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Smoking, body mass index, disease activity,
and the risk of rapid radiographic
progression in patients with early
rheumatoid arthritis
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Abstract

Background: Identification of risk factors for rapid joint destruction in early rheumatoid arthritis (RA) can be helpful
for optimizing treatment, and improving our understanding of destructive arthritis and its mechanisms. The objective
of this study was to investigate the relationship between early RA patient characteristics and subsequent rapid
radiographic progression (RRP).

Methods: An inception cohort of patients with early RA (symptom duration < 12 months), recruited during 1995–2005
from a defined area (Malmö, Sweden), was investigated. Radiographs of the hands and feet were scored in chronological
order according to the modified Sharp–van der Heijde score (SHS), by a trained reader. RRP was defined as an increase
of ≥ 5 points in SHS per year.

Results: Two hundred and thirty-three patients were included. Radiographs were available from 216 patients at baseline,
206 patients at 1 year, and 171 patients at 5 years. Thirty-six patients (22%) had RRP up to 5 years. In logistic regression
models, rheumatoid factor (RF) and anti-cyclic citrullinated peptides (anti-CCP), and increased erythrocyte sedimentation
rate (ESR) or C-reactive protein (CRP) at baseline, predicted RRP over 5 years. Patients identified as overweight or obese
had a significantly reduced risk of RRP up to 5 years (odds ratio (OR) 0.26; 95% confidence interval (CI) 0.11–0.63;
adjusted for RF, baseline erosions, and ESR). Similar point estimates were obtained when stratifying for antibody
status, and in models adjusted for smoking. A history of ever smoking was associated with a significantly increased risk
of RRP up to 5 years, independent of body mass index (BMI) (OR 3.17; 95% CI 1.22–8.28; adjusted for BMI). At the 1-year
follow-up, erosive changes, Disease Activity Score of 28 joints, Health Assessment Questionnaire, swollen joint count,
and patient’s global assessment of disease activity and pain were also significantly associated with RRP up to 5 years.

Conclusions: A history of smoking, presence of RF and/or anti-CCP and early erosions, high initial disease activity and
active disease at 1 year, all increase the risk of RRP. Patients with a high BMI may have a reduced risk of severe joint
damage. This pattern was not explained by differences in disease activity or antibody status. The results of this study
suggest independent effects of smoking and BMI on the risk of RRP.

Keywords: Rheumatoid arthritis, Radiographic progression, Joint damage, Smoking, Body mass index, Disease activity

* Correspondence: emil.rydell@med.lu.se
1Rheumatology, Department of Clinical Sciences, Malmö, Lund University, Jan
Waldenströms gata 35, SE-202 13 Malmö, Sweden
2Department of Rheumatology, Skåne University Hospital, Inga Marie Nilssons
gata 32, SE-214 28 Malmö, Sweden
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Rydell et al. Arthritis Research & Therapy  (2018) 20:82 
https://doi.org/10.1186/s13075-018-1575-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s13075-018-1575-2&domain=pdf
http://orcid.org/0000-0002-3643-7648
mailto:emil.rydell@med.lu.se
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
In order to optimize treatment in patients with early
rheumatoid arthritis (RA), with the intention to stop
progression of joint destruction, it is important at an
early stage to identify patients at high risk of rapid
radiographic progression (RRP). Finding early risk fac-
tors is therefore of key importance. Previous research
shows that patients with rheumatoid factor (RF) and
anti-citrullinated protein antibodies (ACPA) have more
severe disease with more extensive radiographic progres-
sion [1, 2]. Early joint erosions as well as high levels of
markers of inflammation have also been associated with
worse radiographic outcomes [3–6]. Environmental fac-
tors, such as smoking, may also affect the course of RA.
Smoking is a risk factor for developing RA [7, 8], as well
as for extra-articular manifestations in patients with
established disease [9]. In addition, it has been suggested
that smoking increases the risk for radiographic progres-
sion [10]. However, results from previous studies on
smoking and radiographic damage are mixed [10–14].
Intricate relationships between smoking, antibodies,
body composition, treatment response, and disease activ-
ity as well as differences in the design of previous studies
make it difficult to assess the independent effect of
smoking on the risk of radiographic progression.
Furthermore, although a high level of inflammation in

the early stages of disease is a known risk factor for
radiographic progression, the utility of the commonly
used composite measure Disease Activity Score of 28
joints (DAS28) for identifying patients at risk and the
importance of persistent disease activity are less clear
[12, 15–17]. Previous research has indicated better out-
comes for patients receiving disease-modifying antirheu-
matic drugs (DMARDs) at an early stage [18, 19].
However, such effects may vary across populations and
depend on current treatment strategies.
Patients with high body mass index (BMI) have been

shown in large studies to have higher disease activity
[20, 21], to be less likely to respond to treatment [22],
and to have more extensive disability [23]. Despite this,
high BMI has been associated with reduced radiographic
progression in a limited number of studies [24–28].
The purpose of this study was to investigate how pa-

tient characteristics, smoking status, disease activity
measures over time, BMI, and time to initiation of
DMARD treatment relate to subsequent RRP in patients
with early RA.

Methods
Patients
An inception cohort of 233 consecutive patients with
early RA was investigated. The catchment area was
the city of Malmö, Sweden (population 259,579 in
2000). Patients were recruited from the rheumatology

outpatient clinic of Malmö University Hospital, the
only hospital serving the city, or from the four rheu-
matologists in private practice in the area, between
1995 and 2005.
The patients were diagnosed with RA by a specialist in

rheumatology, fulfilled the 1987 American College of
Rheumatology classification criteria for RA [29], and had
a duration of symptoms ≤ 12 months at the time of in-
clusion. There were no additional exclusion criteria. All
patients gave their written consent for participation in
the study, including data collection and inclusion in the
database. The study was approved by the Regional Ethical
Review Board for southern Sweden (Lund, Sweden), and
complied with the Declaration of Helsinki.
Results on clinical parameters and grip strength in

a subset of the included patients have been reported
previously [30].

Clinical assessment
Patients were followed according to a structured pro-
gram with evaluations at inclusion, 12 months, and
60 months. The same rheumatologist performed all of
the clinical examinations. Patient characteristics and dis-
ease activity parameters were recorded, and radiographs
of the hands and feet were obtained. The presence of
erosions (present vs absent) was determined by a radi-
ologist as part of standard clinical practice. Disability
was assessed using the Swedish version of the Stanford
Health Assessment Questionnaire (HAQ) [31]. Visual
analogue scales (VASs) were used to evaluate the pa-
tients’ global assessment of disease activity and the pa-
tient’s assessment of pain. All patients were managed
according to usual care with no prespecified protocol
for antirheumatic treatment. The patients were in-
cluded before the current practice of treat to target
[32] was implemented, and before early treatment with
biologic DMARDs came into widespread use. Informa-
tion on height, weight, and smoking history (current/
previous/never) was collected at inclusion through a
self-administered questionnaire. For confirmation, in-
formation on smoking was also gathered through case-
record reviews, with previous smoking being defined
as a history of daily smoking for more than 6 months
at anytime earlier in the patient’s life. The time from
symptom onset to first start of DMARD treatment was
assessed based on a review of medical records.
Data on treatment with biologic DMARDs at any time

during the study period were obtained through linkage
to a regional biologics register [33].
Changes in disease activity (DAS28) from baseline to

the 1-year follow-up were categorized according to the
European League Against Rheumatism (EULAR) re-
sponse criteria [34].
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Laboratory investigations
RF and antibodies to cyclic citrullinated peptides (anti-
CCP) were analyzed using standard ELISA methods at
the immunology laboratories of the University Hospitals
in Malmö and Lund. IgM RF was analyzed using
ELISA, which was calibrated against the World Health
Organization (WHO) RF reference preparation. Anti-
CCP antibodies were analyzed using the Quanta Lite CCP
IgG ELISA (INOVA Diagnostics, USA). The erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) were
assessed according to standard methods at the Department
of Clinical Chemistry, Malmö University Hospital.

Radiographic assessment
Radiographs of the hands and feet were scored in chrono-
logical order according to the modified Sharp–van der
Heijde score (SHS), by a trained reader (KF, coauthor)
who was blinded to the clinical data. The intraclass correl-
ation coefficient (ICC) from two readings with 2-week in-
tervals for a subset of the cohort (n = 30) was 0.97. Based
on the excellent ICC, a single reading was performed. The
primary outcome, RRP, was defined as an increase of ≥ 5
points in SHS per year [35]. We also assessed SHS pro-
gression above the median as an outcome.

Statistical analysis
Potential associations between each individual baseline
variable with RRP over the first 5 years, as well as with
above median progression of SHS during the same time
period, were assessed using logistic regression analyses.
Furthermore, the relation between 1-year variables and
RRP between the follow-ups at 1 and 5 years was
evaluated.
The covariates for the multivariate models were

chosen based on the literature and the unadjusted ana-
lyses. Due to colinearity, we did not include both RF and
anti-CCP. RF was chosen over anti-CCP due to the
smaller number of patients with missing data for RF.
The final multivariate analyses were adjusted for RF and
for the presence of erosions according to standard radi-
ologist assessment (independent of SHS scoring).
During part of the study period, high-sensitivity CRP

analysis was not available and CRP values between 0
and 9 mg/l were reported by the laboratory as < 9 mg/l.
In logistic regression models, CRP was therefore in-
cluded as a dichotomized variable; that is, above versus
below the median (9 mg/l) at inclusion and above ver-
sus below the 75th percentile (10 mg/l) at 1 year (since
the median at 1 year was < 9 mg/l). Current smoking,
previous smoking, and ever smoking were each com-
pared to the reference category, never smoking.
BMI was included as a continuous variable. Further-

more, the risk of RRP in individuals fulfilling the WHO
criteria for overweight or obesity (≥ 25 kg/m2), overweight

(25–29.99 kg/m2), or obesity (≥ 30 kg/m2) was compared to
that in individuals with normal BMI (18.5–24.99 kg/m2).
Predictors of SHS progression above the median were

assessed in the same manner.
Statistical analysis was performed using IBM SPSS

Statistics version 22.0 (IBM Corp. Armonk, NY, USA).

Results
Patient characteristics
A total of 233 patients with early RA (median symptom
duration 7 months; interquartile range (IQR) 5–10) were
included in this study. Characteristics at baseline and at
the 1-year follow-up in patients with available radio-
graphic data are presented in Table 1. A majority of the
patients was treated with methotrexate (MTX) (Table 1),
and 17% of all patients in the cohort (n = 40) were
treated with a biologic DMARD at some time during the
first 5 years. Among those with radiographic data, the
most frequently used type of non-MTX DMARD was
antimalarials (29% at inclusion, 20% at 1 year). Combin-
ation treatment (≥ 2 DMARDs) was used in three pa-
tients at baseline (2%) and in 13 patients (8%) at 1 year.

Radiographic progression
Radiographs were available for 216 patients at baseline,
206 patients at 1 year, and 171 patients at 5 years. Mean
progression of SHS from baseline to 1 year, from baseline
to 5 years, and from 1 year to 5 years was 4.0 (n = 194,
standard deviation (SD) = 6.3), 17.4 (n = 162, SD = 20.0),
and 13.8 (n = 161, SD = 19.0), respectively. Compared to
baseline SHS values, 60 patients (31%) had RRP at 1 year
(21 men, 39 women) and 36 patients (22%) up to 5 years
(11 men, 25 women). Thirty-six patients (22%) had RRP
from the 1-year follow-up to the 5-year follow-up (9 men,
27 women). The median SHS progression from baseline
to 5 years was 12.

Baseline predictors of RRP
Results of analyses of associations between baseline
variables and RRP up to 5 years as well as above me-
dian progression in SHS up to 5 years are presented in
Tables 2 and 3, respectively. Crude estimates and esti-
mates adjusted for RF and baseline presence of erosions
are presented. Age and sex were not significant predic-
tors of RRP at 5 years in crude or adjusted analysis
(Table 2).

Disease severity
Positive RF was a significant predictor of RRP over
5 years (odds ratio (OR) 5.23; 95% confidence interval
(CI) 1.73–15.86; adjusted for baseline erosions). Signifi-
cant associations for baseline variables with RRP up to
5 years were seen in adjusted models for anti-CCP
positivity, ESR, and CRP (Table 2). No significant

Rydell et al. Arthritis Research & Therapy  (2018) 20:82 Page 3 of 11



Table 1 Characteristics of patients with radiographic data

Data available at inclusion
and 5 years (n = 162)

Data available at 1 year
and 5 years (n = 161)

Characteristics at inclusion Characteristics at 1 year

Demographics and history

Female sex, n (%) 114 (70) 116 (72)

Age at inclusion (years) 62 (52–70) 62 (52–70)

Symptom duration at inclusion (months) 7 (5–10) 7 (5–10)

Time to first DMARD (months)a 5 (3–7) 5 (3–7)

Current treatment

DMARD (any), n (%) 138 (85) 135 (84)

MTX, n (%) 85 (52) 97 (60)

MTX dose (mg/week) 10.0 (7.5–10.0) 10.0 (7.5–15.0)

Other DMARDs, n (%) 56 (35) 51 (32)

Concurrent prednisolone, n (%) 60 (37) 45 (28)

Prednisolone dose (mg/day) 7.5 (5.0–15.0) 5.0 (3.75–7.5)

Anthropometrics

BMI (kg/m2) 25 (23–28) NR

Obeseb, n (%) 19 (12) NR

Overweightb, n (%) 69 (45) NR

Normal BMIb, n (%) 66 (43) NR

Cigarette smoking status

Current smokers, n (%) 49 (32) NR

Previous smokers, n (%) 51 (33) NR

Never smokers, n (%) 55 (36) NR

Disease parameters

RF-positive at inclusion, n (%) 105 (65) 104 (65)

Anti-CCP antibody-positive at inclusion, n (%) 83 (59) 80 (58)

Modified Sharp–van der Heijde score 2 (0–8) 6 (1–16)

Joint space narrowing score 0 (0–6) 4 (0–11)

Erosion score 0 (0–2) 2 (0–4)

Erosions presentc, n (%) 28 (17) 47 (30)

DAS28 4.7 (3.6–5.7) 3.6 (2.7–4.4)

Remissiond, n (%) 12 (8) 36 (23)

Low disease activityd, n (%) 27 (17) 56 (36)

Moderate disease activityd, n (%) 75 (47) 80 (51)

High disease activityd, n (%) 59 (37) 21 (13)

HAQ 0.75 (0.38–1.25) 0.50 (0.13–0.88)

Swollen joint count (out of 28) 7 (5–11) 4 (2–6)

Tender joint count (out of 28) 4 (2–9) 2 (0–5)

ESR (mm/h) 22 (11–43) 16 (8–30)
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associations were observed for DAS28, HAQ, swollen
and tender joint counts, VAS for patients’ global assess-
ment of disease activity or pain, or time from symptom
onset to DMARD initiation, when analyzed as continuous
variables, for RRP up to 5 years (Table 2). Separate analysis
of the baseline category of disease activity revealed a sig-
nificantly increased risk of RRP up to 5 years for patients
with high baseline DAS28 (> 5.1) compared to those with
low to moderate disease activity (Table 2).
Baseline presence of erosions tended to predict RRP

up to 5 years in unadjusted analysis (OR 2.29; 95% CI
0.95–5.53) (Table 2).
Results of analyses of predictors of SHS progression

above the median (Table 3) were largely similar to the
main results.

Smoking and BMI
Significant associations with RRP from baseline up to
5 years were observed for current and ever smoking in
crude and adjusted models (Table 2). Similar point esti-
mates for the impact of ever smoking on the risk of RRP
were obtained in analyses additionally adjusted for ESR
(OR 2.69; 95% CI 0.98–7.44) or for DAS28 (OR 2.51;
95% CI 0.93–6.76). The pattern was similar for current
smoking.
Obese or overweight patients had a reduced risk of

RRP up to 5 years compared to those with normal BMI,
with a numerically stronger effect for those who fulfilled
the criteria for obesity (Table 2). The estimated impact
of overweight/obesity (BMI > 25 kg/m2) on RRP up to
5 years was similar in RF-positive (OR 0.27; 95% CI 0.
11–0.65) and RF-negative (OR 0.27; 95% CI 0.03–2.80)
patients, and also in analyses stratified for anti-CCP sta-
tus (positive OR 0.25 (95% CI 0.09–0.68); negative OR 0.
26 (95% CI 0.03–2.70)). The presence of overweight/
obesity was associated with a significantly reduced risk

of RRP up to 5 years in analyses adjusted for RF and
presence of erosions at baseline (Table 2), and also when
additionally adjusting for ESR (OR 0.26; 95% CI 0.11–0.63).
There were no major differences in baseline CRP, ESR, or
DAS28 across categories of BMI (data not shown). In ana-
lyses stratified by sex, the negative association for over-
weight/obesity reached statistical significance in men (OR
0.17; 95% CI 0.04–0.74), with a similar trend in women
(OR 0.43; 95% CI 0.17–1.07).
In multivariate analyses, adjusted for BMI, current

smoking (OR 3.54; 95% CI 1.24–10.13) and ever smoking
(OR 3.17; 95% CI 1.22–8.28) were both predictive of RRP
over 5 years. Overweight/obesity was negatively associated
with 5-year RRP, adjusted for ever smoking (OR 0.29; 95%
CI 0.13–0.67), with a similar trend in analysis adjusted for
current smoking (OR 0.44; 95% CI 0.16–1.23).
There were no significant associations between smoking

or overweight/obesity and SHS progression above the
median (Table 3).

One-year variables as predictors of RRP
Disease activity parameters at 1 year had a significant
impact on subsequent RRP up to 5 years (Table 4). Not
only high ESR and CRP, but also DAS28, HAQ, swollen
joint count, VAS global, and VAS pain analyzed as con-
tinuous variables, as well as the presence of erosions at
the 1-year radiographic evaluation, were significantly as-
sociated with RRP up to 5 years in crude and adjusted
models (Table 4). Additional analyses of erosive changes
during the first year revealed that progression of SHS,
total change in SHS, as well as RRP up to 1 year also sig-
nificantly predicted RRP up to 5 years, in unadjusted
models (Table 4). Numerically, presence of erosions,
RRP during first year, CRP > 10 mg/l, and high/moderate
disease activity at 1 year were the strongest predictors.
Correspondingly, decreasing disease activity at 1 year,

Table 1 Characteristics of patients with radiographic data (Continued)

Data available at inclusion
and 5 years (n = 162)

Data available at 1 year
and 5 years (n = 161)

Characteristics at inclusion Characteristics at 1 year

CRP (mg/l)e 9 (< 9–28) < 9 (< 9–11)

Patient’s global assessment (VAS 0–100) 46 (21–65) 24 (11–48)

Pain (VAS 0–100) 40 (19–61) 24 (11–44)

Median (interquartile range) presented unless otherwise stated
For characteristics in patients with radiographic data available and included in the analysis for inclusion/1 year, missing numbers were as follows: symptom
duration = 1/NA, time to DMARD = 15/NA, BMI = 5/NR, cigarette smoking status = 7/NR, RF = 1/1, anti-CCP = 22/22, erosion present = 1/2, DAS28 = 1/4, HAQ = 1/0,
swollen joint count = 1/1, tender joint count = 1/1, ESR = 1/3, CRP = 1/2, patient’s global assessment = 1/2, pain = 1/2
DMARD disease-modifying antirheumatic drug, MTX methotrexate, BMI body mass index, NR not reported, RF rheumatoid factor, anti-CCP antibodies to cyclic
citrullinated peptides, DAS28 Disease Activity Score of 28 joints, HAQ Health Assessment Questionnaire, ESR erythrocyte sedimentation rate, CRP C-reactive protein,
VAS visual analogue scale, NA not applicable
aDuration from rheumatoid arthritis symptom onset to start of first DMARD
bDefinitions based on BMI: obese ≥ 30 kg/m2; overweight 25–29.99 kg/m2; normal 18.5–24.99 kg/m2. Three patients with BMI ≤ 18.5 kg/m2 were excluded from
this analysis
cBy standard radiographic evaluation, independent of modified Sharp–van der Heijde scoring
dDefinitions based on DAS28: remission ≤ 2.6; low ≤ 3.2; moderate > 3.2 to ≤ 5.1; high > 5.1
eAnalysis sensitivity differs, with some data ranging from 0 to 9 (mg/l) only reported as < 9 (mg/l)
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demonstrated by a greater change in DAS28 from base-
line to 1 year or defined according to the EULAR re-
sponse criteria as a good response at 1 year, drastically
decreased the risk of RRP between the 1-year and 5-year
follow-ups (Table 5).

Discussion
In this inception cohort study, over 20% of patients with
early RA had a substantial radiographic progression over

the first 5 years of follow-up. There was a reduced risk of
RRP in overweight and obese patients, and smoking was
predictive of RRP, independent of BMI. These exposures
appeared to affect the risk of rapid progression, rather than
minor joint damage, as they were not significantly associ-
ated with SHS progression above the median (12 units over
5 years) in this study. Our results on the predictive value of
seropositivity, erosions and high inflammatory markers at
baseline are in agreement with the literature [36].

Table 2 Baseline predictors of rapid radiographic progression up to 5 years

Crude Adjusteda

OR 95% CI OR 95% CI

Demographics and anthropometrics

Male sex 1.06 (0.47–2.37) 0.81 (0.34–1.89)

Age (per SD)b 1.20 (0.81–1.77) 1.34 (0.86–2.10)

Time to first DMARD (per SD)b 0.57 (0.25–1.30) 0.57 (0.23–1.42)

BMI (per SD)b 0.76 (0.51–1.15) 0.67 (0.44–1.03)

Normal BMIc (reference) 1.00 1.00

Obesec 0.10 (0.01–0.83) 0.07 (0.01–0.58)

Obese or overweightc 0.32 (0.15–0.71) 0.27 (0.12–0.63)

Overweightc 0.39 (0.18–0.88) 0.36 (0.15–0.84)

Smoking habits

Never smoker (reference) 1.00 1.00

Current smoker 3.60 (1.27–10.22) 2.92 (1.00–8.56)

Ever smoker 3.18 (1.22–8.24) 2.69 (1.01–7.18)

Previous smoker 2.79 (0.97–8.03) 2.50 (0.83–7.55)

Baseline disease parameters

RF positivity 5.70 (1.90–17.10) NA NA

Anti-CCP positivity 6.04 (1.98–18.47) 3.69 (1.12–12.17)

Erosions presentd 2.29 (0.95–5.53) NA NA

DAS28 (per SD)b 1.47 (0.99–2.18) 1.41 (0.94–2.11)

Disease activityc

Low/moderate (reference) 1.00 1.00

High 2.76 (1.29–5.89) 2.70 (1.21–6.03)

HAQ (per SD)b 1.37 (0.96–1.96) 1.55 (1.05–2.28)

ESR (per SD)b 1.89 (1.33–2.69) 1.70 (1.17–2.46)

CRP below median (reference) 1.00 1.00

CRP above median (> 9 mg/l) 2.89 (1.31–6.39) 2.36 (1.04–5.38)

Swollen joint count (per SD)b 1.26 (0.87–1.84) 1.26 (0.86–1.86)

Tender joint count (per SD)b 0.85 (0.55–1.32) 0.94 (0.60–1.48)

Patient’s global assessment (VAS; per SD)b 1.36 (0.92–2.00) 1.29 (0.85–1.94)

Pain (VAS; per SD)b 1.16 (0.79–1.69) 1.18 (0.79–1.77)

OR odds ratio, CI confidence interval, SD standard deviation, DMARD disease-modifying antirheumatic drug, BMI body mass index, NA not applicable, RF rheumatoid factor,
anti-CCP antibodies to cyclic citrullinated peptides, DAS28 Disease Activity Score of 28 joints, HAQ Health Assessment Questionnaire, ESR erythrocyte sedimentation rate,
CRP C-reactive protein, VAS visual analogue scale
aAdjusted for RF and presence of erosions
bSD: age 15 years; time to first DMARD 5.8 months; BMI 4.0 kg/m2; DAS28 1.4; HAQ 0.64; ESR 26 mm/h; swollen joint count 4.9; tender joint count 5.8; patient’s
global assessment 26; pain 26
cFor definitions see Table 1
dBy standard radiographic evaluation, independent of modified Sharp–van der Heijde scoring
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Previous research on the influence of smoking on
radiographic progression has been somewhat incon-
clusive. Several studies have indicated an association
between smoking and worse radiographic outcomes
[10–12, 37–40], while some have shown no such asso-
ciation [13, 14, 41, 42]. Differences in adjustments for
other possible contributors to joint damage, such as
RF, ACPA, and disease activity, when examining the
effects of smoking on radiographic progression limit

comparability between studies. Another concern is the
effect of smoking on body composition and BMI,
which could be of importance in this context. How-
ever, our study suggests that smoking and BMI have
independent effects on radiographic outcomes in RA.
The finding that patients with high BMI at inclusion

were less likely to have rapidly progressive joint damage
is consistent with previous research in the field [24–28].
In the Swedish SWEFOT study, a similar negative

Table 3 Baseline predictors of radiographic progression with change in SHS above the median (i.e. > 12) up to 5 years

Crude Adjusteda

OR 95% CI OR 95% CI

Demographics and anthropometrics

Male sex 1.25 (0.64–2.46) 0.96 (0.46–1.98)

Age (per SD)b 1.18 (0.86–1.62) 1.23 (0.88–1.74)

Time to first DMARD (per SD)b 1.08 (0.80–1.45) 1.06 (0.74–1.53)

BMI (per SD)b 0.93 (0.67–1.29) 0.84 (0.59–1.19)

Normal BMIc (reference) 1.00 1.00

Obesec 0.98 (0.35–2.74) 0.79 (0.26–2.37)

Obese or overweightc 0.71 (0.37–1.34) 0.67 (0.33–1.34)

Overweightc 0.64 (0.33–1.27) 0.64 (0.31–1.33)

Smoking habits

Never smoker (reference) 1.00 1.00

Current smoker 2.16 (0.99–4.73) 1.82 (0.80–4.16)

Ever smoker 1.83 (0.93–3.57) 1.55 (0.76–3.16)

Previous smoker 1.56 (0.72–3.37) 1.39 (0.61–3.17)

Baseline disease parameters

RF positivity 3.18 (1.60–6.34) NA NA

Anti-CCP positivity 2.47 (1.24–4.94) 1.41 (0.64–3.13)

Erosions presentd 4.00 (1.59–10.06) NA NA

DAS28 (per SD)b 1.07 (0.78–1.47) 1.06 (0.75–1.49)

Disease activityc

Low/moderate (reference) 1.00 1.00

High 1.44 (0.76–2.75) 1.44 (0.72–2.86)

HAQ (per SD)b 0.99 (0.73–1.34) 1.08 (0.78–1.49)

ESR (per SD)b 1.73 (1.23–2.44) 1.57 (1.10–2.24)

CRP below median (reference) 1.00 1.00

CRP above median (> 9 mg/l) 2.07 (1.11–3.88) 1.64 (0.84–3.19)

Swollen joint count (per SD)b 0.94 (0.68–1.30) 0.93 (0.66–1.32)

Tender joint count (per SD)b 0.61 (0.42–0.89) 0.66 (0.45–0.98)

Patient’s global assessment (VAS; per SD)b 1.16 (0.84–1.60) 1.13 (0.80–1.60)

Pain (VAS; per SD)b 0.99 (0.72–1.36) 1.03 (0.73–1.44)

OR odds ratio, CI confidence interval, SD standard deviation, DMARD disease-modifying antirheumatic drug, BMI body mass index, NA not applicable, RF rheumatoid factor,
anti-CCP antibodies to cyclic citrullinated peptides, DAS28 Disease Activity Score of 28 joints, HAQ Health Assessment Questionnaire, ESR erythrocyte sedimentation rate,
CRP C-reactive protein, VAS visual analogue scale
aAdjusted for RF and presence of erosions
bSD: age 15 years; time to first DMARD 5.8 months; BMI 4.0 kg/m2; DAS28 1.4; HAQ 0.64; ESR 26 mm/h; swollen joint count 4.9; tender joint count 5.8; patient’s
global assessment 26; pain 26
cFor definitions see Table 1
dBy standard radiographic evaluation, independent of modified Sharp–van der Heijde scoring
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association between obesity and SHS progression over
2 years was observed, although it did not reach signifi-
cance in the fully adjusted model, which included
current smoking [43]. Apart from the SWEFOT study,
only one other previously published study on this sub-
ject included adjustment for smoking [25], whereas
others did not [24, 26–28]. In previous studies, the

association with high BMI and less radiographic progres-
sion was found only to be significant among seropositive
patients [25, 26]. Although the statistical power was
limited for subanalyses of the RF or ACPA-negative
patients in the present study, crude estimates on the im-
pact of overweight/obesity in these subsets were similar
to seropositive patients.
A recent study demonstrated a negative association

between BMI and MRI-detected synovitis and bone mar-
row edema in patients with RA, while the reverse was
observed for other types of arthritis [44]. This suggests
that high BMI is specifically associated with downregu-
lation of destructive arthritis in RA. The underlying
pathways could be related to differences in adipokine
production [45, 46], or other metabolic or hormonal
factors, and should be furthered studied. The worse
clinical symptoms observed in obese RA patients [47]
may be due to other mechanisms including nonspecific
pain, comorbidities, and immobility.
The associations for high baseline disease activity

and failure to reduce DAS28 within 1 year with RRP
are in accordance with some [12, 15, 17, 48], but not
all [16, 49], previous studies. Differences in follow-up and
in baseline disease activity and rates of radiographic

Table 5 DAS28 response at 1 year and risk of rapid
radiographic progression up to 5 years

Crude Adjusteda

OR 95% CI OR 95% CI

Change in DAS28 (per SD)b 0.52 (0.34–0.81) 0.53 (0.33–0.86)

EULAR responsec

No response (reference) 1.00 1.00

Moderate response 0.54 (0.24–1.21) 0.58 (0.24–1.41)

Good response 0.06 (0.01–0.49) 0.08 (0.01–0.64)

Moderate response (reference) 1.00 1.00

Good response 0.12 (0.01–0.93) 0.14 (0.02–1.14)

DAS28 Disease Activity Score of 28 joints, OR odds ratio, CI confidence interval,
SD standard deviation, EULAR European League Against Rheumatism
aAdjusted for rheumatoid factor and presence of erosions at 1 year
bStandard deviation: 1.6
cModerate response n = 61 (39%); good response n = 33 (21%)

Table 4 One-year predictors of rapid radiographic progression up to 5 years

Crude Adjusteda

OR 95% CI OR 95% CI

1-year disease parameters

Erosions presentb 6.16 (2.77–13.73) NA NA

First-year progression (≥ 1 unit increase in SHS) 5.25 (1.90–14.47) NA NA

First-year change in SHS (per SD)c 2.31 (1.51–3.54) NA NA

RRP during first year 6.87 (2.98–15.82) NA NA

DAS28 (per SD)c 2.89 (1.81–4.61) 2.54 (1.54–4.19)

Disease activityd

Low (reference) 1.00 1.00

Moderate 7.13 (2.02–25.13) 6.14 (1.68–22.40)

High 13.25 (3.11–56.44) 9.05 (1.91–42.84)

HAQ (per SD)c 1.62 (1.12–2.33) 1.75 (1.18–2.61)

ESR (per SD)c 2.82 (1.77–4.50) 2.10 (1.30–3.37)

CRP below 75th percentile (reference) 1.00 1.00

CRP above 75th percentile (> 10 mg/l) 10.32 (4.44–24.00) 6.98 (2.85–17.14)

Swollen joint count (per SD)c 1.97 (1.35–2.87) 1.79 (1.18–2.70)

Tender joint count (per SD)c 1.49 (1.01–2.19) 1.46 (0.94–2.29)

Patient’s global assessment (VAS; per SD)C 1.59 (1.08–2.34) 1.71 (1.10–2.66)

Pain (VAS; per SD)c 1.71 (1.16–2.52) 1.86 (1.19–2.91)

OR odds ratio, CI confidence interval, NA not applicable, SHS Sharp–van der Heijde score, SD standard deviation, RRP rapid radiographic progression,
DAS28 Disease Activity Score of 28 joints, HAQ Health Assessment Questionnaire, ESR erythrocyte sedimentation rate, CRP C-reactive protein, VAS visual analogue scale
aAdjusted for rheumatoid factor and presence of erosions
bBy standard radiographic evaluation, independent of modified SHS
cSD: first year change in SHS 6.3; DAS28 1.3; HAQ 0.58; ESR 19 mm/h; swollen joint count 4.0, tender joint count 4.1; patient’s global assessment 23; pain 23
dFor definitions see Table 1
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progression may explain these discrepancies. Taken to-
gether, the ability to identify patients at higher risk of
radiographic progression may improve when analyzing
DAS28 over time, as both patients with high initial disease
activity and those with active disease 1 year after diagnosis
appear to be more prone to developing severe radio-
graphic damage. Finally, early development of joint
damage was a strong predictor of RRP.
In our study, time to initiation of DMARD treatment

was not associated with RRP. Previous studies have
shown that early treatment may alter the long-term
course of disease and is of great importance in order to
reduce radiographic progression over time [50]. Gener-
ally, short disease duration and small individual differ-
ences in time to initiation of treatment in our cohort are
possible explanations for our results.
Limitations in this study include the relatively small

sample size, which affects statistical power for the
multivariate analyses. As data on smoking and BMI
were only available at baseline, longitudinal evaluation
of the impact of these factors was not possible. Since
high-sensitivity CRP was not available during part of
the follow-up, we could only estimate the impact of CRP
by treating it as a dichotomous variable (see Statistical
analysis section for further details).
Strengths of our study include the structured longitu-

dinal follow-up of an inception cohort from a defined
catchment area. Therefore, selection bias is not a major
issue in this study, and the results could be generalized
to patients with RA seen in clinical practice.

Conclusion
A history of smoking, presence of RF and/or anti-CCP
and early erosions, high initial disease activity and active
disease at 1 year, all increase the risk of RRP. Patients
with a high BMI may have a reduced risk of severe joint
damage. This pattern was not explained by differences in
disease activity or antibody status. The results of this
study suggest independent effects of smoking and BMI
on the risk of RRP.
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