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Abstract

Background: Musculoskeletal (MSK) symptoms are among the commonest reasons for primary care assessments;
however, few individuals will be diagnosed with an inflammatory arthritis (IA) within the following year. The purpose
of this study was to investigate, in individuals with new MSK symptoms, the association between patient factors and
risk of progression to 1A, in order to optimise primary care referrals to rheumatology.

Methods: Individuals >16years old with new non-specific MSK symptoms and no clinical synovitis were recruited by
primary care across the UK from July 2007 until May 2019. Those testing positive for the anti-CCP2 assay (anti-CCP+)
were invited to Leeds for follow-up. Subjects with a negative result (anti-CCP—) were sent a 1-year questionnaire, and
general practitioners were contacted to confirm whether the individual had been diagnosed with an IA by a rheuma-
tologist. Predictors for progression were assessed using multivariable regression analysis.

Results: Six thousand seven hundred eighty individuals were recruited: 3% were anti-CCP+, of whom 45% pro-
gressed to IA, predominantly rheumatoid arthritis. Anti-CCP+ participants with high antibody levels had an odds ratio
(OR) for progression to IA of 9.42 [P < 0.001, 95% Cl (3.13-28.30)], hand pain, OR 2.74 [P = 0.043, 95% CI (1.03-7.27)]
and foot pain, OR 4.10 [P = 0.003, 95% CI (1.59-10.54)]. In low-level anti-CCP+ individuals, absence of pain in hands or
feet had a negative predictive value of 96% for progression to IA.

One-year follow-up data were available for 5640 anti-CCP— individuals, of whom 53 were diagnosed with A (0.93%).
Pain in hands, OR 2.51 [P = 0.018, 95% Cl (1.17-5.39)] or knees, OR 3.03 [P = 0.003, 95% Cl (1.47-6.25)] were associated
with development of IA within 12 months.

Conclusions: This is the largest prospective primary care study of individuals at risk of IA, and the first one to pro-
spectively investigate the outcome of MSK symptoms in a large anti-CCP— cohort. High anti-CCP levels and pain in
hands/feet indicated an increased likelihood of progression to IA. In patients with low anti-CCP level and no pain in
the hands/feet, progression is unlikely. In anti-CCP— patients, those with hand or knee pain were at increased risk of
progression. This study demonstrates that routinely available tests and joint symptoms provide useful discrimination
that may be used to prioritise referrals to rheumatology and avoid a delayed diagnosis.
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Background

Early treatment of rheumatoid arthritis (RA) has dem-
onstrated better long-term outcomes [1, 2]; however,
there are limitations for guaranteeing prompt referrals
to rheumatology services. Firstly, patients can experi-
ence joint pain for a long time before requesting an
appointment with their general practitioner (GP). Sec-
ondly, when this appointment happens, the patient
may not have any inflammatory symptoms, and there-
fore, they might have to see their GP several times
before referral to a specialist is considered [3]. Thirdly,
due to a shortage of rheumatologists, patients some-
times have to wait for several months to be assessed
[4] at which point the disease might have become more
established. Therefore, it would be helpful if primary
care referrals to rheumatology could be prioritised
according to the risk of progression to inflammatory
arthritis (IA) [5].

Anti-cyclic citrullinated peptide (anti-CCP) antibod-
ies are associated with progression to RA [6, 7], and
they can be found in blood samples years before the
development of clinical synovitis [8]. They are present
in 1% of the general population [9, 10], but the pro-
gression rate of these individuals can be as low as 1%
per annum [3]. This means that anti-CCP screening in
the general population is not cost-effective, and other
factors must be taken into consideration. For this rea-
son, selecting individuals with new non-specific mus-
culoskeletal (MSK) complaints could provide a cohort
enriched for anti-CCP positive (anti-CCP+) individu-
als, with a higher risk of progression to IA [11].

Other primary care studies have focused on the
overall pattern of joint pain, symptoms in key joints or
the physical examination [12-14]; however, none have
used patients’ symptoms to estimate the risk of pro-
gression to IA.

The main objective of this study was to determine,
in anti-CCP+ (high and low level) and anti-CCP nega-
tive (anti-CCP—) individuals presenting to primary
care with a new non-specific MSK complaint, the
demographic features and patient-reported symptoms,
which were associated with progression to IA. The
ambition being to facilitate guidance in primary care
regarding the risk of progression to IA, so that indi-
viduals likely to develop the disease can benefit from
early referral to rheumatology services.

Methods

This study analysed data from a prospective cohort
of individuals from an observational study adopted
by the National Institute of Health Research (NIHR),
Clinical Research Network (CRN) and approved by the
Leeds West Research Ethics. Participants gave written
informed consent to take part in the study and were
recruited from primary care centres across the UK
from July 2007 until May 2019. To be eligible for the
study, subjects had to be at least 16years old and have
a “new” non-specific MSK symptom that had not been
previously reported to their GP. Clinical synovitis, cur-
rent use of immunosuppressants, previous use of dis-
ease-modifying antirheumatic drugs (DMARDs) and a
diagnosis of IA were exclusion criteria.

Most referrals were made by GPs; however, other
healthcare professionals such as nurses, physiothera-
pists, and MSK physicians were also involved in recruit-
ment. Participants were asked to fill in a questionnaire
regarding any previous or current MSK diagnosis, fam-
ily history of RA (and if so, who) and smoking status.
They were also asked to mark their symptomatic joints
on a diagram: neck, back, shoulders, elbows, wrists,
hands, thumbs, hips, knees, ankles and feet.

Following this, a blood sample taken at their local GP
practice was sent to Chapel Allerton Hospital (CAH)
(Leeds) for analysis. A second generation anti-CCP assay
was used to determine the presence of anti-CCP antibod-
ies. Positivity of the test was determined using machine-
specific cut-offs—initially using an ImmunoCAP 250
(Phadia) (reference range < 7U/mL) and later on a Bio-
Plex 2200 (Bio-Rad) machine (reference range < 2.99 U/
mL). Three times the upper normal limit was considered
high anti-CCP+ and below that low anti-CCP+ [15].

Individuals with a positive anti-CCP result were
invited to attend a dedicated research clinic at CAH
(Leeds) for further assessments. These participants
were followed up in secondary care 3 monthly for a
year and then annually until progression to IA. Pro-
gression to IA was determined by a rheumatologist and
confirmed with an ultrasound (US) scan of the joints.

Subjects with a negative anti-CCP test received
standard care by their GPs and were sent a postal ques-
tionnaire 12 months after enrolment asking about their
disease status. Anti-CCP+ subjects unwilling to attend
clinic also received standard care by their GPs and a
12-month postal questionnaire but in addition were
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contacted periodically by the team, either by telephone
or by post to assess disease status. If any participant
(anti-CCP+ or anti-CCP—) that did not attend clinic
at CAH reported disease progression, GPs were con-
tacted to confirm the participant status: only individu-
als whose GP confirmed that IA diagnosis had been
made by a rheumatologist were considered progressors.
Follow-up ended when the subject developed an IA.

Statistical analysis

Statistical analyses were performed using SPSS version
21. The date of collection of the first blood sample was
used as the baseline date. For analysis purposes, fam-
ily history of RA was defined as a first-degree relative
(FDR) diagnosed with the disease and this was coded as a
dichotomous variable. Smoking status was also coded as a
dichotomous variable (ever smoked: yes/no). Chi-square
and T-test were used to assess relationship between two
categorical and two continuous variables respectively.
Association of the variables with the development of IA
was done using binary logistic regression, first in a uni-
variable model and later in a multivariable model. This
latter model was adjusted for confounders: sex, age, fam-
ily history of RA, smoking exposure and anti-CCP level.
Multiple imputation was performed for missing data (5%
missing smoking exposure and 5% missing family history
of RA). In addition, for anti-CCP+ individuals, time for
progression to IA based on the two most associated vari-
ables was analysed using a multivariable cox regression
model. For anti-CCP— individuals, univariable analysis
was performed to assess predictors of progression to RA.

Results

A total of 6780 individuals were recruited from 312 pri-
mary care practices throughout the UK. Among these,
193 (2.84%) had a positive anti-CCP test and 6587 tested
negative (97.15%). The final data set consisted of 151 anti-
CCP+ individuals (out of whom 116 physically attended
CAH for periodic assessments) and 5640 anti-CCP—
subjects. Figure 1 shows reasons for exclusion from the
analysis.

Anti-CCP positive individuals

Mean age was 52 (18-83) years, and the majority were
female (62%). Of the 151 anti-CCP+, 65% (98/151) were
anti-CCP+ high level and 35% (53/151) were anti-CCP+
low level (Table 1).

Half of all anti-CCP+ individuals reported a family his-
tory of RA (53%), and most of them (63%) were either
previous or current smokers. Forty-five percent of anti-
CCP+ individuals (68/151) progressed to IA, and 84%
did so in less than 12 months. The mean time of progres-
sion was 45weeks [range 2—-494 weeks; median 17 weeks
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(IQR 8.25-43.00)], and the mean time of follow-up was
105 weeks (range 2—560 weeks). Of the 68 progressors, 63
met the 2010 ACR/EULAR criteria for RA [15], 2 were
diagnosed with polymyositis, 2 with undifferentiated IA
and 1 with spondyloarthritis. Figure 2 shows the most
frequently reported symptomatic joints at baseline.

Subjects were classified into two groups according to
their anti-CCP level (Table 1). The majority of low-level
individuals were women; their mean age was lower and
they had a lower progression rate. There were no signifi-
cant differences between the groups regarding smoking
status and family history of RA; however, smoking expo-
sure was higher among anti-CCP+ high level males (70%)
compared with anti-CCP+ high level females (60%). The
most striking difference was the proportion of progres-
sors: 62% among the anti-CCP+ high level individuals vs
13% among the low-level ones (P < 0.001).

In a multivariable model, high anti-CCP+ level
[odds ratio (OR) 9.42; 95% confidence interval (CI)
(3.13-28.30), P < 0.001], hand pain [OR 2.74; 95% CI
(1.03-7.27), P = 0.043] and foot pain [OR 4.10; 95% CI
(1.59-10.54), P = 0.003] were predictive of disease pro-
gression (Table 2).

In fact, absence of hand and foot pain had a negative
predictive value (NPV) of 85.4% [95% CI (72.1-92.9), P =
0.001] for the development of IA. If the subject also had
low anti-CCP+ level, the NPV increased to 95.8 % [95%
CI (78.6% to 99.3%), P = 0.001]. For individuals with pain
in either hands or feet and a high anti-CCP level, the pos-
itive predictive value (PPV) was 69.1% [95% CI (63.9% to
73.9%), P < 0.001].

The rate of progression to IA also varied depending on
the presence of pain in hands/feet and the anti-CCP level
(Fig. 3). Patients with a low anti-CCP level and no pain in
hands/feet had the lowest progression rate, followed by
those with low level and pain in hands/feet [hazard ratio
(HR) 5.63; 95% CI (0.69-45.95), P = 0.107], individuals
with a high anti-CCP level but no pain in hands/feet [HR
6.65; 95% CI (0.77-57.13), P = 0.084] and finally those
with a high anti-CCP level and pain in hands/feet [HR
23.53; 95% CI (3.21-172.34), P = 0.002].

Patients without pain in hands/feet (7/68) had a slower
progression to IA [mean 125weeks, (SD 175.01), median
40weeks (IQR 16-185)] compared with progressors with
pain in these joints (61/68) [mean 36.87 weeks (SD 64.29),
median 14weeks (IQR 7.50-38)].

Regardless of the anti-CCP level, all the anti-CCP+
progressors without pain in either hands or feet (7/68)
had other additional risk factors: smoking exposure (7/7)
and/or family history of RA (6/7).

Additional univariable and multivariable analyses were
performed to assess potential association between base-
line MSK diagnosis (carpal tunnel syndrome, rotator cuff
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REASONS FOR EXCLUSION FROM ANALYSIS

Individuals recruited
(n=6,780)

Anti-CCP+ individuals

(n=193)

Incomplete
baseline data
(n=13)

Anti-CCP- individuals

(n=6,587)

12-month

questionnaire not
returned (n=909)

Outcome:

unknown (n=4)

- Moved and unable to obtain
follow-up information (n=25)
- Date of progression

Included in the
analysis
(n=151)

Fig. 1 Reasons for exclusion from analysis

12-month
questionnaires

received

(n=5,678)

Unable to confirm
disease progression
status (n=38)

Included in the
analysis
(n=5,640)

Table 1 General characteristics of anti-CCP+ low (> 1 to < 3x ULN) and high level (> 3x ULN) individuals (SD = standard deviation)

Overall anti-CCP+ (n =151)  Anti-CCP-+ low level (n =53)  Anti-CCP+ high level (n =98) P value
Sex, female n (%) 93 (61.6) 38 (71.7) 55 (56.1) 0.060
Mean age (SD; range) in years 52(15.2; 19-83) 46 (15.3; 18-77) 55(14.2; 25-83) 0.001
Mean follow-up (SD; range) in weeks 105 (121.8; 2-560) 133(117.2;6-527) 91 (122.1; 2-560) 0.041
Family history of RA, n (%) 76 (53.1) 28(57.1) 48 (51.1) 0.489
Smoking status, n (%) Never 53 (37.1) Never 20 (40.0) Never 33 (35.5) 0.590
Ever smoked 90 (62.9) Ever smoked 30 (60.0) Ever smoked 60 (64.5)
- Never 53(37.1) 20 (40.0) 33(35.5)
n (%)
« Previous 65 (45.5) 21 (42.0) 44 (47.3)
n (%)
« Current 25(17.5) 9(18.0) 16 (17.2)
n (%)
Progression to A, n (%) 68 (45%) 7 (13%) 61 (62%) <0.001
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A) Anti-CCP negative individuals

| Neck 30%

Shoulder 42%

Back 33%
Wrist 38%

Thumb 36%
Hip 36%
Ankle 30%

| Elbow 29%

Hand 54% |

B) Anti-CCP negative progressors

Neck 30%
Elbow 40%

Shoulder 59%

Back 25% |

Ankle 23%

Knee 72% |

Foot42% |

Anti-CCP positive individuals

Fig.2 A Symptomatic joints at baseline in anti-CCP— and anti-CCP+ individuals. B Symptomatic joints at baseline in anti-CCP- and anti-CCP+
individuals who progressed to an IA. Symptomatic joints in >50% of the subjects are highlighted in red

pathology, trigger finger, tennis elbow and osteoarthritis)
and the development of IA; however, none of them was
statistically significant (Supplementary Table 1).

Finally, there were no differences in the proportion of
progressors between the anti-CCP+ participants who
were regularly attending clinic at CAH and those who
remained under GP care [43% (50/116) and 51% (18/35)
of progressors respectively, P = 0.386].

Anti-CCP negative individuals

Mean age of anti-CCP negative individuals was 52 (16—
91, SD 14.7) years, and 72% were female. Thirty eight per-
cent reported having a FDR with RA and 38% were either
current or former smokers. A total of 5678 individuals
returned their 12-month questionnaires, of whom 239
reported progression to IA (4.2%). The disease status
of 38/239 individuals could not be confirmed by a GP;

therefore, only 201/239 were included in the analysis.
Of these 201, GPs discounted IA in 148 participants and
confirmed IA in 53, representing 0.93% (53/5640) of pro-
gressors among all anti-CCP negative individuals.

Twenty one of these 53 progressors were diagnosed
with RA; 13 with spondyloarthritis, 11 with polymyal-
gia rheumatica (requiring DMARDs for joint swelling),
3 with polymyositis, 3 with systemic lupus erythemato-
sus and 2 with systemic sclerosis. Only progression (yes/
no) to IA within the first 12months was recorded, and
therefore, no data are available regarding the mean time
of progression.

Figure 2 shows the most symptomatic joints at base-
line. Progressors had a higher percentage of symptomatic
joints and a higher number of other MSK diagnoses such
as carpal tunnel syndrome (CTS), rotator cuff pathology
and osteoarthritis (Supplementary Table 2).
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Predictor

Non-progressors (n = 83)

Progressors to
1A (n = 68)

Univariable
OR (95% Cl) P-value

Multivariable
OR (95% CI) P-value

Mean age (SD; range)

Female (%) 66
CCP high level (%) 45
Family with RA (%) 58
Ever smoked (%) 55
Neck (%) 30
Shoulders (%) 47
Elbows (%) 28
Wrists (%) 43
Hands (%) 47
Thumbs (%) 29
Back (%) 23
Hips (%) 31
Knees (%) 46
Ankles (%) 30
Feet (%) 29

50 (15.65;18-77)

54 (14.39; 23-83)

56
90
47
72
22
56
27
66
81
40
13
29
56
32
62

1.01(0.99-1.03) P=10.136
0.64(0.33-1.24) P=0.193
10.83 (4.43-26.48) P < 0.001
0.64 (0.34-1.23) P=0.188
2.07 (1.04-4.11) P = 0.037
0.65(0.72-3.19) P = 0.266
1.18(0.13-1.37) P=0.277
0.93 (0.45-1.93) P = 0.865
2.55(1.31-4.96) P = 0.006
4.77 (2.27-10.02) P < 0.001
61(0.82-3.19) P=0.1
1(021-1.22) P=0.133
0.91 (045 83)P=10.799
0(0.78-2.85) P=0.218
(055 221)P=0.768
3.97 (2.00-7.85) P < 0.001

0.95 (0.95-1.02) P = 0.504
0.56 (0.21-1.45) P=0.234
9.42 (3.13-28.30) P < 0.001
0.56 (0.24-1.34) P=0.198
2.37 (0.96-5.83) P = 0.060
0.39(0.13-1.13) P=0.086
0.90 (0.35-2.36) P = 0.844
0.93 (0.33-2.62) P = 0.894
8 (0.49-3.36) P = 0.607
2.74(1.03-7.27) P =0.043
4(0.44-4.06) P = 0.599
0.68 (O 20-2.25) P=10.532
3(0.51-3.46) P=0.557
(O 44-269) P=0.855
0.80(0.27-241) P=0.701
4.10(1.59-10.54) P = 0.003

1.0

0.87

0.67

Cum Survival

0.4

0.0

200 300
Weeks of follow-up

T
400

Fig. 3 Time for progression to IA according to anti-CCP titre and pain in hands/feet

T
500

Time for progression to |A according to anti-CCP titre and pain in hands/feet

Groups

i 7Low titre - no pain in hands/feet

I ILow titre - pain in hands/feet
High titre - no pain in hands/feet

=i PHigh titre - pain in hands/feet
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Multivariable analysis (Table 3) showed that hand [OR
2.17; 95% CI (1.17-5.39), P = 0.018] and knee pain [OR
2.65; 95% CI (1.47-6.25), P = 0.003] were associated with
the development of IA within the following 12 months.
Older age showed only a slightly higher risk for IA [OR
1.04; 95% CI (1.02-1.07), P < 0.001].

RA was the most frequent diagnosis among the anti-
CCP— progressors, and univariable analysis showed that
pain in hands [OR 5.21; 95% CI (1.53-7.69), P = 0.008],
thumbs [OR 2.87; 95% CI (1.19-6.93), P = 0.019], older
age [OR 1.04; 95% CI (1.01-1.07), P = 0.026] and CTS
[OR 3.49; 95% CI (1.40-8.67), P = 0.007] were associated
with a higher risk of progression to RA (Supplementary
Table 3). Multivariable analysis could not be performed
to assess predictors of RA in anti-CCP— individuals due
to the low number of patients per variable.

Based on the results of the study, Fig. 4 has been elabo-
rated to provide clear guidance for primary care physi-
cians attending patients with a new non-specific MSK
complaint, who test positive for anti-CCP antibodies.

Discussion

MSK complaints account for 30% of GP consultations in
England [16]. However, in the setting of an open access
service to rheumatology, it can be difficult to manage
the large number of referrals of individuals with MSK
symptoms without clinical synovitis; even if these are
restricted to the anti-CCP+ ones. Considering this, there
is need for prioritisation, and this study provides practi-
cal guidance for primary care physicians to easily assess
the urgency of referral to rheumatology using widely
available tests. This has become especially relevant with
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the COVID19-SARS2 pandemic, which resulted in rheu-
matology appointment cancellations and a significant
increase in the waiting times for specialist assessment.
Considering this, one of the advantages of the proposed
assessment is the possibility of remote performance if
required.

To our knowledge, this is the largest reported prospec-
tive primary care study of individuals at-risk of RA. Its
approach stands out from other studies due to the signifi-
cant role that patient reported factors (especially symp-
toms) play in assessing the risk of progression and its
simplicity and feasibility for use in primary care.

Our study has confirmed the enriched prevalence of
anti-CCP antibodies in individuals with a new non-spe-
cific MSK complaint (2.84%) in a larger cohort, as well
as the risk of rapid disease progression, with 45% being
diagnosed with IA with a mean time to progression of
45weeks, as Nam et al. reported [11]. Results from sec-
ondary care are heterogeneous: whereas Rakieh et al. [17]
also had a high number of progressors (50% of anti-CCP-+
subjects with non-specific MSK complaints), two Dutch
studies [18, 19] reported 20% and 35% progressors respec-
tively among seropositive patients with arthralgia. The
latter studies included patients with either rheumatoid
factor (RF) or anti-CCP antibodies; the fact that RF is less
specific for disease progression in the at-risk phase [18,
20] and the different settings (specialist assessments in
patients already referred) could explain the discrepancy.

In our study, subjects were analysed in groups according
to anti-CCP positivity/negativity but also the anti-CCP
level. We found an association between the anti-CCP
level and the development of IA, with 62% of high-level

Table 3 Baseline predictors for progression to IA in anti-CCP— individuals

Predictor

Non-progressors (n  Progressors to IA (n = 53)

Univariable Multivariable

= 5587) OR (95% Cl) P-value OR (95% Cl) P-value

Mean age (SD; range) 53 (14.7,16-91) 60 (13.62; 30-82) 1.04 (1.02-1.06) P < 0.001 1.04 (1.02-1.07) P < 0.001
Female (%) 72 58 0.54 (0.31-0.94) P = 0.030 0.67 (0.35-1.28) P = 0.229
Family with RA (%) 38 33 0.758 (0.42-1.35) P =0.349 1.14(0.59-2.19) P = 0.683
Ever smoked (%) 38 43 1.25 (0.69-2.28) P = 0462 1.11 (0.60-2.05) P = 0.730
Neck (%) 30 29 1.03(0.57-1.8) P=0.932 0.62 (0.29-1.30) P = 0.202
Shoulders (%) 41 59 1.99 (1.15-3.45) P =0.014 1.95 (0.98-3.86) P = 0.056
Elbows (%) 29 40 1.58 (0.91-2.75) P =0.104 1.32(0.67-2.59) P = 0413
Wrists (%) 38 47 1.43(0.83-2.46) P =0.193 1.18(0.60-2.31) P =0.625
Hands (%) 53 76 2.67 (1.43-5.02) P = 0.002 2.51(1.17-5.39) P=0.018
Thumbs (%) 36 49 1.70(0.99-2.92) P = 0.054 1.23(0.63-241) P=0.541
Back (%) 33 25 0.66 (0.35-1.23) P=10.190 0.66(0.31-1.41) P=0.279
Hips (%) 36 28 0.69 (0.38-1.26) P = 0.226 0.57 (0.28-1.17) P=0.127
Knees (%) 55 72 2.07 (1.14-3.77) P=0.018 3.03 (1.47-6.25) P = 0.003
Ankles (%) 30 23 0.68(0.36-1.29) P=0.239 0.55(0.25-1.21) P=0.140

Feet (%) 34 42

1.37(0.79-2.38) P=0.256 1.04 (0.52-2.06) P=0.910
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individuals developing IA. This association had also been
suggested by a retrospective study with anti-CCP+ indi-
viduals without RA [21], reporting a progression rate of
46% among those with a high level. However, 76% of their
individuals had arthralgia and they were all recruited in
tertiary care. These results differ from another study [22],
which did not find any correlation between the anti-CCP
level and progression to IA; but only 13% of the individu-
als in the cohort were anti-CCP+.

In our cohort, the majority of subjects from both anti-
CCP low and high-level groups were female. This is consist-
ent with a study that reported association between female
sex and anti-CCP positivity [10]. Even though the incidence
of RA is higher in women [23], we did not find female sex
to be predictive of progression in either anti-CCP+ or anti-
CCP— individuals. A higher percentage of men were anti-
CCP+ high-level, perhaps due to the increased smoking
exposure in males in the current study [24].

Smoking has been associated not only with the devel-
opment of anti-CCP antibodies but also with devel-
opment of anti-CCP+ RA [21, 25]. The results of the
univariable analysis in our anti-CCP+ individuals were in
line with this. Multivariable analysis did not show strict
association between smoking exposure and development
of IA; however, this could be due to the low number of
participants, as it nearly reached significance (P = 0.06).
In addition, all the anti-CCP+ progressors that did not
have pain in hands/feet, had smoking exposure as a risk
factor. A previous study found that smoking increased

the risk of developing anti-CCP negative RA, but this risk
disappeared 20 years after smoking cessation [25]. We
did not find any correlation between smoking exposure
and development of IA for anti-CCP— patients, but we
did not assess the time passed since smoking cessation.

It is known that RA has a predilection for targeting
small joints [15]; for anti-CCP+ subjects, hands and
feet seem to be a key symptomatic area as 92% of the
anti-CCP+ high level progressors reported hand and/
or foot pain. In addition, all anti-CCP+ low level pro-
gressors except one presented with hand or foot pain.
As expected, these regions showed association with the
development of IA. Most importantly, the high NPV of
absence of pain in hands or feet combined with a low
anti-CCP level (>95%) should reassure clinicians that
such an individual is unlikely to develop IA at that point,
and therefore, referral to rheumatology is not a prior-
ity (nevertheless, this should not discourage referral if a
rheumatic disease is suspected) (Fig. 4).

In addition, the classification of subjects in four groups
based on the anti-CCP level and “presence/absence
of pain in hands or feet” can be useful to estimate the
urgency of specialist assessment (Fig. 3).

Surprisingly, wrist pain (in anti-CCP+ and anti-CCP—
individuals) and foot pain (in anti-CCP— individuals)
were not associated with disease progression. For wrist
pain, this could be explained by some subjects reporting
it as hand pain. As far as foot pain is concerned, a recent
study compared the radiological pattern of seronegative
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and seropositive RA: they reported significant differ-
ences, not only in the degree of damage but also in the
joint distribution [26]. Whereas in seropositive RA most
erosions occurred in the feet, these joints seemed to be
spared in seronegative RA.

Data interpretation is more complex for anti-CCP—
individuals due to the heterogenicity of the progressors’
IA diagnoses. Whereas 93% of the anti-CCP+ progressors
met the ACR/EULAR 2010 criteria for RA, only 40% of
the anti-CCP— progressors did. Even though a retrospec-
tive primary care study also found association between
knee and/or hand pain and progression [27], pain in these
sites should be seen as a warning sign in anti-CCP— sub-
jects and the differential diagnosis should be guided by
the clinical picture of the patient, bearing in mind other
risk factors (e.g. early morning stiffness in suspected RA).

One of the main strengths of this study is the number
of participants and the prospective data collection. The
fact that individuals were recruited in hundreds of pri-
mary care centres across the UK means that our results
should be representative of the wider background popu-
lation. Additionally, it is also the first study to prospec-
tively investigate the outcome of MSK symptoms in a
large anti-CCP negative cohort.

One limitation is the fact that anti-CCP status was
not re-checked at the moment of progression in anti-
CCP— participants. However, studies suggest that anti-
CCP antibodies appear in low levels several years before
RA diagnosis and they only increase 2—4years before IA
development [28]. Considering this, it is unlikely that
the anti-CCP status of the anti-CCP— patients could
have changed in only 12 months. This shorter follow-up
could have contributed to the low number of anti-CCP—
progressors and is actually a limitation itself: whereas
anti-CCP+ patients were followed-up for over 10vyears,
the follow-up of anti-CCP— patients was restricted to
12 months, which means that there is potential progres-
sion data that were not collected.

It is possible that there could be a bias regarding a more
likely IA diagnosis in anti-CCP+ individuals compared
with anti-CCP— participants, as the majority of the for-
mer group were attending clinic regularly. However,
data was compared between anti-CCP+ participants
attending clinic and anti-CCP+ individuals who contin-
ued under GP care, and no significant differences were
observed; therefore, it is unlikely that IA in anti-CCP—
individuals was underdiagnosed.

Another limitation is the missing data, and in contrast
with the IA status (whose diagnosis by a rheumatologist
was confirmed by the GP), epidemiological information
was self-reported by the participants. When asked about
family history of RA, subjects often have trouble differ-
entiating between RA and osteoarthritis. This could have
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led to an overestimation of individuals with RA relatives
that could explain why association between first-degree
relative with RA and disease progression was not found.
In addition, this confusion between types of arthritis
could also explain why progression to IA was overre-
ported in the questionnaires: the diagnosis of IA could
only be confirmed in 26% of subjects that self-reported
progression. These examples indicate that a patient
reported diagnosis of rheumatic diseases is not com-
pletely reliable and the distribution of joint pain seems to
be a more useful tool when assessing the need for referral
to specialist rheumatology services.

Conclusion

The increased demand for access to specialist rheumatol-
ogy services (exacerbated post COVID19-SARS2 pan-
demic) reinforces the need for a prioritisation model for
patients with new MSK symptoms. This study shows that
risk stratification can be achieved using tests available in
primary care, in combination with patient reported joint
symptoms.

Our results indicate that individuals without clinical
synovitis who have pain in the hands/feet and a high anti-
CCP level are likely to have a rapid disease progression.
In contrast, low level anti-CCP+ individuals without
clinical synovitis who do not have pain in hands/feet are
very unlikely to progress to IA. While in anti-CCP— indi-
viduals the risk of progression is low, hand and knee pain
may be seen as a red flag that requires follow-up. This
provides useful discrimination that may be used to prior-
itise referrals to rheumatology and avoid diagnostic delay.
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