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Review

Metaanalysis of the Association of Smoking and
PTPN22 R620W Genotype on Autoantibody Status and
Radiological Erosions in Rheumatoid Arthritis
Lyndsey H. Taylor, Sarah Twigg, Jane Worthington, Paul Emery, Ann W. Morgan, 
Anthony G. Wilson, and M. Dawn Teare

ABSTRACT. Objective. To investigate the interrelationships among smoking, protein tyrosine phosphatase
non-receptor 22 (PTPN22) R620W (rs2476601) genotype, and anticitrullinated peptide antibody
(ACPA) status; and among smoking, PTPN22 R620W genotype, and presence of bone erosions
overall and separately by ACPA status in patients with rheumatoid arthritis (RA).
Methods. Six studies totaling 2680 patients with RA were included in a Mantel-Haenszel
fixed-effects metaanalysis investigating ACPA status and up to 8 studies totaling 3172 patients with
RA were included in a Mantel-Haenszel fixed-effects metaanalysis investigating presence of erosive
damage.
Results. Evidence was found for an increase in the odds of ACPA positivity for ever smoking (OR
1.56, 95% CI 1.28–1.90, p = 8.5 × 10-6), carriage of at least 1 of the PTPN22 risk alleles (OR 1.50,
95% CI 1.13–2.00, p = 5.5 × 10-3) and both ever smoking and carriage of at least 1 of the PTPN22
risk alleles (OR 2.22, 95% CI 1.69–2.91, p = 8.3 × 10-9). There was no evidence of an association
between presence of erosive damage and smoking status or carriage of PTPN22 risk alleles when
analyzed overall or separately by ACPA status.
Conclusion. This metaanalysis indicates that both smoking and the PTPN22 risk allele are
associated with the risk of ACPA positivity. There was insufficient evidence to establish a
relationship in either direction between PTPN22 and smoking with erosive damage, despite
evidence that ACPA positivity is associated with erosive damage. (J Rheumatol First Release May
1 2013; doi:10.3899/jrheum.120784)
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A role for genetics in determining rheumatoid arthritis (RA)
severity has recently been highlighted in candidate gene
association and linkage studies1. Possible estimates of the

heritability of radiological damage, derived using kinship
coefficients and identical by descent, were found to be 45%
and 58%, respectively2. Large candidate gene studies have
reported association of variants of interleukin 6 (IL-6),
IL-10, and tumor necrosis factor α-induced protein 3
(TNFAIP3) with more severe radiological damage3,4,5, as
have studies of the RA susceptibility variants in CD405 and
at the TNF-associated factor 1/C5 (TRAF1/C5) locus6.
Smoking has been linked to production of anticitrullinated
protein antibodies (ACPA) in HLA-DRB1 shared-epi -
tope-positive patients. It has also been associated with a
worse severity of RA7,8,9. In addition, a single amino acid
change R620W (rs2476601) in protein tyrosine phosphatase
nonreceptor 22 (PTPN22) has been found to interact with
smoking and ACPA positivity10. It was therefore hypothe-
sized that carriage of the PTPN22 risk allele may interact
with smoking and be associated with more severe RA.

Despite this, 2 recent studies11,12 (n = 532 and n = 156,
respectively) found no evidence that smoking increased the
risk of being ACPA-positive. One of those studies also
reported a protective effect of smoking on the development
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of bone erosions in subjects who had ever smoked and a
larger protective effect when subjects ever smoked in
combination with carrying at least 1 of the PTPN22 single
amino acid changes R620W (rs2476601)11. 

This protective effect of smoking and the PTPN22 risk
allele on radiological damage had not been previously
reported. Therefore we conducted a metaanalysis of 6
studies totaling 2680 patients with RA (cases only were
included) to investigate the effect of smoking and carrying
the PTPN22 risk allele on ACPA positivity status, and a
further metaanalysis of 8 studies totaling 3172 patients with
RA to investigate the effect of smoking and carrying the
PTPN22 risk allele on the presence of erosive damage. In
addition, to explore the potential causal pathway between
PTPN22, smoking, ACPA positivity, and erosions, we
conducted a metaanalysis of 5 studies totaling 2074 patients
with RA to investigate the increase in risk of erosions for
ACPA-positive versus ACPA-negative patients and
provided a subgroup analysis of smoking, PTPN22, and
presence of erosive damage for ACPA-positive and
ACPA-negative patients separately.

MATERIALS AND METHODS
RA populations. Subjects meeting the American College of Rheumatology
1987 criteria for RA13 with available genotyping data on rs2476601,
smoking, and ACPA or erosions were compiled from the following RA
populations: Biologics in RA Genetics and Genomics Study Syndicate
(BRAGGSS)14, Early RA study (ERAS)15, Evaluation et Suivi des
POlyarthrites Indifférenciées Récentes (ESPOIR)11, Norfolk Arthritis
Register (NOAR)16, UK RA Genetics (UKRAG; London, Manchester, and
Sheffield)17, and Yorkshire Early RA (YEAR)18. ACPA status was not
available for 2 populations (UKRAG London and ERAS), resulting in just
6 populations available for use in the ACPA analysis. All patients were
British (with the exception of ESPOIR), white, and age 18 years or older.
The Sheffield and BRAGGSS data had average disease duration of about
14 years, whereas all other studies were in early RA (maximum disease
duration 2 years). Smoking was dichotomized as “ever smoked” or “never
smoked” because of the data available. PTPN22 was classified as “any”
(carriage of at least 1 risk allele) versus “no” (carriage of no risk alleles).
Studies used their own criteria in the definition of ACPA-positive and
negative. For example, UKRAG and Sheffield used > 5.5 U/ml, YEAR
used ≥ 5.5 U/ml, or > 10 U/ml depending on the assay used18, and ESPOIR
reported to have used > 50 U/ml11. See individual studies for further details.
Radiographic examination was performed at recruitment and used to define
presence or absence of erosive damage. 
Statistical analysis. Patients were categorized into 4 groups by smoking
status (ever or never) and presence of the PTPN22 risk allele (any or no).
Mantel-Haenszel fixed-effects metaanalyses were performed, comparing
each of the 3 categories [ever smoking and no PTPN22 risk allele (EN),
never smoking and any PTPN22 risk allele (NA), and ever smoking and
any PTPN22 risk allele (EA)] against the reference category of never
smoking and carrying no PTPN22 risk allele. The effect of smoking and
carrying the PTPN22 risk allele was assessed separately for their effect on
the risk of being ACPA-positive and their influence on the risk of any
erosive damage. No evidence of study heterogeneity was found based on
histograms of the residuals, normal Q-Q plots, I2 statistic, and the
chi-square-based Cochran’s Q statistic. DerSimonian and Laird random
effects metaanalysis models were also produced but are not presented
because similar results were obtained.

The increase in risk of erosions for ACPA-positive patients compared to

ACPA-negative patients was examined using both the fixed-effect
Mantel-Haenszel method and the random effects DerSimonian and Laird
method, because of the strong evidence of heterogeneity between the
studies (I2 = 92.1%). 

The effect of smoking and carrying the PTPN22 risk allele on erosive
damage was also assessed separately for ACPA-positive and
ACPA-negative subjects. Only Mantel-Haenszel fixed-effects meta -
analyses were presented because there was no evidence of study hetero -
geneity and the fixed- and random-effects models obtained similar results.

All metaanalyses were assessed using funnel plots and showed no
evidence of publication or selection bias. 

There were no adjustments for any covariates because the data were not
consistently available across the studies. All analyses were performed using
the Metafor Package version 1.6-0 or Meta Package version 1.6-1 (The R
Foundation for Statistical Computing, version 2.13.1)19.

RESULTS
Risk of ACPA positivity. Patients with no PTPN22 risk
alleles were 1.56 times as likely to be ACPA-positive if the
patient ever smoked compared to never smoked (OR 1.56,
95% CI 1.28–1.90, p = 8.5 × 10-6). Never smokers were 1.5
times as likely to be ACPA-positive if the patient had any
PTPN22 risk allele compared to no risk allele (OR 1.50,
95% CI 1.13–2.00, p = 5.5 × 10-3). Patients were 2.22 times
as likely to be ACPA-positive if they both ever smoked and
had any PTPN22 risk allele compared to never smoking and
no risk allele (OR 2.22, 95% CI 1.69–2.91, p = 8.3 × 10-9).
The increase in risk is consistent with the product of the
single risk factors, suggesting independent effects of ever
smoking and having PTPN22 risk alleles. Forest plots of the
comparisons by study are shown in Figure 1.
Risk of erosive damage. There was no evidence of risk of
erosive damage being associated with whether the patient
ever smoked or carried any PTPN22 risk alleles. Forest plots
of the comparisons by study are shown in Figure 2. 

We observed an increase in risk of erosive damage for
patients who were ACPA-positive compared to ACPA-nega -
tive (Figure 3; OR 2.93, 95% CI 2.33–3.69, p = 5.6 × 10-20).
Significant evidence of heterogeneity (I2 = 92.1%) was
present, hence a random effects metaanalysis was also
performed but remained statistically significant (OR 2.56,
95% CI 1.05–6.24, p = 0.039).

There was no evidence of the risk of erosive damage
being associated with whether the patient ever smoked or
carried any PTPN22 risk alleles for ACPA-positive subjects
(Figure 4) or ACPA-negative subjects (Figure 5).

DISCUSSION
We assessed the evidence for association between 2 markers
of RA disease severity (ACPA positivity and presence of
erosive damage) and 2 risk factors (smoking and PTPN22
genotype). The metaanalysis of 6 studies suggests that a
history of smoking or carriage of the PTPN22 rs2476601
risk allele is associated with an increased risk of ACPA
positivity, particularly when occurring in combination. The
second metaanalysis of a total of 8 studies yielded no
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Figure 1. Metaanalysis comparing the odds of ACPA-positive versus ACPA-negative for: A. Ever smoking and no PTPN22 risk allele (EN) versus never
smoking and no PTPN22 risk allele (NN). B. Never smoking and any PTPN22 risk allele (NA) versus never smoking and no PTPN22 risk allele. C. Ever
smoking and any PTPN22 risk allele (EA) versus never smoking and no PTPN22 risk allele. DD is the median or (<) maximum study disease duration in
years. Solid lines indicate a 95% CI and broken line represents an OR of 1. Point estimates are represented by a square whose size is inversely proportional
to the standard error of the estimate. ESPOIR: Evaluation et Suivi des POlyarthrites Indifférenciées Récentes; BRAGGSS: Biologics in RA Genetics and
Genomics Study Syndicate; YEAR: Yorkshire Early RA study; NOAR: Norfolk Arthritis Register. 

Figure 2. Metaanalysis comparing the odds of erosions versus no erosions for: A. Ever smoking and no PTPN22 risk allele (EN) versus never smoking and
no PTPN22 risk allele (NN). B. Never smoking and any PTPN22 risk allele (NA) versus never smoking and no PTPN22 risk allele. C. Ever smoking and any
PTPN22 risk allele (EA) versus never smoking and no PTPN22 risk allele. DD is the median or (<) maximum study disease duration in years. Solid lines
indicate a 95% CI and broken line represents an OR of 1. Point estimates are represented by a square whose size is inversely proportional to the standard error
of the estimate. The overall summary is represented by a diamond. The width of the diamond corresponds to 95% CI. ESPOIR: Evaluation et Suivi des
POlyarthrites Indifférenciées Récentes; BRAGGSS: Biologics in RA Genetics and Genomics Study Syndicate; YEAR: Yorkshire Early RA study; NOAR:
Norfolk Arthritis Register; ERAS: Early RA study.
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evidence that a history of smoking or carriage of the
PTPN22 risk allele, either separately or in combination,
affected the risk of erosive damage. We confirmed the
association between ACPA positivity and erosions; however,
we had insufficient evidence when analyzing separately for
ACPA-positive and ACPA-negative subjects that smoking
or carriage of the PTPN22 risk alleles was associated with
the risk of erosive damage in either of the ACPA subgroups. 

A history of smoking alone was found to significantly
increase the odds of being ACPA-positive, which is in
agreement with previous literature7,8,9. While we found
supportive evidence that having the PTPN22 risk allele
alone and in combination with ever smoking significantly
increased the odds of being ACPA-positive, the estimated
risk was smaller than previously reported11. Given the
known link of a more severe disease being associated with

4 The Journal of Rheumatology 2013; 40:7; doi:10.3899/jrheum.120784
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Figure 3. Metaanalysis comparing the odds of erosions versus no erosions for ACPA-positive versus ACPA-negative subjects. DD is the median or (<)
maximum study disease duration in years. Solid horizontal lines indicate a 95% CI. The size of the box over the point estimate represents the weights deter-
mined by the random effect model W(random). Fixed-effects Mantel-Haenszel and random effects DerSimonian and Laird metaanalysis are shown by
diamonds whose width corresponds to the 95% CI. BRAGGSS: Biologics in RA Genetics and Genomics Study Syndicate; YEAR: Yorkshire Early RA study;
NOAR: Norfolk Arthritis Register.

Figure 4. Metaanalysis for ACPA-positive subjects only comparing the odds of erosions versus no erosions for: A. Ever smoking and no PTPN22 risk allele
(EN) versus never smoking and no PTPN22 risk allele (NN). B. Never smoking and any PTPN22 risk allele (NA) versus never smoking and no PTPN22 risk
allele. C. Ever smoking and any PTPN22 risk allele (EA) versus never smoking and no PTPN22 risk allele. DD is the median or (<) maximum study disease
duration in years. Solid lines indicate a 95% CI and broken line represents an OR of 1. Point estimates are represented by a square whose size is inversely
proportional to the standard error of the estimate. The overall summary is represented by a diamond. The width of the diamond corresponds to 95% CI.
BRAGGSS: Biologics in RA Genetics and Genomics Study Syndicate; YEAR: Yorkshire Early RA study; NOAR: Norfolk Arthritis Register. 
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ACPA-positive subjects, it is of some reassurance that the
recent finding of a protective effect of smoking on erosive
status11 could not be replicated in this metaanalysis.
Although the ESPOIR study used a very different classifi-
cation of ACPA-positive disease (> 50 IU/ml) compared to
the other studies, resulting in only 46.4% of their cases
being ACPA-positive, that factor did not appear to result in
any great differences in the study conclusions shown in
Figures 1B and 1C. However, it could explain why, in
Figure 1A, smoking has a smaller increase in the risk of
ACPA positivity for the ESPOIR study compared to the
other studies. 

Of particular interest is the wide variation observed
between studies on the estimated effect of smoking on
erosive damage (Figure 2A). Possible explanations could be
that we were not able to analyze the number of smoking
pack-years or fit any potential confounding variables such
as the shared epitope or disease duration. Longer durations
of smoking and a higher number of cigarettes per day have
been associated with a higher risk of ACPA positivity20.
While analyzing patients as ever or never smoking could
have weakened the size of effect in our results, we were still
able to detect an association in the ACPA positivity analysis.

Our individual studies are of relatively small sample
sizes, particularly when broken down by the binary ACPA,

erosive status, smoking, and PTPN22 categories. This
results in very small sample sizes when doing the subgroup
analysis by ACPA status (Figures 4 and 5) and could explain
why no significant effects can be seen in either direction. 

Despite 2 of the studies having an average disease
duration of 14 years, there was no observable trend in the
effect sizes when comparing these 2 studies with the rest of
the studies in early RA. Because these studies were not
chosen from published literature reporting these com -
parisons, but were all available data from the UKRAG colla-
boration, it is unlikely that the metaanalysis is affected by
publication or selection bias. A higher risk of RA suscepti-
bility has been reported in patients who are ACPA-positive,
carry any PTPN22 risk allele, have at least 1 of the
HLA-DRB1 shared epitopes, and are ever smokers21.
Therefore if data were available, an extension to this work
would be advantageous, exploring how the presence of the
shared epitope motif affects our estimates of ACPA
positivity and erosive damage. 

The current data strongly suggest that the risk of being
ACPA-positive is increased for patients with RA who have
ever smoked and carry any PTPN22 risk allele. We found no
evidence to support the recently reported11 protective effect
of ever smoking and carrying a PTPN22 risk allele on risk
of erosive damage. 
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Figure 5.Metaanalysis for ACPA-negative subjects only comparing the odds of erosions versus no erosions for: A. Ever smoking and no PTPN22 risk allele
(EN) versus never smoking and no PTPN22 risk allele (NN). B. Never smoking and any PTPN22 risk allele (NA) versus never smoking and no PTPN22 risk
allele. C. Ever smoking and any PTPN22 risk allele (EA) versus never smoking and no PTPN22 risk allele. DD is the median or (<) maximum study disease
duration in years. Solid lines indicate a 95% CI and broken line represents an OR of 1. Point estimates are represented by a square whose size is inversely
proportional to the standard error of the estimate. The overall summary is represented by a diamond. The width of the diamond corresponds to 95% CI.
BRAGGSS: Biologics in RA Genetics and Genomics Study Syndicate; YEAR: Yorkshire Early RA study; NOAR: Norfolk Arthritis Register. 
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