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Abstract
More efficient means of identifying patients with inflammatory rheumatic diseases (IRDs) could allow earlier diagnosis 
and treatment. The objective of this study was to evaluate the characteristics of a revised version of an online patient 
questionnaire-based self-referral tool, RhePort 1.3. This prospective study included adult patients with musculoskeletal 
complaints presenting for a first rheumatology visit at German RheumaDatenRhePort (RHADAR) rheumatology network 
centers. All patients completed the RhePort 1.3 questionnaire on patient characteristics and symptoms. Data from RhePort 
1.3 were compared with historical data from previous versions. Of 614 patients, 225 (36.6%) were diagnosed with an IRD 
by a rheumatologist and 164/225 IRD patients (72.9%) had a RhePort 1.3 score > 1, the cut-off point used to determine the 
need for rheumatologic evaluation. A score > 1 was associated with an approximately two-fold higher IRD risk (odds ratio 
[95% confidence interval] of 1.98 [1.39, 2.83] vs ≤ 1) and had good sensitivity (73%) and moderate specificity (42%). Among 
patients referred through a standard referral pathway (n = 283), RhePort 1.3 scores > 1 in addition to physician referral were 
associated with increases in rheumatology-diagnosed IRD rates from 33.2% (physician referral only) to 45.7%. RhePort 1.3 
had higher accuracy than earlier versions (54% vs 35%). We conclude that modest changes to the RhePort questionnaire 
resulted in increased accuracy. A score > 1 was associated with a doubled risk for an IRD and higher IRD rates in physician-
referred patients. These data suggest that RhePort has the potential to streamline the rheumatologist’s workload and improve 
resource use. Further modifications are required to improve specificity.

Keywords  Rheumatology · Rheumatic diseases · Workload · Referral and consultation · Online system · Surveys and 
questionnaires

Introduction

Early identification of inflammatory rheumatic disorders 
(IRDs) allows prompt treatment and has the potential to 
improve long-term outcomes [1–5]. However, recent studies 
suggest that there are often substantial delays between symp-
tom onset and rheumatology appointments [6–8], including 

a German study in which the median time between muscu-
loskeletal symptom onset and a rheumatology appointment 
was 30 weeks [9]. Delay in access to a rheumatologist is 
strongly correlated with delay in early treatment, resulting 
in worse long-term outcomes [5].

There are currently a number of barriers to timely diag-
nosis and treatment of IRDs [10]. In particular, the time to 
rheumatology care may be impacted by patients with mus-
culoskeletal complaints related to non-inflammatory con-
ditions, such as osteoarthritis. Recent studies indicate that 
approximately 25% of primary care consultations involve 
musculoskeletal symptoms [11, 12], and that both general 
practitioners (GPs) and patients have difficulty in distin-
guishing inflammatory and non-inflammatory conditions 
[10, 13]. As a result, many of these patients are referred 
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to rheumatologists, but most do not have an IRD. Among 
GP referrals to rheumatologists, only about 25% to 40% of 
patients are subsequently diagnosed with an IRD [14–16]. 
Another important factor that influences waiting periods 
for rheumatology consultations is the number of rheuma-
tologists in a given area. Many countries [17, 18], including 
Germany [19, 20], are experiencing a shortage of rheuma-
tologists, especially in more rural areas.

The use of patient questionnaires has the potential to 
allow prioritization of early rheumatology visits for patients 
with a higher probability of an IRD and reduce the burden 
on rheumatologists and the healthcare system. A number of 
triage approaches and questionnaires have been developed to 
allow more efficient prioritization of IRDs [21], but none has 
yet shown optimal specificity and sensitivity for clinical use.

The online RhePort questionnaire-based self-referral 
tool [22] has shown utility as a decision support system in 
patients being seen for their first rheumatology consultation 
at rheumatology clinics in Germany [23–25]. An earlier ver-
sion of RhePort was well-accepted among patients [24] but 
did not have sufficient diagnostic accuracy for use in pri-
oritizing rheumatology appointments [23]. The aim of this 
study was to evaluate the performance of an updated version 
of RhePort, RhePort 1.3, as a referral tool for patients with 
musculoskeletal complaints. An effective referral tool has 
the potential to streamline rheumatology care and facilitate 
early diagnosis, which may improve long-term outcomes.

Methods

Study design and participants

This non-interventional, cross-sectional, prospective study 
utilized pseudonymized electronic health record (EHR) data 
from adult patients (≥ 18 years) in the RheumaDatenRhe-
Port (RHADAR) GbR (A Network of Rheumatologists) 
database [26, 27]. The RHADAR database includes clinical 
data, patient-reported outcomes, and laboratory data from 
patients seen at five German clinical rheumatology sites. 
For the RhePort 1.3 patient cohort, all included patients had 
completed the RhePort 1.3 clinical questionnaire (described 
below) prior to an initial rheumatology consultation and had 
subsequently received a diagnosis or exclusion of an IRD 
from a rheumatologist. Patients were either referred by GPs 
or other physicians or were self-referred based on a RhePort 
1.3 score > 1.0, the score used by RHADAR rheumatology 
practices to indicate the need for a rheumatology consulta-
tion. Patients included in this study completed the RhePort 
1.3 questionnaire between May 23, 2022 and November 30, 
2023. Data for comparisons with previous versions (Rhe-
Port 1.1/1.2) were obtained from patients who completed the 
questionnaire between April 1, 2016 and February 28, 2021.

Ethical approval for the RhePort questionnaire and result-
ing analyses was obtained from the Ethics Committee of 
Ärztekammer Nordrhein (number 2015228; September 
1, 2015; amendment approved August 8, 2021, number 
2021312) and the study was conducted in compliance with 
the Declaration of Helsinki. All patients provided written 
informed consent.

RhePort questionnaire‑based self‑referral tool

RhePort.de [22] is a rheumatology-specific online platform 
that promotes cooperative collaboration between physicians 
and patients and contains the RhePort 1.3 questionnaire 
[23–25]. RhePort.de was developed by nine clinicians who 
are now part of the RheumaDatenRhePort (RHADAR) GbR 
(A Network of Rheumatologists) group [22]. The goal of 
RhePort.de is to advance the early detection and treatment 
of IRDs. In addition to the RhePort 1.3 patient questionnaire, 
the site features information on rheumatologic disorders and 
appointment scheduling functions. Referring physicians can 
register their patients for RhePort via a special channel, or 
patients can access the site directly without a referral. The 
questionnaire is available as a web-based version for the 
public and provided in an app version on a tablet for patients 
at rheumatology centers. An English translation of the ques-
tionnaire can be found in Supplementary materials (Sec-
tion S1). The full questionnaire and possible answers can be 
accessed at https://​rhepo​rt.​de/​RhePo​rtS1.​aspx.

RhePort 1.3 is the third version of the questionnaire to 
be developed. The previous version of RhePort (RhePort 
1.2) was a 23-item questionnaire concerning patient data, 
complaints, and symptoms (complemented by pictures of 
affected joints) that took approximately 8.5 min to com-
plete [23]. Entering lab results was optional. Responses to 
these questions provided a weighted sum score from which 
a background algorithm calculated the probability of an IRD 
(sum scores ≥ 1 indicate increased probability of an IRD; 
higher scores suggest a more urgent need for a rheumatology 
appointment) [23–25].

RhePort versions 1.0–1.2 were refined on the basis of 
published data [23, 25] supplemented by clinical knowledge 
to create RhePort 1.3, the questionnaire used in the study 
reported here. RhePort 1.3 contains 23 questions, with sev-
eral sub-questions, and allows entry of additional relevant 
laboratory values (rheumatoid factor [RF], cyclic citrulli-
nated protein antibody [anti-CCP], and HLA-B27 plus the 
previously included C-reactive protein [CRP] and eryth-
rocyte sedimentation rate [ESR]) (Supplementary Section 
S1). In addition to the overall score for the probability of 
IRD, algorithmic rules were added to improve the recogni-
tion of rheumatoid arthritis (RA) and axial spondyloarthritis 
(axSpA) based on specific response patterns.

https://rheport.de/RhePortS1.aspx
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The full data protection policy can be found on the 
RhePort.de website ((https://​rhepo​rt.​de/​RhePo​rt18.​aspx). 
Of note, patients only provide their email (a neutral email 
address is encouraged), telephone number, and zip code to 
allow appointments with a nearby rheumatologist. Their 
names are not entered into the RhePort.de system.

Statistical analysis

A study size calculation was not performed, as sample size 
for this exploratory study was determined by all eligible 
patients during the study period.

We analyzed descriptive data for patients with reported 
data; missing data were not imputed. For sample charac-
terization, we used absolute and relative frequencies and 
means with standard deviation (SD). Predictive accuracy 
assessments compared with the rheumatologist’s diagnosis 
included sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), positive and nega-
tive likelihood ratios, odds ratio (OR), Youden index (sum-
mary measurement of a test’s accuracy based on the receiver 
operating characteristic [ROC] curve), and overall accuracy. 
Values are reported with 95% confidence intervals (CIs). 
ROC analyses to determine the area under the curve (AUC) 
of RhePort 1.3 compared with chance were also performed. 
Statistical analyses were performed using R software (ver-
sion 4.4.0) and RStudio (version 1.1.453).

Results

IRD diagnosis and patient characteristics

The RhePort 1.3 patient cohort included 614 patients who 
completed the questionnaire before their first rheumatology 
consultation. The IRD diagnosis or exclusion was deter-
mined by the consulted rheumatologist and recorded in the 
RHADAR database. Of these patients, 225 (36.6%) were 
found to have a rheumatologist-diagnosed IRD, most com-
monly RA (41.3% of patients with an IRD) followed by 
psoriatic arthritis (PsA; 16.4%) (Fig. 1). The remaining 389 
patients (63.4%) did not have an IRD.

Compared with non-IRD patients, the IRD patient cohort 
had fewer females (53.3% vs 70.2%), a shorter symptom 
duration (mean [SD] of 2.6 [5.0] vs 4.1 [5.9] years), and 
higher RhePort 1.3 scores (mean [SD] of 2.0 [1.4] vs 1.4 
[1.3]) (Table 1). As expected, patient characteristics varied 
by diagnosis (Table 1). Non-IRD and RA patients had the 
highest proportions of female patients, patients with poly-
myalgia rheumatica and crystal-induced arthropathy had the 
highest mean age, patients with axSpA and crystal-induced 
arthropathy had the longest symptom duration, and patients 

with RA, polymyalgia rheumatica, and axSpA had the high-
est mean RhePort 1.3 scores (Table 1).

RhePort 1.3 score and IRD diagnosis

A RhePort score > 1 is currently used in clinical practice as 
an indicator of need for a rheumatology consultation. Of the 
225 patients with a subsequent IRD diagnosis from the rheu-
matologist, approximately three-quarters (n = 164 [72.9%]) 
had a RhePort 1.3 score > 1 (Fig. 2 and Table 2). For patients 
with no IRD diagnosis, 224/389 (57.6%) had a RhePort 
1.3 score > 1. The proportions of both true positives and 
false positives decreased with increasing cut-off scores. For 
instance, a RhePort 1.3 score > 2.4 was recorded in 95/225 
(42.2%) of patients with an IRD and 104/389 (26.7%) of 
patients who did not have an IRD.

The RhePort 1.3 score distribution for patients with the 
most common IRDs (n > 10) varied considerably but had a 
median > 1 for all subgroups (Fig. 3). With respect to spe-
cific IRD diagnoses, a RhePort 1.3 score > 1 was most fre-
quently observed in patients with PsA (31/37; 83.8%) and 
RA (69/93; 74.2%). A score > 1 was less useful in iden-
tifying undifferentiated arthritis (7/12; 58.3%) and axSpA 
(13/21; 61.9%) (Table 2).

Accuracy of RhePort 1.3

Analyses of the predictive parameters of RhePort 1.3 indi-
cated that the cut-off point of > 1 was associated with an 
approximately two-fold greater risk for an IRD compared 
with a score of ≤ 1 (OR of 1.98) (Table 3). The risk was 
similar for patients with a score of > 2.4 vs ≤ 2.4 (OR of 
2.00), but much higher with a cut-off point of 4 (OR of 4.13 
for a score of > 4 vs ≤ 4). RhePort 1.3 scores > 1 had good 
sensitivity (73%) with respect to identifying IRD patients, 
but only moderate specificity (42%) (Table 3). For the cut-off 
point of 2.4, these characteristics were reversed (sensitivity 
of 42% and specificity of 73%). As might be expected, the 
cut-off point of ≥ 4.0 had low sensitivity (14%) but very high 
specificity (96%). The accuracy rate was 54% for RhePort 
1.3 scores > 1, 62% for > 2.4, and 66% for ≥ 4. Other param-
eters, including PPV, NPV, and likelihood ratios were con-
sistent with sensitivity and specificity evaluations (Table 3).

ROC analysis provided a visual representation of 
decreases in true positive and false positive rates with higher 
RhePort 1.3 scores (Supplementary Fig. 1). As is typical for 
diagnostic tests, increasing cut-off points resulted in greater 
specificity, but lower sensitivity. The AUC, an overall sum-
mary of diagnostic accuracy, was 0.62 (where 1.0 is a per-
fectly accurate test).

A RhePort 1.3 score > 1 had similar accuracy rates for 
the most common specific rheumatologic diagnoses, rang-
ing from a high of 49% for RA to a low of 43% for axSpA, 

https://rheport.de/RhePort18.aspx
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Fig. 1   Percentages of patients with specific IRD diagnoses among 
patients with IRDs (n = 225). ANCA antineutrophil cytoplasmic anti-
body, axSpA axial spondyloarthritis, CiA crystal-induced arthropathy, 
GCA​ giant cell arteritis, IRD inflammatory rheumatologic disorder, 

PMR polymyalgia rheumatica, PsA psoriatic arthritis, RA rheuma-
toid arthritis, SLE systemic lupus erythematosus, UA undifferentiated 
arthritis

Table 1   Patient characteristics 
by diagnosis (N = 614). For 
specific IRD diagnoses, 
characteristics for subgroups 
with at least 10 patients are 
shown

Data are presented as mean (SD) unless otherwise specified. For specific subtypes of IRDs, n (%) data are 
presented as the proportion of IRD diagnoses
a Data were not available for 72 patients with a non-IRD diagnosis and 32 patients with an IRD diagnosis
b Additional IRD diagnoses included other collagen disorders (n = 6), Sjögren’s syndrome (n = 5), systemic 
sclerosis (n = 3), ANCA-associated vasculitis (n = 2), reactive arthritis (n = 2), systemic lupus erythemato-
sus (n = 2), and giant cell arteritis (n = 1)
ANCA antineutrophil cytoplasmic antibody, IRD inflammatory rheumatologic disorder, SD standard devia-
tion

Diagnosis n (%) Female, n (%) Age, years Symptom 
duration, 
yearsa

RhePort 1.3 score

Non-IRD 389 (63.4%) 273 (70.2%) 50.4 (14.3) 4.1 (5.9) 1.4 (1.3)
IRDb 225 (36.6%) 120 (53.3%) 53.5 (16.0) 2.6 (5.0) 2.0 (1.4)
 Rheumatoid arthritis 93 (41.3%) 64 (68.8%) 54.6 (15.2) 1.2 (3.1) 2.2 (1.4)
 Psoriatic arthritis 37 (16.4%) 12 (32.4%) 53.4 (12.4) 3.1 (5.5) 1.7 (1.0)
 Polymyalgia rheumatica 26 (11.6%) 15 (57.7%) 68.1 (8.8) 0.7 (0.8) 2.1 (1.5)
 Axial spondyloarthritis 21 (9.3%) 9 (42.9%) 34.6 (10.7) 6.6 (7.7) 2.1 (1.6)
 Crystal-induced arthropathy 15 (6.7%) 2 (13.3%) 62.1 (14.9) 6.6 (7.8) 1.8 (1.1)
 Undifferentiated arthritis 12 (5.3%) 6 (50.0%) 49.8 (18.2) 0.9 (1.8) 1.5 (1.3)



Rheumatology International          (2025) 45:129 	 Page 5 of 11    129 

crystal-induced arthropathy, and undifferentiated arthritis 
(Supplementary Table 1). The sensitivity of the test was high-
est for PsA (84%) and RA (74%) and lowest for undifferenti-
ated arthritis (58%), while the specificity was 42% for all of the 
specific diagnoses evaluated (Supplementary Table 1).

RhePort 1.3 as an augmentation to standard referral

Of the 614 patients in the patient cohort, 283 (46.1%) were 
referred by a GP or another physician and answered the Rhe-
Port 1.3 questionnaire before their first rheumatology consulta-
tion in the waiting room, and 331 (53.9%) completed the online 
RhePort 1.3 questionnaire with a score > 1 and booked a rheu-
matology appointment through the RhePort web site. For this 
group of 331 self-referred patients, RhePort was recommended 
by a physician or non-medical contact (family, friends, self-help 
groups), suggested by rheumatology practices contacted for an 
appointment, or found independently on the internet.

Of the 283 patients who were referred to a rheumatology 
practice through standard procedures, 94 (33.2%) subse-
quently received a diagnosis of an IRD from the rheuma-
tologist; this proportion was slightly lower than the 36.6% 
IRD rate in the overall patient cohort. A RhePort 1.3 score 
> 1 in addition to referral correctly identified 43/94 (45.7%) 
patients as having an IRD. Accordingly, the RhePort 1.3 
score in addition to referral resulted in a 38% improvement 
in IRD identification. Of the 189 referred patients who did 
not have an IRD, 136 (72.0%) had a RhePort 1.3 score ≤ 1 
and were therefore correctly identified as non-IRD.

Comparison of RhePort 1.3 with previous RhePort 
versions

An analysis of a cohort of 2504 patients who completed 
previous versions of the RhePort questionnaire (RhePort 
1.1/1.2) found that 818 (32.7%) had IRDs. In this patient 
cohort, 2404 (96.0%) had a score > 1 and 100 (4.0%) had 
a score ≤ 1. Scores > 1 on RhePort 1.1/1.2 correctly identi-
fied 803/818 (98.2%) patients with an IRD but were also 
recorded by 1601/1686 (95.0%) of patients who did not have 
an IRD, resulting in high sensitivity (98% [95% CI 97, 99]) 
but very low specificity (5% [95% CI 4, 6]). The accuracy 
rate was 35% (95% CI 34, 37).

Fig. 2   RhePort 1.3 scores in patients a with an IRD diagnosis or b 
with a diagnosis of no IRD. IRD inflammatory rheumatologic disor-
der

Table 2   IRD diagnoses by 
different RhePort 1.3 cut-offs

axSpA axial spondyloarthritis, CiA crystal-induced arthropathy, IRD inflammatory rheumatologic disorder, 
PMR polymyalgia rheumatica, PsA psoriatic arthritis, RA rheumatoid arthritis, UA undifferentiated arthritis

Rheumatologist diagnosis n RhePort 1.3 score, n (%)

 ≤ 1  > 1  > 2.4  ≥ 4

No IRD 389 165 (42.4%) 224 (57.6%) 104 (26.7%) 15 (3.9%)
Any IRD 225 61 (27.1%) 164 (72.9%) 95 (42.2%) 32 (14.2%)
 RA 93 24 (25.8%) 69 (74.2%) 48 (51.6%) 15 (16.1%)
 PsA 37 6 (16.2%) 31 (83.8%) 9 (24.3%) 2 (5.4%)
 PMR 26 7 (26.9%) 19 (73.1%) 10 (38.5%) 5 (19.2%)
 axSpA 21 8 (38.1%) 13 (61.9%) 12 (57.1%) 4 (19.0%)
 CiA 15 5 (33.3%) 10 (66.7%) 4 (26.7%) 1 (6.7%)
 UA 12 5 (41.7%) 7 (58.3%) 3 (25.0%) 1 (8.3%)
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Discussion

Our analyses of RhePort 1.3, an updated version of a patient 
questionnaire-based self-referral tool, indicate that it has 
utility as an aid in identifying patients with a greater need 
for rheumatology referral. In the patient cohort evaluated 
here, which reflects patients seen in daily rheumatology 

practices, a RhePort 1.3 score > 1 was associated with a 
two-fold increase in risk of an IRD (OR of 1.98) compared 
with scores ≤ 1. From the perspective of a rheumatologist 
with limited time slots available, the doubled IRD likeli-
hood associated with a RhePort score > 1 has the potential 
to improve prioritization practices and decrease delays in 
seeing and treating patients with IRDs. Further support for 
the utility of RhePort was found in our analysis of patients 

Fig. 3   Box and whisker plot 
of distribution of RhePort 1.3 
score by IRD diagnosis. Boxes 
illustrate the upper quartile, 
median (center line), and 
lower quartile values. Verti-
cal lines represent minimum 
and maximum values. axSpA 
axial spondyloarthritis, CiA 
crystal-induced arthropathy, 
IRD inflammatory rheumato-
logic disorder, PMR polymyal-
gia rheumatica, PsA psoriatic 
arthritis, RA rheumatoid arthri-
tis, UA undifferentiated arthritis

Table 3   Predictive accuracy 
of different cut-off points of 
RhePort 1.3

Data are presented as value (95% CI)
CI confidence interval, IRD inflammatory rheumatologic disorder, LR likelihood ratio, NPV negative pre-
dictive value, PPV positive predictive value

Parameter RhePort 1.3 cut-off score for IRD

 > 1  > 2.4  > 4

Odds ratio 1.98 (1.39, 2.83) vs ≤ 1 2.00 (1.42, 2.83) vs ≤ 2.4 4.13 (2.19, 7.82) vs ≤ 4
Sensitivity (%) 73 (66, 78) 42 (36, 49) 14 (10, 20)
Specificity (%) 42 (37, 48) 73 (69, 78) 96 (94, 98)
PPV (%) 42 (37, 47) 48 (41, 55) 68 (53, 80)
NPV (%) 73 (67, 79) 69 (64, 73) 66 (62, 70)
LR +  1.27 (1.13, 1.42) 1.58 (1.26, 1.98) 3.69 (2.04, 6.66)
LR − 0.64 (0.50, 0.82) 0.79 (0.69, 0.90) 0.89 (0.84, 0.94)
Youden index 0.15 (0.08, 0.23) 0.15 (0.08, 0.23) 0.10 (0.05, 0.15)
Accuracy rate (%) 54 (50, 58) 62 (58, 66) 66 (62, 70)
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with a physician referral plus a RhePort 1.3 score > 1. The 
rate of rheumatologist-diagnosed IRDs in this subpopulation 
was 46% compared with 33% among all physician referrals, 
a 38% improvement. The 46% IRD rate observed in patients 
with a physician referral plus a RhePort 1.3 score > 1 is 
higher than most other rates of IRD diagnoses reported in 
patients referred by GPs [14–16], suggesting that the sim-
ple addition of a requirement for a RhePort 1.3 score > 1 to 
physician referrals could help triage rheumatology appoint-
ments and reduce the rheumatologist’s workload related to 
conditions that can be treated in primary care. To the best of 
our knowledge, this is the first report to show that a patient 
questionnaire can augment normal rheumatology referral 
patterns in the overall population of patients presenting with 
musculoskeletal symptoms.

RhePort was developed to offer patients an additional 
option for securing an initial consultation with a rheuma-
tologist, particularly for those who lack a referral or face 
challenges in obtaining an appointment following a referral 
from their general practitioner. It provides a rapid assess-
ment of patient’s symptoms and is well accepted by patients 
[24]. In addition to having the potential to improve time 
to IRD diagnosis, the RhePort web portal also optimizes 
resource utilization. The online system automatically assigns 
an initial consultation appointment with a rheumatologist 
to patients with RhePort score > 1 [22]. This scheduling 
feature is especially important for patients who encounter 
difficulties achieving a timely rheumatology consultation. 
A preliminary study found that use of the RhePort web site 
for facilitating rheumatology appointments in patients with 
an urgent need reduced the burden on rheumatology center 
administrative and medical staff compared with doctor-to-
doctor referrals [28].

Although the 73% sensitivity finding for RhePort 1.3 
scores > 1 supports its ability to accurately categorize most 
patients with IRD, the 42% specificity highlights the fact 
that false positives are relatively frequent. An ROC AUC 
≥ 0.7 is generally considered acceptable for diagnostic tests 
[29], and the RhePort 1.3 AUC was 0.62, which falls slightly 
below that level. Although it is not yet the ideal question-
naire-based self-referral tool, our data show that RhePort 1.3 
in its current form nonetheless has the potential to enhance 
the efficiency and optimize the utilization of the rheumatolo-
gist’s time by prioritizing appropriate patients, in contrast to 
the standard referral process. Improvements gained over the 
previous RhePort version indicate that this questionnaire can 
improve its performance by further refinement to optimize 
its potential in supporting patients and rheumatologists.

In comparisons of RhePort 1.3 with previous versions 
of RhePort (1.1/1.2), both cohorts had similar rates of 
rheumatologist-diagnosed IRDs (36.6% for the RhePort 
1.3 cohort and 32.7% for the RhePort 1.1/1.2 cohort). 
However, RhePort 1.3 scores > 1 had much higher 

specificity (42% vs 5% for the earlier version) and greater 
accuracy (54% vs 35%). It should be noted that the results 
for earlier RhePort versions in the study presented here (98% 
sensitivity, 5% specificity, and 35% accuracy) vary from 
other studies of RhePort 1.2 in patients preparing for their 
initial rheumatology consultation, which reported a 54% 
sensitivity, 52% specificity, and 52% accuracy in 164 patients 
seen at one rheumatology center [23] and 62% sensitivity, 
47% specificity, and 52% accuracy in 600 patients seen at 
three rheumatology centers between September 2019 and 
April 2021 [25]. The difference may be due to the fact that 
one of the three rheumatology referral centers was affiliated 
with a university hospital, which generally attracts patients 
with more severe symptoms and a higher chance of having 
an IRD [23]. This “pre-selection” could have potentially 
decreased the number of false positives and increased the 
specificity of RhePort 1.2 compared with the results of our 
RhePort 1.1/1.2 analyses, in which patients presented to 
community GP and rheumatology practices. The previous 
RhePort 1.2 study was also conducted primarily during 
months affected by the COVID-19 pandemic, which may 
have also skewed the patient population to those with more 
serious musculoskeletal symptoms.

Our data suggest that RhePort 1.3 is a useful tool to opti-
mize resource utilization in rheumatology practices, but 
further modifications may be required to improve clinical 
reliability. In particular, RhePort 1.3 had a high false posi-
tive rate, which lowers overall accuracy. Accordingly, this 
is the point with the highest potential for improvement for 
future RhePort versions. One approach would be to insti-
tute mandatory entry of key laboratory markers (e.g., CRP, 
ESR, RF). Alternatively, inclusion of a text field for patient-
reported symptom description connected to an application 
programming interface to harness artificial intelligence (AI) 
capabilities could further refine the diagnostic accuracy of 
RhePort. Application of machine learning to identify spe-
cific clinical characteristics associated with IRDs, such as 
finger joint pain, has recently been shown to improve the 
accuracy of RhePort [30].

In addition to RhePort, there are a number of other triage 
approaches and symptom checkers, some of which are AI 
based; a recent scoping review found 53 unique studies and 
noted that the number of published studies was increasing 
rapidly [21]. For all studies evaluating prioritization 
approaches, the results are highly dependent on the prevalence 
of IRDs in the study population [15]. Although it is difficult 
to compare different tools due to varying patient populations 
and study design, in a comparative study of RhePort 1.2 
and the Ada symptom checker, which includes but is not 
specifically designed for rheumatologic conditions, RhePort 
had slightly lower diagnostic accuracy (52% vs 63% for the 
top disease suggestion) and the agreement between the tools 
was low (Cohen’s kappa = 0.15) [25]. Rheumatic?, an online 
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screening tool that produces a risk score for rheumatologic 
disease based on medical questions, showed some utility in 
identifying patients with joint swelling who would develop 
an immune-mediated rheumatologic disease after 1 year, 
but the authors concluded that the scoring system required 
optimization [31]. In patients at risk for RA as indicated by 
the presence of autoantibodies, remote symptom monitoring 
with the digital REMOTRA questionnaire showed a specificity 
of 42% for the cut-off score in this study, the same as the 
specificity for RhePort 1.3 [32]. Two questionnaires designed 
to identify patients who should be referred to rheumatologists, 
the Rotterdam Early Arthritis Cohort (REACH) and Clinical 
Arthritis Rule (CARE), had AUC values of 66% and 76%, 
respectively [33]. However, in their current form these tools 
require completion by a research assistant or healthcare 
professional, which makes them more burdensome than an 
online patient-reported tool. A patient-reported questionnaire 
developed for recognition of early inflammatory arthritis 
had an AUC of 71% among patients sent to an early arthritis 
referral center [15]. This questionnaire includes questions on 
morning stiffness duration and difficulty with making a fist, 
items that could potentially be added to RhePort.

The common goal of all these investigations is to advance 
the early detection and treatment of inflammatory rheumato-
logic disorders. It is possible that a combination of question-
naires and tests will be required for accurate identification of 
IRDs. Alternatively or in addition, AI-powered algorithms and 
applications may allow recognition of patterns that improve 
IRD identification. A recent exploratory study found that the 
large language model ChatGPT-4 achieved higher sensitivity 
in the detection of IRDs than rheumatologists, but with lower 
specificity [34].

Limitations of this study include its observational nature. 
Patients arrived at the RhePort 1.3 questionnaire through dif-
ferent pathways and were not chosen for specific characteris-
tics. Although this may have influenced the heterogeneity of 
results, it also allowed our study to reflect the types of patients 
referred to rheumatology centers during routine care, which is 
a study strength. This questionnaire was designed by a small 
group of expert rheumatologists but did not employ Delphi 
exercises to determine objectives, which may have resulted 
in a more rigorous development process [35]. Because of the 
digital nature of the questionnaire, older patients may have 
chosen not to participate or might have received support from 
younger family members. The usability of RhePort 1.3 was 
not assessed, but the closely related RhePort 1.1/1.2 had a 
score of 79.3 (out of 100) on the System Usability Scale [24]. 
Comparisons to previous RhePort versions (1.1/1.2) relied 
on data from an earlier time period and patient groups were 
not randomized to the previous vs current version or to other 
questionnaires designed to identify patients with IRD. The 
study was not designed to compare IRD rates in patients who 

completed RhePort 1.3 to those in patients who did not com-
plete the questionnaire.

Conclusions

Efficient and accurate identification of patients at high risk 
for IRD has the potential to speed delivery of care and 
streamline the rheumatologist’s workload, which could result 
in more rapid initiation of treatment and improved patient 
outcomes. A RhePort 1.3 score > 1 is associated with an 
approximately twofold increase in the risk of a rheumatolo-
gist-diagnosed IRD and is currently used in daily practice to 
help prioritize self-referred and physician-referred patients 
for rheumatology appointments. Future studies should focus 
on ways to improve the utility of RhePort 1.3, such as by 
instituting mandatory entry of key laboratory markers or 
adding text fields for patient-reported symptom descriptions 
that can be assessed by AI. Until more accurate methods 
become available, RhePort may be able to provide assistance 
in streamlining rheumatology care for patients with muscu-
loskeletal complaints.
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