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Relationship Between Pack-year History of Smoking
and Response to Tumor Necrosis Factor Antagonists in
Patients with Rheumatoid Arthritis
DEREK L. MATTEY, ANN BROWNFIELD, and PETER T. DAWES

ABSTRACT. Objective. To determine whether there is a quantitative relationship between smoking history and
response to therapy with tumor necrosis factor (TNF) antagonists.
Methods. A history of cigarette smoking was obtained from a questionnaire completed by each
patient starting therapy with TNF antagonists since 2002 (n = 154). A core set of demographic and
clinical variables was recorded at baseline and at 3 and 12 months. The extent of smoking was quan-
tified in pack-years (py), with 1 py equivalent to 20 cigarettes per day for 1 year. The association
between smoking intensity and response was assessed using contingency tables and logistic regres-
sion analysis. Response to therapy was defined according to the European League Against
Rheumatism improvement criteria.
Results. There was an increasing trend of no response at 3 and 12 months with increasing py histo-
ry [p (trend) = 0.008 and 0.003, respectively]. The change in Disease Activity Score (DAS)28 over
the first 3 months was inversely associated with the number of py (r = –0.28, p = 0.002). The asso-
ciation of py history with response failure was independent of age, sex, disease duration, baseline
disease activity score (DAS28), Health Assessment Questionnaire (HAQ) score, IgM rheumatoid
factor, and smoking at baseline. The most significant effect was seen in patients treated with
infliximab.
Conclusion. RA patients with a history of smoking were more likely to show a poor response to
TNF antagonists. Response failure was associated with the intensity of previous smoking, irrespec-
tive of smoking status at initiation of anti-TNF therapy. (J Rheumatol First Release May 15 2009;
doi:10.3899/jrheum.081096)
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Many recent studies have provided evidence that cigarette
smoking is a risk factor in susceptibility to rheumatoid
arthritis (RA), and may be associated with the development
of more severe disease, especially that involving extraartic-
ular features such as nodules and vasculitis1-17. The rela-
tionship between smoking and erosive disease is less clear,
with some studies showing detrimental effects, while others
show no effect or even suggest that smoking may be protec-

tive against joint damage4,7,8,10,11,15,16. Such differences
may be due to differences in disease duration or pack-year
(py) history between studies. Those studies showing detri-
mental effects were generally carried out on patients with a
longer disease duration and longer smoking history4,7,8,11.
The influence of smoking on response to treatment in

patients with RA has received little attention, although a
recent study has suggested that patients with RA who smoke
have a greater need for disease modifying antirheumatic
drugs (DMARD)18. The authors suggested that the potency
of antirheumatic agents may be weakened in smokers, such
that greater use of DMARD is needed to control disease
activity. This study found that py history was important,
with nonsmokers and patients with fewer than 20 py having
a significantly higher probability of improvement than
heavy smokers (> 20 py). A recent study of patients with RA
from the British Society for Rheumatology (BSR) Biologics
Register also suggests that smoking may influence response
to tumor necrosis factor (TNF) antagonists since a lower
response rate to the TNF antagonist infliximab was found in
current smokers19. However, that study did not report on the
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quantitative effects of smoking on anti-TNF response. In our
study, we have investigated whether there is a quantitative
relationship between smoking history and response to TNF
antagonists in patients with RA.

MATERIALS AND METHODS
Study population. Patients were attending a secondary care hospital
rheumatology clinic at the Staffordshire Rheumatology Centre, United
Kingdom, (Table 1) and satisfied the 1987 American College of
Rheumatology criteria for RA20. All patients starting therapy with TNF
antagonists since 2002 were entered into the study (n = 154). The majority
of patients were started with infliximab (n = 83) or etanercept (n = 55), with
a smaller number starting with adalimumab (n = 16). They all fulfilled the
UK National Institute of Clinical Excellence (NICE) criteria for use of anti-
TNF therapy and were entered onto the British Society for Rheumatology
Biologics Register. A core set of demographic and clinical variables was
recorded at baseline, 3 months, and 12 months. These included the Disease
Activity Score 28-joint count (DAS28), disability index of the Health
Assessment Questionnaire (HAQ)21, presence of erosions, C-reactive pro-
tein (CRP) and erythrocyte sedimentation rate (ESR), visual analog scale
(VAS) pain score, IgM rheumatoid factor (IgM-RF), and presence or
absence of rheumatoid nodules. IgM-RF levels were measured using neph-
elometry and reported in International Units (IU). A level > 60 IU/ml was
considered to be positive22.

A history of current or past cigarette smoking was obtained from a
questionnaire completed by each patient at the start of the study. Patients
were classified as smokers if they had smoked at least 1 cigarette a day for
1 year. The age at which they started smoking and the number of cigarettes
smoked per day was recorded. In past smokers, the age at which they
ceased smoking was also recorded. The extent of previous smoking was
quantified in pack-years, with 1 py equivalent to 20 cigarettes per day for 1
year. Response to therapy was defined according to the European League
Against Rheumatism (EULAR) improvement criteria, based on their 3 or
12-month DAS28 and absolute change in DAS28 from baseline23. A non-
responder would show an improvement < 0.6 or have a final DAS28 score
> 5.1. Ethical approval was obtained from the North Staffordshire local
research ethics committee, and all patients provided written informed
consent.

Statistical analysis. Baseline differences in continuous demographic vari-
ables between current smokers, past smokers, and nonsmokers were inves-
tigated by analysis of variance (ANOVA). Frequency differences in clinical
variables were investigated using contingency tables and chi-squared analy-
sis. Comparisons between patients who had ever smoked (past + current)
and those who had never smoked were carried out using Student’s t tests or
Mann-Whitney U-tests where appropriate. Paired t tests or Wilcoxon’s
signed-rank test were used to compare variables in smokers and nonsmok-
ers at baseline and 3 months, depending on whether data showed a normal

or non-normal distribution. The relationship between changes in disease
measures and number of py was calculated using Spearman’s correlation.
The association between smoking intensity and response to therapy was ini-
tially assessed using contingency tables in which py were stratified into 4
categories (0, 1–15, 16–30, > 30) to reflect the intensity of smoking prior
to therapy with TNF antagonists. Patients who discontinued prior to their
3-month or 12-month assessment were classed as nonresponders, irrespec-
tive of their reason for stopping. These patients were included in the analy-
ses on an intention to treat basis. Data were analyzed using the
Mantel-Haenszel chi-squared test for trend. Multivariate logistic regression
analysis was used to investigate the association of py with nonresponse,
when adjusting for other possible confounders: baseline DAS28, HAQ,
number of previous DMARD, etc. A forward stepwise analysis was used to
determine the strongest predictors of response failure.

All data were analyzed using Number Cruncher Statistical Software
package for Windows (NCSS 2000, NCSS Statistical Software, Kaysville,
UT, USA), and GraphPad Prism software (version 1.03, GraphPad
Software, San Diego, CA, USA).

RESULTS
Baseline demographic and clinical features in smokers and
nonsmokers. Table 1 summarizes baseline demographic and
clinical features of the RA cohort according to their smok-
ing status. The general characteristics were typical of
patients with well established, severe RA, including a sig-
nificant proportion with nodular disease.
A history of smoking was found in 103/154 (66.9%)

patients. Of these, 38/154 (24.7%) were current smokers at
the start of anti-TNF therapy. There was no significant dif-
ference in age or age of onset between nonsmokers, past
smokers, and current smokers, although current smokers
had a shorter disease duration than nonsmokers or past
smokers (p = 0.03 by ANOVA). Patients with a history of
smoking (past + current) were more likely to be male than
female [81.8 vs 60.9%; odds ratio (OR) 2.8, 95% confidence
interval (CI) 1.2–6.4, p = 0.01]. There was no difference in
the frequency of erosive disease between patients who had
ever smoked and nonsmokers. However, there was an
increase in the frequency of patients with IgM-RF and nod-
ules in patients who had smoked, although this did not
achieve statistical significance. The number of years smoked
were significantly higher in patients with seropositive dis-
ease (30.9 vs 18.3 yrs; p = 0.0004) and nodular disease (30.9
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Table 1. Baseline characteristics of patients with RA stratified by smoking status before treatment with tumor
necrosis factor (TNF) antagonists.

Never Smoked, Past Smoker, Current Smoker,
n = 51 n = 65 n = 38

Age, mean (SD) yrs 54.5 (12.3) 57.7 (12.9) 56.4 (12.60)
Age of RA onset, man (SD) yrs 40.7 (14.1) 42.6 (13.4) 45.8 (11.4)
Disease duration, mean (SD) yrs* 13.9 (8.4) 15.2 (8.6) 10.6 (8.3)
Male:female** 8:43 26:39 10:28
Rheumatoid factor, % 66.0 73.5 83.3
Nodules, % 52.0 64.7 66.7
Erosions, % 92.0 91.2 97.4

* p = 0.03 (analysis of variance), ** p = 0.015 (chi-squared test, 2 df).
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vs 22.3 yrs; p = 0.006). Similarly, the number of py was sig-
nificantly higher in seropositive patients (16.1 vs 8.9 py; p =
0.02) and those with nodules (18.4 vs 8.0 py; p = 0.003).

Comparison of clinical variables at baseline and 3 months
in patients with or without a history of smoking. For patients
completing 3 months’ followup (n = 147), paired compari-
son tests showed significant improvements (p < 0.0001) for
all clinical variables in patients with or without a history of
smoking (Table 2). Seven patients stopped anti-TNF therapy
before the 3-month timepoint. We were unable to collect
clinical data on these at the time of discontinuation, so they
were omitted from the paired comparison analyses.
At baseline there were no significant differences in clini-

cal variables between nonsmokers and those who had ever
smoked. However, at 3 months the measures of disease
activity, disability, pain, and patient global assessment
(PGA) for those who had ever smoked were significantly
higher than in nonsmokers: DAS28 (p = 0.005), HAQ (p =
0.01), pain VAS (p = 0.0001), and PGA (p = 0.0004). A
paired comparison of the baseline clinical data with that at
12 months is not shown since many patients had discontin-
ued by that stage, and not all clinical scores were available
at the time of discontinuation. Of the 154 patients who start-
ed the study, 110 remained at the 12-month followup.
The overall improvement in DAS28 score at 3 months

was significantly greater in nonsmokers (p = 0.008).
Examination of the individual measures that make up the
DAS28 score showed that the improvements in tender joint
count (TJC28) and PGA were significantly greater in non-
smokers (p = 0.008 and 0.005, respectively), while improve-
ments in swollen joint count (SJC28) and ESR were not sig-
nificantly different. Of the other measures, improvement in
the pain VAS was significantly greater in nonsmokers (p =
0.009).

Association of py history with response to TNF antagonists.
We found a significant inverse relationship between

improvement in the DAS28 score at 3 months and number
of py (R = –0.28, p = 0.002; Figure 1A). This was reflected
by an increasing trend of no response at 3 months with
increasing py history (p for trend = 0.008; Table 3). Patients
with the greatest number of py (> 30) were 5.8 times more
likely to show no response at 3 months than patients who
had never smoked (p = 0.015). A similar trend of no
response was seen at 12 months (p for trend = 0.003),
although by this time the association of no response with >
30 py was markedly greater than that with lower pack-year
categories (Table 3).
Multivariate logistic regression analyses showed that the

association of py history with response at 3 and 12 months
was independent of age, sex, disease duration, baseline
DAS28 score, HAQ score, nodular disease, IgM-RF status,
and number of previous DMARD (Model 1, Table 4). The
association of py history with response was also independ-
ent of current smoking status at baseline. Replacement of
IgM-RF status by IgM-RF levels in these analyses made lit-
tle difference to the association of py history with response,
and no association was seen between IgM-RF levels and
response (data not shown). When all baseline variables were
included in a forward stepwise model, the py history and
number of previous DMARD were the only variables to sig-
nificantly predict a lack of response at 3 and 12 months
(Model 2, Table 4). Interestingly, in models that omitted py
categories, current smoking was not associated with
response failure at 3 months, but was significantly associat-
ed with response failure by 12 months after adjusting for
other baseline variables (OR 2.7, 95% CI 1.2–5.9, p = 0.01).
Examination of individual measures of the DAS28 score

indicated that the inverse relationship between py history
and DAS28 improvement at 3 months could be explained
mainly by an inverse relationship between the number of py
and improvements in TJC28 and PGA (R = –0.25, p = 0.006
and R = –0.21, p = 0.02, respectively). There was no rela-
tionship between number of py and improvements in SJC28
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Table 2. Comparison of clinical variables at baseline and 3 months in smokers and nonsmokers treated with TNF antagonists.

Variable Never Smoked (n = 48) Ever Smoked (n = 99)
Baseline 3 mos Change (%) Baseline 3 mos Change (%)

CRP, mg/l 43.8 (24.0–94.0) 12.0 (4.0–39.0) 31.8 (72.6) 43.0 (23.0–69.0) 15.0 (6.0–43.0) 28.0 (65.1)
ESR, mm/h 52.0 (30.0–81.5) 27.0 (10.0–42.0) 25.0 (48.1) 51.5 (36.0–71.0) 32.0 (17.0–54.0) 19.5 (37.9)
TJC28 18.0 (12.5–23.0) 4.0 (2.0–8.5) 14.0 (77.8) 17.5 (11.25–24.0) 6.0 (3.0–12.0) 11.5 (65.7)†

SJC28 12.0 (8.5–16.0) 4.0 (2.0–6.0) 8.0 (66.7) 11.0 (8.0–16.0) 4.5 (2.25–8.0) 6.5 (59.0)
PGA 74.0 (66.5–81.0) 23.0 (10.0–33.0) 51.0 (68.9) 75.0 (66.0–90.0) 38.0 (9.8–53.0)# 37.0 (49.3)††

DAS28 6.87 (0.8) 4.23 (1.1) 2.64 (38.3) 6.95 (0.9) 4.88 (1.4)†† 2.07 (29.8)†

HAQ 2.13 (1.94–2.63) 1.75 (1.13–2.25) 0.38 (17.8) 2.26 (2.0–2.75) 2.0 (1.69–2.38)* 0.26 (11.5)
VAS (pain) 69.6 (22.0) 24.4 (19.0) 45.2 (64.9) 71.7 (19.0) 42.3 (25.1)# 29.4 (41.0)**

All clinical variables in smokers and nonsmokers were significantly lower at 3 mos compared with baseline (p < 0.0001). Patients who had ever smoked
demonstrated significantly higher levels and lower percentage changes of many variables at 3 months; * p = 0.01, ** p = 0.009, † p = 0.008, †† p = 0.005, #

p ≤ 0.0004 (compared with never smoked). CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; TJC: tender joints; SJC; swollen joints; PGA:
patient global assessment; DAS: Disease Activity Score; HAQ: Health Assessment Questionnaire; VAS: visual analog scale. Mean (standard deviation) shown
for DAS28 and VAS (pain) scores. All other scores show median (interquartile range).
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and ESR. Of the other disease measures, improvement in the
HAQ and pain VAS also showed significant inverse rela-
tionships with number of py (R = –0.21, p = 0.01 and R =
–0.3, p = 0.002, respectively; Figure 1B). There was a strong
correlation between change in the DAS28 score and change
in the pain VAS at 3 months (R = 0.45, p < 0.0001).

Smoking and response to individual TNF antagonists. We
investigated whether poor response in smokers was associ-
ated with the use of a particular TNF antagonist. For these
analyses we examined the response to infliximab and etan-
ercept separately. The response of patients taking adali-
mumab was not reported because of the small numbers
treated with this drug. A significant trend of nonresponse
with increasing py history was seen in patients treated with
infliximab by 3 months and this approached significance at
12 months followup (Table 5). A significant trend was not
seen in the etanercept-treated patients, although by 12
months followup, patients who had smoked > 30 py were
more likely to have shown response failure than all those in
the other groups (OR 5.1, 95% CI 1.1–23.8).

DISCUSSION
Although TNF antagonists provide effective treatment in
RA patients with severe disease there is a significant pro-
portion (~30%) that show little or no response24-31. Factors
that have been associated with poor response include certain
genetic polymorphisms, previous DMARD failure,
increased disease duration, increased disability, and female
sex32-37. In our study, we found that RA patients with a his-
tory of smoking were more likely to show a poor DAS28
response to anti-TNF treatment by 3 months and 12 months
followup. Multivariate analyses suggested that the associa-
tion of smoking with response failure was independent of
baseline disease activity, severity, and functional disability
measures. An important finding of our study was that the
lack of response was associated with the intensity of previ-
ous smoking, irrespective of whether the patient was smok-
ing at the time of starting therapy.
A study by Hyrich, et al19 suggested that there was a

lower response rate by 6 months among current smokers
receiving infliximab, but no association between smoking
and outcome in patients taking etanercept. Investigation of
infliximab and etanercept separately in our study suggested
that the response to the former over the first 3 months was
more likely to be influenced by py history, although by 12
months a poor response to both drugs was seen in those
patients who had smoked more than 30 py. Approximately
80% of smokers in this category had demonstrated response
failure by this time irrespective of the drug used. It is also
worth noting that this category contained the highest fre-
quency of patients who were still smoking at baseline
(47.6%), and may partly explain the association between
current smoking and response failure by 12 months when py
categories were omitted from the regression model. Some
caution is needed in the interpretation of these results
because of the relatively small numbers and wide confi-
dence intervals. Further independent studies with larger
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Figure 1. Inverse relationship between (A) Disease Activity Score 28 or (B) visual analog scale pain score change at 3
months and number of pack-years.

Table 3. Relationship between pack-year history and response to TNF
antagonists.

Pack-years Response, No Response, Odds Ratio
n (%) n (%) (95% CI)

3 months
0 48 (94.1) 3 (5.9) 1.0 (ref)
1–15 42 (84.0) 8 (16.0) 2.8 (0.7–10.3)
16–30 25 (78.1) 7 (21.9) 4.1 (1.04–15.8)
> 30 15 (68.2) 6 (31.8) 5.8 (1.4–24.0)*
12 months
0 33 (66.0) 18 (34.0) 1.0 (ref)
1–15 26 (50.0) 24 (50.0) 1.7 (0.8–3.7)
16–30 18 (51.7) 14 (48.3) 1.4 (0.6–3.5)
> 30 4 (19.0) 17 (81.0) 7.0 (2.2–22.9)**

* p (chi-square test for trend) = 0.008. ** p (chi-square test for trend) = 0.003.
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sample sizes would clarify whether there are indeed differ-
ences between infliximab and etanercept in the response of
patients who smoke.
A number of possible mechanisms may be considered to

explain our findings. One possibility is that the association
with poor response in smokers is due to an increased fre-
quency of RF and anti-cyclic citrullinated peptide (CCP)
autoantibodies in these patients. The association of smoking
with increased production of RF and anti-CCP in RA is well

documented4,7,8,12,14,17,18,38, and recent studies have sug-
gested that RF and/or anti-CCP are associated with poor
response to anti-TNF39-41. One of these40 reported that the
association between RF and lack of response to TNF antag-
onists was mostly due to high levels of IgA-RF. In our study
we did not have anti-CCP measurements or levels of IgA-RF
available. However, high levels of IgA-RF are usually asso-
ciated with high levels of IgM-RF, and we found no associ-
ation between IgM-RF levels and response. Although there
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Table 4. Multivariate logistic regression analyses of baseline predictors of response failure to TNF antagonists
at 3 months and 12 months. Pack-years were split into 4 categories (0, 1–15, 16–30, > 30).

Variable Model 1 Model 2
(forward selection)

OR 95% CI OR 95% CI

3 months
Male 0.63 0.19–2.12
Age, yrs 0.99 0.93–1.05
Disease duration, yrs 0.97 0.90–1.04
Nodules (+/–) 1.58 0.50–5.02
Rheumatoid factor (+/–) 0.83 0.24–2.87
DAS28 (per unit) 0.89 0.51–1.54
HAQ (per unit) 0.39 0.13–1.21
No. previous DMARD (per DMARD) 1.57 1.12–2.18 1.52 1.10–2.08
Pack-year category (per category) 1.95 1.11–3.46 1.98 1.34–3.13
Current smoker (+/–) 1.01 0.32–3.24

12 months
Male 1.25 0.54–2.86
Age, yrs 1.01 0.98–1.04
Disease duration, yrs 1.01 0.90–1.06
Nodules (+/–) 0.62 0.27–1.39
Rheumatoid factor (+/–) 0.97 0.41–2.26
DAS28 (per unit) 0.97 0.64–1.44
HAQ (per unit) 0.75 0.33–1.69
No. previous DMARD (per DMARD) 1.27 1.01–1.61 1.23 1.00–1.53
Pack-year category (per category) 1.57 1.05–2.37 1.65 1.18–2.30
Current smoker (+/–) 1.81 0.72–4.51

DMARD: disease modifying antirheumatic drugs; DAS28: Disease Activity Score 28-joint count; HAQ: Health
Assessment Questionnaire.

Table 5. Relationship between pack-year history and response to individual TNF antagonists.

Infliximab Etanercept
Pack-years Response, No Response, OR Response, No Response, OR

n (%) n (%) (95% CI) n (%) n (%) (95% CI)

3 months
0 32 (100) 0 (0) 1.0 (ref) 11 (78.6) 3 (21.4) 1.0 (ref)
1–15 18 (85.7) 3 (14.3) 12.3 (0.7–53) 19 (86.4) 3 (13.6) 0.6 (0.07–4.5)
16–30 15 (75.0) 5 (25.0) 23.1 (1.6–109) 9 (90.0) 1 (10.0) 0.5 (0.01–6.02)
> 30 8 (80.0) 2 (31.8) 19.1 (0.8–75)** 6 (66.7) 3 (33.3) 1.8 (0.2–17.7)
12 months
0 19 (58.1) 13 (41.9) 1.0 (ref) 9 (72.7) 5 (27.3) 1.0 (ref)
1–15 11 (52.4) 10 (47.6) 1.3 (0.4–3.9) 12 (52.9) 10 (47.1) 1.5 (0.4–5.5)
16–30 9 (45.0) 11 (55.0) 1.7 (0.6–5.3) 8 (75.0) 2 (25.0) 0.5 (0.1–2.9)
> 30 2 (20.0) 8 (80.0) 4.9 (1.0–23.6)* 2 (22.2) 7 (77.8) 5.2 (0.9–30.6)

* p (chi-square test for trend) = 0.08. ** p (chi-square test for trend) = 0.01.
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was a strong relationship between IgM-RF status and py, our
multivariate analyses suggested that py history was associ-
ated with response failure independent of IgM-RF levels and
IgM-RF positivity.
Another possibility is that smoking is associated with

increased production of human anti-chimeric antibodies
against infliximab (HACA) in patients treated with this
drug. Such antibodies have been associated with lower
serum infliximab concentrations, and with a reduced
response to treatment42,43. However, we are not aware of any
investigation of levels of HACA in patients with RA who
smoke, and this could be an area of further study.
Other possibilities include an alteration in the pharmaco-

kinetics of TNF antagonists in smokers, for example by
interference with absorption, or more rapid clearance of
drug. It is also possible that past and current smokers have
higher levels of TNF-α and/or other inflammatory mediators
that make them more resistant to anti-TNF therapy. There is
evidence that various cytokines and matrix metallopro-
teinases are elevated in smokers44,45, and we have recently
reported increased production of TNF-α by T cells from
patients with RA who smoke46. In that study, we found an
increase in the TNF-α/soluble TNF receptor ratio released
by T cells that was associated with py history, and that
remained elevated in past smokers. In contrast to these find-
ings, this study showed no significant differences between
smokers and nonsmokers in the levels of the inflammatory
markers CRP and ESR, either at baseline or after 3 months’
treatment. Also, the change in the levels of these markers
during treatment showed no clear association with py histo-
ry. This might argue against the lack of response being due
to an elevation of inflammatory mediators in smokers.
It is noteworthy that the inverse relationship between

number of py and DAS28 improvement could be accounted
for mainly by a negative relationship between py and
improvement in more subjective measures of the DAS28
(TJC28 and PGA). There was also an inverse relationship
between py and improvement in pain VAS in these patients.
These findings suggest that response failure in smokers may
be explained to a large extent by a more severe perception of
pain, rather than a failure to reduce inflammatory disease
activity. This is in accord with previous studies that have
reported greater levels of pain in smokers with muscu-
loskeletal disorders47-50. It has been suggested that this
could arise from an effect on neurological processing of sen-
sory information, or by general damage to musculoskeletal
tissues through vasoconstriction, hypoxia, defective fibri-
nolysis, etc.50. Such neurological and damage effects need
not be mutually exclusive, and the dose–response relation-
ship seen between the extent of smoking and pain in a num-
ber of studies would support a mechanism involving long-
lasting rather than transient effects. An alternative explana-
tion is that people who choose to take up and continue
smoking demonstrate neuropsychological or sociocultural

differences that are reflected by differences in personality or
illness behavior and may include a lower threshold for
reporting pain and disability50.
Whether the effect of smoking on pain perception is due

to a systemic effect or confounding by sociocultural factors
is unclear, but either way it may have implications for the
measurement of response in longterm smokers treated with
TNF antagonists. Our data suggest that a history of smoking
may place a greater weight on subjective measures of the
DAS28 response, most likely through greater pain percep-
tion, leading to higher DAS28 scores than those seen in non-
smokers with similar levels of inflammatory activity. This
raises the question whether the DAS28 response is the most
appropriate measure of improvement in those patients who
have a history of smoking. It is worth noting that the major-
ity of patients investigated in our study had severe, long-
standing disease so that many already had a significant py
history by the time of anti-TNF treatment. The severity of
disease in this particular cohort is reflected by the high fre-
quency of nodular disease, and by the relatively high failure
rate at 12 months. The criteria for prescribing TNF antago-
nists in the UK includes failure with at least 2 previous
DMARD, so the high disease burden in this particular group
may thus limit the generalizability of the study. Patients with
RA starting anti-TNF therapy in other countries may have
significantly less severe disease.
Further studies are needed to investigate whether patients

treated at an earlier stage of their disease show a similar
relationship between smoking history and poor response.
We also acknowledge that the relatively low number of
patients in this study may not provide a definitive conclusion
on this relationship, and other studies with larger cohorts
will be needed to confirm these findings.
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