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28

29 ABSTRACT

30

31 Objective:  Microangiopathy and dysregulation of the immune system play important roles in the 

32 pathogenesis of Systemic Sclerosis (SSc). Factors that trigger vascular injury in SSc have not been 

33 elucidated so far. To evaluate whether sex or expression of specific antinuclear auto-antibodies might 

34 associate with the degree of microangiopathy we performed a systematic review summarizing what is 

35 known about these associations.

36 Method: Standardized search of PubMed, EMBASE, Web of Science and the Cochrane library were 

37 performed to identify studies, that report on auto-antibodies in SSc patients and microangiopathy, and for 

38 the second search, that report on sex and microangiopathy.

39 Result: Eleven studies were included that report on the relationship between SSc specific auto-antibodies 

40 and microangiopathy, and six studies were included that report on the association between sex and 

41 microangiopathy. Contradictory results were found on the association between auto-antibodies and 

42 microangiopathy, and no association was found between sex and microangiopathy based on the current 

43 literature.

44 Conclusion: Based on this review of the literature we can conclude that sex does not seem to influence 

45 degree of microangiopathy in SSc, while results on association between SSc specific auto-antibodies and 

46 degree of microangiopathy were inconclusive. 

47

48 Keywords: Systemic Sclerosis, microangiopathy, sex, auto-antibodies
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50

51 Significance and innovations:

52  Degree of microangiopathy is used as diagnostic and prognostic tool in SSc.

53  Factors that influence microangiopathy are not completely elucidated. 

54  Based on current literature in SSc there is no association between sex and degree of 

55 microangiopathy, but for SSc specific auto-antibodies results are contradictory, advocating 

56 further evaluation.

57
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59 Introduction

60

61 Systemic Sclerosis (SSc) is characterised by a triad of microvascular damage, dysregulation of innate and 

62 adaptive immunity, and generalized fibrosis that can affect skin and internal organs (1). In SSc, the most 

63 frequent symptom of microvascular damage is Raynaud’s phenomenon (RP), which is present in up to 

64 96% of patients and often represents the earliest manifestation of the disease. Current concepts indicate 

65 that microangiopathy is a key factor in early pathogenesis of SSc. In RP evolving to definite SSc, presence 

66 of microvascular damage and SSc specific auto-antibodies indicate a very high probability of developing 

67 SSc (2). The frequency of progression is higher with both the presence of SSc auto-antibodies and 

68 microvascular damage (79.5%), than with presence of one of these predictors (32.2%) (3). In addition to 

69 its diagnostic value, the degree of microangiopathy is also a valuable prognostic marker in SSc patients, as 

70 it contributes to predict future organ complications (3-5). The SSc specific auto-antibodies are associated 

71 with specific clinical characteristics and therefore are of additional prognostic value. Anti-centromere 

72 antibody (ACA) is associated with a decreased risk of lung (OR 0.12) and heart involvement (OR 0.39), 

73 while anti-topoisomerase antibody (ATA) + patients have an increased risk for these complications (OR 

74 6.66, OR 2.12) (6, 7). Strikingly, the degree of microangiopathy was comparable between ACA+ and ATA+ 

75 patients (late SSc pattern; ACA 33%, ATA 25%). This suggests that presence of a specific antinuclear 

76 antibody is independent of the development of microangiopathy. 

77 However, in some studies, an association between microvascular damage and auto-antibodies has 

78 been described (8). Antinuclear auto-antibodies (ANA), found in 95% of SSc patients, have been 

79 mentioned as one of the possible triggers for vascular injury, by causing acceleration of vascular 

80 endothelial cell senescence and therefore inducing RP (9, 10). Other studies suggest that auto-antibody 

81 production occurs secondary to vasculopathy, and as such these auto-antibodies should be viewed as a 

82 bystander in disease pathogenesis  (7, 11, 12). 

83 Vasculopathy in SSc involves all layers of the peripheral blood vessels and is caused by a 

84 dysfunction of the endothelium, resulting in an imbalance of vasoactive factors. In particular endothelin-1 

85 plays a prominent role in the regulation of vascular tone through its receptors. RP induces prolonged 

86 ischemia-reperfusion injury, which may cause persistent endothelial activation, resulting in apoptosis, 

87 microvascular damage, and other toxic stimuli. Recent insights showed that impaired functioning of 

88 endothelial progenitor cells could be involved in angiogenic response and in the pathogenesis of SSc. 

89 Microvascular tone alterations and cell apoptosis trigger the opening of intercellular junctions in the 

90 endothelial barrier. This loss of integrity favours further migration and homing of inflammatory cells 

91 inducing increased microvascular permeability and progressive vascular leak (13). Infective stimuli, A
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92 environmental exposures, sex, and endocrine disturbances, have all been proposed as contributors to 

93 microangiopathy (14, 15).

94 In SSc there is a marked sex imbalance, with higher prevalence of the disease in females than in 

95 males (4:1). Also distribution of ANA is disbalanced with females showing more frequently ACA antibody 

96 and males showing more frequently ATA antibody. In general, disease course is more severe in males 

97 resulting in lower survival rates (45% vs 23% after 10 years) (16-20). The most frequent disease related 

98 causes of death also differ between males and females: interstitial lung disease in males and pulmonary 

99 hypertension (PH) in females (21). The higher incidence of PH in females, and the fact that unopposed 

100 estrogens replacement therapy has been associated with increased RP, suggests a contribution of 

101 hormonal factors to microangiopathic manifestations (22). However, little information is known on the 

102 relationship between sex and microangiopathy in SSc.

103 As microvascular damage is one of the hallmarks of SSc, different imaging techniques have been 

104 applied to evaluate structural and functional abnormalities of the finger microcirculation in patients with 

105 SSc (23-26) (supplementary file). However, NVC is considered the most reliable tool to distinguish 

106 between primary and secondary RP. NVC is widely applied and provides the opportunity to directly 

107 visualise the evolving obliterative microangiopathy and nailfold capillary abnormalities characteristic of 

108 SSc, that have been classified as “scleroderma pattern” (27). 

109 Given the role of microangiopathy in the pathogenesis of SSc, insights in the factors responsible 

110 for microvascular damage could contribute to our understanding of disease pathophysiology. Therefore, 

111 we decided to evaluate and summarize in this comprehensive review what is known about the association 

112 between the expression of specific auto-antibodies and microangiopathy, and between sex and 

113 microangiopathy, in SSc. 

114

115 Methods

116 Literature search

117

118 A systematic literature search was performed by J.W.S, including studies published before June 17th 2019. 

119 The databases used were Medline (via PubMed), Web of Science, Cochrane and Embase. No restrictions 

120 on date were applied and manuscripts published in English or Dutch language were selected. The search 

121 strategy intended to include all relevant papers reporting on adult patients with SSc, in which 

122 microangiopathy of the hand was evaluated and where association with SSc-specific auto-antibodies was 

123 assessed. A second systematic literature search performed the same day intended to include all relevant A
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124 papers reporting on adult patients with SSc, in which microangiopathy in the hand was evaluated and a 

125 comparison between male and female patients was described (see supplementary file for search 

126 strategies). 

127 Two reviewers (N.v.L and J.C) independently screened the titles of retrieved articles and, in case 

128 one or both reviewers identified a publication as possibly relevant, the study proceeded to abstract 

129 screening. In case of discrepancies in agreement, abstracts were reviewed by a third investigator (J.d.V.B). 

130 Full text reading was performed for the selected abstracts by N.v.L and J.C. 

131

132 Screening process and study selection criteria

133 For the review on auto-antibodies and microangiopathy the following criteria were applied: 1) adult 

134 participants (>18 years) with a clinical diagnosis of SSc; 2) fulfilment of either American College of 

135 Rheumatology (ACR) 2013, ACR 1980, or LeRoy and Medsger criteria (28, 29); 3) report on prevalence of  

136 SSc-related auto-antibodies including at least anti-topoisomerase I antibodies (ATA) or anti-centromere 

137 antibodies (ACA) and additionally anti-RNA polymerase III (anti-RNAPIII), anti-RNA polymerase I, anti-

138 fibrillarin, anti-PM/Scl, or anti-Th/To antibodies; 4) assessment of microangiopathy using one or more of 

139 the following imaging modalities: nailfold NVC, laser dermoscopy, doppler confocal microscopy, 

140 LASCA/video image analysis, and photomicroscopy. 

141 For the review on sex and microangiopathy the following criteria were applied:  1) adult participants (>18 

142 years) with a clinical diagnosis of SSc; 2) fulfilment of either ACR 2013, ACR 1980, or LeRoy and Medsger 

143 criteria (28, 29); 3) report on comparison between female and male patients, and with at least n=3 and 

144 10% males included in the study; 4) assessment of microangiopathy using one or more of the following 

145 imaging modalities: NVC, laser dermoscopy, doppler confocal microscopy, LASCA/video image analysis, 

146 and photomicroscopy. 

147

148 Exclusion criteria for both search strategies were: animal studies, editorials, reviews, letters to the editor, 

149 unpublished material, case-reports and manuscripts written in languages other than English or Dutch. 

150 Quality assessment

151 The Newcastle-Ottawa scale was used for assessment of quality of case-control studies, whereas the 

152 National Institutes of Health quality assessment tool was used for observational cohort studies (30, 31). 
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153 Discrepancies in scoring and implications for interpretation of the findings were discussed between N.v.L 

154 and J.C. 

155 Evaluation of capillaroscopic descriptions throughout the studies

156 As in literature a variety of definitions are used to describe NVC. In this review we will report the NVC 

157 findings in a standardized way by evaluating the used terminology to describe NVC characteristics per 

158 included article. In line with the EULAR recommendations on capillaroscopy, the NVC characteristics can 

159 be evaluated quantitatively, qualitatively or semi-quantitively (32). See the supplementary file for a 

160 detailed explanation. When available, all these NVC characteristics were extracted throughout the 

161 included articles.

162

163 Results

164 Literature search and study description

165 Figures 1 and 2 show the flowcharts of the systematic review processes. Eleven studies reporting on the 

166 association between auto-antibodies and microangiopathy (7, 8, 11, 33-40), and six studies reporting on 

167 sex and microangiopathy (33, 37, 40-43), were included. Three studies answered both questions (33, 37, 

168 40). All included articles were cohort or case-control studies, but many were limited by small sample sizes. 

169 In the majority of the included articles, except for four (8, 11, 42, 43), the association of interest was not 

170 the primary outcome of the study. Characteristics of all included studies are provided in Table 1. In all, 

171 these studies reported on 4704 women (83%) and 971 men (17%), with a mean age of 49 years. Subtypes 

172 of SSc were specified in all but one article (for diffuse cutaneous SSc (dcSSc) n= 1473, 28%; for limited 

173 cutaneous SSc (lcSSc) n=3746, 72%). Disease duration was defined either as time since onset of RP, as 

174 time since onset of first sign or symptom attributable to SSc different from RP, or as time since diagnosis, 

175 and ranged between 6 months and 37 years. 

176 Comprehensiveness of reporting

177 The comprehensiveness of reporting was variable. Although all selected studies used NVC, the parameters 

178 to describe microangiopathy and to classify severity of microvascular changes differed between the 

179 studies.
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181 Risk of Bias

182 Study quality is summarized in Table 4 (supplementary file). Three articles were assessed as high quality 

183 (7, 8, 33), nine as medium quality (11, 33-39, 42), and two as low quality due to selection bias, 

184 performance bias and incomplete outcome data (40, 43). Because of the limited number of studies 

185 reporting on the association between auto-antibodies, sex and microangiopathy, we chose to include also 

186 medium and low-quality articles.

187 Auto-antibodies and microangiopathy

188 A meta-analysis could not be conducted due to heterogeneity of the studies and use of different outcome 

189 measures. In total, 11 studies described associations between auto-antibodies and microangiopathy 

190 (Table 2). 

191 Qualitative assessment of NVC

192 Caramaschi et al.  performed NVC in 103 SSc patients and the degree of microangiopathy was defined as 

193 early, active or late SSc pattern according to Cutolo et al. (2000) (quality score good) (33) . The distribution 

194 of ANA, ACA, and ATA positivity did not differ between patients with early, active, or late SSc pattern. De 

195 Santis et al. investigated 44 SSc patients using NVC to identify early, active, or late SSc patterns (quality 

196 score medium) (34). No significant differences in the SSc patterns were found between ACA and ATA 

197 positive patients. In a study with 287 SSc patients, ACA, ATA, anti-RNP, anti-RNAPIII, anti-fibrillarin, anti-

198 PM/Scl, anti-Th/To and anti-Ku antibodies were evaluated and early, active or late SSc patterns were 

199 described on NVC (quality score good) (7). The prevalence of NVC patterns was equally distributed among 

200 patients with different specific auto-antibodies. On the contrary, Pizzorni et al. investigated 33 SSc 

201 patients and classified the degree of microangiopathy according to the three SSc patterns: early, active or 

202 late (quality score medium) (37). ATA positive patients showed more often a late SSc pattern (p=0.002), 

203 while in ACA positive patients early or active SSc patterns were more common (p=0.03). Cutolo et al. 

204 evaluated NVC patterns and serum auto-antibodies in 241 SSc patients (quality score good) (8). NVC was 

205 described as early, active or late SSc pattern. ATA positivity was significantly less frequent in the early (5%) 

206 than in the active (25%) or in the late (24%) SSc patterns. Presence of ATA was shown to be related with 

207 earlier expression of the active and late SSc patterns of microvascular damage. On the other hand, ACA 

208 positivity was found more frequently, although not significantly, in the early pattern. The authors 

209 concluded that specific auto-antibodies do not seem directly linked to the expression of a singular NVC 

210 pattern, but that auto-antibodies might be related to the rate of progression of microvascular damage. In A
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211 a study by Ingegnoli et al. data from the European Scleroderma Trials and Research group (EUSTAR) were 

212 used to investigate NVC in 2754 SSc patients (quality score medium) (38). NVC patterns were described as 

213 early, active or late SSc pattern. Late pattern was present in 47% of ATA positive and in 28% of ACA 

214 positive (p <0.05) patients, while early and active patterns were more frequent in ACA positive than in 

215 ATA positive patients (44% vs 28%, p <0.05). Significant associations were found between ATA positivity 

216 and late SSc pattern, and between ACA positivity and early/active SSc pattern (p=0.03). Sulli et al. found 

217 that the prevalence of ATA was significantly higher in patients with the late SSc pattern (n=42; quality 

218 score medium) (11). Fichel et al. described the characteristics of 88 SSc patients with normal, non-specific 

219 or SSc-specific NVC pattern (quality score medium) (35). The frequencies of ANA, ACA (p=0.90) and ATA 

220 (p=0.34) positivity were comparable for normal/nonspecific and SSc-specific NVC patterns. This is in line 

221 with the results of Ghizonni et al. who described NVC features, demographic, clinical and serological 

222 manifestations of 275 SSc patients (quality score medium) (36). No differences in the percentage of ACA 

223 or ATA positivity were found between patients with SSc patterns compared to patients with normal/non-

224 specific NVC patterns (ACA: 15.2% vs 14.6% ATA: 31.8% vs 23.6%; all non-significant).

225 Quantitative assessment of NVC

226 Besides the SSc-specific NVC patterns, de Santis et al. also described the amount of giants, 

227 neoangiogenesis, avascular areas and the capillary density and compared these characteristics between 

228 ACA and ATA positive patients (34). No significant differences were found. 

229 Semi-quantitative assessment of NVC

230 Tieu et al. included 152 SSc patients and investigated capillary dropout during follow-up (quality score 

231 medium) (39). Patients with anti-RNAPIII had a significantly higher nailfold capillary total damage index 

232 compared with ACA, ATA and anti-RNP positive patients. Patients with ATA or anti-RNAPIII had greater 

233 capillary dropout than patients with ACA, despite a significantly shorter disease duration. Finally, 

234 Chandran et al. mentioned that in 52 SSc patients, the ATA positive cases had more severe nailfold 

235 changes (quality score low) (40). However, in this study only four ATA positive patients were included and 

236 two of them had severe NVC changes, whereas of the 22 ACA positive patients, three had severe NVC 

237 changes. Two studies, by Pizzorni et al. and by Sulli et al. (quality score medium) used the MES to semi-

238 quantitatively evaluate the degree of microvascular damage and no significant differences in MES were 

239 found between ACA and ATA positive patients (11, 37). 
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240 In conclusion, weighing the results of Table 2, the total number of patients in the studies that found an 

241 association between auto-antibodies and microangiopathy was 2364, compared to 742 patients in the 

242 studies that did not find an association. This would implicate that specific auto-antibodies are associated 

243 with the degree of microangiopathy but, when only high-quality studies were evaluated (7, 8, 33), an 

244 association was found only in 241 patients, while in 390 patients no association between auto-antibodies 

245 and microangiopathy was described.

246 Sex and microangiopathy

247 In total six studies reported on sex and microangiopathy in patients with SSc (Table 3). A meta-analysis 

248 could not be conducted due to heterogeneity of the studies.

249 Qualitative assessment

250 Caramaschi et al. investigated 103 SSc patients (12 men, 91 women) and the microvascular alterations 

251 were classified as early, active and late SSc patterns (quality score good) (33). In this study no significant 

252 differences in NVC patterns were found between male and female patients. Freire et al. studied 1506 SSc 

253 patients (165 men, 1341 women) assessing microangiopathy with the use of NVC and describing the 

254 degree of microangiopathy as “slow” or “active” pattern (quality score medium) (42). No significant 

255 difference in the distribution of patterns was observed between men and women (m/f; 46%-53% for slow 

256 pattern and 37% vs 33% for active pattern). Pizzorni et al. evaluated 33 patients, including 5 males, and 

257 found no difference in the prevalence of SSc patterns in men or women (37). One out of 6 studies 

258 suggested a possible sex difference regarding microangiopathy (41). In 49 SSc patients who were treated 

259 with iloprost and underwent two NVC examinations with a 3-year interval, improvement of SSc pattern 

260 was found to be associated with male sex (r=9.07, p=0.019).

261 Quantitative assessment

262 None of the included studies evaluated the association between sex and quantitative assessment of 

263 microangiopathy. 

264 Semi-quantitative assessment

265 Chandran et al.  performed a study on prevalence, subset characteristics and NVC patterns of SSc patients 

266 in South-Australia (quality score low) (40). They included 44 females and 8 males, and an equal proportion 

267 of males and females had severe capillary changes of class IV (moderate loss of capillaries) and V (extreme 

268 capillary dropout). Simeon et al. evaluated 91 SSc patients, of which 9 were men (quality score low). The A
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269 NVC patterns were described using capillary loss and mega capillaries as parameters. No significant NVC 

270 differences were found between male and female patients. In line with these results, Pizzorni et al. 

271 compared MES between males and females, and no significant difference was found (37). 

272 In conclusion, of the 6 included articles, 5 studies including 1614 women and 204 men did not show an 

273 association between sex and microangiopathy. The only study showing a significant difference included 44 

274 women and 5 men and, importantly, male patients were more often treated with cyclophosphamide, but 

275 a multivariate analysis to identify the contribution of sex corrected for the prescribed treatment was not 

276 performed (41). 

277
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278

279 Discussion

280 Microangiopathy can be secondary to different causes. Research in different fields shows that many 

281 factors can affect microangiopathy, including biological, environmental and socio-economic factors (44, 

282 45). In addition, gender specific factors have been postulated as men and women develop different types 

283 of ischemic heart disease with different pathophysiological background (3, 4). Atherosclerosis is more 

284 common in men, while in women vasoreactivity prevails, characterized by spasm and endothelial 

285 alterations. Microvascular dysfunction with perfusion problems seems to be present more often in 

286 women with cardiovascular disease (CVD) and also takotsubo cardiomyopathy, heart failure and stroke 

287 are more common in women (46, 47). 

288 Similarly, it has been recognized that there are clinical differences between female and male 

289 patients with systemic autoimmune rheumatic diseases in which microangiopathy plays a role, such as 

290 systemic lupus erythematosus (SLE) and SSc (48). SLE is rare in men, and males with SLE are more likely to 

291 experience cardiovascular complications and myocardial infarction, and less likely to have dermatological 

292 manifestations (48). Nevertheless, also for SLE it remains unknown why male SLE differs substantially 

293 from female SLE. 

294 Although there is a growing interest, the exact interplay between auto-antibodies and microangiopathy in 

295 autoimmune diseases remains to be elucidated. In SLE, a difference in auto-antibody prevalence has been 

296 suggested between men and women. Anticardiolipin antibodies, anti-dsDNA antibodies and lupus 

297 anticoagulant were found to be more prevalent in men in a few studies (49). Some studies showed that in 

298 lupus nephritis, antiphospholipid antibodies and lupus anticoagulant were more frequently observed in 

299 patients with thrombotic microangiopathy of the kidney. In addition, among the auto-antibodies mainly 

300 implicated in neuropsychiatric (NP) SLE, anti-β2glycoprotein I (β2GPI) antibodies are preferentially 

301 involved in focal NP events which are a consequence of noninflammatory microangiopathy; otherwise, 

302 anti-ribosomal P protein antibodies and anti-N-methyl-D-aspartate receptor (NMDAR) antibodies might 

303 cause diffuse NP events (49). In dermatomyositis anti-MDa5 auto-antibodies have a strong correlation 

304 with vasculopathy (50). Irrespective of these specific cases, little information is available on the 

305 association between sex or auto-antibodies and microangiopathy in connective tissue diseases, both for 

306 SSc and for other systemic autoimmune diseases. 

307 As the assessment of microangiopathy has an established diagnostic and prognostic role in SSc 

308 patients (51), we value possible factors that could influence microangiopathy as relevant. In this review of 

309 the literature we focused on the influence of sex and auto-antibodies on microangiopathy in SSc patients. A
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310 We can conclude that sex does not associate with degree of microangiopathy in SSc, while the results on 

311 association between specific auto-antibodies and degree of microangiopathy were inconclusive. When 

312 summarizing the findings of the positive studies for auto-antibodies and microangiopathy, presence of 

313 ATA might be associated with more severe microangiopathy as reflected by a late pattern. Indeed, both 

314 more severe damage and presence of ATA associate with more severe disease in SSc. However, the 

315 degree of microangiopathy can change over time and possible confounders as age, disease duration, 

316 comorbidities or medications, were not taken into account in any of the included studies. When 

317 evaluating the high-quality studies only, no clear association between ATA and more severe 

318 microangiopathy was shown. However, even in these studies the results were not adjusted for 

319 confounders. Therefore, we believe that further prospective controlled studies are needed to better 

320 explore the association between presence of specific antibodies and the degree of microangiopathy.

321 Regarding sex and microangiopathy, no clear association was found in the included articles. 

322 However, only six studies were retrieved and two evaluated sex differences as primary outcome (42, 43). 

323 Besides, a relatively limited number of men was included in the studies. Noteworthy, although several 

324 studies focused on sex differences in SSc, a possible difference between males and females in the degree 

325 of microangiopathy was disregarded in most studies. To account for the gender gap and disease 

326 dissimilarities in SSc, a role of sex hormones has been proposed. Estrogens act as enhancers of the 

327 immune system and of cell proliferation, as also demonstrated in cultures of cells harvested from skin 

328 biopsies of SSc patients (52-54). A recent study demonstrated a protective effect of estrogens in dermal 

329 fibrosis, as estrogens reduce TGF-B dependent activation of dermal fibroblasts, and estrogen inhibition 

330 leads to a more severe experimental dermal fibrosis, but their effects on vasculature are largely unknown 

331 (55). At macrovascular level, hormone replacement therapy (HRT) might be protective against the risk of 

332 pulmonary arterial hypertension, and short- or long-term administration of conjugated estrogens induced 

333 flow-mediated dilatation in the brachial artery of SSc patients (56-58). Regarding microvasculature, little is 

334 known about the effects of estrogens in patients with SSc (22). A recent study investigated the influence 

335 of cumulative endogenous estrogen exposure (CEEE) in patients with SSc on the degree of microvascular 

336 damage observed through NVC, and no association between length of CEEE and degree of microvascular 

337 impairment was found (59). 

338 We aimed at summarizing the available evidence about the association between sex, or specific 

339 auto-antibodies, and microangiopathy in SSc, but our review is not without limitations.  We could include 

340 only a limited number of articles, with variable quality and, due to the heterogeneity of patients and 

341 outcomes, a meta-analysis could not be conducted. A
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342 Contradictory results were found about the association between auto-antibodies and 

343 microangiopathy and no firm conclusions can be drawn. As NVC has prognostic relevance in the global 

344 assessment of each single SSc patient, we believe that the identification of factors possibly affecting 

345 microangiopathy is of relevance to elucidate the pathophysiology of microangiopathy and also for clinical 

346 risk stratification. Therefore, in consideration of the paucity of available data, and especially derived from 

347 high-quality research, we advocate further prognostic cohort studies to evaluate factors contributing to 

348 the degree of microangiopathy in SSc.

A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 



350 Acknowledgements

351 The second author (J.C.) wishes to acknowledge the European League Against Rheumatism (EULAR) for 

352 the opportunity to work on the present manuscript with the support of a bursary awarded for scientific 

353 training.

354 Financial support and sponsorship

355 None.

356 Conflicts of interest

357 None

358 References

359

360 1. Geyer M, Muller-Ladner U. The pathogenesis of systemic sclerosis revisited. Clinical reviews in 

361 allergy & immunology. 2011;40(2):92-103.

362 2. Walker UA, Tyndall A, Czirjak L, Denton C, Farge-Bancel D, Kowal-Bielecka O, et al. Clinical risk 

363 assessment of organ manifestations in systemic sclerosis: a report from the EULAR Scleroderma Trials And 

364 Research group database. Ann Rheum Dis. 2007;66(6):754-63.

365 3. Koenig M, Joyal F, Fritzler MJ, Roussin A, Abrahamowicz M, Boire G, et al. Autoantibodies and 

366 microvascular damage are independent predictive factors for the progression of Raynaud's phenomenon 

367 to systemic sclerosis: a twenty-year prospective study of 586 patients, with validation of proposed criteria 

368 for early systemic sclerosis. Arthritis and rheumatism. 2008;58(12):3902-12.

369 4. Sulli A, Paolino S, Pizzorni C, Ferrari G, Pacini G, Pesce G, et al. Progression of nailfold 

370 capillaroscopic patterns and correlation with organ involvement in systemic sclerosis: a 12 year study. 

371 Rheumatology (Oxford, England). 2019.

372 5. Paxton D, Pauling JD. Does nailfold capillaroscopy help predict future outcomes in systemic 

373 sclerosis? A systematic literature review. Seminars in arthritis and rheumatism. 2018.

374 6. Kayser C, Fritzler MJ. Autoantibodies in systemic sclerosis: unanswered questions. Frontiers in 

375 immunology. 2015;6:167.

376 7. Markusse IM, Meijs J, de BB, Bakker JA, Schippers HPC, Schouffoer AA, et al. Predicting 

377 cardiopulmonary involvement in patients with systemic sclerosis: complementary value of nailfold A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 



378 videocapillaroscopy patterns and disease-specific autoantibodies. Rheumatology (Oxford). 

379 2017;56(7):1081-8.

380 8. Cutolo M, Pizzorni C, Tuccio M, Burroni A, Craviotto C, Basso M, et al. Nailfold videocapillaroscopic 

381 patterns and serum autoantibodies in systemic sclerosis. Rheumatology (Oxford, England). 

382 2004;43(6):719-26.

383 9. Steen VD. Autoantibodies in systemic sclerosis. Seminars in arthritis and rheumatism. 

384 2005;35(1):35-42.

385 10. Shen CY, Li KJ, Lai PH, Yu CL, Hsieh SC. Anti-CENP-B and anti-TOPO-1-containing sera from 

386 systemic sclerosis-related diseases with Raynaud's phenomenon induce vascular endothelial cell 

387 senescence not via classical p53-p21 pathway. Clin Rheumatol. 2018;37(3):749-56.

388 11. Sulli A, Ruaro B, Smith V, Pizzorni C, Zampogna G, Gallo M, et al. Progression of nailfold 

389 microvascular damage and antinuclear antibody pattern in systemic sclerosis. J Rheumatol. 

390 2013;40(5):634-9.

391 12. Stern EP, Denton CP. The Pathogenesis of Systemic Sclerosis. Rheumatic diseases clinics of North 

392 America. 2015;41(3):367-82.

393 13. Cutolo M, Soldano S, Smith V. Pathophysiology of systemic sclerosis: current understanding and 

394 new insights. Expert review of clinical immunology. 2019;15(7):753-64.

395 14. Kahaleh B. Vascular disease in scleroderma: mechanisms of vascular injury. Rheumatic diseases 

396 clinics of North America. 2008;34(1):57-71; vi.

397 15. Nietert PJ, Silver RM. Systemic sclerosis: environmental and occupational risk factors. Current 

398 opinion in rheumatology. 2000;12(6):520-6.

399 16. Hussein H, Lee P, Chau C, Johnson SR. The effect of male sex on survival in systemic sclerosis. J 

400 Rheumatol. 2014;41(11):2193-200.

401 17. Ferri C, Valentini G, Cozzi F, Sebastiani M, Michelassi C, La Montagna G, et al. Systemic sclerosis: 

402 demographic, clinical, and serologic features and survival in 1,012 Italian patients. Medicine. 

403 2002;81(2):139-53.

404 18. Medsger TA, Jr., Masi AT. Survival with scleroderma. II. A life-table analysis of clinical and 

405 demographic factors in 358 male U.S. veteran patients. Journal of chronic diseases. 1973;26(10):647-60.

406 19. Reveille JD, Fischbach M, McNearney T, Friedman AW, Aguilar MB, Lisse J, et al. Systemic sclerosis 

407 in 3 US ethnic groups: a comparison of clinical, sociodemographic, serologic, and immunogenetic 

408 determinants. Seminars in arthritis and rheumatism. 2001;30(5):332-46.

A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 



409 20. Walker UA, Tyndall A, Czirjak L, Denton CP, Farge-Bancel D, Kowal-Bielecka O, et al. Geographical 

410 variation of disease manifestations in systemic sclerosis: a report from the EULAR Scleroderma Trials and 

411 Research (EUSTAR) group database. Ann Rheum Dis. 2009;68(6):856-62.

412 21. Peoples C, Medsger TA, Jr., Lucas M, Rosario BL, Feghali-Bostwick CA. Gender differences in 

413 systemic sclerosis: relationship to clinical features, serologic status and outcomes. Journal of scleroderma 

414 and related disorders. 2016;1(2):177-240.

415 22. Fraenkel L, Zhang Y, Chaisson CE, Evans SR, Wilson PW, Felson DT. The association of estrogen 

416 replacement therapy and the Raynaud phenomenon in postmenopausal women. Annals of internal 

417 medicine. 1998;129(3):208-11.

418 23. Campbell PM, LeRoy EC. Pathogenesis of systemic sclerosis: a vascular hypothesis. Seminars in 

419 arthritis and rheumatism. 1975;4(4):351-68.

420 24. Rosato E, Gigante A, Barbano B, Cianci R, Molinaro I, Pisarri S, et al. In systemic sclerosis 

421 macrovascular damage of hands digital arteries correlates with microvascular damage. Microvasc Res. 

422 2011;82(3):410-5.

423 25. Bregenzer N, Distler O, Meyringer R, Scholmerich J, Muller-Ladner U, Lock G. Doppler ultrasound 

424 identifies increased resistive indices in SSc. Ann Rheum Dis. 2004;63(1):109-10.

425 26. Schmidt WA, Krause A, Schicke B, Wernicke D. Color Doppler ultrasonography of hand and finger 

426 arteries to differentiate primary from secondary forms of Raynaud's phenomenon. J Rheumatol. 

427 2008;35(8):1591-8.

428 27. Maricq HR, Harper FE, Khan MM, Tan EM, LeRoy EC. Microvascular abnormalities as possible 

429 predictors of disease subsets in Raynaud phenomenon and early connective tissue disease. Clin Exp 

430 Rheumatol. 1983;1(3):195-205.

431 28. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013 classification 

432 criteria for systemic sclerosis: an American College of Rheumatology/European League against 

433 Rheumatism collaborative initiative. Arthritis and rheumatism. 2013;65(11):2737-47.

434 29. LeRoy EC, Medsger TA, Jr. Criteria for the classification of early systemic sclerosis. J Rheumatol. 

435 2001;28(7):1573-6.

436 30. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of 

437 nonrandomized studies in meta-analyses. European journal of epidemiology. 2010;25(9):603-5.

438 31. al. We. NIH National Heart, Lung and Blood Institute . Study quality assessment tools 

439 https://wwwnhlbinihgov/health-topics/study-quality-assessment-tools. 2013.

A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 

https://wwwnhlbinihgov/health-topics/study-quality-assessment-tools


440 32. Cutolo M, Melsens K, Wijnant S, Ingegnoli F, Thevissen K, De Keyser F, et al. Nailfold 

441 capillaroscopy in systemic lupus erythematosus: A systematic review and critical appraisal. Autoimmun 

442 Rev. 2018;17(4):344-52.

443 33. Caramaschi P, Canestrini S, Martinelli N, Volpe A, Pieropan S, Ferrari M, et al. Scleroderma 

444 patients nailfold videocapillaroscopic patterns are associated with disease subset and disease severity. 

445 Rheumatology (Oxford, England). 2007;46(10):1566-9.

446 34. De SM, Ceribelli A, Cavaciocchi F, Crotti C, Massarotti M, Belloli L, et al. Nailfold 

447 videocapillaroscopy and serum VEGF levels in scleroderma are associated with internal organ 

448 involvement. Auto Immun Highlights. 2016;7(1):5.

449 35. Fichel F, Baudot N, Gaitz JP, Trad S, Barbe C, Frances C, et al. Systemic sclerosis with normal or 

450 nonspecific nailfold capillaroscopy. Dermatology. 2014;228(4):360-7.

451 36. Ghizzoni C, Sebastiani M, Manfredi A, Campomori F, Colaci M, Giuggioli D, et al. Prevalence and 

452 evolution of scleroderma pattern at nailfold videocapillaroscopy in systemic sclerosis patients: Clinical and 

453 prognostic implications. Microvasc Res. 2015;99:92-5.

454 37. Pizzorni C, Giampetruzzi AR, Mondino C, Facchiano A, Abeni D, Paolino S, et al. Nailfold 

455 capillaroscopic parameters and skin telangiectasia patterns in patients with systemic sclerosis. Microvasc 

456 Res. 2017;111:20-4.

457 38. Ingegnoli F, Ardoino I, Boracchi P, Cutolo M, Airo P, Ananieva LP, et al. Nailfold capillaroscopy in 

458 systemic sclerosis: Data from the EULAR scleroderma trials and research (EUSTAR) database. 

459 Microvascular Research. 2013;89:122-8.

460 39. Tieu J, Hakendorf P, Woodman RJ, Patterson K, Walker J, Roberts-Thomson P. The role of nailfold 

461 capillary dropout on mortality in systemic sclerosis. Intern Med J. 2018;48(5):517-23.

462 40. Chandran G, Smith M, Ahern MJ, Roberts-Thomson PJ. A study of scleroderma in South Australia: 

463 prevalence, subset characteristics and nailfold capillaroscopy. Aust N Z J Med. 1995;25(6):688-94.

464 41. Caramaschi P, Volpe A, Pieropan S, Tinazzi I, Mahamid H, Bambara LM, et al. Cyclophosphamide 

465 treatment improves microvessel damage in systemic sclerosis. Clinical Rheumatology. 2009;28(4):391-5.

466 42. Freire M, Rivera A, Sopena B, Tolosa VC, Guillen-Del CA, Colunga AD, et al. Clinical and 

467 epidemiological differences between men and women with systemic sclerosis: a study in a Spanish 

468 systemic sclerosis cohort and literature review. Clin Exp Rheumatol. 2017;35 Suppl 106(4):89-97.

469 43. Simeon CP, Castro-Guardiola A, Fonollosa V, Armadans L, Clemente C, Solans R, et al. Systemic 

470 sclerosis in men: clinical and immunological differences. British journal of rheumatology. 1996;35(9):910-

471 1. A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 



472 44. Okroglic S, Widmann CN, Urbach H, Scheltens P, Heneka MT. Clinical symptoms and risk factors in 

473 cerebral microangiopathy patients. PloS one. 2013;8(2):e53455.

474 45. Sörensen BM, Houben A, Berendschot T, Schouten J, Kroon AA, van der Kallen CJH, et al. 

475 Cardiovascular risk factors as determinants of retinal and skin microvascular function: The Maastricht 

476 Study. PloS one. 2017;12(10):e0187324.

477 46. Regitz-Zagrosek V, Kararigas G. Mechanistic Pathways of Sex Differences in Cardiovascular 

478 Disease. Physiological reviews. 2017;97(1):1-37.

479 47. Volgman AS, Bairey Merz CN, Aggarwal NT, Bittner V, Bunch TJ, Gorelick PB, et al. Sex Differences 

480 in Cardiovascular Disease and Cognitive Impairment: Another Health Disparity for Women? Journal of the 

481 American Heart Association. 2019;8(19):e013154.

482 48. Tan TC, Fang H, Magder LS, Petri MA. Differences between male and female systemic lupus 

483 erythematosus in a multiethnic population. J Rheumatol. 2012;39(4):759-69.

484 49. Rekvig OP, Putterman C, Casu C, Gao HX, Ghirardello A, Mortensen ES, et al. Autoantibodies in 

485 lupus: culprits or passive bystanders? Autoimmun Rev. 2012;11(8):596-603.

486 50. Fujimoto M, Watanabe R, Ishitsuka Y, Okiyama N. Recent advances in dermatomyositis-specific 

487 autoantibodies. Current opinion in rheumatology. 2016;28(6):636-44.

488 51. Smith V, Decuman S, Sulli A, Bonroy C, Piettte Y, Deschepper E, et al. Do worsening scleroderma 

489 capillaroscopic patterns predict future severe organ involvement? a pilot study. Ann Rheum Dis. 

490 2012;71(10):1636-9.

491 52. Cutolo M, Brizzolara R, Atzeni F, Capellino S, Straub RH, Puttini PC. The immunomodulatory 

492 effects of estrogens: clinical relevance in immune-mediated rheumatic diseases. Annals of the New York 

493 Academy of Sciences. 2010;1193:36-42.

494 53. Aida-Yasuoka K, Peoples C, Yasuoka H, Hershberger P, Thiel K, Cauley JA, et al. Estradiol promotes 

495 the development of a fibrotic phenotype and is increased in the serum of patients with systemic sclerosis. 

496 Arthritis Res Ther. 2013;15(1):R10.

497 54. Soldano S, Montagna P, Brizzolara R, Sulli A, Parodi A, Seriolo B, et al. Effects of estrogens on 

498 extracellular matrix synthesis in cultures of human normal and scleroderma skin fibroblasts. Annals of the 

499 New York Academy of Sciences. 2010;1193:25-9.

500 55. Avouac J, Pezet S, Gonzalez V, Baudoin L, Cauvet A, Ruiz B, et al. Estrogens counteract the 

501 profibrotic effects of TGF-beta and their inhibition exacerbates experimental dermal fibrosis. The Journal 

502 of investigative dermatology. 2019.

A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 



503 56. Beretta L, Caronni M, Origgi L, Ponti A, Santaniello A, Scorza R. Hormone replacement therapy 

504 may prevent the development of isolated pulmonary hypertension in patients with systemic sclerosis and 

505 limited cutaneous involvement. Scand J Rheumatol. 2006;35(6):468-71.

506 57. Lekakis J, Papamichael C, Mavrikakis M, Voutsas A, Stamatelopoulos S. Effect of long-term 

507 estrogen therapy on brachial arterial endothelium-dependent vasodilation in women with Raynaud's 

508 phenomenon secondary to systemic sclerosis. Am J Cardiol. 1998;82(12):1555-7, A8.

509 58. Lekakis J, Mavrikakis M, Papamichael C, Papazoglou S, Economou O, Scotiniotis I, et al. Short-term 

510 estrogen administration improves abnormal endothelial function in women with systemic sclerosis and 

511 Raynaud's phenomenon. Am Heart J. 1998;136(5):905-12.

512 59. Ciaffi J, van Leeuwen NM, Huizinga TWJ, de Vries-Bouwstra JK. Cumulative endogenous estrogen 

513 exposure is not associated with severity of peripheral microangiopathy in patients with systemic sclerosis. 

514 Clin Exp Rheumatol. 2019;37 Suppl 119(4):82-7.

515 60. Cutolo M, Ferrone C, Pizzorni C, Soldano S, Seriolo B, Sulli A. Peripheral blood perfusion correlates 

516 with microvascular abnormalities in systemic sclerosis: a laser-Doppler and nailfold videocapillaroscopy 

517 study. J Rheumatol. 2010;37(6):1174-80.

518 61. Rosato E, Borghese F, Pisarri S, Salsano F. Laser Doppler perfusion imaging is useful in the study of 

519 Raynaud's phenomenon and improves the capillaroscopic diagnosis. J Rheumatol. 2009;36(10):2257-63.

520 62. Cutolo M, Sulli A, Smith V. Assessing microvascular changes in systemic sclerosis diagnosis and 

521 management. Nat Rev Rheumatol. 2010;6(10):578-87.

522

523

524

525

526

527

528

529

530 A
cc

ep
te

d 
A

rt
ic

le 

© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf 
of American College of Rheumatology. 

 



 
Table 1. Baseline characteristics of articles included in the systematic review: association of sex and autoantibodies with the degree of microangiopathy 

Study Country N 
Age, mean 

years 
Sex; f/m 

Disease duration*, years since 

diagnosis 
SSc type Methodological framework Main topic 

Caramaschi, 2007 (33) Italy 
103 54,3 91/12 7 since diagnosis 

68 lcSSc/ 

35 dcSSc 

Observation cohort, 

cross-sectional 

 

NVC pattern and clinical characteristics 

De Santis (34)  Italy 
44 66 42/2 9 since diagnosis 

34 lcSSc/ 

10 dcSSc 

Observational cohort, cross-

sectional 

 

Correlation NVC and clinical SSc phenotype 

Fichel (35)  France 
88 54.9 81/7 16.5 since onset RP 

51 lcSSc/ 

15 dcSSc/ 12 non cutaneous 

Observational cohort, 

cross-sectional 

 

Characteristics SSc patients with normal or abnormal 

NVC 

Ghizzoni  (36) Italy 
275 54.9 253/22 36.9 since diagnosis 

242 lcSSc/ 

33 dcSSc 

Observational cohort, 

longitudinal 

Prevalence, evolution of NVC and analysis of 

characteristics according to capillaroscopic features 

Markusse  (7) Netherlands 
287 53.9 202/85 3.7 since onset RP 

 

141 lcSSc/ 

56 dcSSc 

 

Observational cohort, cross-

sectional 

Evaluate anti-ENA antibodies in SSc and predictive 

power of combination of autoantibodies and NVC 

Pizzorni (37) Italy 
33 59 28/5 6.6 since diagnosis 

30 lcSSc/ 

3 dcSSc 

Observational cohort, 

cross-sectional 

 

Evaluate use of MES assessment with qualitative 

analysis of NVC and telangiectasia 

Cutolo (8)  Italy 
241 57 227/14 

5.6 since diagnosis/13.7 since 

onset RP 

148 lcSSc/ 

93 dcSSc 

Observational cohort, 

cross-sectional 

 

Relation NVC pattern 

autoantibodies and subset cutaneous involvement 

Ingegnoli (38)  Italy 
2754 54.9 2148/606 7.6 since diagnosis 

1622 lcSSc/ 

803 dcSSc 

Observatinal cohort, 

cross-sectional 

 

Frequency of NVC patterns and their disease phenotype 

Sulli (11) Italy, Belgium 
42 47 NA 5 since onset RP NA 

Observational cohort, 

longitudinal 

 

Correlation between ANA patterns and NVC stage in 

SSc 

Tieu (39) Australia 
152 43.7 121/31 10.9 since onset RP 

99 lcSSc/ 

30dcSSc 

Observational cohort, 

longitudinal 

 

Investigate possible utility of NVC in predicting survival 
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Chandran (40)  Australia 
148 50 44/8 5 years since onset RP 

81 lcSSc/ 

13 dcSSc 

Observational cohort, 

cross-sectional 

 

Role of NVC in identification and prognostication 

Simeon (43)  Spain 
91 52,5 82/9 

6 months and 63 years since 

RP 

70lcSSc/ 

19dcSSc 

Observational cohort, 

cross-sectional 

 

Relationship disease pattern and sex 

Freire (42) Spain 
1506 45.6 1341/165 6.4 since diagnosis 

1151 lcSSc/ 

355 dcSSc 

Observational cohort, 

longitudinal 

 

Influence gender on survival 

Caramaschi, 2009 (41) Italy 
49 52.4 44/5 8 since diagnosis 

31 lcSSc/ 

18 dcSSc 

Observational cohort, 

longitudinal 
NVC changes after iloprost treatment 

*The disease duration was defined differently in the articles, either as time since onset RP, time since onset non-RP or time since diagnosis.  ANA=anti-nuclear auto-antibody, dcSSc=diffuse cutaneous systemic sclerosis, ENA=extractable nuclear antigen, lcSSc=limited 

cutaneous systemic sclerosis, MES= microangiopathy evolution score, NVC=nailfold videocapillaroscopy. 
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 Table 3. Association between sex and microangiopathy 

 
Study Patients Male/Female NVC assessment Significant Conclusion 

Q
u

al
it

at
iv

e
 

Caramaschi, 2007 103 91 female, 12 male Early; Active; Late SSc 

pattern 

 

 

Non-significant (not specified) No significant difference 

Caramaschi, 2009 49 44 female, 5 male P < 0.05 
Improvement of NVC was associated with 

male sex 

Pizzorni, 2017* 33 28 women, 5 male P=0.623 No significant difference 

Freire, 2017 1506 
1341 female, 165 

male 

Slow (giants and 

minimal loss) or Active 

Pattern (capillary loss 

and neovascularization) 

 

Slow pattern male/female p=0.126, Active 

pattern male/female p=0.420 
No significant difference 

Se
m

i-
q

u
an

ti
ta

ti
ve

 

Simeon, 1996 91 82 female, 9 male 
Capillary loss and 

megacapillaries 

P=0.71 for capillary loss, p=1.00 for 

megacapilaries 
No significant difference 

Chandran, 1995 52 44 female, 8 male 

Moderate loss and 

enlargement; Extreme 

capillary dropout; class 

1 to 5 

Not mentioned No significant difference 

Pizzorni, 2017* 33 28 women, 5 male 

Microangiopathy 

evolution score (MES) 

score 0 -9, < 6 or > 6 

dichotomized 

P=0.625 No significant difference 

NVC=nailfold videocapillaroscopy, SSc=Systemic Sclerosis. * same article used two techniques for NVC assessment. A
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