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ORIGINAL RESEARCH

Re-evaluation of nailfold capillaroscopy in discriminating primary from secondary 
Raynaud’s phenomenon and in predicting systemic sclerosis: a randomised 
observational prospective cohort study
Marta C. Amaral a,b, F Seguro Paula a,b, Joana Caetanoa,b, Paul RJ Amesa,c and J Delgado Alvesa,b

aImmune response and vascular disease, iNOVA4Health, NOVA Medical School/Faculdade de Ciências Médicas, Universidade Nova de Lisboa, 
Lisboa, Portugal; bUDIMS – Unidade de Doenças Imuno-Mediadas Sistémicas, Departamento de Medicina IV, Hospital Prof. Doutor Fernando 
Fonseca, E.P.E, Amadora, Portugal; cDepartment of Haematology, Dumfries & Galloway Royal Infirmary, Cargenbridge, Scotland, UK

ABSTRACT
Background: Primary Raynaud’s phenomenon (pRP) is difficult to distinguish from secondary (sRP). 
Although nailfold capillaroscopy (NFC) may detect early alterations, no universal criteria yet discriminate 
between pRP from sRP.
Objectives: To create and validate two NFC scores that could distinguish pRP from sRP and that could 
predict systemic sclerosis (SSc), respectively.
Methods: We performed NFC on two separate cohorts with isolated RP, and recorded number of capillaries 
per field, enlarged/giant capillaries, crossed/bizarre patterns, microhemorrhages, neoangiogenesis, rarefaction, 
edema, blood flow velocity, stasis. By multivariate regression analysis, we evaluated the adjusted prognostic 
role of these features in a derivation cohort of 656 patients. Results were used to construct algorithm-based 
prognostic scores (A and B). These scores were then tested on a confirmation cohort of 219 patients.
Results: Score A was unable to discriminate sRP from pRP (low negative predictive values with high positive 
predictive values for any cut-point); score B was unable to discriminate progression to SSc or a SSc-spectrum 
disorder (low positive predictive values with high negative predictive values for lower cut-points).
Conclusion: NFC patterns, believed as specific, showed low discriminatory power and on their own are 
unable to reliably discriminate sRP from pRP or predict evolution to SSc.
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1. Introduction

Raynaud’s phenomenon (RP) is an episodic vasospastic ischemic 
disorder first described by Maurice Raynaud in 1862 [1]. It is 
characterized by an initial white discoloration (pallor) of the digits 
as a reaction to cold (or emotional stress), followed by cyanosis, 
pain, and numbness, then by post-ischemic red flush upon re- 
warming [2]. RP has a prevalence of 3 to 21% worldwide, depend
ing on weather conditions and ethnic origins [3,4]. It presents at 
a young age, may show a family clustering, associates with smok
ing [5] and is more common in women: indeed, the incidence of RP 
is remarkably higher in premenopausal females or post- 
menopausal females on estrogen replacement therapy [6], sug
gesting that different mechanisms influence the expression of RP 
in men and women [7]. The distinction between primary RP (pRP) 
and secondary RP (sRP) is diagnostically and prognostically impor
tant, but their discrimination is quite impossible during the first 
months or years of presentation [8,9].

Systemic sclerosis (SSc) is a rare autoimmune disease char
acterized by small vessel vasculopathy, autoantibody produc
tion, and excessive collagen deposition within the skin and 
internal organs (lungs, heart, kidney, and gastro-intestinal 
tract) [10]. The diagnosis of SSc and, consequently, appropri
ate treatment is often delayed until the appearance of skin 

involvement and/or clinically detectable internal organ invol
vement when microvascular remodeling, fibrosis, or atrophy 
are already irreversible, making SSc one of the most challen
ging autoimmune disorders to manage [11].

Nailfold capillaroscopy (NFC) is an inexpensive and easy-to- 
perform noninvasive test which may detect early microvascu
lar alterations in patients who present with RP [12]. Although 
this technique has been used for decades, there are no homo
geneous and widely accepted capillaroscopic criteria to distin
guish pRP from sRP. Similarly, the ‘capillaroscopic scleroderma 
pattern’ is well defined when SSc is already established but 
the relevance of capillary abnormalities in predicting the 
development of SSc in a patient that presents only with RP 
remains unclear [13].

As the ACR/EULAR revised their classification criteria [14] 
and defined Very Early Diagnosis of Systemic Sclerosis (VEDOSS), 
placing NFC in a prominent place, it seemed useful to have 
a capillaroscopic scoring system that could discriminate sRP 
from pRP, and another which could predict the development 
of SSc in a patient with RP.

The aim of this study was to create and validate two NFC 
scores that could distinguish pRP from sRP and that could 
predict systemic sclerosis, respectively.
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2. Patients and methods

This is a randomized observational prospective cohort study 
over a total period of 19 years. An independent researcher 
using computer-generated random numbers performed a 3:1 
block randomization allowing the formation of the Derivation 
and the Confirmation cohorts of subjects with RP but no other 
associated symptoms or signs at allocation. The operator per
forming NFC was blind to the allocation made by the inde
pendent researcher.

2.1. Study groups

All subjects consecutively referred to our Internal Medicine and 
Autoimmune Diseases outpatient clinics from January 2004 to 
December 2016 were invited to participate in the study. The 
inclusion criterion was the diagnosis of RP (with no other 
associated signs or symptoms), defined as episodic, reversible 
vasospastic ischemia of the digits manifesting upon exposure to 
cold and/or in association with emotional stress, and character
ized by well-demarcated blanching, possibly leading to cyano
sis, followed by post-ischemic red flushing upon rewarming. 
The exclusion criteria were: RP in association with symptoms 
or signs already suggesting a connective tissue disease [i.e. skin/ 
mucosal (pitting scars, gangrene, sclerodactyly, photosensitivity, 
rash, telangiectasias, orogenital ulcers), ocular (xerophthalmia, 
episcleritis, scleritis, uveitis), musculoskeletal (arthralgia, arthritis, 
myalgia, muscle weakness, fatigue), cardiopulmonary (serositis, 
dyspnea, pulmonary fibrosis and/or hypertension, heart ische
mia, conduction disturbance), renal (nephrotic syndrome, glo
merulonephritis), hematological (leukopenia, anemia, 
thrombocytopenia) or gastroenteric manifestations (xerostomia, 
dysphagia, esophageal hypomotility, malabsorption)], neuro
pathic, traumatic, or iatrogenic syndromes.

2.2. Main outcome variable

Our main outcome was the generation of predictive scores 
as described in the Statistical section: score A for the pre
diction of sRP from pRP, and score B for the prediction of 
SSc or SSc-spectrum disorder (polymyositis, anti-synthetase 
syndrome, dermatomyositis, mixed connective tissue dis
ease with SSc phenotype, overlap syndrome with SSc) 
from other RP-associated systemic rheumatic diseases. This 
was achieved via two primary end-points. End-point A was 
the appearance of a RP-associated systemic rheumatic dis
ease that allowed discrimination of sRP from pRP; after the 

initial NFC, participants were followed-up in our clinic with 
periodic appointments (every 3 to 6 months) during which 
we performed a full set of diagnostic tests until it was 
possible to diagnose or to exclude an RP-associated sys
temic rheumatic disease: at this point, they were classified 
as having sRP or pRP, respectively. End-point B was the 
ability of NFC to predict the appearance of either SSc or 
a SSc-spectrum disorder in the participants who devel
oped sRP.

2.3. Other variables

Age, gender, smoking habits, hormonal therapy, use of anti- 
platelets, anticoagulants, vasodilators and steroids were regis
tered and used as covariates in the generation of score A and 
score B as indicated in the Statistical section.

2.4. Procedures

Each participant was asked to refrain from caffeine-containing 
beverages and smoking for 2 h prior to the NFC examination 
and to wait in a temperature-controlled room (20–22°C) for 
a minimum of 20 min before the test. After laying a drop of 
immersion oil onto the nailfold bed, eight fingers of each 
patient were examined using a Digital Videocap 200 (DS- 
Medica, Milan, Italy) with a 200× optic probe magnification. 
Fingers affected by recent trauma were not analyzed. Images 
were captured, coded and stored using Videocap 8.14 soft
ware. All of the nailfold areas where capillary visibility was 
good were scanned for 11 parameters: number of capillaries 
per field (defined as the mean number of capillaries in a 1-mm 
length of each finger), enlarged capillaries (≥20 µm loop 
width), giant capillaries (≥50 µm loop width), minor morpho
logical abnormalities (crossed patterns), major morphological 
abnormalities (bushy and bizarre patterns), microhemor
rhages, neoangiogenesis, avascular isolated areas, interstitial 
edema, and semi-quantitative changes in blood flow (velocity 
and erythrocyte stasis), as previously reported in the literature 
[15]. NFC images were first analyzed and interpreted by the 
operator, confirmed later by another researcher, and data was 
recorded.

After NFC, participants were followed-up as described in 
main outcome variable section until December 2022 (recruit
ment ended in December 2016).

The ethics committee of our hospital approved the 
research protocol (2004/CEHFF, revised in 2018: 15/2018). 
Informed consent was obtained from all individual participants 
(or their legally authorized representative) included in the 
study, which was carried out according the Declaration of 
Helsinki.

2.5. Statistical analysis

In the Derivation Cohort, collected covariates (age, gender, 
smoking habits and current drugs) were screened for poten
tial confounding through univariate tests for an association 
with the outcomes and capillaroscopic variables. 
A univariate logistic regression analysis was performed for 
each outcome. Capillaroscopic variables and covariates were 

Article highlights

● Distinction between primary and secondary Raynaud’s phenomenon 
can be challenging;

● Nailfold capillaroscopy lacks discriminatory power between pRP and 
sRP;

● In early stages nailfold capillaroscopy is unable to predict who will 
develop systemic sclerosis;

● We must start looking at NFC in a different way, thinking how we can 
improve or complement it.
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selected for inclusion in a multivariate model based on 
a p-value <0,100. Multi-co-linearity was excluded through 
variance inflation factor calculation, and specification error 
through a link test. A simplified model was developed 
through backward elimination of non-significant variables 
for each outcome, as long as it did not significantly impair 
performance as evaluated by a likelihood-ratio test and by 
the Hosmer and Lemeshow’s goodness-of-fit test.

For both final simplified models, a score was developed 
from the regression coefficients, normalized by division to 
the lowest coefficient and rounded to the unit: score A for 
the prediction of sRP (versus pRP), and score B for the 
prediction of SSc or SSc-spectrum disorder (versus other RP- 
associated diseases). Each final score was accepted if the 
areas under the ROC curves for the score and its originating 
model were not significantly different when compared by 
a non-parametric ROC curve analysis [16]. For each score/ 
outcome we developed a classification table with sensitivity, 
specificity and positive and negative predictive values for 
each possible cut-point, as well as a ROC curve with the 
corresponding 95% confidence intervals. The scores were 
then applied to our Confirmation Cohort and the same 
methods were used to build classification tables and ROC 
curves.

3. Results

During the study period 987 subjects with RP were referred 
to our clinics but 112 were excluded as they did not meet 
our inclusion criteria: 47 had already signs or symptoms of 
a connective tissue disease, 32 had RP in the context of 
other acro-syndromes and 33 had RP associated with other 
diseases (see Flowchart); this left 875 participants who met 
the inclusion criteria and who contributed to our derivation 
and confirmation cohorts in the 3:1 ratio.

3.1. Derivation cohort

The derivation cohort consisted of 656 RP participants (mean 
age 44.4 ± 17.1 years, 88.4% women) of whom 11.3% reported 
active smoking habits, 44% were on oral contraception, 5.5% 
were on anti-platelet/anticoagulant agents, 8.4% were taking 
vasodilator medication and 12.7% were on steroids. These last 
subjects have been medicated with steroids by their physician 
even in the absence of associated symptoms or complications 
of Raynaud’s phenomenon. After a median follow-up of 10  
years (IQR 8–14), the diagnosis of pRP remained unchanged in 
225 participants: this was supported by persistently negative 
clinical findings as well as persistent negativity of ANA either 
by immunofluorescence or by immunoassay (if the former test 
was borderline); at variance, 431 participants developed clin
ical and immunological features of a rheumatic disease and 
were labeled as sRP (see Flowchart).

By univariate analysis (Chi-square test) we found 
a significant association (p˂0.001) between sRP and: 1) 
age, 2) steroid use, 3) reduced number of capillaries per field 
(˂7/mm), 4) enlarged capillaries, 5) giant capillaries, 6) major 
morphological abnormalities, 7) microhemorrhages, 8) moder
ate to severe interstitial edema, 9) reduced red blood cell 
velocity and 10) intermittent flux with sludge; hormonal ther
apy was negatively associated (p˂0.001) with sRP (Table 1). 
Despite its significant association with sRP, steroids did not 
enter the following analysis as they were considered an indi
cation bias.

A multivariate logistic model was developed and optimized 
through backward elimination, resulting in the best model 
with four variables, without loss of performance as assessed 
by a likelihood-ratio test and Hosmer and Lemeshow’s good
ness-of-fit test. Regression coefficients were normalized to 
generate the predictive score A (Table 2). We generated 
a ROC curve, and we calculated the AUC: 0.738 (StdE 0.019; 
95% CI 0.700–0.776) (Figure 1). We calculated sensitivity, spe
cificity, negative and positive predictive values for each cutoff 

Table 1. Univariate analysis of covariates and nailfold capillaroscopic variables in derivation cohort.

Outcome A Outcome B

Odds Ratio p-value Odds Ratio p-value

Age 1.03 <0.001 1.05 <0.001
Gender 0.83 0.451 1.32 0.288
Smoking 0.66 0.129 0.63 0.136
Hormonal therapy 0.38 <0.001 0.40 0.011
Antiplatelet/coagulant 1.45 0.432 2.50 0.022
Vasodilators 1.29 0.438 2.43 0.003
Steroids 11.34 <0.001 1.54 0.103
Capillaries ˂ 7/mm 5.42 <0.001 7.59 <0.001
Enlarged capillaries 2.84 <0.001 6.99 <0.001
Giant capillaries 6.95 <0.001 12.32 <0.001
Minor abnormalities 0.9 0.547 0.57 0.002
Major abnormalities 2.33 <0.001 2.29 <0.001
Microhaemorrhages 3.56 <0.001 4.96 <0.001
Neoangiogenesis 1.49 0.06 3.21 <0.001
Avascular areas 1.59 0.008 3.18 <0.001
Interstitial aedema 1.85 <0.001 2.36 <0.001
Reduced velocity 2.46 <0.001 2.81 <0.001
Erythrocyte stasis 2.97 <0.001 3.24 <0.001

Left columns: variables in primary vs. secondary Raynaud’s phenomenon groups (Outcome A); right 
columns: variables in Systemic Sclerosis/SSc-related diseases vs. non- SSc/SSc related diseases groups 
(Outcome B). P-values derived from a Chi-square test. 
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value. Score A showed low negative predictive values (NPV) 
with high positive predictive values (PPV) for any cut-point. As 
we can see in Table 3, cut-point 1 is the one that allows you to 
classify most correctly and this percentage decreases as points 
in score increase.

We generated score B from the 174 subjects with sRP asso
ciated with SSc (143) or one of its related diseases − 9 dermato
myositis, 8 overlap syndrome, 5 polymyositis, 5 mixed connective 
tissue disease, 4 anti-synthetase syndrome (see Flowchart).

By univariate analysis (Chi-square test) we found a significant 
association (p˂0.001) between SSc/SSc-spectrum disorders and 
age as well as with all the NFC variables studied except for minor 
abnormalities (Table 1). A multivariate logistic regression model 
was developed and optimized through backward elimination, 
resulting in the best model with four variables. Regression coef
ficients were normalized to generate score B (Table 2). We 
generated a ROC curve and calculated the AUC: 0.861 (StdE 
0.016; 95% CI 0.829–0.893) (Figure 2). We calculated sensitivity, 
specificity, NPV, and PPV for each cut-point. Score B showed low 
PPV with high NPV for lower cut-points (≤3). As we can see in 
Table 4, a subject who scores below 3 has a low probability to be 
correctly classified.

3.2. Confirmation cohort

The confirmation cohort consisted of 219 RP participants 
(mean age 43.4 ± 16.1 years, 84.9% women) followed-up for 
a median of 11 years (IQR 9–15). At the end of this period, 58 
participants remained as pRP and 161 developed a systemic 
autoimmune rheumatic disorder (see Flowchart).

We applied score A to this cohort, obtained a ROC curve 
and calculated the AUC: 0.748 (StdE 0.037; 95% CI 0.674–0.82) 
(Figure 1). We calculated sensitivity, specificity, NPV, and PPV 
for each cut-point. As in derivation cohort, score A showed low 
NPV with high PPV for any cut-point (Table 3).

In a similar fashion, we applied score B to the 64 partici
pants with sRP and SSc or SSc-spectrum disorder, which 
included 55 patients with SSc, 3 with MCTD, 3 with overlap 
syndrome, 1 with dermatomyositis, 1 with polymyositis, 1 with 
anti-synthetase syndrome (see Flowchart). We obtained a ROC 
curve for score B and calculated its AUC: 0.837 (StdE 0.029; 
95% CI 0.781–0.894) (Figure 2). We calculated sensitivity, spe
cificity, NPV, and PPV for each cutoff. As in derivation cohort, 
score B showed low PPV with high NPV for lower cut-points 
(≤3) (Table 4).

Figure 1. ROC curves and AUC of score A in derivation and confirmation cohorts. Left: Score A in derivation cohort; Right: Score A in confirmation cohort.

Table 2. Generation of scores A (left columns) and B (right columns) from derivation cohort.

Analysed 
features Coefficients Normalized coefficients Score A (out of 6)

Analysed 
features Coefficients Normalized coefficients

Score B 
(out of 6)

Age ≥35 yrs 0,28412357 1.18331 1 Age ≥46 yrs 0.58031448 1.37627 1
Capillaries ˂ 7/mm 0,55826241 2.32504 2 Capillaries˂ 7/mm 0.67685322 1.60522 2
Microhaemorrhages 0,42530674 1.77131 2 Enlarged capillaries 0.42165772 1 1
Major abnormalities 0,24010874 1 1 Giant capillaries 0.72962558 1.73038 2

Scores were built from normalization of multivariate logistic regression coefficients for selected patients’ characteristics and nailfold capillaroscopic variables for the 
prediction of secondary Raynaud’s phenomenon (Score A) and for the prediction of systemic sclerosis (Score B). 
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4. Discussion

Having generated two nailfold capillaroscopy scoring systems, 
A and B, from our derivation cohort, we applied them to our 
confirmation cohort. Score A does not discriminate sRP from 
pRP, as a patient who scores ≥ 1 (out of 6) must be followed- 
up for years to come (low NPV) and therefore we cannot 
exclude almost anybody from further investigation. Thus, we 
still lack a universal NFC-based score to classify subjects into 

primary or secondary RP, implying that the current standardi
zation of NFC patterns is still insufficient to discriminate 
between these two populations.

Primary RP is a functional vascular disorder [17], but little is 
known about whether, when and why it becomes a structural 
disease. The transition rates from primary to secondary RP vary 
widely according to studies from 1% to 17%, and the incidence 
of the transition depends on the geographical origin of the 

Table 3. Score A in derivation and confirmation cohorts.

Derivation Confirmation

Cut point Sensitivity Specificity PPV NPV Correctly classified Sensitivity Specificity PPV NPV Correctly classified

1 94 27 71 69 70.7 94 28 78 64 76,7
2 71 64 79 53 68.3 72 71 87 48 71.7
3 59 78 84 50 65.6 53 81 89 38 60.3
4 36 90 88 43 54.9 29 91 90 32 45.7
5 23 97 94 40 48.3 15 97 92 29 36.5
6 11 99 96 37 41.5 6 98 91 27 26.5

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and number of patients that were actually classified correctly are expressed in 
percentage. 

Figure 2. ROC curves and AUC of score B in derivation and confirmation cohorts. Left: Score B in derivation cohort; Right: Score B in confirmation cohort.

Table 4. Score B in derivation and confirmation cohorts.

Derivation Confirmation

Cutpoint Sensitivity Specificity PPV NPV Correctely classified Sensitivity Specificity PPV NPV Correctly classified

1 99 28 33 99 46.8 98 34 38 98 53
2 86 64 46 93 70 83 65 49 90 70
3 78 82 61 91 81.1 70 84 64 87 80
4 61 92 73 87 83.8 55 93 76 83 81.7
5 43 96 79 82 81.9 27 96 74 76 75.8
6 32 99 90 80 81.1 16 98 77 74 74

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and number of patients correctly classified are expressed in percentage. 

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 5



patient cohort [18,19]. Moreover, previous studies identified 
various clinical and laboratory criteria that helped to explain 
the possible outcomes of patients with RP: criteria were set up 
to differentiate sRP from pRP but were non-diagnostic and 
simply reflected the result of a screening process [2,8,9,19–21]. 
However, it is important to diagnose sRP early on because it 
might be associated with a severe underlying disease that 
could shorten life expectancy. It is quite difficult to predict 
whether and when patients with isolated RP transit into SSc: 
hence, it would be of great clinical relevance to have a tool to 
identify at baseline those who will develop progressive disease. 
Contrary to previous studies [5], smoking habits did not show 
any association with NFC parameters or with both primary and 
secondary outcomes. Similarly, the use of relevant medication 
like anti-platelets, anticoagulants, vasodilators and steroids did 
not act as covariates but for oral contraception/hormone repla
cement therapy, which showed significant association with 
primary RP, with no relevant changes in capillaroscopy, proving 
to be harmless in this context, as previously suggested [6].

Score B does not predict who will develop SSc (or a SSc- 
spectrum disorder). In fact, score B shows low PPV at lower cut- 
points: by the time a patient achieves a score ≥ 3 (out of 6) 
she/he may already have developed SSc or SSc spectrum 
disorder, negating the predictive value of NFC.

At a first glance our findings contradict what the literature 
has been trying to prove over the past decades. We have 
shown that capillaroscopic findings such as giant capillaries, 
traditionally described as specific for SSc, were consistently 
present in diseases quite distinct from SSc, like genetic and 
metabolic myopathies [22]. Nevertheless, NFC is a widely 
accepted in vivo imaging technique that provides a detailed 
picture of skin microvasculature. It has been receiving 
increased attention as a potential prognostic tool because it 

is simple, noninvasive, and inexpensive. In fact, several 
groups not only confirmed the association between NFC 
alterations and disease duration but also highlighted 
a correlation between different capillaroscopic scleroderma 
patterns (early, active, late) and the presence of autoantibo
dies (anti-centromere, anti – topoisomerase I) as well as 
different cutaneous subsets [23,24]. Ingegnoli et al. created 
PRINCE, a prognostic model in which the variables giant 
loops, hemorrhages, and number of capillaries helped to 
identify patients at higher risk of developing SSc [25]. 
However, in their subsequent studies, hemorrhages lost 
their importance, and autoantibodies had to be added to 
the prognostic model [26,27].

In SSc, NFC may also help in the evaluation of disease 
severity [23,28–30] as it correlates with visceral involvement 
[31–34] and predicts death [35]. Furthermore, a reduced num
ber of capillaries per field and the presence of avascular areas 
had a high PPV for interstitial lung disease (ILD), and 
a significant association with a worse pulmonary function: 
these parameters correlated with forced vital capacity (FVC) 
and carbon monoxide diffusing capacity (DLCO) [36]. 
Therefore, NFC may be used to evaluate SSc activity as well 
as response to treatment; some studies revealed that a change 
in capillaries match an improvement of SSc visceral involve
ment after immunosuppressive therapy [37,38]. Moreover, NFC 
may play a role in predicting the development of digital ulcers 
or lesions in patients with SSc as indicated by the proposed 
CSURI index [39–41]. While optical coherence tomography has 
not met the expectations as a predictive tool [42,43], laser 
doppler perfusion imaging may provide better quantification 
of microvascular damage and improved standardization of 
capillaroscopic patterns [44,45]. Artificial intelligence in 
image interpretation will be a reality in the near future but 
for now there is still controversy about it [46–49].

RP subjects excluded n=112; 
CTD n=47, CRYO n=10, acrocyanosis n=7, 
CV n=5, erythromelalgia n=5, BuD n=3, 
CIU n=2, neuropathy n=18, TD n=5, 
migraine n=4, atherosclerosis n=4, cancer n= 2 

Deriva!on cohort (n=656) submi"ed to NFC 

Follow-up
431 par!cipants diagnosed with an associated disease (sRP):
SSc n=143, SLE n= 84, UCTD n=52, MCTD n=43 (5 SSc-spectrum), RA 
n=23, SSj n=20, APS n=15, OS n=13 (8 SSc-spectrum), BD n=9, DM n=9, 
PM n=5, aSTS n=4, SV n=3, JIA n=3, AH n=3, PsA n=2.

225 par!cipants had no associated diagnosis (remained as pRP)

RP subjects referred n=987

Ini!al study cohort n=875

Confirma!on cohort (n=219) submi"ed to NFC

Follow-up 
161 par!cipants diagnosed with an associated disease (sRP): 
SSc n=55, SLE n=32, MCTD n=15 (3 SSc-spectrum), UCTD n=15, SSj=15, 
SV n=7, OS=6 (3 SSc-spectrum), APS n=5, BD n=4, RA n=3, DM n=1, PM 
n=1, aSTS n=1, PsAs n=1.

58 par!cipants had no associated diagnosis (remained as pRP)

Flowchart leading to the formation of our derivation and confirmation cohorts. 

Abbreviations. RP: Raynaud’s phenomenon; s: secondary; p: primary; CTD: connective tissue disease; CRYO: cryoglobulinemia; CV: cutaneous vasculitis, BuD: Buerger’s disease, CIU: cold 
induced urticaria, TD: thyroid disease, SSc: systemic sclerosis, SLE: systemic lupus erythematosus, MCTD: mixed CTD, RA: rheumatoid arthritis, UCTD, undifferentiated CTD, SSj: Sjogren’s 
syndrome, OS: overlap syndrome, APS: antiphospholipid syndrome, BD: Behçet’s disease, DM: dermatomyositis, PM: polymyositis, aSTS: anti-synthetase syndrome; SV: systemic vasculitis, 
JIA: juvenile idiopathic arthritis; AH: autoimmune hepatitis, PsA: psoriatic arthritis.  
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There is no consensus about the length of time one has to 
wait to surely exclude a secondary cause for RP, but an active 
median follow-up of 10 and 11 years in our derivation and 
confirmation cohorts, respectively, with no one being fol
lowed-up less than 5 years, can be considered a reasonable 
observational period. The large sample, the strict baseline 
enrollment rules, and the validation on the confirmation 
cohort overcame eventual weaknesses of the study.

5. Conclusions

Our study demonstrates that NFC not only lack discriminatory 
power between pRP and sRP, but also lacks discriminatory power 
between sRP associated SSc/SSc-spectrum of diseases and other 
systemic autoimmune rheumatic diseases. NFC is a great tool to 
monitor disease activity and response to treatment in established 
SSc and related diseases, but it may not help clinicians to decide 
whether to indefinitely follow-up patients with RP in the expecta
tion they might develop any rheumatic disease. RP continues to be 
the most common clinical condition warranting a capillaroscopy 
[12], but the result of this test should always be interpreted with 
caution and surely not to be taken as a conclusive test alone.
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