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The effect of silver fibre gloves on Raynaud’s
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Abstract

Objectives. Silver fibre gloves transport heat from the palm to the fingers, possibly reducing the burden of RP in

SSc patients. We aim to evaluate the clinical efficiency of this intervention.

Methods. A multicentre, double-blind, randomized trial was performed, accounting for interindividual differences

and external factors using a crossover design. Patients were randomized in two groups: group 1 wore 8% silver

fibre gloves in period 1 and normal gloves in period 2 and group 2 vice versa. Each period lasted 6 weeks. The pri-

mary outcome was the Raynaud Condition Score (RCS) over time (minimal clinical important difference 1.4),

assessed three times per week using an online questionnaire. Secondary outcomes included vascular complications

and Scleroderma-Health Assessment Questionnaire (SHAQ). Outcomes were evaluated before unblinding using lin-

ear mixed models.

Results. A total of 85 SSc patients were included, with 76 completing the study. The mean RCS during 2 weeks

before the study (i.e. without gloves) was 6.4 (S.D. 1.6). Both with silver fibre gloves and normal gloves the mean

RCS decreased to 3.9 (S.D. 2.3) with a similar course over time. There was no difference in mean RCS over time

between the type of gloves [b¼ 0.067 (95% CI �0.006, 0.19)]. Of secondary outcomes, total SHAQ [b¼0.036 (95%

CI 0.026, 0.046)] was slightly higher with silver fibre gloves, which is clinically irrelevant. Three patients developed

new digital ulcers with normal gloves vs one patient with silver fibre gloves [odds ratio 3.2 (95% CI 0.32, 31.1)].

Conclusions. Wearing gloves in SSc patients clearly decreases the RP burden. Our results do not support the

hypothesis that increased heat transport of 8% silver fibre gloves is associated with less disease burden as meas-

ured in this study by the RCS compared with normal gloves.

Clinical trial registration number. Netherlands Trial register (https://www.trialregister.nl/) NL7904
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Rheumatology key messages

. Using a crossover trial design accounts for interindividual differences and enables evaluating RP burden in SSc
patients.

. Wearing gloves decreases the burden caused by RP in SSc.

. In SSc patients, 8% silver fibre gloves do not provide additional benefit to decrease RP burden compared with
normal gloves.
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Introduction

More than 90% of patients with SSc experience RP,

usually as the first symptom of the disease [1–3]. RP

often predates other signs and symptoms by several

years [4]. RP is characterized by reversible and episodic

attacks of vasospasm, mainly triggered by cold or emo-

tional stress. Furthermore, RP secondary to SSc is

linked with vascular alterations, resulting in narrowing of

the blood vessels and blood flow impairment [5].

RP strongly influences the quality of life and reduction

of RP symptoms results in better quality of life [6–8].

The management of RP requires a multifaceted ap-

proach, including vasoactive drug therapy, discontinu-

ation of vasoconstrictors such as nicotine and lifestyle

measures to avoid triggers [2]. Patients are advised to

avoid exposure to cold by wearing warm clothes and

gloves. In case of persistent complaints, electrically

heated and silver fibre gloves are often tried [9, 10].

The use of silver for medical purposes has its origin in

the antibacterial properties of silver. Wound care ban-

dages with silver are known to decrease the risk of

infections and stimulate the wound healing process [11].

In RP, silver fibres are thought to help by reflecting body

warmth [12]. Only one study specifically evaluated the

effect of silver fibre on microcirculation. This study con-

cerned compression stockings in patients with chronic

venous insufficiency and showed a slightly beneficial ef-

fect on skin perfusion with silver fibre stockings com-

pared with normal stockings [13].

Clinical observations have suggested better efficacy in

RP symptom reduction of silver fibre gloves compared

with normal gloves [9, 14, 15]. SSc patients report that

hand temperature increases and, as a consequence,

disease burden related to RP decreases. Despite its

generalized use among SSc patients in European coun-

tries, no objective evidence regarding its superiority for

RP over normal gloves is available. Therefore we eval-

uated the added value of 8% silver fibre gloves com-

pared with normal gloves in the treatment of patients

with RP secondary to SSc.

Patients and methods

Study design and patients

This was a multicentre, double-blind, randomized, mir-

rored crossover trial that took place between December

2019 and June 2021 (Netherlands Trial register NL7904).

Ethical approval was received from the independent eth-

ics committees or institutional review boards of all par-

ticipating centres (Leiden University Medical Center,

Haga Hospital, Maasstad Hospital and Zuyderland

Hospital) prior to study commencement (P18.240). The

study was conducted in accordance with the

Declaration of Helsinki [16].

The study design is shown in Fig. 1. The study period

consisted of two blocks of 6 weeks for each patient.

Patients could be randomized to start with the silver

fibre gloves in period 1, followed by the normal gloves

in period 2 or (mirrored) first normal gloves in period 1

and then silver fibre gloves in period 2. A mirrored

crossover design was chosen to account for interindivid-

ual differences and weather changes during the trial

period. The study was conducted during winter and

early spring (inclusion from October through February)

to increase the likelihood of relevant RP burden.

Eligible patients were �18 years old with a diagnosis

of SSc according to the ACR/EULAR 2013 criteria [17].

Patients were required to have four or more RP attacks

on three or more different days per week and a

Raynaud Condition Score (RCS) at baseline �3.4 [18].

Moreover, vasoactive medication [calcium antagonists,

angiotensin II receptor blockers, endothelin receptor

antagonists and phosphodiesterase type 5 (PDE5) inhibi-

tors] had to be stable for at least 2 weeks prior to start.

We excluded patients with a past history of a sympath-

ectomy, ongoing treatment with i.v. prostacyclin within

6 weeks of study start and/or a known allergy to silver

and dyes used in textiles.

Blinding the gloves

Cotton gloves and silver fibre gloves were dyed to con-

ceal the silver threads. Silver fibre gloves containing 8%

silver were used in this study. Fifteen healthy controls

were asked to assess which of the presented gloves

contained silver threads, which were correctly identified

in 50% of cases and misclassified in 50%, demonstrat-

ing the optic similarity of the dyed gloves.

Procedures

RP burden before the start of the trial was assessed

based on self-report of the patients, asked by their

treating physician at the outpatient clinic. If a patient ful-

filled the inclusion criteria and was willing to participate,

the study investigators called the patient with additional

information. After 1 week, the patient was contacted

again to confirm participation by signing informed con-

sent. Included patients received instructions on how to

complete the online questionnaires using Castor EDC

(electronic data capture) software (Supplementary File,

available at Rheumatology online) and how to wear the

gloves, i.e. at least 10 h/day during the study period.

After signing an informed consent, the first online ques-

tionnaire was sent. In this questionnaire patients had to

complete general information, the RP burden of the past

2 weeks (prior RCS) and the Scleroderma Health

Assessment Questionnaire (SHAQ). During the baseline

visit, the number of digital ulcers and pitting scars were

recorded and a nailfold capillaroscopy was performed.

During the study, data on RP attacks and the RCS

were collected three times per week using automatically

generated questionnaires that were sent by e-mail

through Castor EDC. During the study, completeness of

the online questionnaires was continuously monitored. If

a patient missed more than one questionnaire in a row,
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he/she was called during that same week by the

researcher.

At week 6, patients had to return the gloves of period

1 and were provided with the gloves of period 2. The

gloves were wrapped in opaque foil, making it impos-

sible to compare the gloves of both periods with each

other. At weeks 6 and 12, the number of digital ulcers

and pitting scars were recorded by physical inspection

by the researcher, quality of life was measured using the

SHAQ and a nailfold capillaroscopy was performed. At

the end of the study, all participants were asked to state

during which period they thought they had worn the sil-

ver fibre gloves.

Due to the coronavirus disease 2019 (COVID-19) pan-

demic, protocol alterations had to be made: a nailfold

capillaroscopy before the study was not repeated if

patients had a nailfold capillaroscopy <3 months prior to

the start of the study. Moreover, if indicated by the pan-

demic regulations, the follow-up visits were performed

remotely or by video call. As a consequence, gloves of

period 1 were sent by post from the patients to the hos-

pital and the gloves of period 2 were sent by post from

the hospital to the patients. Follow-up assessments of

nailfold capillaroscopy are lacking for the majority of

patients. In addition, to check for development of digital

ulcers, patients were requested to take photographs of

both sides of both hands and send them digitally to the

researchers for inspection for the presence of digital

ulcers and/or pitting scars.

Outcome measurements

The primary efficacy endpoint of this study was the bur-

den of RP, which was measured using the RCS, a scale

from 1 (no symptoms) to 10 (extreme symptoms) [19].

The minimal clinically important difference (MCID) of the

RCS is 1.4 [18]. Secondary efficacy endpoints included

the frequency and duration of RP attacks, impact of RP

attacks on daily functioning [numeric rating scale (NRS)

1–10] and a numeric rating scale (1–10) score for

warmth of the hands. An RP attack was defined as an

episode of at least a two-phase colour change in the fin-

gers in response to cold exposure or emotion, consist-

ing of pallor and/or cyanosis and reactive hyperaemia

associated with local discomfort.

Early termination took place if patients developed vas-

cular complications or experienced an increase in RP

burden indicating the need for a change in vasoactive

medication as evaluated by the treating physician or

patients developed an allergic reaction to the gloves.

Statistical analysis

Power and sample size were determined using the

MCID of the RCS of 14 (S.D. 26) for change from base-

line, based on the study of Khanna et al. [18]. With an a
level of 0.05, we required 72 participants in total to at-

tain a power of 90%. Accounting for an expected 10%

loss to follow-up, we originally sought to include 80 par-

ticipants. During the study, loss to follow-up was higher

than the expected 10%, partly due to the COVID-19

pandemic. Therefore an amendment to the study proto-

col was designed and inclusion was increased to 85

patients.

Analyses were performed on data coded for the

sequences of the gloves, with unblinding postponed

until after interpreting the results. Amendments were

made to the original study protocol, as linear mixed

models are superior to area under the curve calculation

in case of missing data [19] (see Supplementary File,

available at Rheumatology online). The primary analysis

was therefore a linear mixed model with RCS as the de-

pendent variable and type of gloves as the independent

variable, with a random intercept and slope to cluster on

patient identity on the intention-to-treat set, adjusted for

prior RCS. In addition, a completers analysis was per-

formed by calculating the area under the curve for the

RCS and a dependent t-test was used to compare the

gloves. Moreover, to evaluate if RCS increased (more

symptoms) after switching from silver to normal and

subsequently decreased (fewer symptoms) after switch-

ing from normal to silver, we compared the RCS of the

last three questionnaires of period 1 and the first three

questionnaires of period 2.

Secondary endpoints were analysed with similar linear

mixed models. To assess whether vascular complica-

tions occurred more often in the normal gloves than in

the silver fibre gloves, we performed a generalized linear

mixed model with the vascular complications as the de-

pendent variable and the type of gloves as the

FIG. 1 Study design

In each glove period (6 weeks), patients received 18 questionnaires (three per week).
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independent variable, adjusted for the number of study

visits.

Subsequently we performed exploratory analyses to

test whether effect modification occurred with the fol-

lowing variables: presence of digital ulcers or pitting

scars (yes/no), frequency of RP attacks, smoking status

(current/no), use of vasoactive medication (yes/no), late

SSc pattern on nailfold capillaroscopy (yes/no), median

prior RCS �7.0 (yes/no), wearing the gloves for �10 h

(yes/no) and correct identification of the silver fibre

gloves (after completing the study period). Effect modifi-

cation by these variables was evaluated for the primary

and secondary outcome measures.

Finally, we compared the baseline characteristics of

patients who responded to the intervention (RCS change

>MCID of RCS) and patients who did not (RCS change

<MCID of RCS).

Analyses were performed in Stata SE 16 (StataCorp,

College Station, TX, USA).

Results

Patient characteristics

In total, 85 patients were included, of which 75 (88%)

completed the study (Fig. 2). Ten patients prematurely

ended the study for the following reasons: too heavy

burden of participation (n¼3), withdrawal of consent

(n¼2), allergic reaction to the gloves (n¼2), unclear

reasons (n¼ 2) and indication to start treatment with

cyclophosphamide because of SSc disease activity

(n¼1).

The included patients had a mean age of 60 years

(S.D. 12), 80% were female and 60% had lcSSc. The

median RP duration was 132 months [interquartile range

(IQR) 60–240] and 67% used (stable dose) vasoactive

medication during the study (Table 1). Ninety percent of

FIG. 2 Inclusion process

N=138 screened

N=85 included

N=23 included 
between January and 

March 2020

N=20 pa�ents 
completed the study 
of whom 1 vascular 

complica�on

N=3 pa�ents dropped 
out before 

comple�ng the study

N=62 included 
between October 

2020 and March 2021

N=55 pa�ents 
completed the study 
of whom 3 vascular 

complica�ons

N=7 pa�ents dropped 
out before 

comple�ng the study

N=53 excluded 
because ineligible 

TABLE 1 Baseline characteristics of included SSc patients

(N¼85)

Characteristics Values

Age, years, mean (s.d.) 60 (12)
Female, n (%) 68 (80)

Currently smoking, n (%) 10 (12)
Disease duration, months, median (IQR) 72 (33, 132)

RP duration, months, median (IQR) 132 (60, 240)
lcSSc, n (%) 51 (60)
Digital ulcers (current), n (%) 6 (7)

Pitting scars (current), n (%) 36 (42)
SSc pattern on NC, n (%) 66 (78)

Early SSc pattern, n 10
Active SSc pattern, n 27
Late SSc pattern, n 29

Vasoactive medication, n (%) 57 (67)
Prior RCS scorea (1–10), mean (S.D.) 6.4 (1.6)

Vasoactive medication included the use of calcium channel
blockers, endotheline-1 antagonists and PDE5 inhibitors.
aMean RCS during the 2 weeks before the start of the trial
(without wearing gloves). NC: nailfold capillaroscopy.
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all questionnaires were completed by the included

patients. Forty-one percent of the included patients

wore the gloves for at least 10 h/day.

Blinding of the gloves

Forty-seven percent of patients correctly identified the

period of silver fibre gloves and 53% did not, demon-

strating that blinding of the gloves was successful.

Primary efficacy endpoint

The mean RCS during the 2 weeks before the study

(i.e. without gloves) was 6.4 (S.D. 1.6). Over time, with

the silver fibre gloves, the mean RCS decreased to 3.9

(S.D. 2.3) and with the normal gloves it decreased to

3.9 (S.D. 2.3; Fig. 3). Using linear mixed model analysis,

there was no statistically significant difference in the

RCS during the study period between the normal and

silver fibre gloves [b¼ -0.067 (95% CI �0.19, 0.059);

Table 2].

In the completer analysis of patients who completed

100% of the questionnaires (n¼ 20), there was no statis-

tically significant difference in the area under the curve

of RCS over time between the silver fibre gloves and

normal gloves (78.3 vs 76.6, respectively; P¼0.726).

The clinical characteristics of these completers (n¼20)

did not differ from those of the other patients (n¼65;

Supplementary Table S1, available at Rheumatology online).

Moreover, after switching from silver fibre to normal

gloves, seven patients reported an increase in the RCS

(more symptoms) and two patients a decrease (fewer

symptoms). After switching from normal to silver fibre

gloves, seven patients reported an increase in the RCS

and three patients a decrease. Fifty-four patients had a

stable RCS after switching from one type of glove to the

other.

Secondary efficacy endpoints

For frequency of RP attacks, duration of RP attacks,

NRS of warmth of the hands and NRS impact of RP, no

statistically significant differences were found between

the silver fibre and normal gloves (Table 2). Only for the

HAQ was a statistically significant difference in RCS be-

tween silver fibre and normal gloves found [b¼�0.036

(95% CI �0.046, �0.026); Table 2], which was not clin-

ically meaningful [20].

Adverse events

Two cutaneous allergic reactions (silver fibre gloves,

n¼1; normal gloves, n¼1) were reported, both requir-

ing withdrawal from the trial. Vascular complications

necessitating a change of medication occurred in four

patients: three while wearing normal gloves and one

while wearing silver fibre gloves [OR 0.31 (95% CI 0.31,

3.1)].

Effect modification

Subgroup analyses for the presence of digital ulcers or

pitting scars, frequency of RP attacks, smoking status,

the use of vasoactive medication, late SSc pattern on

nailfold capillaroscopy, median prior RCS �7.0, wearing

the gloves for �10 h and correctly identifying the period

of silver fibre gloves did not show statistically significant

differences in the primary (Table 3) or secondary out-

comes (Supplementary Table S2–S6, available at

Rheumatology online).

Responder analysis

In 56 SSc patients, wearing gloves resulted in a relevant

improvement of RCS (>MCID). Of these patients, 49

showed relevant improvement with both types of gloves,

3 showed relevant improvement with the normal gloves

only and 4 showed relevant improvement with the

silver fibre gloves only. Patients reaching improvement

>MCID of the RCS with both types of gloves had a

FIG. 3 RCS during the study period. T–2 weeks: mean

RCS during the 2 weeks before start of the trial (without

wearing gloves)

TABLE 2 Primary and secondary efficacy outcomes

Outcomes b 95% CI

Primary

RCS �0.067 �0.19, 0.059
Secondary

Raynaud attacks frequency 0.48 �0.25, 1.21

Raynaud attacks duration �39.80 �115.65, 36.05
NRS hand warmth 0.086 �0.041, 0.21

Impact Raynaud �0.088 �0.21, 0.035
HAQ_DI �0.036 �0.046, �0.026

NRS: numeric rating scale. The reference category was nor-
mal gloves. Linear mixed models were performed with the

primary and secondary outcomes as dependent variables,
the type of gloves as the independent variable, adjusted
for prior RCS. A b of �0.067 means that wearing 8% silver

fibre gloves gave a 0.067 lower RCS compared with nor-
mal gloves, which was a nonsignificant difference.
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statistically significant higher prior RCS compared with

patients who did not reach the MCID of the RCS (7.0 vs

4.7; P< 0.001; Supplementary Table S7, available at

Rheumatology online). All other clinical variables were

comparable between groups (Supplementary Table S7,

available at Rheumatology online).

Discussion

This is the first multicentre, double-blind, randomized

crossover trial to evaluate the efficacy of silver fibre

gloves on reducing the RP burden in SSc patients. The

results of this study show that wearing gloves decreases

RP burden in SSc patients. No additional clinical benefit

of wearing silver fibre gloves compared with normal

gloves was found regarding the outcome measures we

used.

Hypothetically, silver fibre gloves might show benefit

by improved containment of bodily warmth [12]. Despite

a lack of previous studies on the application of silver

fibre gloves in RP, these gloves are recommended in

clinical practice [9, 14, 15]. Clinical experience indicates

that some patients who previously had insufficient bene-

fit from normal gloves experience improvement of RP

when wearing silver fibre gloves. However, none of our

results provide an objective basis for recommendation

of silver fibre gloves over the use of normal gloves in

improving the burden of RP in SSc.

One could hypothesize that uncontrollable factors

such as the weather could have influenced our findings.

However, to reduce bias by interindividual differences

and external factors like weather we chose to perform

a crossover study. By limiting the study period to

the winter months with mean temperatures <15�C

(Supplementary Fig. S1, available at Rheumatology on-

line) and patients being exposed to both types of gloves

during the complete study period, we have accounted

for external factors. Moreover, patient-related factors,

such as the duration of wearing the gloves, were taken

into account by blinding the intervention. We chose to

evaluate the effect of each type of gloves for 6 weeks.

As the RCS improves quickly with gloves and is relative-

ly stable over time, future studies evaluating gloves and

with RCS as the primary outcome could consider a

shorter study duration (Fig. 3).

An additional point to consider is the outcome meas-

ures used. Our primary outcome was a patient-reported

outcome on the burden of RP, which might not be suffi-

ciently sensitive to identify changes in microcirculation

or bodily warmth. However, the RCS is a widely used

measurement in RP trials. Additionally, all evaluated sec-

ondary outcomes also did not show any effect. Finally,

from a patient care perspective, it can be questioned

whether subtle changes in bodily warmth that are not

experienced by the patient are of clinical importance.

Therefore we conclude that there is no additional benefit

of 8% silver fibre gloves regarding the outcome meas-

ures we used.

Previous reports suggest an antimicrobial effect of sil-

ver coatings [11, 21], which could prevent infections in

patients with vascular complications. In our study, a

small difference in the frequency of vascular complica-

tions was noted: three with normal gloves and one with

silver fibre gloves. In our study, we did not look at infec-

tions and this study is underpowered to determine

whether there is a causal relation between vascular

complications and silver fibre gloves.

In this study, 8% silver fibre gloves were used, but cur-

rently 12% silver fibre gloves are also available. We cannot

TABLE 3 Subgroup analyses for RCS

Characteristics Number of SSc patients b 95% CI

Vasoactive medication 57 �0.072 �0.23, 0.090

No vasoactive medication 28 �0.064 �0.27, 0.14
DU and PS on baseline 37 �0.039 �0.42, 0.34
No DU and PS on baseline 48 �0.073 �0.21, 0.061

Smoker 10 0.160 �0.20, 0.52
Non-smoker 73 �0.12 �0.25, 0.020

Late SSc pattern on baseline 29 �0.061 �0.29, 0.17
Other pattern on baseline 55 �0.072 �0.22, 0.079
Prior RCSa �7 47 �0.15 �0.31, 0.024

Prior RCSa <7 38 0.040 �0.15, 0.23
Wearing the gloves �10 h 35 �0.18 �0.37, 0.011

Wearing the gloves <10 h 34 �0.040 �0.23, 0.15
Correctly identifying the period of silver fibre gloves 45 �0.16 �0.34, 0.014
Not correctly identifying the period of silver fibre gloves 40 0.040 �0.14, 0.22

For each subgroup, shown per row, a linear mixed model was performed with the RCS as the dependent variable, the

type of gloves as the independent variable, adjusted for prior RCS, and a random slope was added. The reference cat-
egory was normal gloves. For example, in the SSc patients with vasoactive medication, a b of �0.072 means that wearing
8% silver fibre gloves gave a 0.072 lower RCS compared with normal gloves in SSc patients with vasoactive medication,

which was a non-significant difference. aMean RCS during the 2 weeks before the start of the trial (without wearing gloves).
DU: digital ulcers; PS: pitting scars.
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rule out that we would have detected a difference between

normal and 12% silver fibre gloves. Furthermore, in daily

practice patients who reported additional benefit from silver

gloves also often use silver fibre T-shirts and/or socks that

may account for overall clinical improvement. We can only

speculate that a comparison between normal warm body

garments and silver fibre garments may show similar

results as those now found for gloves.

We did see an improvement in the RCS just by wearing

gloves. This provides evidence for previous expert opin-

ion statements indicating gloves should be used as part

of conservative measures to improve RP burden in SSc

[9, 14, 15]. As our study was not designed to detect a dif-

ference between wearing gloves and not wearing gloves,

we cannot claim to have scientifically proven the benefit

of wearing any type of gloves. Regression to the mean

has to be considered. It is noteworthy, however, that a

constant decrease of the RCS was observed over all 18

different questionnaires while patients wore gloves.

Given the number of outcomes tested, the possibility of

statistical significance by chance in one of the tests has

to be considered. Of the five secondary endpoints tested,

the HAQ showed a significant difference between the sil-

ver fibre and normal gloves. The effect size was very

small: the HAQ decreased by 0.036 while wearing silver

fibre gloves. This difference is not clinically relevant, as it

is far smaller than the estimated MCID of the HAQ in

other diseases, such as 0.22 in RA [20].

This study has some limitations. RP burden before the

start of the trial was assessed based on self-reporting of

the patients asked by their treating physician at the out-

patient clinic, thus recall bias could have occurred.

However, based on the randomized crossover design,

we expect that potential recall bias affected the results

with both normal and silver gloves equally. Before the

start of the study, patients were asked to wear the

gloves at least 10 h/day during the study period, which

only 35 patients fulfilled. However, the subgroup ana-

lysis stratified for the duration of wearing the gloves did

not show different results. In total, only 20 patients com-

pleted all 36 questionnaires. Still, our overall response

rates were high with a median response of 94% (IQR 83–

100). This is a remarkable result considering the fact that

patients were asked to complete online questionnaires

thrice weekly and also during the, for some patients,

stressful COVID-19 pandemic. By using linear mixed

models we were able to include all completed question-

naires for each patient. Finally, we did not observe a dif-

ference in the clinical characteristics of patients

completing all questionnaires and patients who did not.

In conclusion, although the results of this study show

that wearing gloves reduced the burden of RP second-

ary to SSc, no additional benefit from 8% silver fibre

gloves compared with normal gloves could be demon-

strated. Based on this study, there is no basis for rheu-

matologists to specifically recommend 8% silver fibre

gloves over normal gloves to decrease the burden of

RP, as measured in this study by the RCS, in SSc

patients.
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