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Abstract
Raynaud phenomenon (RP) may be the first manifestation of a systemic connective tissue disease (SCTD). Early detection 
of dysfunction of small vessels called microangiopathy is essential for the diagnostic process. The focus of this single-center, 
retrospective study was to investigate the potential dependencies between microvascular image and laboratory markers 
measured in children with RP. The study analyzed the nail-fold video-capillaroscopy (NVC) findings and laboratory results 
of 81 children between the ages 6 and 17 who were referred to pediatric rheumatologist with a suspicion of SCTD. Out of 
52 patients presenting with RP at the time of evaluation, abnormalities in capillary microscopic imaging were found in 34. 
NVC findings were then compared to levels of specific biomarkers in serum. Vitamin D3 serum levels have been significantly 
decreased in patients with RP (23.4 ng/mL ± 8.76 vs. 30.0 ng/mL ± 12.66, P = 0.0148). There were positive significant cor-
relations between levels of vitamin D3 and acute-phase reactants in serum, such as C-reactive protein (P = 0.0292). Further-
more, free thyroxine levels (fT4) in patients with both RP (P = 0.0126) and micro-angiopathy (P = 0.05496) persisted in the 
lower range of the normal limit (< 1.0 ng/dL). Regular oral supplementation of vitamin D3 should be always considered in 
children with RP if deficiency is found. Additionally, low fT4 level (< 1.0 ng/dL) should be considered as an indication to 
perform NVC in patients suspected of SCTD even when they do not present RP.
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Abbreviations
ANA	� Antinuclear antibodies
ANCA	� Antineutrophil cytoplasmic antibodies
CALs	� Coronary arterial lesions
CRP	� C-reactive protein
ESR	� Erythrocyte sedimentation rate

fT4	� Free thyroxine
IL	� Interleukin
KD	� Kawasaki disease
MCTD	� Mixed connective tissue disease
MIS-C	� Multisystem inflammatory syndrome in children
NVC	� Nailfold videocapillaroscopy
PLT	� Platelet count
RP	� Raynaud phenomenon
SCTD	� Systemic connective tissue disease
SLE	� Systemic lupus erythematosus
SSc	� Systemic Sclerosis
TNF-α	� Tumor necrosis factor alpha
TSH	� Thyroid stimulating hormone
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Background

Raynaud phenomenon (RP) is a condition, which first 
description dates back to 1860s, with a typical onset 
between the ages of 15 and 30 years. Nevertheless, it can 
be manifested in children as early as in the first decade of 
life, with higher prevalence in females than in males [1]. 
Having a very distinctive triphasic clinical pattern, includ-
ing sudden pallor of the fingers, followed by a cyanotic 
phase and ending with redness due to reactive hyperemia, 
it remains one of the most common symptoms in rheu-
matic diseases. The pathophysiology of RP, however, is 
a highly complex mechanism of neurogenic, inflamma-
tory and immune responses [2]. Very promising research, 
such as its association with the release of Endothelin-1 
and nitric oxide [3, 4], facilitates a better understanding 
of the pathophysiology of RP (Fig. 1) and therefore can 
improve its treatment. It is crucial for clinical practice to 
distinguish patients with primary RP, an isolated symptom 
with good prognosis and little morbidity, from patients 
with secondary RP, which is merely a manifestation of 
an underlying disease [5]. Interestingly, Piotto et al. [6] 

reported that out of 40 children who were initially diag-
nosed with primary RP, three eventually developed an 
autoimmune disease: (1) mixed connective tissue disease 
(MCTD); (2) hypothyroidism; (3) systemic lupus ery-
thematosus (SLE). In all aforementioned cases, systemic 
connective tissue disease (SCTD) was excluded on initial 
visit after a thorough investigation. One of these patients 
presented scleroderma-pattern micro-angiopathy at study 
baseline, the other one presented abnormal nail-fold video-
capillaroscopy (NVC) pattern on the re-evaluation, and the 
remaining one did not present it at all. Thus, the authors 
underlined the necessity of further studies to assess NVC 
as a tool for identifying patients with higher risk of devel-
oping secondary RP.

Vitamin D3 deficiency is an important comorbidity in 
children diagnosed with rheumatic diseases. While its main 
physiological roles are the homeostasis perseverance of 
calcium levels in serum and bone metabolism, vitamin D3 
deficiency is associated with higher prevalence of several 
entities including asthma [7] or acute respiratory tract infec-
tions [8] and may play a pivotal role in their management. 
Studies conducted on the role of vitamin D3 as a biomarker 
for cardiovascular diseases in children, such as Kawasaki 

Fig. 1   Pathomechanism of vasoconstriction in patients with Raynaud 
phenomenon. The figure illustrates Endothelin-1 (ET-1) receptors in 
vascular smooth muscle and their interactions with nitric acid (NO). 
ET-1 is produced from big-ET-1 catabolized by the ET-converting 
enzyme (ECE) expressed in endothelial cells. ET-1 binds to ETA and 
ETB receptors, both of which share the same G-protein (Gq) sign-
aling pathway. Activation of either receptor leads to processing the 
molecule phosphatidylinositol 4,5-bisphosphate (PIP) into inositol 

trisphosphate (IP3) on vascular smooth muscle facilitating the mus-
cle contraction. ETB  receptors are expressed on both endothelial 
cells and smooth muscle, mediating vasoconstriction. Binding ET-1 
to endothelial ETB receptors stimulates the activation of nitric oxide 
synthase (NOS) that converts l-arginine (l-arg) to nitric oxide (NO), 
which diffuses into the vascular smooth muscle cells to activate for-
mation of cyclic guanosine monophosphate (cGMP), which signals 
smooth muscle relaxation and leads to vasodilation
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disease (KD), orthostatic intolerance and hypertension [9] 
evoke further questions on its role and further magnitude 
in inflammatory and autoimmune reactions. However, there 
are some inconsistent data on the possible anti-inflamma-
tory role of vitamin D3. While Stagi et al. [10] had shown 
that patients with KD had severely reduced serum levels of 
25(OH)D3 compared with control group, Chen et al. [11] 
reported contradictory findings. In the latter study, patients 
treated for KD had higher vitamin D3 serum levels than 
the healthy controls. It was already proven that vitamin 
D3 deficiency is correlated with increased levels of pro-
inflammatory cytokines, such as tumor necrosis factor alpha 
(TNF-α), interleukin (IL)-6 and IL-1β, as well as having a 
crucial role in the maturation of human monocytes [12]. 
Moreover, numerous studies confirmed an inverse correla-
tion between vitamin D3 and both C-reactive protein (CRP) 
level [13–15] and platelet count (PLT) [16] in healthy indi-
viduals. Regarding the importance of vitamin D3 in the 
treatment of rheumatic diseases, Hélou et al. [17] reported 
a significant alleviation of symptoms of RP in adults after 
high-dose vitamin D3 supplementation, the results were col-
lected in a double blinded, placebo-controlled study. Moreo-
ver, Szymańska-Kałuża et al. [18] observed decreased levels 
of active metabolite of vitamin D3 in children diagnosed 
with juvenile idiopathic arthritis, stressing the significance 
of routine evaluation of vitamin D3 levels in these patients. 
Furthermore, Saggese et al. in the “state of the art” review 
[19] on vitamin D3 in childhood and adolescence postulated 
the need for more randomized controlled trials regarding 
vitamin D3 as a potentially crucial factor in the global health 
of children and adolescents.

While there is a clear and widely acknowledged link 
between the majority of present-day thyroid diseases and 
autoimmune mechanisms, the association between thyroid 
hormones and specific rheumatic diseases is still mostly 
based on singular case studies. There has been, however, 
a positive effect of thyroid hormone substitution therapy 
in patients with RP [20, 21]. Shagan et al. [22] reported 
the rapid improvement of RP after hormone therapy in 
patients with non-autoimmune hypothyroidism. Conversely, 
Withrington et al. [23] observed the return of normal thy-
roid function after steroid therapy without hormone treat-
ment in a patient diagnosed with Hashimoto disease and 
MCTD with RP. According to Ciaffi et al. [24], abnormali-
ties in capillaroscopic image can be related to the number of 
comorbidities (other than SCTDs) that can possibly affect 
the microcirculation and may require performing NVC. A 
further research on the impact of thyroid hormones in regard 
to microcirculation may bring useful information regarding 
their possible application to the diagnosis and treatment of 
rheumatic diseases.

NVC is the most commonly used imaging technique for 
the diagnosis of RP and various connective tissue disorders. 

As stated in the survey conducted by Ingegnoli et al. [25], 
NVC was by far the most familiar technique among rheu-
matologists and it was most widely used in their everyday 
practice. According to Tavacol et al. [26], this non-invasive 
and safe technique is a fairly sensitive and highly specific 
tool for differentiating between primary and secondary RP 
and furthermore diagnosing and monitoring a number of 
connective tissue disorders. Furthermore, there is no signifi-
cant difference in diagnostic value of NVC between adults 
and children. Additionally, Schonenberg-Meinema et al. 
[27] postulated that specific nail-fold capillary abnormali-
ties detected in NVC should be considered as a new organ 
involvement marker in the assessment of disease activity in 
children diagnosed with SLE. As suggested by Torrente-
Segarra et al. [28], the broad use of NVC in children sus-
pected of SCTD can help rheumatologist properly address 
patients with positive titer of antinuclear antibodies (ANA), 
irrespectively of the presence of RP.

The aim of the study was to answer the following ques-
tions: (1) Is it reasonable to screen patients with RP for spe-
cific comorbidities including hypothyroidism and vitamin 
D3 deficiency? (2) Should we perform NVC in patients with 
aforementioned comorbidities when they do not present RP? 
To address these questions, the authors assessed the depend-
encies between blood test results, involving serum levels of 
vitamin D3 and thyroid hormones, and the capillaroscopic 
image of the microcirculation in patients with suspected 
SCTD, including children with RP.

Methods

The study involved 81 patients with a suspicion of SCTD 
who were admitted to the Department of Pediatric Cardi-
ology and Rheumatology, Medical University of Lodz, 
Poland, between January 2019 and September 2020. Active 
RP was present in 52 out of 81 patients participating in the 
research. Within our study group 11 children suffered from 
SLE, one patients with Sjögren syndrome, one with KD, 
one with vasculitis and one with MCTD. All the patients 
that were included in the study underwent NVC. In case 
in which the examination was performed more than once 
(which applied to 10 patients), the earliest one was taken 
under consideration. Patients records were subsequently 
analyzed to build a comprehensive database containing: 
age, sex, presence of active RP; micro-angiopathic findings 
in capillaroscopic imaging (in particular mega-capillaries, 
micro-hemorrhages and branched loops); autoimmune bio-
markers in serum, including ANA, anti-neutrophil cytoplas-
mic antibodies (ANCA) and antiphospholipid antibodies, 
complement components; inflammatory markers, including 
CRP, erythrocyte sedimentation rate (ESR) and PLT; thyroid 
hormones, specifically thyroid stimulating hormone (TSH) 
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and free thyroxine (fT4); coagulation markers (activated 
partial thromboplastin time with international normalized 
ratio); vitamin D3 levels. As proposed by Okazaki et al. [29], 
we used the cut-off values for serum 25(OH)D insufficiency 
between 20 and 30 ng/mL and we defined vitamin D3 defi-
ciency as levels less than 20 ng/mL. We defined the low 
range of normal limit for fT4 at < 1µIU/mL, with laboratory 
norm 0.510–4.82µIU/mL. The collected data were then com-
pared between two groups: (1) children presenting active RP 
(called RP+) and (2) other patients suspected of SCTD with 
no symptoms of RP (called RP−).

All statistical calculations were carried out using Sta-
tistica 13.1 software (Statsoft Polska, Krakow, Poland). 
The values were expressed as mean ± standard deviation 
(SD). The normality of the continuous variables was tested 
using Shapiro–Wilk test. The Mann–Whitney U test and 
Kruskal–Wallis test were used for group comparisons. Rela-
tions between categorical variables were assessed using 
Pearson’s chi-squared test. P values lower than 0.05 were 
considered significant.

Results

General characteristics of the study group

General characteristics of the study group are presented 
in Table 1. Abnormalities in NVC image were detected 
in 34 children, while micro-angiopathy was diagnosed in 
18 of them, and 16 needed further observation towards 
micro-angiopathy.

Vitamin D3

Vitamin D3 serum levels have been significantly decreased 
in RP+ patients (23.4 ng/mL ± 8.76 vs. 30.0 ng/mL ± 12.66, 
P = 0.0148) when compared to RP- group (Fig. 2). Insuf-
ficient serum 25(OH)D levels (20–30 ng/mL) were found 
in 36.5% of RP+ patients, while vitamin D3 deficiency was 
detected in 28.8% of RP+ patients. Vitamin D3 deficiency 
or insufficiency was diagnosed only in 27.5% and 17.2% of 
RP children, accordingly. There was no significant difference 
in frequency of RP between patients with insufficient and 
deficient levels of vitamin D3 in serum.

Acute‑phase reactants

No correspondence between the levels of acute-phase pro-
teins in serum and RP or abnormal capillaroscopic findings 
was found. Nonetheless, there was a positive correlation 
between levels of vitamin D3 in serum and acute-phase 

reactants. Relations to ESR, CRP measured values and PLT 
were all statistically significant (P = 0.0292, P = 0.0332 and 
P < 0.001, respectively). Patients with normal vitamin D3 
levels had significantly higher values of PLT count (Fig. 3).

Thyroid hormones

Patients presenting RP were found to have levels of fT4 
in serum in the lower range of the normal limit (< 1.0 ng/
dL, P = 0.0126). Additionally, decreased levels of fT4 were 
associated with the presence of capillaroscopy-confirmed 
microangiopathy (P = 0.05496). While no concurrent rela-
tion between RP and TSH levels was discovered, higher TSH 
levels were associated with the presence of branched loops 
in capillaroscopy imaging. However, it reached only mar-
ginal significance (P = 0.0526).

Additional findings

ANCA did not appear to be an efficient marker of microangi-
opathy in the study group, since they were found in only six 
children. Furthermore, no correspondence between micro-
vascular findings and antiphospholipid antibodies, ANA or 
serum levels of complement components have been found.

While the majority of patients in the study group were 
female, males qualified for NVC were more likely to have 

Table 1   General characteristics of the study group

Values presented as mean ± standard deviation (SD)
ANA antinuclear antibodies, ANCA anti-neutrophil cytoplasmic anti-
bodies, NVC nail-fold video-capillaroscopy, fT4 free thyroxine, RP 
Raynaud phenomenon

RP+ (n = 52) RP− (n = 29)

Male/female 12/40 6/23
Age on examination (years) 15.29 ± 1.64 12.10 ± 4.12
NVC image
 Microangiopathy 15 (28.8%) 3 (10.3%)
 Observation towards microangiopa-

thy
12 (23.1%) 4 (13.8%)

 Mega-capillaries 6 (11.5%) 0 (0%)
 Micro-hemorrhages 17 (32.7%) 8 (27.6%)
 Branched loops 19 (36.5%) 10 (34.5%)

Laboratory features
 25(OH)D 20–30 ng/mL 19 (36.5%) 8 (27.5%)
 25(OH)D < 20 ng/mL 15 (28.8%) 5 (17.2%)
 Mean 25(OH)D value 23.39 ± 8.76 24.88 ± 12.66
 fT4 < 1.0 ng/dL 27 (51.9%) 6 (20.7%)
 Mean fT4 value 0.944 ± 0.106 0.977 ± 0.179
 Presence of ANCA 3 (5.8%) 3 (10.3%)
 Presence of ANA 18 (34.6%) 20 (69.0%)
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abnormal microcirculation image, with 10 out of 18 (55.6%) 
male patients having abnormal capillaroscopic findings, 
and only 24 out of 63 (38.1%) females being suspected of 

microangiopathy following NVC. However, none of the 
results associated with the gender of the patients reached 
statistical significance.

Fig. 2   A comparison between 
levels of vitamin D3 among 
Raynaud phenomenon positive 
and negative patients

Fig. 3   A comparison between 
platelet count in patients with 
levels of vitamin D3 < 30 ng/mL 
and patients with vitamin D3 
levels > 30 ng/mL. PLT platelet 
count
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Discussion

While the recent study analyzed various biological mark-
ers, the levels of both vitamin D3 and thyroid hormones 
were the primary focus of our study, since their clinical 
value appeared to be the most relevant. The major find-
ings of the study include: observation of the differences 
of vitamin D3 levels between analyzed groups of patients; 
surprising irrelevance of inflammatory markers levels in 
patients with RP; potential importance of fT4 levels in 
children with RP. The strengths of the study must also 
include the original approach to the well-established algo-
rithms regarding RP in scleroderma in adults, by perform-
ing a study solely on the cohort of pediatric patients.

NVC has been proven to be an invaluable tool in timely 
detection and monitoring of rheumatic diseases [26, 30]. 
The relations between the microcirculation image and the 
levels of numerous biomarkers in blood serum, alongside 
the clinical presentation of the disease can maximize the 
effectiveness in the evaluation of patients, both suspected 
and already diagnosed with SCTD. Moreover, NVC can be 
successfully applied to a much wider spectrum of diseases, 
including one of the most recent and severe entities called 
SARS-CoV-2-associated multi-system inflammatory 
syndrome in children (MIS-C) [31]. NVC abnormalities 
detected in MIS-C were proving microcirculatory dysfunc-
tion possibly related to the acute inflammatory reaction 
within the course of the disease.

Serum levels of vitamin D3 were significantly lower 
in patients with active RP when compared to children 
suspected of SCTD but not presenting symptoms of RP. 
These results are consistent with the study of Hélou et al. 
[17] who evaluated the improvement in self-judgment of 
RP symptoms in adults after vitamin D3 supplementation. 
Nevertheless, no comparable prospective study involving 
children and adolescents have been performed. Unlike 
Sampaio-Barros et al. [32], who found negative associa-
tion between vitamin D3 levels and NVC abnormalities 
(such as presence of avascular areas and diffuse devas-
cularization), we did not prove significant differences in 
vitamin D3 levels between patients with NVC-confirmed 
microangiopathy and children with normal microcircu-
lation. The recent study is concordant with findings of 
Trombetta et al. [33] and Groseanu et al. [34], who pos-
tulated an association with organ involvement in patients 
with Systemic Sclerosis (SSc) and consequently, a more 
severe course of disease in patients with decreased vita-
min D3 values. However, they also did not find statistical 
significance between vitamin D3 levels and NVC patterns. 
While there is no proven correlation between vitamin D3 
levels and microcirculation pathologies in rheumatic dis-
eases, numerous research regarding the significance of 

vitamin D3 levels involving mainly patients with vascular 
complications of diabetes mellitus [35–37] and cardiovas-
cular diseases [8, 38] prove that further studies in this field 
seem to be a necessity.

The association of lower levels of fT4 hormone with 
both RP and capillaroscopy-confirmed microangiopathy 
supports the previous findings of Shagan et al. [20, 22] 
who suggested that RP may be an early clue to the diag-
nosis of hypothyroidism. Moreover, the hormone replace-
ment therapy proved to be, on its own, a highly successful 
treatment in alleviating the symptoms of RP in hypothy-
roid patients. These results are also consistent with the 
findings of Molnár et al. [39] who claimed that low fT3 
levels may affect the microcirculation in SSc. Further-
more, Gordon et al. [40] revealed a wide range of thyroid 
abnormalities found in patients with fatal cases of SSc. 
Hence, it is crucial to incorporate regular and more thor-
ough monitoring of the thyroid function in patients that 
are being diagnosed towards SCTD. Moreover, with very 
promising results of thyroid hormone replacement therapy 
in alleviating the symptoms of RP [21], further research 
and subsequent revision of cut-off values of free thyroid 
hormones levels, may indicate the need for treatment in 
specific cases of severe RP.

Levels of acute-phase reactants in serum, as well as the 
presence of autoantibodies, did not correspond with the 
abnormalities in capillaroscopic image, nor the clinical pres-
entation of RP. Such results were also postulated by Marti-
nis et al. [41] in the study assessing patients with anorexia 
nervosa presenting symptoms of RP and exhibiting NVC 
findings typical for SCTD. Similarly to the recent study, no 
significant association were found between capillaroscopic 
patterns and ESR, CRP or autoantibodies. However, there 
was a significant positive correlation between the levels of 
vitamin D3 and acute-phase proteins. The recent findings 
are not consistent with the majority of research studying 
those dependencies [13–16], stating an inverse relation 
between levels of vitamin D3 and CRP or PLT count. These 
conflicting results may be due to a highly diversified group 
of patients in the recent study, who were solely suspected 
of SLE and eventually only some of them were diagnosed 
with SCTD. A more homogenous group of patients, that 
beforehand underwent a thorough examination, excluding 
other plausible causes for presenting the symptoms of col-
lagenosis, may provide more comprehensive data. However, 
the current study may support the findings of Chen et al. [11] 
postulating a positive correlation between higher levels of 
vitamin D3 and development of coronary arterial lesions 
(CALs) in pediatric patients with KD. This association 
was attempted to be explained by an intense inflammatory 
response in patients with CALs, which may subsequently 
promote elevated vitamin D3 release. However, neither CRP 
nor ESR levels were measured in that study. The lack of 
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corresponding research involving patients with rheumatic 
diseases necessitates further investigations in this topic.

Summing it up, NVC is an invaluable tool in timely detec-
tion and monitoring of rheumatic diseases. It facilitates the 
diagnostic process in a multitude of conditions, even beyond 
the scope of SCTDs. Vitamin D3 deficiency is associated 
with the clinical presentation of active RP; however, its full 
effect on microcirculation is yet to be discovered. Low levels 
of thyroid hormones proved to be associated with both RP 
and capillaroscopy-confirmed microangiopathy. A signifi-
cant positive correlation between the levels of vitamin D3 
and acute-phase reactants found in the study requires further 
investigation before drawing long-term conclusions.

The major limitation of the present research was the 
relative inconsistency of the study group and a small sam-
ple size, which allowed to find the trends rather than draw 
highly detailed conclusions. Expanding the study group 
and collecting comprehensive data from a larger number 
of patients would yield the most reliable results. Addition-
ally, a randomized double-blind control study with high-dose 
vitamin D3 supplementation may lead to the establishment 
of solid recommendations in the treatment of RP. Regarding 
the diagnostic methods used in the study, all NVCs were 
performed by the same physician to maintain the reproduc-
ibility of the examination technique. However, the collected 
database did not involve the extrinsic factors including vari-
able weather conditions, patients’ preparation for NVC (like 
resting in room temperature for an adequate period of time) 
or exposure to cigarette smoke.

Conclusion

Children diagnosed towards SCTD should have a routine 
evaluation of their vitamin D3 levels in serum, and a proper 
supplementation should be considered when a deficiency 
is observed. Low levels of fT4 (< 1.0 ng/dL) in pediatric 
patients suspected of SCTD should be an indicator for per-
forming NVC together with regular monitoring of thyroid 
hormones levels. Assessing NVC patterns in children with 
lower levels of fT4, irrespectively of the presence of RP, 
may benefit the patients, that otherwise might have not been 
qualified for NVC. There is a need for more comprehensive 
research studying the role inflammatory markers and their 
correlation to vitamin D3 levels in patients with rheumatic 
diseases.
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