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Increasing age at symptom onset is associated with worse
radiological damage at presentation in patients with early
inflammatory polyarthritis
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Background: Increasing age at onset has been associated with worse outcome in rheumatoid arthritis,
although there are few data from unselected inception cohorts.
Hypothesis: Increasing age is associated with a higher risk of erosions at presentation, and this increase is not
explained by age-related disease confounders.
Subjects and methods: 222 subjects (median onset age 59 years) were studied from a primary-care-based
register of new-onset inflammatory polyarthritis. Patients had hand and feet radiographs taken within
12 months from symptom onset. Films were scored by two readers using the Larsen score. The risk of erosions
in those aged 50–69 and >70 years at onset was compared with the risk in those aged ,50 years both
before and after adjustment for possible age-related disease confounders.
Result: The prevalences of erosions were 22%, 52% and 71% in those aged ,50, 50–69 and >70 years at
onset equivalent to odds ratios (ORs) (95% confidence intervals (CIs)) of 3.5 (2.2 to 5.7) and 7.4 (4.5 to
12.1), respectively, in the two older age groups. Excluding those with proximal interphalangeal (PIP) erosions
alone (due to possible osteoarthritis) did not alter these findings. Adjustments for disease characteristics using
logistic regression did not attenuate these findings: adjusted ORs (95% CIs) 3.6 (2.1 to 6.1) and 6.9 (3.8 to
12.2) for age groups 50–69 and >70 years, respectively. The influence of age was stronger than most of the
disease-related variables in predicting erosions in this cohort.
Conclusion: Increasing age at symptom onset is strongly associated with higher occurrence of erosions within
the first year unexplained by greater disease severity.

I
ncreasing age is a risk factor for the development of
inflammatory polyarthritis in general, as well as for
rheumatoid arthritis in particular,1 with evidence that there

has recently been a shift towards an older age at onset.2 3 There
are also age differences in the strength of the association with
risk factors such as the human leucocyte antigen (HLA) DRB1,4

which might suggest that age has an effect on disease
phenotype. Some reports have even suggested that late-onset
rheumatoid arthritis is a ‘‘different’’ condition in terms of both
aetiology and outcome,5–7 although it seems more likely that the
influence of age is more complex than a simple dichotomy of
early versus late disease.

In general, most studies that have discussed the influence of
age on disease outcome have concluded that the older the age
at onset, the worse the outcome.5–9 For example, in a nested
case–control study, women aged >55 years at onset had more
disability and more erosive disease than those with a younger
age at onset.10 Further, in a prospective radiographic study
comparing older (age .60 years at onset) with younger
patients with early rheumatoid arthritis, the older group had
radiographic damage greater by 2 years, including, but not
restricted to, a greater score for joint space narrowing.11

There are, however, several issues to be discussed when
interpreting such data on the effect of age on outcome in
inflammatory polyarthritis and rheumatoid arthritis. Firstly,
the prevalence of osteoarthritis increases substantially with age,
with consequences for attributing the origin of joint-related
pain and disability. Secondly, although radiographic erosions
may be a more specific marker of damage in inflammatory
polyarthritis, erosions do occur in osteoarthritis and may be
confused with those due to rheumatoid arthritis, particularly in
the PIP joints. Thirdly, there may be referral bias with respect to

age. Thus, elderly patients may be referred only if they have
severe disease, whereas disease severity does not influence the
referral of younger patients. Finally, it is unclear whether any
effect of age is direct or can be explained by the influence of age
on identifiable disease characteristics.

We have therefore used the opportunity afforded by studying
a primary-care-derived cohort of subjects with new-onset
inflammatory polyarthritis to examine the effect of age at
disease onset on radiological outcome. Specifically, we have
investigated the effect of age at onset on the presence and
extent of erosions at presentation and compared this with other
disease-related risk factors. We have also examined whether
any effect of age can be explained by underlying associations
between age and pattern of disease at presentation.

SUBJECTS AND METHODS
Subjects
Subjects were recruited from the Norfolk Arthritis Register
(NOAR)—a primary-care-based cohort of subjects with new-
onset inflammatory polyarthritis. Details of NOAR have been
described elsewhere.1 In brief, NOAR aims to recruit all new
adult attenders at primary care with inflammatory polyarthri-
tis, defined as swelling of two or more joints, lasting for
>4 weeks. Subjects who are later given a diagnosis other than
non-specific inflammatory polyarthritis, rheumatoid arthritis or
psoriatic arthritis by a rheumatologist are then excluded.

Abbreviations: CRP, C reactive protein; HAQ, Health Assessment
Questionnaire; HLA, human leucocyte antigen; MCP,
metacarpophalangeal; NOAR, Norfolk Arthritis Register; PIP, proximal
interphalangeal
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Baseline assessment
Subjects are interviewed and examined within 2 weeks of
referral by trained research nurses using a standardised
approach. Data are gathered on joint symptoms, and joints
are systematically examined for tenderness, swelling and
deformity. Subjects complete the Health Assessment
Questionnaire (HAQ).12 Blood is taken for rheumatoid factor
and C reactive protein (CRP) estimation, and DNA extracted for
HLA DRB1 assessment as described elsewhere.13

Radiographic assessment
Radiographs of hands and feet were obtained from all
consenting individuals following a policy described previously.14

Since January 2000 all subjects have undergone x ray
examination at presentation and are the subject of this report.

Radiographs were read by two investigators using Larsen’s
method,15 with adjudication by a third in case of disagreement.
In all, 30 joints were assessed radiologically: all PIP joints
(n = 8), the thumb inflammatory polyarthritis joint (n = 2), all
the metacarpophalangeal (MCP) joints (n = 10), both wrists
(n = 2) and metatarsophalangeal joints 2–5 (n = 8). Subjects
were scored as erosive if any individual joint receiving a Larsen
score .1 with the wrist weighted by a factor of five.

Statistical analysis
Age at symptom onset was considered using two approaches.
Firstly, it was stratified into three groups: (1) ,50 years, (2)
50–70 years and (3) .70 years. The prevalence of erosions and
the distribution of the Larsen scores were compared between
these age groups. A subgroup analysis was performed to allow
for the possible influence of erosive osteoarthritis. Thus,
subjects with erosions confined to the PIP joints were identified
as a ‘‘possible osteoarthritis group’’ and excluded, with the

prevalence of erosions in each age group recalculated. Secondly,
the influence of age at onset on Larsen score was modelled
using the actual age to determine whether any effect of age was
linear.

To identify the possible independent effect of age on any
increase in prevalence of erosions, a multivariate model was
fitted including the following baseline characteristics: sex,
symptom duration at the time of radiograph being obtained,
maximal duration of morning stiffness, number of swollen,
tender and both swollen and tender joints, HAQ, rheumatoid
factor, CRP and the presence of the HLA DRB 1 shared epitope.
Two approaches to modelling were then used. Firstly, logistic
regression was used to model the influence of age on the
presence or absence of erosions, and then negative binomial
regression to model the influence of age on the actual Larsen
score. All analyses were undertaken using STATA V.8.3. In
performing these models, the relative contribution of the other
disease factors studied was also evaluated.

RESULTS
There were 222 eligible subjects in the cohort. Table 1 shows
their baseline characteristics in the whole cohort, and stratified
into the three age groups. Overall, they had mild disease with a
baseline prevalence of rheumatoid factor of only 30%. The three
age groups had similar disease characteristics at baseline, with
the exception of a higher mean HAQ in those aged .70 years at
onset and a higher prevalence of the shared epitope in both
older age groups compared with those aged ,50 years at
symptom onset. The time from symptom onset to x ray was not
different in the three age groups.

The prevalence of erosions rose with increasing age, from
22% in those aged ,50 years to 52% in those aged 50–69 years
and 71% in those aged >70 years (fig 1). The prevalence of
erosions in the three groups recalculated after excluding
subjects with PIP erosions alone also shows a rise from 16%

Table 1 Baseline characteristic by age group

Characteristic
Whole cohort
n = 222

Age (years)

,50 n = 63 50–69 n = 91 >70 n = 68

Females, n (%) 150 (68%) 46 (73%) 62 (68%) 42 (62%)
Early morning stiffness, median (IQR)
(min)

60 (30–300) 120 (60–360) 60 (30–300) 60 (15–225)

Swollen joint count, median (IQR) 3 (1–8) 2 (0–6) 3 (1–9) 3 (1.5–9)
Tender joint count, median (IQR) 3 (1–9) 4 (1–8) 2 (0–10) 3 (1–7.5)
Swollen and tender joint count, median
(IQR)

1(0–3) 0(0–3) 1(0–2) 1 (0–4)

HAQ score, median (IQR) 0.88 (0.38–1.5) 0.69 (0.25–1.38)0.75 (0.13–1.38)1.13 (0.63–1.88)
Median time in months from onset to x ray
(IQR)

4.8 (2.5–7.3) 5.3 (2.8–7.5) 4.2 (2.5–7.0) 4.7 (2.5–7.4)

CRP mg/dl, median (IQR) 8 (3–21) 7 (2.5–21) 8 (3–29) 10(4–20)
Shared epitope, n (%)* 89 (52%) 19 (31%) 38 (52%) 32 (59%)
Rheumatoid factor positive, n (%)� 64 (31%) 19 (33%) 25 (28%) 20 (32%)

CRP, C reactive protein; HAQ, Health Assessment Questionnaire; IQR, interquartile range.
*Shared epitope data available for only 173 subjects.
�Rheumatoid factor available only for 208 subjects.
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Figure 1 The prevalence of
erosions in the three age groups.
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Figure 2 The prevalence of
erosions after excluding patients with
erosions confined to the proximal
interphalangeal (PIP) joints.
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in the youngest age group to 49% in the oldest age group (fig 2).
When age was plotted as a continuous variable against the
Larsen score, in those subjects with erosions (score.0), the
older the patient at presentation, the higher the Larsen score,
without any obvious threshold for changing risk (fig 3).

Table 2 shows the distribution of Larsen’s scores in the three
age groups, both in the group as a whole and in the subset,
excluding those with PIP erosions alone. The median Larsen
score was 0 in the youngest age group, reflecting the low
frequency of erosions. The median score rose with age. Further,
excluding those with PIP disease alone did not alter these
findings.

Table 3 shows the result of modelling the influence of age
and the other risk factors on both the presence of erosions and
on Larsen score. Both approaches used patients aged ,50 years
at onset as the referent group. The logistic regression can be
interpreted as the increased likelihood of being erosive at
baseline. The negative binomial regression coefficients can be
interpreted as the average increase in Larsen score between the
age categories. The odds of erosions and the increase in Larsen
score increased dramatically with increasing age at symptom
onset using logistic regression. This influence of age was much
stronger than any of the other variables analysed.

Multivariate analysis was then undertaken to assess the
effect of age after adjustment was made for all the other
baseline variables. The results suggest only a modest attenua-
tion of these age-related risks (table 4); it was seen that the
effect of age remained the same.

DISCUSSION
In this study, the prevalence of erosions at presentation was
assessed in a primary-care-derived cohort, with a specific focus
on the influence of age. The data have shown a low frequency
and severity of erosions in those presenting below the age of
50 years, but with a strong influence of increasing age on both
prevalence and severity. These effects were not explained by
older subjects having baseline disease characteristics that are

associated with radiological damage. Further, in an attempt to
exclude those with erosive osteoarthritis, restricting the
analysis to those without disease confined to the PIP joints
did not considerably alter these results.

These are the first published data derived from a primary-
care-based inception cohort on the influence of age on erosions
during the first 12 months of disease. Using this approach, we
aimed to minimise left censorship and referral bias (whereby
the severity threshold for referring older patients to hospital
may be higher). Interestingly, these results are different from
our previously published analysis on erosion risk in cohorts of
NOAR subjects recruited 10 years previously, which did not
show an influence of age.16 It is possible, though unlikely, that
there has been such a large secular change in the influence of
age on disease severity. It is also possible that there may have
been changes either in the pattern of patient attendance or in
primary care referral by age. In our previous analyses, only
selected subjects were invited for x rays on the basis of their
satisfying the ACR criteria for rheumatoid arthritis, whereas in
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Figure 3 Scatter plot of Larsen’s scores with age using a fitted regression
line.

Table 2 Larsen scores in each age group and excluding proximal interphalangeal erosions

Cohort

Age (years)

All ,50 50–69 >70

All, median score (IQR) 4 (0–13) 0 (0–2) 4 (0–13) 11 (5–22)
Excluding those with PIP erosions alone, median
score (IQR)

3 (0–10) 0 (0–2) 3 (0–10) 10 (5–17)

IQR, interquartile range; PIP, proximal interphalangeal.

Table 3 Predictors of erosions and Larsen score

Characteristic
Risk of erosions
OR (95% CI)

Increase in Larsen score
multiplier (95% CI)

Age (years)
,50 1 (referent) 1 (referent)
50–69 3.50 (2.24 to 5.74) 3.74 (1.82 to 7.70)
>70 7.39 (4.51 to 12.10) 8.40 (3.81 to 18.52)

Sex
Male 1 (referent) 1 (referent)
Female 0.87 (0.50 to 1.53) 1.17 (0.75 to 1.84)

Swollen joints
Lowest tertile 1 (referent) 1 (referent)
Middle tertile 1.98 (1.03 to 3.82) 1.41 (0.85 to 2.33)
Highest tertile 2.55 (1.31 to 4.95) 2.00 (1.21 to 3.32)

Tender joints
Lowest tertile 1 (referent) 1 (referent)
Middle tertile 2.23 (1.11 to 4.48) 1.25 (0.74 to 2.09)
Highest tertile 1.10 (0.67 to 1.82) 1.34 (0.72 to 2.49)

Rheumatoid factor*
2ve 1 (referent) 1 (referent)
+ve 1.65 (0.91 to 2.99) 1.01 (0.63 to 1.63)

HAQ score
,1 1 (referent) 1 (referent)

1.60
>1 1.51 (1.05 to 2.17) (1.19 to 2.14)

CRP
Lower tertile 1 (referent) 1 (referent)
Middle tertile 0.92 (0.47 to 1.82) 1.21 (0.70 to 2.08)
Highest tertile 1.33 (0.68 to 2.60) 1.38 (0.81 to 2.37)

Shared epitope�
Number of copies 1 (referent) 1 (referent)
Any copy 1.28 (0.71 to 2.30) 1.26 (0.80 to 1.98)

CRP, Creative Protein; HAQ, Health Assessment Question
*Shared epitope data available only in 173 subjects.
�Rheumatoid factor available only in 208 subjects.

Increasing age in early inflammatory polyarthritis 391

www.annrheumdis.com



the current cohort all subjects were analysed, who were hence
less selected.

Our data are compatible with the observations of others5 8 10 11

in clinic-derived cohorts that older age groups are more likely to
be erosive, although the magnitude of the effect in the current
study is greater than that previously observed. The increasing
influence of age across the three age groups on radiological
damage does not suggest that late-onset arthritis should be
considered as a distinct disease entity. Indeed, as shown (fig 3),
there is no obvious age threshold, but rather the effect of age
seems to be a continuous one, with the age strata used to show
the relative effect of age in the different groups. Not all studies
have shown an influence of age on erosions,17–19 although in all
such studies differences in age-related selection for participation
might be important. The fundamental basis behind NOAR is that,
by widening recruitment to be based in primary care should
militate against such section biases.

Thus, other subject selection factors are to be considered in
interpreting data from all such studies. We deliberately chose to
include all subjects with inflammatory polyarthritis and not
restrict inclusion to only patients who satisfy the ACR criteria.20

We have shown that, in early disease, ACR criteria assignment
is unstable, with the proportion satisfying the criteria increas-
ing with duration of observation.2 21 Further, as erosion is one
of the key criteria for classification, it induces circularity if both
study inclusion criteria and outcome assessment are based on
the same data. Indeed, this circularity makes it impossible to
interpret studies on the incidence of erosions in newly
diagnosed rheumatoid arthritis, particularly in patient popula-
tions referred to specialist centres.

Firstly, we could not exclude all selection factors. Thus, it is
possible that even in primary care, at the same level of
symptoms, younger patients present earlier to medical care. The
median interval between recalled onset of joint swelling and
baseline assessment was 4.8 months (interquartile range 2.5–
7.3 months), and if at all anything was lower in the older age
group, this was not significant. Another possibility is that older
subjects with milder joint symptoms either do not present to
primary care or were ‘‘missed’’ as having inflammatory
synovitis by their primary care doctor, and hence not referred
to NOAR. As a consequence, NOAR might have interpreted
elderly subjects as having more severe inflammatory polyar-
thritis. This is difficult to exclude, although one piece of
evidence against this comes from our previous observation that
incidence rises with age.1 A third explanation is that older
patients could have had prior episodes of synovitis, which could
have subsided but have led to erosions. Such individuals then
present after an interval with a new episode of synovitis and do
not recall the previous symptoms. As a consequence, the
current radiographic appearance is wrongly attributed to
current synovitis. In this regard, several years ago, Kellgren
and Lawrence22 showed that, in unselected normal population
samples, there is an increasing prevalence of erosions with age.

Earlier or more aggressive therapy may influence erosion
risk, as we have shown in other subjects in NOAR,23 and an
influence of age on treatment choice could be one explanation
for our findings. However, the radiographs were taken shortly
after the first NOAR visit, and at that stage very few of the
subjects in any of the age groups had been started on disease-
modifying antirheumatic drugs.

We were able to consider, in part, whether the higher
prevalence of erosions in the elderly may reflect underlying
osteoarthritis rather than erosive inflammatory polyarthritis.
Distinguishing the aetiology of erosions is not easy, and the
Larsen assessment method does not distinguish between the
causes. As one test for this, we undertook a subgroup analysis
excluding subjects with PIP joint erosions alone, a much more
frequent site for osteoarthritis than the MCP joints,24 and the
results were little altered. We also analysed the data, restricting
consideration just to the MCP joints with similar findings,
although the prevalence of erosions was much less.

We attempted to investigate by adjusting for baseline variable
whether the age effect could be explained by, for example,
evidence of increased inflammatory activity in the older groups.
In fact, the latter was not the case (table 1), and, as a
consequence, adjusting for baseline status did not alter the
results. Thus, some aspect of the ageing process seems to be
associated with an increased erosion risk. A possible pathway
for this is that older subjects have less cartilage and hence are
more susceptible to inflammation-mediated cartilage degrada-
tion. Alternatively, elderly subjects may also have lower bone
mineral density, and therefore bone loss in the elderly would
occur quicker.

In conclusion, we have shown that increasing age at
symptom onset seems to be an independent risk factor for
the initial development of erosions, although the exact
mechanism is unclear. The effects were surprisingly strong
and not easily explained. It is important that other studies with
unselected new cohorts verify these findings. The immediate
practical consequences of these observations is that the
threshold for referring older patients to hospital and starting
aggressive disease-modifying therapy should be the same as, if
not lower than, that for younger patients.
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Risk of erosions* OR (95% CI) Increase in Larsen score multiplier� (95% CI)

Unadjusted Adjusted` Unadjusted Adjusted`
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,50 1 (referent) 1 (referent) 1 (referent) 1 (referent)
50–69 3.50 (2.24 to 5.74) 4.01 (1.80 to 8.94) 3.74 (1.82 to 7.70) 4.09 (2.39 to 6.99)

>70 7.39 (4.51 to 12.10)6.90 (4.89 to 16.47) 8.40 (3.81 to 18.52) 6.92 (3.90 to 12.29)

*Using logistic regression.
�Using negative binomial regression.
`Adjusted for sex, joint counts, symptom duration, Health Assessment Questionnaire score, rheumatoid factor, C reactive
protein and shared epitope status.
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