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a b s t r a c t
Objectives: To investigate whether age at disease onset determines clinical, radiographic or functional
outcomes in a cohort of early RA.
Methods: The ESPOIR cohort is a multicenter cohort of patients with early arthritis. We selected patients
fulﬁlling the 2010 ACR/EULAR criteria for RA during the ﬁrst 3 years of follow-up. Patients were pooled
into 3 groups by age at RA onset: < 45 years (young-onset RA [YORA]), 45 to 60 years (intermediate-onset
RA [IORA]) and > 60 years (late-onset RA [LORA]). The following outcomes were compared at baseline and
during the ﬁrst 3 years of follow-up: Simple Disease Activity Index (SDAI) remission rate, one additional
erosion, Health Assessment Questionnaire Disability Index (HAQ-DI) < 0.5 and ﬁrst disease-modifying
anti-rheumatic drug (DMARD) continuation rate.
Results: We included 698 patients (median [interquartile range] age 50.3 [39.8–57.2] years), 266 YORA,
314 IORA, and 118 LORA. At 1 year, SDAI remission was greater for YORA than IORA and LORA (P < 0.0001).
Having at least one additional erosion was greater for LORA and IORA than YORA after 1 year (P = 0.009)
and 3 years (P = 0.017). The proportion of patients with HAQ score < 0.5 was greater for YORA than IORA
and LORA at 1 (P = 0.007), 2 and 3 years. First DMARD continuation rate was lower for YORA than other
groups during the 3 years (P = 0.005).
Conclusions: In a cohort of early RA, young age at disease onset is associated with high rate of remission
at 1 year, no radiographic progression at 3 years and low functional score during 3-year follow-up.
© 2016 Société française de rhumatologie. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction
Rheumatoid arthritis (RA) onset may vary between childhood
and latter decades of life but peaks in the ﬁfth decade [1,2]. Youngonset RA (YORA) usually begins between 30 and 40 years of age,
whereas RA developing after 60 to 65 years of age is usually called
late-onset RA (LORA) [3,4]. Because the mean age of the population
is continually increasing, LORA will probably gain in importance in
the future. A better characterization of differences between LORA
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and YORA prognosis could help rheumatologists with therapeutic
decision-making in terms of medicine tailored to the individual
patient.
LORA is characterized by a more balanced gender distribution, a
higher frequency of acute onset, and more frequent involvement of
large joints than YORA [5–8]. Some studies have suggested genetic
differences between LORA and YORA, with fewer older patients
carrying HLA-DRB1 susceptibility alleles than younger patients [9].
Despite several cross-sectional and a few prospective studies,
whether LORA differs from YORA in terms of clinical, radiographic
and functional outcomes is not clear [3,4,8,10–16]. Furthermore,
whether possible differences between LORA and YORA prognosis result directly from age at onset or indirectly from treatment
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modalities is unknown. Indeed, some studies have reported more
frequent use of glucocorticoids (GCs) and later initiation of diseasemodifying anti-rheumatic drugs (DMARDs) in LORA than YORA
patients [8,17,18].
With a cohort of early RA patients, we investigated whether
age at disease onset determines clinical, radiographic or functional
outcomes, taking into account possible age-related differences in
treatment modalities.

2. Methods
2.1. Study population and design
The ESPOIR cohort [19] is a prospective observational study
of patients 18 to 70 years old who have early arthritis and were
recruited from 14 regional investigation centers across France.
Patients had to have inﬂammatory arthritis in at least 2 swollen
joints lasting from 6 weeks to 6 months, with the potential to
develop into RA, and had not received DMARDs or GCs. They were
followed every 6 months during the ﬁrst 2 years, then every year.
At baseline and each visit, clinical, biological, functional and radiographic data relevant to the management of early arthritis were
recorded. Rheumatologist treatment followed the standard of care.
The objective, design and characteristics of the cohort have been
described previously [19,20].
Among the 813 patients included in the ESPOIR cohort, we
selected 698 who fulﬁlled the 2010 American College of Rheumatology/European League Against Rheumatism criteria for RA [21]
during the ﬁrst 3 years of follow-up. Patients were pooled into 3
groups by age at RA onset: YORA, < 45 years; intermediate-onset
RA (IORA), 45 to 60 years; and LORA > 60 years [3,4].
2.2. Outcome parameters
The Simpliﬁed disease activity index (SDAI) was calculated with
tender joint count and swollen joint count on 28 joints, patient and
physician global assessment of disease (0- to 10-cm visual analog
scale) and C-reactive protein (CRP) level (mg/dl) at baseline and
each visit (months 6, 12, 24 and 36). SDAI remission was deﬁned as
SDAI ≤ 3.3 [22].
Patients underwent radiographs of hands, wrists and feet at
baseline, then at 12, 24 and 36 months. Radiographs were scored by
a single reader (G Tobon) using the van der Heijde-modiﬁed total
Sharp score (mTSS), with blinding to patient identity, patient characteristics and treatment but with known time order because of
sensitivity to change [23]. The interreader correlation coefﬁcient
for mTSS was 0.93; the smallest detectable change was about 1
point [24]. Furthermore, the occurrence of at least one additional
erosion was assessed at 12, 24 and 36 months and used as a marker
of radiographic disease progression [25].
Patients completed the Health Assessment Questionnaire Disability Index (HAQ-DI) at baseline and at each visit (months 6, 12,
24 and 36) [26]. HAQ remission was deﬁned as HAQ score < 0.5 [27].
The ﬁrst DMARD survival rate was assessed at each visit (months
6, 12, 24 and 36).
2.3. Statistical analysis
2.3.1. Descriptive statistics
We report the distribution of baseline demographic and disease
characteristics in the whole sample and in the 3 groups (YORA,
IORA, LORA). The Shapiro-Wilk test was used to verify the normality
of continuous data, presented as mean (SD) or median (interquartile range [IQR]), with categorical variables presented as number

(percentage). All tests used for comparison were two-tailed, with
P < 0.05 considered statistically signiﬁcant.
2.3.2. Clinical outcome
Median SDAI score at 1, 2 and 3 years was compared for the 3
groups by the Kruskall and Wallis test and Cuzick trend test. The
proportion of patients in SDAI remission at 1, 2 and 3 years was
compared for the 3 groups by Chi2 test. We performed a test of
homogeneity of odds and a test for linear trend of the log odds
against the numerical code used for the categories of explanatory
variables.
2.3.3. Radiographic outcome
mTSS at baseline, 1, 2 and 3 years as well as mTSS progression
over the 3 years were compared for the 3 groups by the Kruskall and
Wallis test and Cuzick trend test. The proportion of patients with
at least one additional erosion at 1, 2 and 3 years was compared for
the 3 groups by Chi2 test.
2.3.4. Functional outcome
The proportion of patients with HAQ score < 0.5 at 1, 2 and
3 years was compared for the 3 groups by Chi2 test.
2.3.5. First DMARD survival analysis
The 3 groups were compared for delay in introduction of ﬁrst
DMARD and maintenance of the ﬁrst DMARD at 1 and 3 years by
chi-square test. Drug survival was compared for the 3 groups and
represented in a graph by the Kaplan-Meier method, with analysis
by log-rank test. The reasons for drug discontinuation (lack of efﬁcacy or toxicity) were available only at 1 year and were compared
for the 3 groups.
2.3.6. Multivariate analysis
To identify the possible independent effect of age at RA onset on
SDAI remission, radiographic score or HAQ score, we built a logistic
regression model including baseline characteristics with P < 0.20
found on univariate analysis; variables considered were sex, disease duration, smoking history, body mass index (BMI), baseline
erosion, rheumatoid factor (RF), anti-CCP antibodies and presence
of at least one HLA-DRB1 allele encoding the shared epitope, mean
GC dose during the ﬁrst year, with adjustment for delay to the ﬁrst
DMARD. The investigation center was used as a random effect. Variables with P < 0.05 were entered in descending stepwise order in
the model. Odds ratios (ORs) and 95% conﬁdence intervals (95% CIs)
were calculated. To assess the independent association of age and
ﬁrst DMARD survival, we build a Cox model by the same method,
with hazard ratios (HRs) and 95% CIs calculated.
Statistical analysis involved use of Stata IC v12.1 (StataCorp,
College Station, TX).
3. Results
3.1. Baseline demographic and disease characteristics
The main baseline demographic and disease characteristics of
the whole sample of early RA patients (n = 698) and the 3 age groups
– YORA (n = 266), IORA (n = 314) and LORA (n = 118) – stratiﬁed
by age at disease onset are in Table 1. The prevalence of RF was
greater for YORA than IORA and LORA patients (59% vs 50% and
47%, P = 0.04) as was the prevalence of anti-citrullinated protein
antibodies (ACPAs) (52% vs 44% and 34%, P = 0.004).
3.2. Clinical outcome
At baseline, the prevalence of SDAI remission was 0% in the 3
age groups. At 1 year, the prevalence was higher for YORA than
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Table 1
Baseline demographic and disease characteristics.

Age (year), median (IQR)
Female, n (%)
Disease duration (month), median (IQR)
Rheumatoid factor positivity, n (%)
ACPA positivity, n (%)
Tender joint count, median (IQR)
Swollen joint count, median (IQR)
ESR, median (IQR)
CRP, median (IQR)
SDAI, median (IQR)
mTSS, median (IQR)
HAQ-DI, median (IQR)

Whole sample (n = 698)

YORA, < 45 years (n = 266)

IORA, 45–60 years (n = 314)

LORA, > 60 years (n = 118)

P-valuea

50.3 (39.8–57.2)
546 (73)
4.9 (3.0–7.3)
372 (53)
315 (45)
7 (4–14)
6 (4–11)
22.5 (12–38)
9 (0–24)
28.5 (20.6–38.6)
3 (0–7)
1 (0.5–1.5)

36.6 (30.0–41.7)
215 (81)
5.3 (3.1–7.7)
158 (59)
138 (52)
7 (4–12)
6 (3–10)
21 (12–34)
9.5 (3–24)
26.3 (20.6–35.8)
1 (0–4)
0.875 (0.38–1.38)

53.7 (50.1–56.6)
248 (79)
4.6 (2.8–7.3)
158 (50)
137 (44)
8.5 (4–15)
7 (4–11)
22 (12–38)
8 (0–20)
29.4 (20.5–39.5)
4 (1–8)
1 (0.50–1.50)

64.6 (62.7–66.4)
83 (70)
4.9 (3.1–6.4)
56 (47)
40 (34)
8 (5–14)
6.5 (4–12)
25 (14–52)
13 (0–38)
32.15 (22.3–40)
6 (2–11)
1.0625 (0.50–1.625)

–
0.07
0.2
0.04
0.004
0.07
0.02
0.02
0.07
0.04
0.0001
0.09

YORA: young-onset RA; IORA: intermediate-onset RA; LORA: late-onset RA; IQR: interquartile range; ACPA: anti-citrullinated protein antibodies; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; SDAI: Simpliﬁed Disease Activity Index; mTSS: van der Heijde-modiﬁed total Sharp score; HAQ-DI: Health Assessment Questionnaire
Disability Index.
a
P global comparison for the 3 groups by Kruskal-Wallis test.

Figure 2. First DMARD survival rate during 3 years of follow-up by age at RA onset.
Differences between YORA and IORA patients (P = 0.002) and between YORA and
LORA patients (P = 0.03) but not IORA and LORA patients (P = 0.9)

Fig. 1. Prevalence of SDAI remission (A), proportion of patients with at least one
additional erosion (B) and proportion of patients with Health Assessment Questionnaire score < 0.5 (C) in young-onset rheumatoid arthritis (YORA), intermediate-onset
RA (IORA), late-onset RA (LORA) during 3 years of follow-up. * P < 0.0001, ** P < 0.01,
***
P < 0.05

IORA and LORA patients (Fig. 1A). This difference did not remain
signiﬁcant at 2 and 3 years.
3.3. Radiographic outcome
The median (IQR) mTSS was higher for LORA and IORA than
YORA patients at baseline. This difference remained signiﬁcant at
1, 2 and 3 years.
The proportion of patients with at least one additional erosion
was signiﬁcantly higher for LORA and IORA than YORA after 1 year
and 3 years but not 2 years (Fig. 1B).
3.4. Functional outcome
HAQ score did not differ at baseline for YORA, IORA and LORA
patients. The proportion of patients with HAQ score < 0.5 was
greater for YORA than IORA and LORA at 1, 2 and 3 years (Fig. 1C).
3.5. First DMARD survival analysis
The delay of ﬁrst DMARD initiation did not differ for YORA,
IORA and LORA patients (median [IQR] = 5.9 [4.0–10.0], 5.9 [3.9–8.8]
and 6.0 [4.0–8.0] months, respectively, P = 0.82). The nature of

the ﬁrst DMARD was conventional synthetic DMARD (csDMARD)
monotherapy for 92.8% (205/221), 91.9% (238/259) and 97.9%
(95/97), respectively; biologic DMARD (bDMARD) monotherapy
for 0.4% (1/221), 0.4% (1/259) and 0.0% (0/97), respectively; combined csDMARDs for 6.3% (14/221), 5.4% (14/259) and 2.1% (2/97),
respectively, and combined csDMARDs and bDMARDs for 0.4%
(1/221), 2.3% (6/259), and 0.0% (0/97), respectively. The proportion of patients receiving corticosteroids was 32.3% (86/266),
40.1% (126/314), and 36.4% (43/118), respectively, at 1 year; 27.8%
(74/266) 33.1% (104/314), and 26.3% (31/118) at 2 years; and 24.0%
(64/266), 30.3% (95/314) and 22.0% (26/118) at 3 years.
The ﬁrst DMARD survival rate was lower for YORA than IORA
and LORA patients during the 3 years (P = 0.005) (Fig. 2). The ﬁrst
DMARD survival did not differ among groups at 1 year (proportion
of ﬁrst DMARD survival: 63.6%, 68.3% and 64.5% for YORA, IORA and
LORA patients, respectively; P = 0.5) but did differ at 3 years (34.9%,
47.6% and 51.1%, respectively; P = 0.006). The treatment survival
rate by reason for interruption (lack of efﬁcacy or adverse events)
was the same for the 3 groups at 1 year (data not shown).
3.6. Multivariate analysis
3.6.1. Clinical outcome
Age at RA onset was independently associated with SDAI remission at 1 and 2 years (Table 2) but not at 3 years. In addition, mean
daily dose of steroids (total dose of steroids over the ﬁrst year
divided by 365) was independently associated with SDAI remission
at 1 year (OR = 0.87 [0.80–0.94], P < 0.001, per additional mg/day of
steroids) (data not shown).
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Table 2
Adjusted odds ratios (aORs) for SDAI remission, additional erosion and HAQ score < 0.5 at 1-, 2- and 3-year follow-up.
Outcome

Follow-up, years

Age at RA onset
YORA

SDAI remission

Additional erosion

HAQ score < 0.5

1
2
3
1
2
3
1
2
3

1 (referent)
1 (referent)
1 (referent)
1 (referent)
1 (referent)
1 (referent)
1 (referent)
1 (referent)
1 (referent)

IORA

LORA
*

aOR [95% CI]

P-value vs YORA

aOR [95% CI]

P-value vs YORA*

0.41 [0.25–0.69]
0.63 [0.41–0.97]
0.68 [0.45–1.02]
1.28 [0.79–2.07]
1.46 [0.90–2.36]
1.86 [1.15–3.00]
0.57 [0.38–0.86]
0.50 [0.33–0.75]
0.56 [0.36–0.86]

0.001
0.038
0.061
0.314
0.125
0.011
0.007
0.001
0.008

0.33 [0.16–0.71]
1.01 [0.57–1.77]
0.90 [0.53–1.54]
1.68 [0.89–3.18]
1.30 [0.67–2.50]
1.45 [0.76–2.76]
0.88 [0.50–1.54]
1.09 [0.61–1.94]
1.05 [0.57–1.91]

0.005
0.972
0.707
0.111
0.438
0.257
0.649
0.767
0.883

Adjusted OR (aOR): odds ratio adjusted for confounding factors including the baseline characteristics found to with P < 0.20 on univariate analysis among sex, disease duration,
smoking history, body mass index, baseline erosion, RF, anti-CCP and presence of at least one HLA-DRB1 allele encoding the shared epitope, mean glucocorticoids dose after
the ﬁrst year. Multivariate analysis was performed with adjustment for delay before the ﬁrst disease-modifying anti-rheumatic drug intake.
*
Chi2 test.

3.6.2. Radiographic outcome
Age at RA onset was independently associated with at least
one additional erosion at 3 years (Table 2). Age at RA onset was
not independently associated with at least one additional erosion at 1 or 2 years. Other baseline characteristics independently
associated with at least one additional erosion at 3 years were
RF status (OR = 2.86 [1.83–4.46], P = 0.03), erosive status (OR = 3.10
[1.98–4.85], P < 0.001) and carriage of shared epitope (OR = 1.69
[1.09–2.63], P = 0.019).
3.6.3. Functional outcome
Age at RA onset was independently associated with HAQ
remission (HAQ score < 0.5) at 1 year (Table 2). Other baseline
characteristics independently associated with HAQ remission at
1 year were female sex (OR = 0.40 [0.25–0.64], P < 0.001), mean
daily dose of steroids (OR = 0.89 [0.85–0.94], P < 0.001), BMI
(for BMI > 30 kg/m2 versus < 25 kg/m2 with OR = 0.49 [0.28–0.86],
P = 0.014 but not for BMI = 25–30 kg/m2 versus < 25 kg/m2 and
with OR = 0.69 [0.45–1.06], P = 0.09) and RF positivity (OR = 1.67
[1.15–2.43], P = 0.007).
3.6.4. First DMARD survival
Young age at RA onset was independently associated with a low
ﬁrst DMARD survival over 3 years for YORA versus IORA (HR = 0.71
[0.55–0.92], P = 0.009) but not signiﬁcantly for YORA versus LORA
patients (HR = 0.75, [0.52–1.09], P = 0.13). Other baseline characteristics independently associated with ﬁrst DMARD survival at 3 years
were mean daily dose of steroids (HR = 1.05 [1.02–1.08], P = 0.002)
and carriage of shared epitope (HR = 0.78 [0.61–0.99], P = 0.041).
4. Discussion
In our study, we investigated the effect of age at disease onset
on clinical, radiographic and functional outcomes in a prospective
cohort of early RA patients. We found greater SDAI remission at
1 year; lower radiographic damage and lower rate of at least one
additional erosion at 3 years; higher proportion of HAQ remission
at 1, 2 and 3 years; and lower ﬁrst DMARD survival rate over 3 years
for YORA than IORA and LORA patients.
We lack a single deﬁnition for “older adults” that could be
applied in a consistent manner or would be useful in all contexts for RA research. Some authors deﬁne LORA as > 65 years
[3,14,27,28] and others > 60 years [7,29]. We divided patients into
3 classes, with cut-offs of 45 and 60 years because we considered that we might obtain more information between younger
and older groups than with 2 groups. In addition, the ESPOIR
cohort patients are aged 18 to 70 years, for few patients older than

65 years, so we chose a cut-off of 60 years. This division allowed
for 3 balanced groups. However, this population did not allow for
studying outcomes in very old patients, which is a limitation of our
study.
Concerning the clinical outcome, we found a higher proportion of SDAI remission at 1 year for YORA than IORA and LORA.
This difference disappeared at years 2 and 3. Pease et al. [3]
analyzed the inﬂuence of age on clinical outcome and showed
that the proportion of remission was higher in the oldest than
the youngest patients (45.8% of late-onset RA vs 20.4% of youngonset RA patients had clinically inactive disease at ﬁnal follow-up
[P < 0.01] [median follow-up, 3.6 years (range 1–7 years)]). Mueller
et al. [17] did not show any difference in clinical outcome by RA
onset in patients younger and older than 65 years. These apparently conﬂicting results could arise from differences in age cut-offs
between studies, while the main clinical outcome differences in
our study were observed between younger patients (< 45 years)
and the others and not between middle-aged (45–60 years) and
older patients (> 60 years), whereas Pease et al. and Mueller et al
compared only 2 groups with a cut-off at 65 years old. In a recent
study, Innala et al. [18] evaluated the impact of age at disease onset
on prognostic risk factors, disease progression and pharmacological treatment in a large inception cohort of patients with RA from
northern Sweden. Disease activity, measured by a combination of
ESR, CRP level, and accumulated disease activity score was higher
for LORA than those with disease onset at a younger age (LORA
and YORA were deﬁned as RA onset after and before 58 years old,
respectively).
Concerning radiographic outcome, we found a lower radiographic damage score and a lower proportion of patients with
at least one additional erosion at 3 years for YORA than IORA
and LORA. The lower radiographic damage score at baseline in
YORA agrees with some previous studies [15,17]. This difference
at baseline cannot be explained by only a higher prevalence of
osteoarthritis in older adults but does concern both the erosion
and the narrowing components of the mTSS (data not shown). The
low proportion of YORA with one additional erosion at 3 years also
agrees with previous studies. In a recent study, Mueller et al. [17]
showed a similar radiographic progression in young and late-onset
RA (RA onset < 65 and > 65 years, respectively). However, in this
study, the proportion of patients with a Ratingen score > 24 (considered high radiographic progression) was higher for LORA than
YORA patients after 5 years of follow-up. Innala et al. [18] showed
LORA status signiﬁcantly more often associated with presence of
erosions and high Larsen score at both 0 and 24 months, with no
signiﬁcant difference between YORA and LORA in progression of
Larsen score or presence of erosions.

Please cite this article in press as: Krams T, et al. Effect of age at rheumatoid arthritis onset on clinical, radiographic, and functional
outcomes: The ESPOIR cohort. Joint Bone Spine (2016), http://dx.doi.org/10.1016/j.jbspin.2015.09.010

G Model
BONSOI-4322; No. of Pages 5

ARTICLE IN PRESS
T. Krams et al. / Joint Bone Spine xxx (2016) xxx–xxx

Concerning functional outcome, we found a higher proportion
of HAQ remission at 1, 2 and 3 years for YORA than IORA and LORA.
These results agree with a previous study by Camacho et al, who
showed older age of ﬁrst symptom onset associated with increasingly steep disability progression. Innala et al. [18] showed that
LORA had reduced physical function as measured by HAQ at baseline.
Concerning treatment modalities, we found a lower ﬁrst DMARD
survival rate over 3 years for YORA than IORA and LORA patients,
suggesting that rheumatologists are quicker to adapt treatment in
YORA patients than in IORA and LORA patients. This results are concordant with previous studies which suggested that LORA patients
had less aggressive treatment than YORA patients, despite identical
disease duration and comparable disease severity and activity [5]
and that LORA patients received more frequently corticosteroids
and less frequently csDMARDs or bDMARDs than younger patients
[17,30].
In conclusion, in a cohort of early RA, younger age at disease
onset was associated with higher rate of SDAI remission at 1 year,
lower radiographic disease progression and lower functional score
during 3-year follow-up than older age at disease onset. Moreover,
young age at disease onset was associated with low ﬁrst DMARD
survival during 3 years, which suggests that late-onset RA patients
may receive a less aggressive treatment strategy than younger
patients.
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