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Comparison of nailfold capillaroscopy findings in COVID-19 survivors
with and without rheumatic disease: a case-control study
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Abstract

Purpose: The aim of this study was to evaluate the nailfold
capillaroscopy (NFC) findings of patients with rheumatic
disease and healthy controls (HCs) who survived
coronavirus disease 2019 (COVID-19).

Materials and Methods: This study included patients
with axial spondyloarthritis (axSpA), psoriatic arthritis
(PsA), and rheumatoid arthritis (RA) who recovered from
COVID-19 and HCs. NFC was performed for all
participants. NFC findings of the three groups [patients
with COVID-19 (group 1), HCs with COVID-19 (group
2), and HCs without COVID-19 (group 3)] were
compared.

Results: A total of 142 individuals (group 1, n = 42; group
2, n = 50; group 3, n = 50) were included in the study.
Hospitalization and oxygen therapy were more common
in group 1 than in group 2. The median time from a severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-
positive teal-time polymerase chain reaction (RT-PCR)
test to NFC was 10.3 (6.3-24.4) weeks in group 1 and 17.1
(6.1-44.9) weeks in group 2. All NFC findings did not
differ among the groups except for capillary ramifications,
which were higher in group 1 than in groups 2 and 3.
Underlying rheumatic disease was the only predictor that
was significantly associated with capillary ramifications.
Conclusion: The NFC findings of COVID-19 survivors
with and without rheumatic disease were substantially
similar to those of HCs who did not have COVID-19.
Capillary ramifications may result from an underlying
rheumatic disease in patients with axSpA, PsA, and RA.
Keywords: Capillaries, COVID-19, microcirculation,
nailfold capillaroscopy

Oz

Amag: Bu calismanin amact koronaviriis hastaligr 2019
(COVID-19) sonrasi hayatta kalan romatizmal hastaligt
olan hastalarin  ve saghkli kontrollerin tirnak dibi
kapilleroskopisi bulgularint degerlendirmektir.

Gereg ve Yontem: Bu calismaya, COVID-19’dan sonra
iyilesen aksiyal spondiloartrit (akSpA), psoriatik artrit
(PsA) ve romatoid artrit (RA) hastalari ve saglikli kontroller
dahil edildi. Tum katidimeilara tirnak dibi kapilleroskopisi
uygulandi. Ug grubun [COVID-19 gegiren romatizmal
hastalar (grup 1), COVID-19 geciren saglikli kontroller
(grup 2) ve COVID-19 gecirmeyen saglikli kontroller (grup
3)] tirnak dibi kapilleroskopi bulgulari karsilastirilds.
Bulgular: Calismaya grup 1'de 42, grup 2'de 50 ve grup
3'te 50 olmak tizere toplam 142 kisi dahil edildi. Hastaneye
yatis ve oksijen tedavisi oranlart grup 1'de grup 2'ye gore
daha sikti. Pozitif bir siddetli akut solunum sendromu
koronaviriis-2 (SARS-CoV-2)-real-time polimeraz zincir
reaksiyonu (RT-PCR) testinden tirnak  dibi
kapilleroskopisine kadar gegen ortalama sure grup 1'de
10,3 (6,3-24,4) hafta ve grup 2'de 17,1 (6,1-44,9) haftayd:.
Grup 1'de grup 2 ve 3'e gore daha yiksek oranda olan
kapiller dallanmalar disinda, tiim kapilleroskopik bulgular
gruplar arasinda farklilk gOstermedi. Altta yatan
romatizmal hastalik kapiller dallanmalarla anlamh sekilde
iligkili olan tek prediktérdii.

Sonug: Romatizmal hastaligi olan ve olmayan, COVID-
19'dan  sag kurtulanlarin  tirnak  dibi  kapilleroskopi
bulgulari, saghkli kontrolletle buyik 6lciide benzerdi.
AkSpA, PsA ve RA hastalarinda kapiller dallanmalar altta
yatan romatizmal hastaligin bir sonucu olabilir.

Anahtar kelimeler: Kapiller damatlar, COVID-19,
mikrosirkiilasyon, tirnak dibi kapilleroskopi
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), which is
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), emerged in December
2019 and rapidly spread worldwide!. The disease has
various clinical manifestations, ranging from flu-like
symptoms to life-threatening complications that
require hospitalization in an intensive care unit?. It
can even result in the most devastating consequence,
death?’,

The vascular endothelium has several physiological
functions (barrier integrity, vascular tone control,
tissue hemostasis, oxidative stress, inflammation,
etc.) and forms the innermost layer of the blood
vessels*. Angiotensin-converting enzyme 2, which is
considered an important target of SARS-CoV-2, is
highly expressed by endothelial cells in the lung,
kidney, heart, and intestine. Based on
histopathological ~ evidence, COVID-19 is a
microvascular and/or endothelial disease associated
with endothelial ~ dysfunction. Multiorgan
involvement by SARS-CoV-2 is also considered to
result from endothelial dysfunction. Moreover, some
evidence shows that endothelial dysfunction, which
is associated with poor prognosis in COVID-19, may
be a therapeutic option*?.

Nailfold capillaroscopy (NFC) is commonly used in
rheumatology to assess connective tissue diseases?
The importance of NFC in the differentiation of
primary and secondary Raynaud’s phenomenon is
well known. Notably, as part of the 2013 American
College of Rheumatology (ACR)/ Eutopean Alliance
of Associations for Rheumatology (EULAR)
systemic sclerosis classification criteria, abnormal
nailbed capillaroscopy has taken a place. This
application  noninvasively — examines  nailfold
capillaries parallel to the skin surface, thereby
providing information on their microcirculation and
morphology?S. Since the COVID-19 pandemic
began, several studies evaluating patients diagnosed
with  COVID-19 using NFC have found
microvascular  abnormalities®’. However, the
significance of the various NFC-detected changes in
COVID-19 remains ambiguous?®.

The presence of a concomitant systemic rheumatic
disease in individuals infected with SARS-CoV-2 was
associated with an increased risk of death. For this
increase,the type of rheumatic disease, disease
disease activity, and treatments

duration, are
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important’. Qualitative and quantitative
capillaroscopic changes occur in patients with
Raynaud’s phenomenon secondary to connective
tissue diseases!’. Therefore, we planned to perform
NFC to evaluate patients with spondyloatthritis
(SpA) and rheumatoid arthritis (RA) who recovered
after contracting COVID-19 and had no history of
Raynaud’s phenomenon. The main objective of this
study was to examine the NFC findings in COVID-
19 survivors who attended the rheumatology
outpatient clinic for routine control of primary
rheumatic diseases. We hypothesized that COVID-
19 survivors with rheumatic disease would have
microvascular findings different from those of
healthy controls (HCs) who survived COVID-19,
both of whom would have microvascular findings
different from those of HCs who had not
experienced COVID-19, on the basis of the
possibility that patients with rtheumatic disease have a
more severe course of COVID-19. Therefore,
patients with SpA and RA were assessed by NFC
during their outpatient clinic visits and the NFC
findings were compared with those of HCs with and
without COVID-19.

MATERIALS AND METHODS

Study population

This cross-sectional study was conducted between
September 2021 and March 2022 in the
rheumatology outpatient clinic of Gevher Nesibe
Hospital, Erciyes University. Patients aged 18-65
years who met one of the classification criteria of the

Assessment of Spondyloarthritis  International
Society for axial spondyloarthritis (axSpA)'l,
ClASsification criteria for Psoriatic ARthritis

(CASPAR) for psotiatic atthritis (PsA)!2, and ACR/
EULAR classification criteria for RA!® and who had
a SARS-CoV-2-positive real-time polymerase chain
reaction (RT-PCR) test were included in the study.
Patients wete not required to be followed up by us or
at our center during the COVID-19 course. A history
of COVID-19 confirmed by a SARS-CoV-2-positive
RT-PCR result at any health center was sufficient for
inclusion in the study. Demographic features (age,
height, weight, and sex), smoking status, disease- and
treatment-related data (disease types, disease
duration, and medications), COVID-19 course, and
COVID-19 vaccination data of all patients were
recorded. According to previous studies'4, long
COVID was defined as symptoms lasting >3 months
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after the initial onset of symptoms. Specific
conditions related to COVID-19, such as
hyperinflammatory response, thrombotic events, and
medications, were not evaluated because the
information was based on patient declarations and we
or our center did not follow up all patients during the
COVID-19 course. To compate the data from the
patients, HCs with and without SARS-CoV-2 RT-
PCR positivity were also enrolled in the study. Three
groups were created: patients with COVID-19 (group
1), HCs with COVID-19 (group 2), and HCs without
COVID-19 (group 3). The exclusion criteria were as
follows: age <18 or >65 years, presence of Raynaud’s
phenomenon, a diagnosis of other rheumatic disease
(except for axSpA, PsA, and RA), digital trauma,
smoking or caffeine consumption in the last 6 h, and
incomplete COVID-19 and/ot vaccination data.
Participants were assessed by physicians involved in
conducting this study that are specialists in
rheumatology.

Power analysis (G*power 3.1 program) was used to
determine the sample size of the study. Considering
the statistical parameters in the reference study', 47
individuals must be recruited for each group, with a
test power of 0.80, a of 0.05 first type error level, and
B of 0.20 second type error level. The primary study
sample included 50 participants in each group.
However, after the initial analysis of the dataset, eight
patients with rheumatic disease were dropped
because of missing information on the scales and/ot
insufficient image quality. Thus, the study sample
comprised 42 participants in group 1, 50 participants
in group 2, and 50 participants in group 3.

This study was approved by the Erciyes University
Clinical Research Ethics Committee on September
22, 2021 (Approval Number: 2021/615). The study
also performed in accordance with the Declaration of
Helsinki and written informed consent was obtained
from all participants.

NFC examination

NFC was performed using a digital microscope
[Dino-Lite Capillary Scope 500 Pro (MEDIL4ND5)] at
200x magnification. Before NFC, individuals were
asked if they had used cigatettes and/ot consumed
caffeine in the previous 6 h and if they had a history
of digital trauma in the previous 2 weeks. After the
patients/HCs had been kept at 22 °C for 15 min,
three images were taken for each finger, and 24
images were taken from the four fingers of the hands,
except the thumbs, for each participant. The NFC
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examination was performed by Associate Professor
Gizem Cengiz, a specialist in theumatology and has a
capillaroscopy certificate.

Figure 1. Methodology of NFC and various NFC

findings. a) normal capillaries, b) enlarged
capillaries, c) giant capillaries, d) capillary
ramification, e) avascular area, and f)
microhemorrhage.

As  previously described!®!, the images were
analyzed for the following items:

a) Capillary density: capillaries per 1 mm in the
distal row of the nailfold (<7 is considered

“lower capillary density”).
b)

Mictohemortthages: ted and/or black masses
due to hemosiderin deposits.

Capillary loop diameter: <20 wm indicates
normal capillaries; 20-50 pm indicates enlarged
capillaties; and >50 um indicates giant
capillaries.

Capillary ramifications: branching or bushy
capillaries originating from a single capillary.

Avascular areas: distance between two distal
capillary loops >500 um

©)

Figure 1. Shows representative images of the NFC
application and different capillary characteristics.
Statistical analysis

Statistical analysis was performed using SPSS for
Windows version 23.0 IBM Corp., Armonk, NY,
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USA). The normality of the data distribution was
evaluated using the Shapiro—Wilk test. Descriptive
statistics for categorical variables are expressed as
numbers and percentages, whereas those for
numerical variables are expressed as the mean *
standard deviation or median (Q1-Q3).

For continuous variables containing participants’
demographic characteristics and data obtained from
the NFC examination, two independent group
comparisons were made using the Mann—Whitney U
test, and more than two independent group
comparisons were made with the one-way analysis of
variance (post hoc test: Tukey’s honestly significant
difference) or the Kruskal-Wallis test (post hoc test:
Dunn), depending on the presence or absence of
normality. Pearson’s chi-square or Fisher’s exact test
was used to compare categorical data consisting of
participants’ demographic characteristics, COVID-
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19-related parameters, and/or components obtained
during the NFC examination. Bonferroni correction
was performed to adjust for multiple comparisons.
Univariate logistic regression analysis was used to
identify the predictor(s) associated with capillary
ramifications. All p-values < 0.05 were considered
statistically significant.

RESULTS

A total of 142 individuals (group 1, n = 42; group 2,
n = 50; group 3, n = 50) were included in the study.
No difference in age and sex was found among the
groups (p > 0.05). Body mass index (BMI) was
significantly higher in group 1 than in groups 2 and 3
(p < 0.001). Other demographic features of the three
groups and the clinical and treatment-related data of
the patients are shown in Table 1.

Table 1. Demographic features of the three groups and clinical and treatment-related data of the patients

Variable Group 1 Group 2 Group 3
(n =42) (n = 50) (n = 50) p-value

Age, years 41.1+98 40.9 +10.8 39.9 £ 134 0.427
Female, n (%) 31 (73.8) 36 (72) 31 (62) 0.404
BMI, kg/m? 313+ 6.12 26.5 + 4.8 24.9 + 4.0 <0.001*
Cutrent smokers, yes, n (%) 9 (214 7 (14.0) 7 (14.0) 0.548
Disease duration, years 9 (4-14 - - -
Disease types, n (%)

AxSpA 18 (42.9) - -

PsA 6 (14.2) - - -

RA 18 (42.9) - -
Medications, n (%o)

Regular NSAIDs only 3(7.1) - -

csDMARD monotherapy 6 (14.3) - -

csDMARD combination 5(11.9) - - -

bDMARD monotherapy 18 (42.9) - -

bDMARD and csDMARD combination 10 (23.8) - -

*p < 0.05

Continuous variables are expressed as mean = SD or median (Q1-Q3) and categorical vatiables as n (%).

A statistically significant difference between the groups is indicated by different lowercase letters in one row.

axSpA, axial spondyloarthritis; bDMARD, biological disea-modifying antirheumatic drugs; BMI, body mass index; csDMARD,
conventional synthetic disease-modifying antirheumatic drugs; NSAIDs, nonsteroidal anti-inflammatory drugs; PsA, psoriatic arthritis; RA,

rheumatoid arthritis.

Asymptomatic recovery from COVID-19 was
reported by a patient in group 1. Although all
participants in group 2 experienced COVID-19 in
quarantine at home, 7 (16.7%) patients in group 1 had
a history of hospitalization. None of the patients in
groups 1 and 2 were hospitalized in the intensive care
unit. When the COVID-19 symptoms of the patients
and those of the HCs were compared, only
nausea/vomiting was significantly higher in group 1
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than in group 2 (p = 0.003). The rates of both general
vaccination and Sinovac subtype vaccination (p =
0.878 and p = 0.155, respectively) were similar in all
three groups. However, the vaccination rates with
BioNTech (p = 0.010) were significantly higher in
group 2 than in group 1, and the vaccination rates
with the combination of BioNTech and Sinovac (p =
0.002) were significantly higher in groups 2 and 3
than in group 1 (Table 2).
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Table 2. COVID-19-related clinical and vaccination data of patients and healthy controls

Variable Group 1 Group 2 Group 3
(n = 42) (n = 50) (n = 50) p-value
Disease course of COVID-19, n (%)
Asymptomatic 1(2.3)2 0 (0)2 -
Symptomatic (at home) 34 (81)2 50 (100)b - 0.005*
Symptomatic (in hospital) 7 (16.7)2 O -
Symptoms of COVID-19 infection, n (%)
Fever 19 (40 20 (45.2) - 0.768
Arthralgia/myalgia 33 (78.6) 41 (83.7) - 0.724
Headache 30 (71.4) 36 (72) - 0.952
Loss of taste and/or smell 22 (52.4) 22 (44) - 0.554
Cough 29 (69) 28 (56) - 0.285
Throat ache 17 (40.5) 29 (58) - 0.143
Dyspnea 14 (33.3) 10 (20) - 0.225
Anorexia 15 (35.7) 16 (32) - 0.878
Sweating 23 (54.8) 31 (62) - 0.624
Chest pain 8 (19) 8 (16) - 0.914
Nausea/vomiting 14 (33.3) 4 (8> - 0.003*
Eye redness 13 (31) 14 (28) - 0.936
Diarrhea 3(7.1) 8 (16) - 0.218
Stuffy nose 15 (35.7) 23 (406) - 0.432
Stomachache 8 (19 10 (20) - 0.909
Long COVID, yes, n (%) 11 (26.2) 7(14) - 0.228
COVID-19 pneumonia, yes, n (%) 5(11.9) 6 (12) - 0.989
Oxygen therapy, yes, n (%) 7 (16.7)2 O - 0.003*
Vaccination, yes, n (%) 39 (92.9) 46 (92) 45 (90) 0.878
Vaccine types, n (%)
Sinovac 23 (54.8) 32 (64) 37 (74) 0.155
BioNTech 28 (66.7) 45 (90)b 43 (86)»b 0.010*
Sinovac + BioNTech 11 (26.2) 28 (56)> 30 (60)> 0.002*

*p < 0.05; A statistically significant difference between the groups is indicated by different lowercase letters in one row.; Continuous
variables are expressed as mean * SD or median (Q1-Q3) and categorical vatiables as n (%).; COVID-19, coronavirus disease 2019.

Table 3. NFC findings in the patients and healthy controls

Group 1 Group 2 Group 3

Variable (n =42) (n = 50) (n = 50) p-value
Time from the SARS-CoV-2-positive RT-

PCR test to NFC, weeks P 10.3 (6.3-24.4) 17.1 (6.1-44.9) - 0.535
Capillaty density, number/linear 1 mm 8 (8-9) 8 (8-9.25) 9 (8-10) 0.490
Loop diameter, pm 16.2 (14.7-21.3) 15.8 (13.5-17.3) 15.7 (12.9-17.4) 0.219
Microhemorrhages, yes, n (%) 5(11.9) 12 3 (6) 0.151
Enlarged capillaries, yes, n(%) 13 (31) 12 (24 9 (18) 0.349
Giant capillaries, yes, n(%0) 0 0 0 0 12 0.396
Capillary ramifications, yes, n(%) 9 (21.4) 3 (6)b 3 (6)b 0.024*
Avascular areas, yes, n(%) 0 (0) 12 0 (0) 0.396

*p < 0.05; Continuous variables are expressed as median (Q1-Q3) and categorical variables as n (%).; A statistically significant difference
between the groups is indicated by different lowercase letters in one row.; NFC, nailfold capillaroscopy; RT-PCR, real-time polymerase
chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

The median time from a SARS-CoV-2-positive RT-
PCR test to NFC was 10.3 (6.3—-24.4) weeks in group
1 and 17.1 (6.1-44.9) weeks in group 2 (p = 0.535).
All capillaroscopic findings did not differ among the

groups (for all; p > 0.05), except for capillary
ramifications (p = 0.024), which were higher in group
1 than in group 2 and 3 (Table 3). We also did not
find any significant differences in the NFC findings
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among the groups according to the COVID-19
pneumonia status (for all; p > 0.05) (Table 4).
Candidate predictors that were estimated to be
associated with capillary ramifications were evaluated
using the logistic regression model. In the univariate
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logistic regression analyses, the undetlying rheumatic
disease was the only predictor that was significantly
associated with capillary ramifications [odds ratio
(OR), 4.273; 95% confidence interval (CI), 1.075—
16.990, p = 0.039] (Table 5).

Table 4. Comparison of NFC findings between the groups according to the COVID-19 pneumonia status

Variable COVID-19 without COVID-19 with

pneumonia pneumonia

(n = 81) (n=11) p-value

Time from the SARS-CoV-2-positive RT-PCR test to
NFC, weeks p 12.1 (6.2-33.4) 19.6 (9-54.3) 0.304
Capillary density, number/linear 1 mm 8 (8-9) 9 (8-9) 0.230
Loop diameter, um 16.1 (14.2-19.1) 14.8 (13.3-16.8) 0.119
Microhemorrhages, yes, n (%) 5(6.2) 1(9.1) 0.545
Enlarged capillaries, yes, n(%) 24 (29.6) 109.1) 0.349
Giant capillaries, yes, n(%0) 0 () 0 () -
Capillary ramifications, yes, n(%) 9 (11.1) 3 (27.3) 0.153
Avascular areas, yes, n(%) 1(1.2) 0 (0) 0.880

Continuous variables are expressed as median (Q1-Q3) and categorical variables as n (%).; COVID-19, coronavirus disease 2019; NFC,
nailfold capillaroscopy; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 5. Identification of potential predictor(s) associated with capillary ramifications

Variable OR 95% CI p
Age 0.988 0.941 1.037 0.620
Sex (Ref. Female) 0.524 0.140 1.960 0.337
BMI 1.046 0.957 1.144 0.323
Disease duration 0.929 0.820 1.053 0.252
Smoking (Ref. No) 0.341 0.043 2.729 0.311
Numbet of comorbidities 1.255 0.604 2.609 0.543
HT (Ref. No) 0.464 0.049 4.362 0.502
DM (Ref. No) 9.143 0.724 115.459 0.087
CHD (Ref. No) 4.000 0.225 71.118 0.345
Thyroid disorders (Ref. No) 1.800 0.255 10.045 0.616
COPD (Ref. No) 1.208 0.110 13.249 0.877
Groups (Ref. Group 3)

Group 2 1.000 0.192 5.210 1.000

Group 1 4.273 1.075 16.990 0.039*
Course of COVID-19 (Ref. Followed at home)

Followed in the hospital 3.000 0.512 17.570 0.223
Long COVID (Ref. No) 1.444 0.348 5.989 0.612
COVID-19 pneumonia (Ref. No) 3.042 0.681 13.587 0.145
Oxygen therapy (Ref. No) 3.040 0.519 17.801 0.218
Vaccine types (Ref. Unvaccinated)

Sinovac 0.585 0.199 1.721 0.330

BioNTech 3.431 0.431 27.339 0.244

Sinovac + BioNTech 0.917 0.314 2.681 0.875
Time from the SARS-CoV-2-
positive RT-PCR test to NFC 0.991 0.961 1.023 0-582

*p < 0.05; BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease;
COVID-19, coronavirus disease 2019; DM, diabetes mellitus; HT, hypertension; NFC, nailfold capillaroscopy; OR, odds ratio; Ref,
reference; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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DISCUSSION

This study evaluated the NFC findings of patients
with rheumatic disease (axSpA, PsA, and RA) and
HCs who survived COVID-19 and compared their
results with those of HCs who had no history of
COVID-19. Differences in microvascular findings
were noted among the three groups. However, no
significant differences were found in the capillary
evaluation results among the groups, except for a
higher rate of capillary ramifications in the rheumatic
group. Our results also showed that capillary
ramifications were caused by underlying rheumatic
diseases. To the best of our knowledge, this is the first
study to compare patients with rheumatic diseases
and HCs in terms of NFC findings in the period
following COVID-19.

Because endothelial dysfunction is an important
pathophysiological factor in COVID-19, attempts
have been made to detect capillary changes due to
COVID-19 wusing NFC, which can assess
microcirculation at the capillary level>. Navarro et
al.?0 highlighted the changes in nail blood vessels
caused by COVID-19 in dermoscopy in 12 patients.
Sulli et al?! examined videocapillaroscopic
microvascular changes in adult COVID-19 survivors
and reported that no specific pattern is associated
with COVID-19; however, capillary loss may be a
prominent distinguishing feature. Similatly, Karahan
et al.’” found that patients with COVID-19 had a
lower capillary density than HCs, and those who died
of COVID-19 had a lower capillary density than
those who survived. In addition, the systemic
vascular effects of the virus are evidenced by changes
such as capillary thrombosis, microhemorrhages, and
angiogenesis detected during COVID-19, which
disappeared in controls 3 months after discharge?. In
the present study, the NFC findings did not differ
among the groups, except for capillary ramifications.
Because patients with rheumatic disease required
hospital admission and oxygen therapy more often
than HCs, the capillary ramifications found more
frequently in these patients may be attributed to
hypoxia, hypercoagulability, and hyperinflaimmation,
as stated by Cakmak et al® in patients with
multisystem inflammatory syndrome in children.
Nausea/vomiting, which was detected at a higher rate
in group 1 (patients with rheumatic disease) and has
been associated with more severe COVID-19 in
previous studies??, may also provide indirect evidence
to support this finding. In addition, underlying
rheumatic diseases may have caused ramifications, as
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shown in our logistic regression analyses. Because
this study was conducted in patients with rheumatic
disease whose COVID-19 symptoms had completely
resolved, even if not before COVID-19,
microvascular abnormalities may occur later
depending on the severity of COVID-19, as Natalello
et al.? mentioned. We were unable to detect a
reduction in capillary density, which appears to be a
common finding in previous studies!® 2! that have
evaluated people with COVID-19. The finding that
both our patients and HCs had a relatively mild
COVID-19 may be a factor. Although the
aforementioned studies mostly evaluated people who
wete followed up in intensive care units; and/or had
even died, none of the patients in our study had a
history of intensive catre unit admission.

systemic diseases, the
dysfunction inherent in the disease and the disease-
modifying antitheumatic drugs (DMARDs) used in
its treatment may affect the course of COVID-19%
Comorbidities, which tend to increase in rheumatic
diseases, correlate with severe COVID-1925, On the
contrary, with the onset of the COVID-19 pandemic,
a concern was that the biological treatments used for
rheumatic diseases could lead to a severe COVID-19
because of a reduction in immunity?. However, in
the cytokine storm associated with the pathological
immune response in some individuals with COVID-
19, biological DMARDs [e.g., interleukin (IL)-6
inhibitors, IL-1 inhibitors, janus kinase inhibitors,
and tumor necrosis factor inhibitors] have
subsequently become important treatment options %7.
In this study, the rate of COVID-19-related
hospitalization was higher in patients with rheumatic
diseases than in HCs. This study, which was started
approximately 17 months after the declaration of the
COVID-19 pandemic, consisted of individuals who,
by chance, did not need intensive care unit admission.
The better COVID-19 outcomes of these patients
may be related to the following findings: 1) some of
the study volunteers contracted COVID-19 after
vaccination; 2) age, which is a risk factor for severe
COVID-192%, was relatively low in all the groups; and
3) 92.9% of patients with rheumatic disease use
DMARDSs, which are considered to have a beneficial
effect?”. Sulli et al.?! found that even in people with
severe COVID-19, antivirals and biologics (such as
IL-6 receptor antagonists) have a protective effect on
capillary density. As the time from a SARS-CoV-2-
positive RT-PCR test to NFC exceeded 10 weeks in
both patients and HCs, the capillaroscopic changes
shown to return three months after COVID-19 by

In rheumatic immune
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Rosei et al.?> may be another factor contributing to
the similarity of capillary findings among the study
groups. Further studies are needed to determine the
conditions under which COVID-19 induces capillary
changes or whether the resulting changes ate
reduced.

Obesity is  associated ~ with  microvascular
dysfunction?®. Maranhio et al?® demonstrated
microvascular hemodynamic changes in patients with
obesity using dynamic nailfold videocapillaroscopy.
In contrast, microvascular dysfunction in patients
with obesity contributes to the development of
obesity-associated microangiopathy, hypertension,
and insulin resistance®. In the present study, BMI
was higher in patients with rheumatic disease, where
capillary ramifications were significantly higher, than
in the other HC group. However, BMI was not a
predictor associated with ramifications according to
logistic ~ regression  analysis. ~ Unfortunately,
microvascular hemodynamic measurements were not
examined in this study because of the lack of
measurement capability of our device.

Another important finding of this study was the
significant differences in the COVID-19 vaccine
types between the rheumatic and HC groups. This
difference had no significant effect on the capillary
ramifications in the regression analysis. The different
distribution rates of the vaccine subtypes among the
study groups might have been influenced by factors
such as differences in the dates of arrival of the
vaccines in our country according to their types and
the change in the time of access to the vaccines,
depending on the population at risk>.

The strength of this study is that it compares NFC
findings between COVID-19 survivors (patients with
rheumatic disease and HCs) and HCs without a
history of COVID-19. In addition, this study
contributes to the literature by including NFC data
collected at later time points after recovery from
COVID-19. In addition to these, individuals with
connective tissue diseases and those with Raynaud’s
phenomenon were not included. Conversely, the
most important limitation of the study is the lack of
prepandemic images for comparison with current
NFC findings. Second, patients with rheumatic
disease without COVID-19 were not included as a
control group. In addition, only PsA patients with
psoriatic spondylitis were included in the study.
Distal  interphalangeal — predominant  arthritis,
symmetric polyarthritis, and asymmetric oligoarthritis
subtypes in which characteristic NFC changes are
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mote commonly reported??, and arthritis mutilans
wete excluded. Therefore, our results do not include
all patients with PsA, and the results might be
different if all PsA subtypes were included. The time
after COVID-19 diagnosis did not statistically
significantly differ between the groups; however, the
interval was quite long, and patients with an elapsed
time of up to 44 weeks were included.

In conclusion, this study showed that the NFC
findings of COVID-19 survivors with and without
rheumatic disease were substantially similar to those
of HCs who never had COVID-19. Capillary
ramifications may be a result of underlying rheumatic
disease in patients with axSpA, PsA, and RA. Further
studies are needed to determine the mechanisms of
capillaroscopic changes suggested to be caused by
COVID-19 and whether they are reversible.
Investigations into how NFC abnormalities, which
have been linked to both COVID-19 and COVID-
19 severity in previous studies, change in the
subsequent period may make our results more
meaningful. One way to do so might be to repeat the
NFC examination at certain time points for people
who had NFC images taken during active COVID-
19. In addition, more advanced devices that can
measure microvascular hemodynamic changes may
provide better results.
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