and limit the conclu-

sions that can be drawn from these observations.

TABLE 3 (Continued)

Reference CID Study design Outcome measures and results

Patients taking infliximab or adalimumab.

Measurements performed at baseline and every

3 months up to 18 months. No controls.

1. FMD improved significantly at 18 months vs.

baseline (P = .026).

63 12 AS Measurements taken at baseline and at 12 weeks, after

administration with a single infusion of infliximab at

5 mg kg–1

1. FMD improved significantly after 12 weeks

(p < 0.001).

64 11 RA Etanercept injected subcutaneously at 2 × 25 mg wk–1

for 12 weeks. No controls.

1. FMD improved significantly after 12 weeks of

anti-TNF (P = .04).

52 13 RA Cross sectional study comparing 13 RA patients on

anti-TNFα therapy

(adalimumab/infliximab/etanercept) and 12 on

DMARDs.

1. Significantly higher FMD in anti-TNFα group than in

DMARDs (p < 0.001).

CID: chronic inflammatory disease; RA: rheumatoid arthritis; PsA: psoriatic arthritis; AS: ankylosing spondilitis; AASV: antibody associated systemic

vasculitis; CD: Crohn's disease; UC: ulcerative colitis; anti-TNFα: anti-tumour necrosis factor α; FMD: flow-mediated-dilatation; MTX: methotrexate.

TABLE 4 Studies evaluating the effects of anti-TNFα treatment on endothelial function measured by FBF in patients with CID

Reference CID Study design Outcome measures and results

65 10 antibody associated systemic

vasculitis

Intravenous infusion of infliximab alone or as

additional therapy in AASV patients.

Measurements taken at baseline and

12 weeks and compared to 21 healthy

controls.

1. No change in FBF compared to control

group.

66 10 RA Intravascular administration of infliximab at

200 μg min–1 for 60 min. FBF response

measured every 30 min and compared to

response to saline infusion.

1. Improved FBF response to ACh (P = .004)

but not to SNP.

67 30 RA 30 RA patients treated with either

etanercept/adalimumab and 21 with MTX.

Follow-up at 2 and 4 months.

1. No improvement in FBF response.

68 8 RA Etanercept for 2 weeks at 2 × 25 mg doses.

No controls.

1. No change in FBF response.

23 15 RA RA subjects received infliximab infusions at

week 0, 2 and 6 at 3 mg kg–1. No controls.

1. Significant improvement in FBF response

post-infliximab (P < .05).

69 3 primary systemic vasculitis 10 infusions of infliximab at 5 mg kg–1.

Measurements taken at day 0,1,2,5 and 14.

No controls.

1. FBF to ACh improved significantly within

24 hours of inflimab infusion, but was not

maintained at day 14. No change in SNP

dilation.

62 23 RA Treated with either infliximab, etanercept or

adalimumab. Assessments at baseline,

2 weeks and 3 months. No controls.

1. ACh mediated dilation improved at week 2

vs. baseline only (P = .001) but no change in

SNP dilation.

70 12 CD and 12 UC Cross-sectional study comparing the response

to infliximab infusion for 60 min. IBD groups

compared with each other and healthy

controls.

1. Infliximab improved ACh vasodilation in CD

vs. controls (P = .005), but not in UC.

2. No change in SNP vasodilation in either CD

or UC.

CID: chronic inflammatory disease; RA: rheumatoid arthritis; PsA: psoriatic arthritis; AS: ankylosing spondilitis; IBD: inflammatory bowel disease; CD:

Crohn's disease; UC: ulcerative colitis; anti-TNF: anti-tumour necrosis factor; FBF: forearm blood flow; ACh: acetylcholine (endothelium dependant

dilation); SNP: sodium nitroprusside (independent dilation); GTN: glyceryl trinitrate; MTX: methotrexate.
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It is important to distinguish between the effect of anti-TNFα

treatment on subclinical arterial disease and the effect on cardiovas-

cular outcomes. PWV is a predictor of all-cause mortality in hyperten-

sive patients,9 and is a predictor of future cardiovascular events

independent of traditional cardiovascular risk factors.72-74 There is

good evidence that increases in CIMT are associated with an

increased risk of future cardiovascular events,75-78 but there have

been conflicting results as to whether CIMT improves performance of

traditional risk factor based models,79-81 with several studies finding

little to no improvement. Some authors explain this based on differ-

ences in CIMT measurement technique, and suggest that when

carotid plaque is measured, CIMT measurement can improve risk pre-

diction 8 Furthermore, there is evidence that CIMT scores normalised

for age, sex and ethnicity do provide additional predictive power com-

pared to a traditional model.82 Measures of endothelial function such

as FMD are less reproducible, and there is less evidence linking them

to clinical end points. There have been 2 positive meta-analyses of

FMD as a predictor of cardiovascular events,7,83 but both noted that

the underlying quality of studies was poor and publication bias likely

contributed to the results. FMD does not yet appear to improve pre-

diction compared to traditional vascular risk factors.84

This review did not focus on clinical endpoints, but instead sub-

clinical measures, which can provide mechanistic insight. Thus, our

results do not mean that anti-TNFα treatment could not result in an

improvement in outcomes due to other mechanisms; for example, a

reduction in prothrombotic tendency 85,86 or through improvement in

quality of life facilitating lifestyle change. Furthermore, this study only

addresses anti-TNFα biologics. The CANTOS trial showed that

targeting interleukin-1b can reduce the incidence of cardiovascular

endpoints 87 but, as discussed above, this could be due to a variety of

mechanisms.

5 | CONCLUSION

These results highlight a dissociation in findings between controlled

and uncontrolled studies of the effect of anti-TNFα treatment on

subclinical measures of arteriosclerosis and atherosclerosis. Overall,

there is no convincing evidence for an effect of anti-TNFα treatment

on these measures.
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APPENDIX A.

The keywords, operators and terms used systematic search were as follows:

Medline:

Embase:

1 (Tumo?r necrosis factor alpha adj2 antagonist).Mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword

heading word, protocol supplementary concept, rare disease supplementary concept, unique identifier]

2 (Tumo?r necrosis factor alpha adj2 antibody).Mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword

heading word, protocol supplementary concept, rare disease supplementary concept, unique identifier]

3 (Tumo?r necrosis factor alpha adj2 inhibitor).Mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword

heading word, protocol supplementary concept, rare disease supplementary concept, unique identifier]

4 Anti tumo?r necrosis factor.Mp.

5 Anti tumo?r necrosis factor alpha.Mp.

6 (anti TNF or anti-TNF alpha).Mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word,

protocol supplementary concept, rare disease supplementary concept, unique identifier]

7 Adalimumab.Mp.

8 Certolizumab pegol.Mp.

9 Etanercept.Mp.

10 Golimumab.Mp.

11 Infliximab.Mp.

12 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11

13 Exp vascular stiffness/

14 Arterial stiffness.Mp.

(Continues)
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15 Arterial function.Mp.

16 Arterial compliance.Mp.

17 Vascular function.Mp.

18 Vascular compliance.Mp.

19 Exp pulse wave analysis/

20 Pulse wave velocity.Mp.

21 Augmentation index.Mp.

22 Endothelial dysfunction.Mp.

23 Endothelial function.Mp.

24 Flow mediated dilation.Mp.

25 Flow mediated dilatation.Mp.

26 Exp carotid intima-media thickness/

27 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28 (chronic disease adj2 inflammat*).Mp. [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word,

protocol supplementary concept, rare disease supplementary concept, unique identifier]

29 Chronic inflammatory disease*.Mp.

30 Exp arthritis, rheumatoid/

31 Exp arthritis, psoriatic/

32 Exp spondylitis, ankylosing/

33 Exp inflammatory bowel diseases/or exp colitis, ulcerative/or exp crohn disease/

34 Exp enteritis/

35 Exp dermatitis/

36 Exp psoriasis/

37 Chronic inflammatory skin disease*.Mp.

38 Exp skin diseases, vesiculobullous/or exp pemphigoid, bullous/

39 Exp Vasculitis/

40 Exp lupus erythematosus, systemic/

41 Exp pulmonary disease, chronic obstructive/

42 Exp bronchitis, chronic/

43 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42

44 12 and 27 and 43

1 Exp tumor necrosis factor alpha antibody/

2 Exp tumor necrosis factor antibody/

3 Tumo?r necrosis factor antagonist.Mp.

4 Tumo?r necrosis factor alpha antagonist.Mp.

5 Exp tumor necrosis factor alpha inhibitor/

6 Anti tumo?r necrosis factor.Mp.

7 Anti tumo?r necrosis factor alpha.Mp.

8 (anti-TNF or anti-TNF alpha).m_titl.

9 Adalimumab/

10 Certolizumab pegol/

11 Etanercept/

12 Infliximab/

13 Golimumab/

(Continues)
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14 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13

15 Arterial stiffness/

16 Exp artery compliance/

17 Arter* function.Mp.

18 Exp pulse wave/

19 Pulse wave velocity.Mp.

20 Pulse wave analysis.Mp.

21 Exp augmentation index/

22 Endothelial dysfunction/

23 Endotheli* function*.Mp.

24 Exp vasodilatation/

25 Flow mediated dilat*.Mp.

26 Exp blood vessel compliance/

27 Vascular compliance.Mp.

28 Exp carotid intima media thickness/

29 Carotid intima media thick*.Mp.

30 Intima media thick*.Mp.

31 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30

32 (chronic disease* adj2 inflammat*).Mp. [mp = title, abstract, heading word, drug trade name, original title, device manufacturer, drug

manufacturer, device trade name, keyword, floating subheading word, candidate term word]

33 Chronic inflammatory disease*.Mp.

34 Exp rheumatoid arthritis/

35 Exp psoriatic arthritis/

36 Exp ankylosing spondylitis/

37 Inflammatory bowel disease*.Mp.

38 Exp Crohn disease/

39 Colitis/or exp ulcerative colitis/

40 Exp enteritis/

41 Chronic inflammatory skin disease*.Mp.

42 Exp dermatitis/

43 Psoriasis vulgaris/or psoriasis/

44 Bullous skin disease/or bullous pemphigoid/

45 Exp vasculitis/

46 Exp systemic lupus erythematosus/

47 Exp chronic obstructive lung disease/

48 Chronic obstructive pulmonary disease.Mp.

49 Exp chronic bronchitis/

50 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49

51 14 and 31 and 50
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