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Abstract

Background: Radiographic damage in rheumatoid arthritis (RA) includes erosions and joint space narrowing (JSN).
Different mechanisms may underlie their development. The objective of this study was to evaluate predictors of
these entities separately.

Methods: Consecutive early RA patients (symptom duration ≤12 months) from a defined area (Malmö, Sweden)
recruited during 1995–2005 were investigated. Radiographs of hands and feet were scored by a trained reader
according to the modified Sharp-van der Heijde score. Fat mass and lean mass distribution were measured at
baseline using dual energy x-ray absorptiometry. Potential predictors of erosion and JSN progression from inclusion
to the 5-year follow-up were evaluated.

Results: Two hundred and thirty-three patients were included. Radiographs at baseline and 5 years were
available for 162 patients. The median (interquartile) progression of erosion and JSN scores were 4 (0–8) and
8 (1–16), respectively. Rheumatoid factor (RF) was a robust significant predictor of both erosion and JSN score
progression. In adjusted analyses, anti-CCP antibodies predicted erosions while the erythrocyte sedimentation
rate was predictive of both outcomes. Smoking and high baseline disease activity (DAS28 > 5.1) predicted
progression of erosions. Baseline erosion score was associated with progression of both erosion and JSN
progression, while baseline JSN score was predictive only of the progression of JSN. Overweight/obesity (BMI
≥ 25 kg/m2) was a significant negative predictor of JSN score progression (β = − 0.14, p = 0.018, adjusted for
RF, age, baseline JSN score) also when additionally adjusting for ever smoking (p = 0.041). Among female
patients, this effect was observed in those of estimated post-menopausal age (> 51 years), but not in younger
women. The truncal to peripheral fat ratio was associated with less JSN score progression in women, but not
in men.
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Conclusions: Overweight RA patients had less JSN progression, independent of smoking status. This effect
was seen in particular among older women (mainly post-menopausal), but not younger. Truncal fat was
associated with less JSN progression in female patients. Smoking predicted erosion progression, and erosions
may precede JSN. BMI and fat distribution may influence cartilage damage in early RA and might be related
to hormonal factors.
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Introduction
In patients with rheumatoid arthritis (RA), detection
of early joint damage by radiography is prognostic and
has been previously shown to identify patients more
prone to further damage progression [1–5]. The pres-
ence of autoantibodies such as rheumatoid factor (RF)
and anti-citrullinated protein antibodies (ACPAs),
higher disease activity measures, and levels of systemic
inflammation are considered other established risk
factors for worse radiological outcomes [6]. Increased
cartilage turnover, measured as serum levels of the
cartilage oligomeric matrix protein (COMP), may also
predict progression of joint damage [7–10]. There are
conflicting data on the impact of patient age and sex
[6], while for cigarette smoking and body constitution
there is mounting evidence suggesting important asso-
ciations with radiographic progression. In previously
published data, we have shown that smoking is associ-
ated with more radiographic progression and high
body mass index (BMI) is associated with less radio-
graphic progression in early RA [11]. Similar results
have been presented by others [12–16]. Possible
mechanisms for the effects of BMI on radiographic
progression have been suggested to be hormonally re-
lated, where adipokines have gained particular interest
[17, 18]. Whether the relationship between BMI and
joint damage is age dependent has not been investi-
gated. RA-related joint damage includes erosions and
cartilage destruction, with the latter causing joint
space narrowing (JSN). Despite that separate scores of
these are included in the commonly used radiographic
scoring methods [19], most previous studies have eval-
uated only combined total scores of the radiographic
damage. Whether the development and progression of
erosions and JSN represent separate underlying mech-
anisms in the process of destructive arthritis in RA is
unclear [20]. The purpose of this study was to investigate
how patient characteristics, smoking status, disease activ-
ity measures, anthropometrics, and body composition
measures relate to subsequent progression of erosions and
JSN separately, in patients with early RA. We also wanted
to study if the significance of anthropometrics and body
composition on radiographic progression differed among
older compared to younger women.

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). Pa-
tients were recruited from the rheumatology outpatient
clinic of Skåne University Hospital Malmö, the only hos-
pital serving the city, or from the four rheumatologists
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 (ACR) classification criteria for RA [21]
and had duration of symptoms ≤ 12 months at the time
of inclusion (baseline). There were no additional exclu-
sion criteria.
Results on predictors for radiographic progression

using Sharp-van der Heijde (SHS) total score in this
present cohort have been reported previously [11].

Clinical assessment
Patients were followed according to a structured pro-
gram with evaluations at baseline, 1 year, and 5 years.
The same rheumatologist performed all the clinical ex-
aminations. Patient characteristics and disease activity
parameters were recorded, and radiographs of hands and
feet were obtained. The presence of erosions (present vs.
absent) was determined by a radiologist as part of stand-
ard clinical practice. Disability was assessed using the
Swedish version of the health assessment questionnaire
(HAQ) [22]. Visual analogue scales (VAS) were used to
evaluate the patient’s global assessment of disease activ-
ity and patient’s assessment of pain. All patients were
managed according to usual care with no pre-specified
protocol for anti-rheumatic treatment. The patients were
included before the current practice of treat to target
[23] was implemented, and before early treatment with
biologic disease-modifying anti-rheumatic drugs (DMAR
Ds) came into widespread use. Information on height,
weight, and smoking history (current/previous/never)
was collected at inclusion through a self-administered
questionnaire. The time from symptom onset to first
start of DMARD treatment was assessed based on a re-
view of medical records.
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Data on treatment with biologic DMARDs at any time
during the study period was obtained through linkage to
a regional biologics register [24].

Total body scan
Total and regional fat mass, lean mass, and bone mineral
content were measured at baseline using dual energy x-
ray absorptiometry (DXA) (Lunar DPX-L equipment, 1.3z
Lunar®, Madison, WI, USA). Fat mass was reported for
total body, trunk, and arms and legs, whereas lean mass
was reported for total body and arms and legs, and bone
mineral content only for total body. Truncal to peripheral
fat ratio was calculated by dividing the truncal fat mass
with the fat mass of arms and legs. Fat mass index was cal-
culated as total body fat mass (BFM) divided by height-
squared. Fat free mass index was calculated as the sum of
total body lean mass and bone mineral content, divided by
height-squared. Fat mass lean mass index was calculated
as BFM divided by total body lean mass. The precision of
our DXA apparatus in vivo was evaluated by double mea-
surements after repositioning in 14 healthy adults, as pre-
viously reported [25], with coefficients of variation for
total body bone mineral density (BMD) 0.4%, lumbar
spine BMD 0.5%, femoral neck BMD 1.6%, BFM 4.1%, and
total lean mass 0.6%.

Laboratory investigations
IgM RF was analyzed using ELISA, which was calibrated
against the World Health Organization (WHO) RF refer-
ence preparation. Anti-CCP antibodies were analyzed
using the Quanta Lite CCP IgG ELISA (INOVA Diagnos-
tics, US). Erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) were assessed according to stand-
ard methods at the Department of Clinical Chemistry,
Malmö University Hospital. Serum COMP concentrations
were determined using a sandwich ELISA (AnaMar, Lund,
Sweden).

Radiographic assessment
Radiographs of hands and feet were scored in chrono-
logical order according to the modified Sharp-van der
Heijde score (SHS) [26]. One trained reader (KF, co-
author), blinded to the clinical data, scored the radio-
graphs for SHS including subscores of erosion and JSN
score. For total SHS the maximum score for hands and
feet are 448, for erosion score 280 and for JSN score
168. The intra-class correlation coefficient (ICC) from
two readings with 2-week intervals of a subset of the co-
hort (n = 30) was 0.97. Based on the excellent ICC, a sin-
gle reading was performed. The primary outcome was
progression of erosions score and JSN score up to the 5-
years follow-up.

Statistical analysis
Potential associations between each individual baseline
variable with the amount of progression of erosion and
JSN scores from inclusion to the 5 year follow-up were
assessed using linear regression analyses. Six patients had
discreet negative progression of erosions indicated by a 1–
2-unit decrease in erosions score over 5 years. One patient
had negative progression of JSN score indicated by a 2-
unit decrease. This might represent healing or small read-
ing errors [27]. The outcome variables were logarithmic-
ally transformed because of non-normal distribution of
residuals. To allow for logarithmic computation without
censoring individuals with progression of negative or
zero-values, the smallest possible constant was added.
Co-variates for the multivariate models were chosen

based on the literature and the unadjusted analyses. Due
to co-linearity, 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 for erosion progression were ad-
justed for RF and baseline erosion score, and analyses
for JSN progression were adjusted for RF, age and base-
line JSN score. Due to the known association between
smoking and BMI, models including BMI were addition-
ally adjusted for smoking and vice versa.
During part of the study period, high sensitivity CRP

analysis was not available and CRP values between 0 and
9mg/l was reported by the laboratory as < 9 mg/l. In the
regression models, CRP was therefore included as a di-
chotomized variable, i.e., above versus below median (9
mg/l) at inclusion. Current smoking, previous smoking,
and ever smoking (current and previous) were each
compared to the reference category, never smoking.
BMI was included as a continuous variable. Furthermore,

individuals fulfilling the WHO criteria for overweight or
obesity (≥ 25 kg/m2), overweight (25–29.99 kg/m2), or obes-
ity (≥ 30 kg/m2), were compared to those with normal BMI
(18.5–24.99 kg/m2). Three patients with BMI < 18.5 kg/m2

were excluded from analyses of BMI categories.
Possible interaction effects for anthropometrics and

body composition measures with age category (> 51
years vs ≤ 51 years of age) were evaluated in women.
This cut-off was chosen to represent an estimated
menopausal age, as reported in Swedish women [28].
For co-variates with significant interaction effects, results
from analyses stratified by age category are presented
(Table 7). Statistical analysis was performed using IBM
SPSS Statistics version 25.0, Armonk, NY, IBM Corp.

Results
Patient characteristics
In this study, 233 consecutive early RA patients [median
symptom duration 7 months; interquartile range (IQR)
5–10] were included. Eighty-six percent of patients with
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early RA had detectable radiographic progression of joint
damage over the first 5 years of follow-up, with numeric-
ally more progression of JSN than erosion scores. Char-
acteristics at baseline and at the 5-year follow-up in
patients with available radiographic data, as well as those
with additional body composition data, are shown in
Table 1. Disease parameters and treatment at baseline
and at 5 years in these groups are shown in Table 2.
Seventeen percent (n = 40) of all patients in the full co-
hort were treated with a biologic DMARD at some time
during the first 5 years.

Radiographic progression
Radiographic data was available for 217 patients at base-
line and 171 at 5 years. One hundred and sixty-two pa-
tients had data from both time points. The mean
progression of erosion and JSN scores from baseline to
5 years were 6.1 (n = 163, standard deviation (SD) = 8.8)
and 11.2 (n = 162, SD = 12.8), respectively.

Baseline predictors of erosion and JSN score progression
The results of analyses of associations between baseline
variables and erosion and JSN score progression up to 5
years are shown in Tables 3 and 4, respectively. Sex was
not a significant predictor of erosion or JSN score pro-
gression at 5 years in crude or adjusted analyses (Tables
3 and 4), while there was a trend for age as a predictor
of JSN score progression (p = 0.051) (Table 4).

Smoking habits
Significant associations with erosion score progression
from baseline up to 5 years were observed for ever
smoking and previous smoking in crude and adjusted
models (Table 3), with a trend for current smoking [ad-
justed β = 0.12; p = 0.051]. In analyses additionally ad-
justed for BMI, current smoking [β = 0.13 (95% CI 0.01,
0.26)] and ever smoking [β = 0.12 (95% CI 0.02, 0.22)]
were both predictive of erosion score progression over 5
years, with a trend for previous smoking [β = 0.11; p =

Table 1 Baseline patient characteristics

With radiographic data available
from baseline and 5 years (n = 162)

With radiographic data available from baseline
and 5 years and DXA at baseline (n = 97)

Demographics and history

Female sex, n (%) 114 (70) 72 (74)

Age (years) 62 (52–70) 63 (52–71)

Symptom duration (months) 7 (5–10) 8 (6–10)

Time to first DMARD (months)a 5 (3–7) 5 (4–7)

RF positive, n (%) 105 (65) 56 (58)

Anti-CCP positive, n (%) 83 (59) 55 (59)

Cigarette smoking status

Current smokers, n (%) 49 (32) 32 (33)

Previous smokers, n (%) 51 (33) 33 (34)

Never smokers, n (%) 55 (36) 32 (33)

Anthropometrics

BMI (kg/m2) 25 (23–28) 25 (23–27)

Obese, n (%)b 19 (12) 6 (6)

Overweight, n (%)b 69 (45) 46 (48)

Normal BMI, n (%)b 66 (43) 43 (45)

Body composition

Truncal to peripheral fat ratio 1.08 (0.89–1.27) 1.08 (0.89–1.27)

Total body fat percentage 35 (27–40) 35 (27–40)

Fat mass index 8.64 (6.07–10.52) 8.64 (6.07–10.52)

Fat free mass index 15.60 (14.90–16.97) 15.60 (14.90–16.97)

Fat mass lean mass index 0.56 (0.39–0.72) 0.56 (0.39–0.72)

Median (IQR) given unless otherwise stated
Missing numbers (radiology only group/radiology + DXA group): Symptom duration = 1/1, time to DMARD = 15/9, cigarette smoking status = 7/-, BMI = 5/1
DMARD disease-modifying anti-rheumatic drug, RF rheumatoid factor, Anti-CCP anti-citrullinated peptide antibodies, BMI body mass index, IQR interquartile range
aDuration from RA 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
analyses of BMI categories
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0.055]. Smoking status was not predictive of JSN score
progression (Table 4).

Anthropometrics and body composition
Overweight or obese patients had a reduced risk of JSN
score progression up to 5 years compared to those with

normal BMI (Table 5). The presence of overweight/
obesity (BMI ≥25 kg/m2) was associated with a signifi-
cantly reduced risk of JSN score progression up to 5
years in analyses adjusted for RF, age, and JSN score at
baseline (Table 5), and also when additionally adjusting
for ESR [β = − 0.13 (95% CI − 0.25, − 0.02)], or ever

Table 2 Treatment and disease parameters at baseline and 5 years

With radiographic data available from
baseline and 5 years (n = 162)

With radiographic data available
from baseline and 5 years and
DXA at baseline (n = 97)

Baseline 5 years Baseline 5 years

Treatment

DMARD (any), n (%) 138 (85) 122 (75) 77 (79) 71 (73)

MTX, n (%) 85 (52) 97 (60) 33 (34) 52 (53)

MTX dose (mg/week) 10.0 (7.5–10.0) 10.0 (7.5–15.0) 7.5 (5.0–10.0) 7.5 (5.0–15.0)

Antimalarials, n (%) 47 (29) 17 (10) 39 (40) 15 (15)

Combination (≥ 2 cDMARDs) 3 (2) 14 (9) 4 (4) 10 (10)

Biologic, n (%) 0 (0) 26 (16) 0 (0) 9 (9)

Prednisolone, n (%) 60 (37) 47 (29) 29 (30) 32 (33)

Prednisolone dose (mg/day) 7.5 (5.0–15.0) 5.0 (2.5–5.0) 5.0 (5.0–10.0) 5.0 (2.5–7.5)

Disease parameters

COMP, units/l 11 (9–14) NR 11 (9–14) NR

Modified Sharp-van der Heijde score (SHS) 2 (0–8) 17 (5–31) 1 (0–6) 16 (5–32)

Erosion score 0 (0–2) 5 (1–10) 0 (0–1) 5 (1–10)

Joint space narrowing (JSN) score 0 (0–6) 11 (3–22) 0 (0–5) 10 (3–21)

Progression of SHS from baseline (≥1 unit), n (%) N/A 140 (86) N/A 83 (86)

Progression of erosion score from baseline (≥1 unit), n (%) N/A 122 (75) N/A 71 (73)

Progression of JSN score from baseline (≥1 unit), n (%) N/A 122 (75) N/A 69 (71)

Erosions present, n (%)a 28 (17) 63 (39) 19 (20) 39 (40)

DAS28 4.7 (3.6–4.7) 3.5 (2.6–4.5) 4.6 (3.5–5.5) 3.5 (2.6–4.6)

Remission, n (%)b 12 (7.5) 39 (25) 8 (8) 24 (26)

Low disease activity, n (%)b 27 (16.8) 70 (45) 17 (18) 39 (42)

Moderate disease activity, n (%)b 75 (46.6) 63 (40) 45 (47) 39 (42)

High disease activity, n (%)b 59 (36.6) 23 (15) 34 (35) 15 (16)

HAQ 0.75 (0.38–1.25) 0.75 (0.13–1.12) 0.75 (0.25–1.13) 0.75 (0.13–1.25)

Swollen joint count (out of 28) 7 (5–11) 4 (2–7) 7 (4–11) 4 (2–8)

Tender joint count (out of 28) 4 (2–9) 1 (0–4) 4 (1–8) 1 (0–5)

ESR (mm/h) 22 (11–43) 15 (9–24) 22 (10–38) 15 (9–24)

CRP (mg/l) 9 (< 9–28) 3 (< 9–10) < 9 (< 9–21) < 9 (< 9–12)

Patient’s global assessment (VAS 0–100mm) 46 (21–65) 37 (12–52) 46 (20–65) 40 (10–58)

Pain (VAS 0–100mm) 40 (19–61) 29 (9–48) 40 (18–62) 31 (8–51)

Median (IQR) given unless otherwise stated
Missing numbers in patients with radiographic data, baseline/5 years: COMP = 20/-, Erosion present = 1/0, DAS28 = 1/6, HAQ = 1/2, 28-swollen joint count = 1/2, 28-
tender joint count = 1/2, ESR = 1/5, CRP = 1/3, VAS-patient global health = 1/3, VAS-pain = 1/2
Missing numbers in patients with radiographic and DXA data, baseline/5 years: COMP = 1/-, Erosion present = 1/0, DAS28 = 1/4, HAQ = 1/2, 28-swollen joint
count = 1/2, 28-tender joint count = 1/2, ESR = 1/4, CRP = 1/2, VAS-patient global health = 1/2, VAS-pain = 1/2
DMARD disease-modifying anti-rheumatic drug, MTX methotrexate, COMP cartilage oligomeric matrix protein, NR not reported, SHS modified Sharp-van der Heijde
score, JSN joint space narrowing, N/A not applicable, DAS28 disease activity score of 28 joints, HAQ health assessment questionnaire, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, VAS visual analogue scale, IQR interquartile range
aDetermined by a radiologist as part of standard clinical practice
bDAS28-classifications: remission ≤ 2.6, low > 2.6 to ≤ 3.2, moderate > 3.2 to ≤ 5.1, high > 5.1
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smoking [β = − 0.13 (95% CI − 0.25, − 0.01)]. In adjusted
analyses stratified by sex, the negative association be-
tween overweight/obesity reached statistical significance
in women [β = − 0.15 (95% CI − 0.30, − 0.01)], with a
similar estimate in men [β = − 0.13 (95% CI − 0.36,
0.09)]. The effect of overweight/obesity on JSN score
progression up to 5 years was mainly observed in RF
positive [β = − 0.22 (95% CI − 0.38, − 0.07)] and not RF
negative [β = − 0.01 (95% CI − 0.21, 0.19)] patients, and

similarly stratified for anti-CCP status [positive: β = −
0.19 (95% CI − 0.37, − 0.02), negative: β = − 0.06 (95% CI
− 0.26, 0.15)].
There were no major differences in baseline CRP, ESR,

DAS28, or smoking status across categories of BMI (data
not shown). No significant associations were observed for
BMI categories and erosion score progression (Table 6).
Body composition measures and its relation to JSN

and erosion score progression over 5 years are shown in

Table 3 Baseline predictors of erosion score progression up to 5 years

Crude Adjusteda

β 95% CI β 95% CI

Demographics

Male sex 0.08 − 0.03, 0.20 0.06 − 0.04, 0.17

Age (per SD)b 0.02 − 0.03, 0.08 0.02 − 0.03, 0.07

Time to first DMARD (per SD)b 0.01 − 0.04, 0.06 0.01 − 0.04, 0.05

Smoking habits

Never smoker (reference) 0.00 0.00

Current smoker 0.17 0.04, 0.30 0.12 − 0.00, 0.24

Previous smoker 0.15 0.03, 0.27 0.12 0.01, 0.23

Ever smoker 0.16 0.05, 0.27 0.12 0.02, 0.22

Baseline disease parameters

RF positivity 0.23 0.13, 0.34 0.24c 0.14, 0.34c

Anti-CCP positivity 0.23 0.12, 0.33 0.13 0.02, 0.24

COMP titer (per SD)b 0.04 − 0.01, 0.10 0.04 − 0.01, 0.09

COMP > 12 units/l 0.10 − 0.01, 0.21 0.12 0.02, 0.22

Erosions presentd 0.21 0.08, 0.34 0.16e 0.03, 0.29

Erosion score (per SD)b 0.07 0.02, 0.12 0.08e 0.03, 0.12

Joint space narrowing score (per SD)b 0.04 − 0.01, 0.09 0.04e − 0.01, 0.08

DAS28 (per SD)b 0.05 0.001, 0.11 0.04 − 0.01, 0.08

Disease activityd

Low/moderate (reference) 0.00 0.00

High 0.15 0.05, 0.25 0.11 0.01, 0.21

HAQ (per SD)b 0.03 − 0.02, 0.08 0.03 − 0.02, 0.07

ESR (per SD)b 0.11 0.06, 0.16 0.08 0.03, 0.12

CRP below median (reference) 0.00 0.00

CRP above median (> 9 mg/l) 0.15 0.06, 0.25 0.09 − 0.01, 0.18

Swollen joint count (per SD)b 0.03 − 0.02, 0.09 0.03 − 0.02, 0.08

Tender joint count (per SD)b − 0.03 − 0.09, 0.03 − 0.02 − 0.07, 0.04

Patient’s global assessment (VAS; per SD)b 0.05 − 0.01, 0.10 0.03 − 0.02, 0.08

Pain (VAS; per SD)b 0.02 − 0.03, 0.08 0.02 − 0.02, 0.07

Numbers in bold indicate significance of p ≤ 0.05
CI confidence interval, SD standard deviation, DMARD disease-modifying anti-rheumatic drug, RF rheumatoid factor, Anti-CCP anti-citrullinated peptide antibodies,
COMP cartilage oligomeric matrix protein, 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 baseline erosion score
bSD: age 14 years; time to first DMARD 5.8 months; COMP 3.6 units/l; erosion score 3; JSN score 8; DAS28 1.4; HAQ 0.64; ESR 26 mm/h; swollen joint count 4.8;
tender joint count 5.8; patient’s global assessment 26; pain 26
cAdjusted for baseline erosion score
dFor definitions see Table 1
eAdjusted only for RF
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Tables 5 and 6. For truncal to peripheral fat ratio, a sig-
nificant negative association with JSN score progression
was observed in the adjusted analysis in women [β = −
0.14 (95% CI − 0.25, − 0.02)], but not in men [β = 0.03
(95% CI − 0.15, 0.22)]. No associations were observed for
total body fat percentage, fat mass index, fat free mass
index, or fat mass lean mass index with JSN score

progression (Table 5) and neither body composition var-
iables with erosion score progression (Table 6).
To test if age had an influence on the effects seen for

overweight/obesity and truncal to peripheral fat ratio
with JSN score progression, female patients were catego-
rized as > 51 years and ≤ 51 years of age. In the analyses
of predictors of progression of JSN score, there were

Table 4 Baseline predictors of joint space narrowing score progression up to 5 years

Crude Adjusteda

β 95% CI β 95% CI

Demographics

Male sex 0.00 − 0.13, 0.13 − 0.02 − 0.14, 0.11

Age (per SD)b 0.06 − 0.00, 0.12 0.03c − 0.03, 0.10c

Time to first DMARD (per SD)b − 0.01 − 0.07, 0.04 0.00 − 0.06, 0.05

Smoking habits

Never smoker (reference) 0.00 0.00

Current smoker 0.06 − 0.08, 0.21 0.10 − 0.05, 0.25

Previous smoker 0.03 − 0.12, 0.17 0.03 − 0.10, 0.17

Ever smoker 0.05 − 0.08, 0.17 0.06 − 0.06, 0.19

Baseline disease parameters

RF positivity 0.18 0.06, 0.31 0.18d 0.06, 0.30d

Anti-CCP positivity 0.17 0.05, 0.30 0.09 − 0.04, 0.23

COMP titer (per SD)b 0.04 − 0.02, 0.10 0.04 − 0.03, 0.10

COMP > 12 units/l 0.08 − 0.05, 0.20 0.08 − 0.05, 0.20

Erosions presente 0.19 0.03, 0.35 0.13f − 0.03, 0.29f

Erosion score (per SD)b 0.12 0.06, 0.17 0.11f 0.05, 0.16f

Joint space narrowing score (per SD)b 0.11 0.06, 0.17 0.10f 0.04, 0.16f

DAS28 (per SD)b 0.02 − 0.05, 0.08 0.01 − 0.05, 0.06

Disease activitye

Low/moderate (reference) 0.00 0.00

High 0.10 − 0.02, 0.23 0.08 − 0.04, 0.20

HAQ (per SD)b 0.02 − 0.04, 0.08 0.03 − 0.02, 0.09

ESR (per SD)b 0.09 0.03, 0.15 0.06 0.003, 0.12

CRP below median (reference) 0.00 0.00

CRP above median (> 9 mg/l) 0.13 0.01, 0.25 0.07 − 0.05, 0.19

Swollen joint count (per SD)b 0.00 − 0.06, 0.06 0.00 − 0.06, 0.06

Tender joint count (per SD)b − 0.07 − 0.14, − 0.003 − 0.05 − 0.13, 0.02

Patient’s global assessment (VAS; per SD)b 0.03 − 0.03, 0.09 0.02 − 0.04, 0.08

Pain (VAS; per SD)b 0.00 − 0.06, 0.06 0.02 − 0.04, 0.08

Numbers in bold indicate significance of p ≤ 0.05
CI confidence interval, SD standard deviation, DMARD disease-modifying anti-rheumatic drug, RF rheumatoid factor, Anti-CCP anti-citrullinated peptide antibodies,
COMP cartilage oligomeric matrix protein, DAS28 disease activity score of 28 joints, HAQ health assessment questionnaire, ESR erythrocyte sedimentation rate, CRP
C-reactive protein, VAS visual analogue scale, JSN joint space narrowing
aAdjusted for RF, age and baseline JSN score
bSD: age 15 years; time to first DMARD 5.8 months; COMP 3.6 units/l; erosion score 3; JSN score 8; 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
cAdjusted for RF and baseline JSN score
dAdjusted for age and baseline JSN score
eFor definitions see Table 1
fAdjusted for RF and age

Rydell et al. Arthritis Research & Therapy           (2021) 23:27 Page 7 of 13



Ta
b
le

5
Ba
se
lin
e
an
th
ro
po

m
et
ric
s
an
d
bo

dy
co
m
po

si
tio

n
as

pr
ed

ic
to
rs
of

jo
in
t
sp
ac
e
na
rr
ow

in
g
pr
og

re
ss
io
n
ov
er

5
ye
ar
s

A
ll

W
om

en
M
en

C
ru
d
e

A
d
ju
st
ed

a
C
ru
d
e

A
d
ju
st
ed

a
C
ru
de

A
d
ju
st
ed

a

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

A
nt
hr
op

om
et
ri
cs

BM
I(
pe

r
SD

)b
−
0.
03

−
0.
09
,0
.0
3

−
0.
04

−
0.
10
,0
.0
2

−
0.
03

−
0.
11
,0
.0
4

−
0.
04

−
0.
11
,0
.0
3

−
0.
02

−
0.
14
,0
.1
0

−
0.
05

−
0.
16
,0
.0
7

N
or
m
al
BM

Ic
(re

fe
re
nc
e)

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

O
be

se
c

−
0.
14

−
0.
34
,0
.0
6

−
0.
14

−
0.
31
,0
.0
4

−
0.
18

−
0.
41
,0
.0
6

−
0.
18

−
0.
37
,0
.0
2

−
0.
07

−
0.
46
,0
.3
2

−
0.
07

−
0.
48
,0
.3
4

O
be

se
or

ov
er
w
ei
gh

tc
−
0.
14

−
0.
26

,−
0.
01

−
0.
14

−
0.
26

,−
0.
03

−
0.
15

−
0.
30
,0
.0
1

−
0.
15

−
0.
30

,−
0.
01

−
0.
11

−
0.
34
,0
.1
2

−
0.
13

−
0.
36
,0
.0
9

O
ve
rw

ei
gh

tc
−
0.
13

−
0.
27
,0
.0
0

−
0.
15

−
0.
28

,−
0.
02

−
0.
14

−
0.
31
,0
.0
3

−
0.
15

−
0.
31
,0
.0
1

−
0.
12

−
0.
38
,0
.1
4

−
0.
16

−
0.
41
,0
.0
9

B
od

y
co

m
p
os
it
io
n

Tr
un

ca
lt
o
pe

rip
he

ra
lf
at

ra
tio

(p
er

SD
)b

−
0.
02

−
0.
10
,0
.0
6

−
0.
07

−
0.
15
,0
.0
1

−
0.
09

−
0.
21
,0
.0
3

−
0.
14

−
0.
25

,−
0.
02

0.
05

−
0.
12
,0
.2
1

0.
03

−
0.
15
,0
.2
2

To
ta
lb

od
y
fa
t
pe

rc
en

ta
ge

(p
er

SD
)b

−
0.
04

−
0.
12
,0
.0
5

−
0.
04

−
0.
12
,0
.0
4

−
0.
03

−
0.
15
,0
.0
9

−
0.
06

−
0.
17
,0
.0
6

−
0.
04

−
0.
28
,0
.2
1

−
0.
16

−
0.
40
,0
.0
8

Fa
t
m
as
s
in
de

x
(p
er

SD
)b

−
0.
05

−
0.
13
,0
.0
4

−
0.
06

−
0.
14
,0
.0
2

−
0.
05

−
0.
15
,0
.0
6

−
0.
06

−
0.
16
,0
.0
4

−
0.
04

−
0.
28
,0
.2
0

−
0.
17

−
0.
40
,0
.0
6

Fa
t
fre

e
m
as
s
in
de

x
(p
er

SD
)b

−
0.
02

−
0.
10
,0
.0
7

−
0.
03

−
0.
12
,0
.0
5

−
0.
15

−
0.
33
,0
.0
4

−
0.
12

−
0.
30
,0
.0
6

−
0.
02

−
0.
20
,0
.1
6

−
0.
06

−
0.
23
,0
.1
1

Fa
t
m
as
s
le
an

m
as
s
in
de

x
(p
er

SD
)b

−
0.
04

−
0.
12
,0
.0
5

−
0.
04

−
0.
12
,0
.0
4

−
0.
03

−
0.
14
,0
.0
8

−
0.
05

−
0.
16
,0
.0
6

−
0.
07

−
0.
39
,0
.2
6

−
0.
21

−
0.
52
,0
.1
0

N
um

be
rs

in
bo

ld
in
di
ca
te

si
gn

ifi
ca
nc
e
of

p
≤
0.
05

CI
co
nf
id
en

ce
in
te
rv
al
,B

M
Ib

od
y
m
as
s
in
de

x,
SD

st
an

da
rd

de
vi
at
io
n,

RF
rh
eu

m
at
oi
d
fa
ct
or
,J
SN

jo
in
t
sp
ac
e
na

rr
ow

in
g

a A
dj
us
te
d
fo
r
RF

,a
ge

,a
nd

ba
se
lin

e
JS
N
sc
or
e

b
SD

:B
M
I4

.0
kg

/m
2
;t
ru
nc
al

to
pe

rip
he

ra
lf
at

ra
tio

0.
27

;t
ot
al

bo
dy

fa
t
pe

rc
en

ta
ge

8.
6;

fa
t
m
as
s
in
de

x
3.
0;

fa
t
fr
ee

m
as
s
in
de

x
1.
9;

fa
t
m
as
s
le
an

m
as
s
in
de

x
0.
2

c F
or

de
fin

iti
on

s
se
e
Ta
bl
e
1

Rydell et al. Arthritis Research & Therapy           (2021) 23:27 Page 8 of 13



Ta
b
le

6
Ba
se
lin
e
an
th
ro
po

m
et
ric
s
an
d
bo

dy
co
m
po

si
tio

n
as

pr
ed

ic
to
rs
of

er
os
io
n
pr
og

re
ss
io
n
ov
er

5
ye
ar
s

A
ll

W
om

en
M
en

C
ru
d
e

A
d
ju
st
ed

a
C
ru
d
e

A
d
ju
st
ed

a
C
ru
d
e

A
d
ju
st
ed

a

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

β
95

%
C
I

A
nt
hr
op

om
et
ri
cs

BM
I(
pe

r
SD

)b
0.
01

−
0.
05
,0
.0
6

0.
01

−
0.
04
,0
.0
6

0.
02

−
0.
05
,0
.0
8

0.
02

−
0.
04
,0
.0
9

−
0.
02

−
0.
13
,0
.0
8

−
0.
04

−
0.
14
,0
.0
6

N
or
m
al
BM

I(
re
fe
re
nc
e)
c

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

O
be

se
c

−
0.
03

−
0.
21
,0
.1
5

−
0.
04

−
0.
21
,0
.1
2

−
0.
06

−
0.
28
,0
.1
7

−
0.
05

−
0.
26
,0
.1
5

−
0.
01

−
0.
33
,0
.3
2

−
0.
03

−
0.
35
,0
.2
8

O
be

se
or

ov
er
w
ei
gh

tc
−
0.
05

−
0.
16
,0
.0
6

−
0.
03

−
0.
13
,0
.0
8

−
0.
04

−
0.
17
,0
.0
9

0.
01

−
0.
11
,0
.1
3

−
0.
09

−
0.
29
,0
.1
1

−
0.
10

−
0.
29
,0
.0
9

O
ve
rw

ei
gh

tc
−
0.
06

−
0.
18
,0
.0
6

−
0.
03

−
0.
14
,0
.0
8

−
0.
04

−
0.
18
,0
.1
1

0.
02

−
0.
12
,0
.1
5

−
0.
12

−
0.
33
,0
.1
0

−
0.
13

−
0.
33
,0
.0
8

B
od

y
co

m
p
os
it
io
n

Tr
un

ca
lt
o
pe

rip
he

ra
lf
at

ra
tio

(p
er

SD
)b

0.
03

−
0.
04
,0
.1
0

0.
01

−
0.
06
,0
.0
8

−
0.
01

−
0.
12
,0
.0
9

−
0.
03

−
0.
13
,0
.0
7

−
0.
03

−
0.
17
,0
.1
0

−
0.
03

−
0.
14
,0
.0
8

To
ta
lb

od
y
fa
t
pe

rc
en

ta
ge

(p
er

SD
)b

−
0.
02

−
0.
09
,0
.0
5

−
0.
02

−
0.
09
,0
.0
4

0.
05

−
0.
05
,0
.1
5

0.
03

−
0.
07
,0
.1
3

−
0.
01

−
0.
21
,0
.1
9

−
0.
05

−
0.
22
,0
.1
2

Fa
t
m
as
s
in
de

x
(p
er

SD
)b

−
0.
01

−
0.
08
,0
.0
7

−
0.
02

−
0.
09
,0
.0
5

0.
03

−
0.
06
,0
.1
2

0.
01

−
0.
07
,0
.1
0

0.
03

−
0.
17
,0
.2
2

−
0.
02

−
0.
19
,0
.1
5

Fa
t
fre

e
m
as
s
in
de

x
(p
er

SD
)b

0.
07

−
0.
01
,0
.1
4

0.
05

−
0.
02
,0
.1
2

−
0.
05

−
0.
21
,0
.1
1

−
0.
04

−
0.
19
,0
.1
1

0.
09

−
0.
05
,0
.2
3

0.
08

−
0.
04
,0
.1
9

Fa
t
m
as
s
le
an

m
as
s
in
de

x
(p
er

SD
)b

−
0.
02

−
0.
09
,0
.0
6

−
0.
02

−
0.
09
,0
.0
5

0.
05

−
0.
05
,0
.1
4

0.
03

−
0.
07
,0
.1
2

−
0.
03

−
0.
30
,0
.2
4

−
0.
08

−
0.
30
,0
.1
5

N
um

be
rs

in
bo

ld
in
di
ca
te

si
gn

ifi
ca
nc
e
of

p
≤
0.
05

CI
co
nf
id
en

ce
in
te
rv
al
,B

M
Ib

od
y
m
as
s
in
de

x,
SD

st
an

da
rd

de
vi
at
io
n,

RF
rh
eu

m
at
oi
d
fa
ct
or

a A
dj
us
te
d
fo
r
RF

an
d
ba

se
lin

e
er
os
io
n
sc
or
e

b
SD

:B
M
I4

.0
kg

/m
2
;t
ru
nc
al

to
pe

rip
he

ra
lf
at

ra
tio

0.
27

;t
ot
al

bo
dy

fa
t
pe

rc
en

ta
ge

8.
6;

fa
t
m
as
s
in
de

x
3.
0;

fa
t
fr
ee

m
as
s
in
de

x
1.
8;

fa
t
m
as
s
le
an

m
as
s
in
de

x
0.
2

c F
or

de
fin

iti
on

s
se
e
Ta
bl
e
1

Rydell et al. Arthritis Research & Therapy           (2021) 23:27 Page 9 of 13



significant interactions between age category and over-
weight/obesity (p = 0.02), obesity (p = 0.03), and over-
weight (p = 0.047), in women. In analyses stratified for >
51 years of age, the presence of overweight/obesity had
significant negative associations with JSN progression
over 5 years in the older women, but not in younger
(Table 7).

Disease severity
RF was a robust significant predictor of erosion score
progression as well as for JSN score progression over 5
years (Tables 3 and 4).
Anti-CCP significantly predicted erosion and JSN

score progression in crude models but was significant
only for erosion score progression in the adjusted ana-
lyses (Tables 3 and 4).
Markers of inflammation significantly predicted both

erosion and JSN score progression in crude models, but
only ESR and not CRP were significant in the adjusted
models (Tables 3 and 4).
While DAS28 analyzed as a continuous variable was

not significantly associated with either erosion or JSN
score progression in adjusted models, separate analysis
of the baseline category of disease activity revealed a sig-
nificantly increased risk of erosion score progression up
to 5 years for patients with high baseline DAS28 (> 5.1)
compared to those with low to moderate disease activity
(Table 3).
No significant associations were observed in adjusted

models for HAQ, swollen and tender joint counts, VAS
for patients’ global assessment of disease activity or pain,
or time from symptom onset to DMARD initiation,
when analyzed as continuous variables, for either erosion
or JSN score progression up to 5 years (Tables 3 and 4).
Analyzed as a continuous variable, COMP did not pre-

dict erosion or JSN score progression. When dichoto-
mized using a predefined cut-off (> 12 units/L) [29], high
level of COMP was significantly associated with erosion

score progression in adjusted models, but not JSN score
progression.
Baseline presence of erosions was significantly associ-

ated with erosion and JSN score progression up to 5
years in crude analyses, but only with erosion score pro-
gression in the adjusted models (Tables 3 and 4).
As for the baseline erosion and JSN scores respective

ability to predict separate progression, erosion score at
baseline predicted further erosion score progression in
the crude model (Table 3) and also when adjusted for
RF [β = 0.08 (95% CI 0.03, 0.12)], while JSN score did
not. For JSN score progression, both erosion and JSN
scores at baseline were significantly associated with fur-
ther progression in crude models (Table 4) and when
adjusted for RF and age [β = 0.11 (95% CI 0.05, 0.16),
β = 0.10 (95% CI 0.04, 0.16)], respectively.

Discussion
We confirmed several established and identified some
novel predictors of radiographic progression. There was
a reduced risk of JSN progression over 5 years among
overweight or obese patients. In female patients, this ef-
fect was seen for older (> 51 years) but not younger
women. Truncal fat was associated with reduced risk of
JSN progression in women but not in men. Smoking was
an independent predictor of erosion progression.
In the literature, RA associated autoantibodies are con-

sistently associated with worse radiographical outcomes [6].
Similar to our results, in two studies of RA patients with
longer disease duration, RF and ACPA were associated with
more joint damage, in particular erosions [30, 31].
Systemic inflammation (measured by standard labora-

tory markers) has been shown to predict joint damage
[6], but its specific effects on erosion and JSN develop-
ment have been less studied. Similar to our results,
Nawata et al. show baseline CRP levels to be related with
both erosion and JSN progression [32].
Although some previous studies have shown COMP to

be associated with levels of initial radiographic joint

Table 7 Baseline anthropometrics as predictors of JSN progression over 5 years in women, stratified by age

> 51 years ≤ 51 years

Crude Adjusteda Crude Adjusteda

β 95% CI β 95% CI β 95% CI β 95% CI

BMI (per SD)b − 0.07 − 0.15, 0.01 − 0.06 − 0.14, 0.02 0.06 − 0.05, 0.16 − 0.04 − 0.16, 0.08

Normal BMI (reference)c

Obesec − 0.34 − 0.62, − 0.06 − 0.24 − 0.50, 0.02 0.14 − 0.24, 0.51 − 0.22 − 0.66, 0.23

Obese or overweightc − 0.27 − 0.44, − 0.09 − 0.21 − 0.38, − 0.04 0.13 − 0.16, 0.43 − 0.04 − 0.36, 0.27

Overweightc − 0.26 − 0.44, − 0.07 − 0.20 − 0.38, − 0.03 0.13 − 0.24, 0.50 0.01 − 0.36, 0.38

Numbers in bold indicate significance of p ≤ 0.05
CI confidence interval, BMI body mass index, SD standard deviation, RF rheumatoid factor, JSN joint space narrowing
aAdjusted for RF, age and baseline JSN score
bSD: BMI (> 51 years) 3.7 kg/m2; BMI (≤ 51 years) 4.9 kg/m2

cFor definitions see Table 1
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damage [33–35], results of studies evaluating radio-
graphic damage over time are mixed [7–9, 33, 34, 36,
37]. Disease duration and timing of radiographic follow-
up in available studies on COMP and radiographic dam-
age are likely of importance, possibly explaining the
above mixed results. Our results suggest a weak associ-
ation for elevated baseline COMP with radiographic
progression.
The development of erosions and JSN are considered

partly separate but intertwined pathophysiological dis-
ease processes in RA. The timing of their development
and whether each is a risk factor for progression of the
other has been evaluated in a few studies. Consistent
with our results, all available studies have shown that
early JSN is predictive of future JSN progression [38–
40]. Furthermore, most studies have shown early ero-
sions to be associated with further erosion progression
[38, 39]. Regarding the predictive value of early erosions
for JSN and vice versa, results from previous studies are
divergent [38–40]. In the present study, erosion score
predicted JSN progression, while JSN was not a signifi-
cant predictor of erosion progression—suggesting that
erosions usually precede JSN in early RA.
Previous studies on smoking and radiographic progres-

sion have shown mixed results [2, 12, 13, 41–49]. In our
previous study of prediction of total SHS progression
[11] and especially in the present study, data suggest ef-
fects of smoking on radiographic progression and ero-
sion progression in particular, that are independent of
RF, disease activity, inflammation, and BMI. To our
knowledge, the present study is the first to show inde-
pendent associations of smoking with erosion progres-
sion but not JSN progression.
In a previous study, we have shown overweight or

obesity to be associated with less rapid radiographic pro-
gression [11]. Similarly, several studies have consistently
shown links between higher BMI and less radiographic
joint damage, summarized in a systematic review by
Vidal et al. [50]. In the present study, overweight or
obesity was associated with less JSN progression, but not
erosion progression. This is in line with a study by Alar-
con et al., where higher BMI was associated more clearly
with erosion-dominant than JSN-dominant pattern of
joint damage [30], while BMI was negatively associated
with both types joint damage in an earlier study by Ha-
shimoto et al. [39]. We found that higher ratio of truncal
fat was predictive of less JSN progression in women,
while no effect was observed in men. To evaluate if age
influences the effects of body constitution on JSN pro-
gression in women, we used the reported median age of
natural menopause of 51 years [28] and stratified the
analyses according to this cut off. The negative associ-
ation between overweight or obesity and JSN progres-
sion was significant in the older (mainly post-

menopausal) group, while no such effect was seen in the
younger. To our knowledge, this is the first study pro-
viding indications of potential effects of interaction be-
tween menopausal age and BMI on the rate of JSN
progression in RA. Whether physiological age-related
changes in body constitution alter levels of adipokines
important in the pathogenesis of destructive arthritis or
if the effects are mediated by changes in sex hormones,
other hormones, or chemokines, is unclear and should
be further investigated.
Limitations in this study include the relatively small

sample size, which affects statistical power for the multi-
variate analyses. Furthermore, the patients were included
just before or shortly after the introduction of biologic
DMARDs for the treatment of RA, and they were classi-
fied according to the 1987 ACR criteria. The results of
this study may not apply to patients diagnosed according
to more recent algorithms, in particular those with ready
access to biologics who are treated according to a treat
to target strategy [23]. Changes in smoking pattern, in
particular passive smoking, over time could also influ-
ence the results.
Another limitation is that the scoring of the radio-

graphs was performed by a single reader. As data on
smoking, BMI, and COMP were only available at base-
line, longitudinal evaluation of the impact of these fac-
tors was not possible. Data on body composition by
DXA was only available for a subset of the full cohort.
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
Overweight RA patients had less JSN progression, inde-
pendent of smoking status. This effect was seen in par-
ticular among older women (mainly post-menopausal),
but not younger. Truncal fat was associated with less
JSN progression in female patients. Smoking predicted
erosion progression, and erosions may precede JSN. BMI
and fat distribution may influence cartilage damage in
early RA and might be related to hormonal factors.

Abbreviations
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RA: Rheumatoid arthritis; RF: Rheumatoid factor; SD: Standard deviation;
SHS: Modified Sharp/van der Heijde score; VAS: Visual analogue scale;
WHO: World health organization
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