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42 Objectives: To investigate Covid-19-associated risk of hospitalization and death in 

43 rheumatoid arthritis (RA), ankylosing spondylitis (AS), psoriatic arthritis (PsA), 

44 systemic lupus erythematosus (SLE) and systemic sclerosis (SSc) in comparison with 

45 the general population during pandemic’s first year and compare their overall 

46 mortality with 2019.

47 Methods: Interlinking nation-wide electronic registries, we recorded confirmed 

48 Covid-19-associated infections, hospitalizations and deaths, and all-cause deaths 

49 between 1-March-2020 and 28-February-2021 in all adults with RA, AS, PsA, SLE, 

50 and SSc under treatment (n=74,970, median age 67.5, 51.2, 58.1, 56.2, 62.2 years, 

51 respectively) and in matched (1:5) on age, sex, and region of domicile random 

52 comparators from the general population. Deaths from all causes during 2019 were 

53 also recorded.

54 Results: Compared to the general population incidence rates (IR) for Covid-19-

55 associated hospitalization were higher in RA [IR ratio (IRR):1.71(1.50-1.95)], SLE 

56 [2.0(1.4-2.7)] and SSc [2.28(1.29-3.90)], while Covid-19-associated death rates were 

57 higher in RA [1.91(1.46-2.49)]. When focusing only on SARS-CoV-2 infected 

58 subjects, after adjusting for age and gender, the odds ratio for Covid-19 associated 

59 death was higher in RA [1.47(1.11- 1.94)] and SSc [2.92(1.07-7.99)] compared to the 

60 general population. All-cause mortality rate compared to the general population 

61 increased in RA during the first pandemic year (IRR:0.71) with reference to 2019 

62 (0.59) and decreased in SSc (IRR:1.94 vs 4.36).

63 Conclusion: Covid-19 may have more severe impact in patients with systemic 

64 rheumatic disease than the general population. Covid-19-related mortality is increased 

65 in subgroups of patients with specific rheumatic diseases, underscoring the need for 

66 priority vaccination and access to targeted treatments.
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79 Key Messages
80

81  RA, SLE and SSc patients have higher Covid-19-associated hospitalization 
82 risk compared to the general population.
83  RA patients have higher risk of Covid-19-associated death compared to the 
84 general population.
85  All-cause mortality during pandemic-associated lock-down increased versus 
86 2019 in RA and decreased in SSc.

87

88 Introduction:

89 Over the last two years, corona virus disease 2019 (Covid-19) has been associated 

90 with increased morbidity and mortality in the general population[1]. Evidence, 

91 however, regarding systemic rheumatic diseases which affect almost 2% of the 

92 population[2] is not conclusive. In the systematic literature review performed to 

93 inform the respective European Alliance of Associations for Rheumatology 

94 recommendations, no signal for increased mortality in systemic rheumatic diseases 

95 compared to the general population was detected[3]. Similar results were presented in 

96 a recent meta-analysis examining data from 26 observational studies[4]. On the other 

97 hand, a large meta-analysis of 71 studies showed that patients with systemic 

98 rheumatic disease displayed increased odds for mortality[5]. The same uncertainty 

99 also applies to the question whether systemic rheumatic disease patients are more 

100 susceptible to contracting Covid-19, with systematic literature reviews and meta-

101 analyses again having discordant results[3–5]. To make matters more complicated, the 

102 known increased rates of concomitant comorbidities, including arterial hypertension, 

103 cardiovascular disease, diabetes, and malignancy[6–12] may have a major additional 

104 impact. In any case, whether a propensity of systemic rheumatic disease patients 

105 towards more severe Covid-19 associated outcomes, as found in some studies, is true 

106 for some or for all diseases remains unclear.

107

108 During the first year of the pandemic, Greece implemented a strict lockdown policy 

109 limiting Covid-19-associated deaths to 6,504. In this setting, by interlinking data from 

110 national electronic registries between March 2020, when the Covid-19 pandemic 

111 started in our country, and February 2021, when vaccination became available to 

112 patients with systemic rheumatic diseases, we aimed to investigate the Covid-19-
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113 associated risk of hospitalization and death in patients with rheumatoid arthritis (RA), 

114 ankylosing spondylitis (AS), psoriatic arthritis (PsA), systemic lupus erythematosus 

115 (SLE) and systemic sclerosis (SSc) in comparison with the general population. 

116 Furthermore, we sought to assess the risk of Covid-19-associated hospitalization and 

117 death following infection, focusing only on SARS-CoV-2 infected subjects from out 

118 cohort, with or without underlying systemic rheumatic disease. Finally, we aimed to 

119 compare overall mortality of RA, AS, PsA, SLE and SSc during the first year of the 

120 pandemic, with their overall mortality in the pre-Covid-19 year.

121

122

123 Methods:

124 Setting:

125 The first confirmed case of Covid-19 in Greece was identified on 26 February 2020. 

126 Until 28 February 2021 there had been 191,100 confirmed cases and 6,504 Covid-19 

127 associated deaths reported in the country. During the first year of the pandemic 

128 several measures were implemented to contain transmission of the virus, including a 

129 strict lock-down from 23 March 2020 until 14 May 2020; schools and tourist 

130 enterprises did not reopen until 1 June 2020 and 1 July 2020, respectively. A second 

131 pandemic wave in November 2020 led to a new lockdown from 7 November 2020, 

132 with measures remaining in place until after March 2021 in some regions, including 

133 Athens, the country’s capital. On the other hand, priority vaccination against Covid-

134 19 in Greece became available for patients with systemic rheumatic disease in mid-

135 March 2021.

136

137 Data Sources: 

138 In Greece, an electronic database for social security services (IDIKA) operates since 

139 2011, currently covering 99% of the country’s population of about 11,000,000 people. 

140 Information about prescribed medications, medical diagnoses (based on the specific 

141 International Classification of Disease [ICD-10]), age, gender and region of domicile 

142 derived from this database can be linked to the nationwide death records as well as to 

143 the national Covid-19 digital registry, which includes data on hospitalizations and 

144 deaths of all confirmed Covid-19 cases in the country.

145

146 Study Population: 
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147 In this nationwide, population-based cohort study we identified all adult patients with 

148 RA, AS, PsA, SLE, and SSc alive on 1-March-2020. For this purpose, we used our 

149 published data[13] derived from the electronic prescription database for social 

150 security services (IDIKA). This data included all adult (aged ≥18years old) patients 

151 who had filled at least one prescription for corticosteroids, conventional synthetic 

152 disease modifying anti-rheumatic drugs (DMARDs), immunosuppressants, biologic 

153 DMARDs, targeted synthetic DMARDs, advanced vasodilatory medications or 

154 antifibrotic agents between 1-January-2015 and 31-December-2019 with a diagnosis 

155 of either RA, AS, PsA, SLE or SSc, based on prespecified for each disease ICD-10 

156 codes. A detailed list of relevant ICD-10 (Supplementary Table S1) and ATC-5 

157 codes (Supplementary Table S2) for diagnoses and medications of interest, 

158 respectively, is shown in the supplementary material available at Rheumatology 

159 online. Each of the 74,970 patients identified in total, was matched to 5 random 

160 referents from the general population for gender and age, as well as for region of 

161 domicile

162

163 For all subjects in our cohort, we retrieved data on age, gender and death from all 

164 causes and by crosslinking with the national Covid-19 registry, data on SARS-CoV-2 

165 infection confirmed by reverse-transcriptase-polymerase-chain-reaction or antigen-

166 detecting rapid diagnostic testing, as well as Covid-19-associated hospitalization and 

167 death, during the study period i.e. between 1 March 2020 and 28 February 2021. 

168

169 To compare incidence rates of death from all causes during the first year of the 

170 pandemic in our cohort with the respective incidence rates from the pre Covid-19 era, 

171 we identified all adult patients with RA, AS, PsA, SLE and SSc alive on 1-January-

172 2019 and again matched each patient to 5 random referents from the general 

173 population for gender, age and region of domicile, using the same methodology as 

174 described above. This comparison cohort included all patients aged 18 years or older, 

175 who had filled at least one prescription for the above-mentioned medications of 

176 interest with a diagnosis of RA, AS, PsA, SLE or SSc, as specified above, between 1-

177 January-2015 and 31-December-2018. For these patients we recorded death from all 

178 causes between 1-January 2019 and 31-12-2019.

179
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180 Following approval of our formal request, the Greek Ministry of Health granted us 

181 permission to use anonymized data deposited in the social security services (IDIKA) 

182 database and the National Covid-19 digital registry, according to the European 

183 legislation for General Data Protection Regulation, (27 April 2016) and the Greek 

184 national laws (4600/2019, 4624/2019, 3892/10, 3418/2005).

185

186

187 Statistical Analysis: 

188 Continuous variables were presented as median (Q1-Q3) and categorical variables 

189 were reported as numbers and percentages. Incidence rates per 1000 person-years and 

190 patient to referent incidence rate ratios (IRR) were estimated for a. SARS-CoV-2 

191 infection, b. Covid-19 associated hospitalization and c. Covid-19-related death for RA, 

192 AS, PsA, SLE and SSc patients and their matched referents from the general 

193 population. Binary logistic regression analysis was further conducted for each disease 

194 group and its referents, to estimate Odd Ratios (OR) for Covid-19 related 

195 hospitalization and death, in SARS-CoV-2 infected subjects in our cohort, using 

196 subjects free of underlying systemic rheumatic disease as the reference category. All 

197 logistic regression models were adjusted for age, gender and underlying disease. 

198 Incidence rates of death from all causes and patient to referent IRR were estimated for 

199 RA, AS, PsA, SLE and SSc patients and for their matched population referents during 

200 two different time periods, the first extending from 1 January 2019 to 31 December 

201 2019 and the second from 1 March 2020 to 28 February 2021. In all analyses age was 

202 treated as a continuous variable, increasing by year. There were no missing data on 

203 covariates we selected to record. The level of statistical significance was set at a p-

204 value of ≤0.05. Statistical analysis was performed using the Stata statistical software 

205 package (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: 

206 StataCorp LP.).

207

208 Results:

209 Cohort demographics

210 Our search of the IDIKA database, using the above-described criteria, retrieved 40,014 

211 RA patients (79% female), 9,566 AS patients (43% female), 13,405 PsA patients (55% 

212 female), 9,960 SLE patients (90% female) and 2,025 SSc patients (88% female). RA 

213 patients were older compared to other systemic rheumatic disease patients with a 
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214 median (Q1-Q3) age of 67.5 (57.4 to 76.0) years, followed by SSc [62.2 (51.7 to 71.0) 

215 years], PsA [58.1 (48.6 to 68.0) years], SLE [56.2 (45.2 to 67.2) years] and AS 

216 patients [51.2 (41.9 to 60.4) years]. Total follow-up was 74,765 person-years for 

217 systemic rheumatic disease patients and 372,019 person-years for their matched 

218 comparators. Table 1 shows demographics of systemic rheumatic disease patients and 

219 their matched referents from the general population. SARS-CoV-2 infections, Covid-

220 19 related hospitalizations and deaths occurring in our cohort between 1 March 2020 

221 and 28 February 2021 are also shown in Table 1.

222

223 Comparison of patients with RA, AS, PsA, SLE and SSc with matched population 

224 referents

225 Table 2 shows incidence rates per 1000 patient-years for Covid-19 associated 

226 infection, hospitalization, and death among patients with RA, AS, PsA, SLE and SSc, 

227 and their matched population comparators. Rates of infection were higher among 

228 patients with systemic rheumatic diseases compared to their matched referents [IRR 

229 1.33 (1.23 to 1.44) for RA, IRR: 1.28 (1.10 to 1.49) for AS, IRR: 1.23 (1.07 to 1.40) 

230 for PsA, IRR: 1.21 (1.03 to 1.42) for SLE and IRR: 1.52 (1.08 to 2.11) for SSc, 

231 respectively]. Regarding rates of hospitalization, these were higher among patients 

232 with RA [IRR: 1.71 (1.50 to 1.95)], SLE [IRR: 2.0 (1.4 to 2.7)] and SSc [IRR: 2.28 

233 (1.29 to 3.90)] compared to their matched population referents. Finally, mortality rates 

234 were only found to be higher among RA patients compared to their matched 

235 comparators from the general population [IRR: 1.91 (1.46 to 2.49)].

236

237 Subgroup analyses among SARS-CoV-2 infected subjects

238 To investigate for potential differences between patients with systemic rheumatic 

239 disease infected with SARS-CoV-2, we performed a subgroup analysis, using infected 

240 subjects without underlying rheumatic disease as the reference group. After adjustment 

241 for age and sex, we found that the odds ratio for Covid-19 associated hospitalization 

242 was higher in SSc, (OR: 2.84, 95% CI: 1.51 to 5.36) followed by SLE (OR: 2.19 95% 

243 CI: 1.55 to 3.09) and RA patients, (OR: 1.55, 95% CI: 1.30 to 1.84). Regarding Covid-

244 19 associated death once infected, SSc patients had the worse outcomes in comparison 

245 to the general population (OR: 2.92, 95% CI: 1.07 to 7.99), followed by RA patients 

246 (OR: 1.47, 95% CI: 1.11 to 1.94). No difference in Covid-19 associated mortality was 

247 found between patients with AS, PsA or SLE and the general population (Figure 1).
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248 Overall mortality of RA, AS, PsA, SLE and SSc patients during the first pandemic 

249 year in comparison to the pre-Covid-19 year.

250 For RA, AS, PsA, SLE, and SSc patients in our cohort and their matched referents 

251 from the general population we estimated Incidence Rates (IR) of death from all 

252 causes per 1000 person-years for the time period under study, as shown in Table 3. 

253 The comparison cohort for the year 2019 included 36,589 RA patients [79.9% female, 

254 66.7 (56.7-75.2) years median (Q1-Q3) age], 8,527 AS patients [41.5% female, 50.7 

255 (41.3-59.7) years median age], 12,025 PsA patients [55.0% female, 57.4 (47.9-67.3) 

256 years median age], 10,073 SLE patients [89.7% female, 55.3 (44.3-66.5) years median 

257 age] and 1,938 SSc patients [88.4% female, 61.8 (51.5-70.9) years median age]. 

258 Using all-cause mortality data from the comparison cohort we estimated death rates 

259 per 1000 person-years in the pre-Covid-19 era, between 1-1-2019 and 31-12-2019 

260 (Table. 3). Interestingly, using 2019 as the reference year, all-cause mortality was 

261 higher for RA patients in comparison to the general population during the first year of 

262 the pandemic in Greece, [IRR (95% CI) for death from all causes: 0.71 (0.67 to 0.74) 

263 in 2020-21 vs 0.59 (0.55 to 0.63) in 2019], whereas it decreased by more than half for 

264 SSc patients [IRR (95% CI) for death from all causes: 1.94 (1.74 to 2.17) in 2020-21 

265 vs 4.36 (4.30 to 4.43) in 2019]. No difference was found for AS, PsA and SLE 

266 patients.

267

268 Discussion

269 Our 12-month study, analysing data derived from merging large nationwide databases 

270 covering the entire Greek population, shows that unvaccinated patients with RA, SLE 

271 and SSc have a higher probability for hospitalization due to Covid-19, while patients 

272 with RA also have a higher Covid-19 associated mortality rate compared to the 

273 general population. Given the well-established association of older age with an 

274 increased risk of Covid-19-related death, the higher mortality in RA patients, who are 

275 older than patients with AS, PsA, SLE and SSc, could be partly explained by the age-

276 associated burden of comorbidities which are known to be more frequent in any 

277 systemic rheumatic disease[6–12].

278

279 Regarding the risk of SARS-CoV-2 infection, we found that patients with the 

280 systemic rheumatic diseases under study had higher probability to contract Covid-19 

281 compared to the general population, in agreement also with two general population-
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282 based cohort studies [14, 15] and two recent-metanalyses[4, 5]. This finding could be 

283 explained by higher susceptibility of these individuals to Covid-19 infection although 

284 the possibility that these patients were more frequently tested cannot be excluded. 

285 Therefore, whether a tendency to contract the infection more easily, together with the 

286 increased comorbidity burden, can explain the higher Covid-19 associated death risk 

287 found in RA patients compared to the general population needs further study[16]. 

288 Along these lines, when we focused only on subjects infected with SARS-CoV-2, 

289 adjusting for age and gender, we found that, patients with SSc and RA infected with 

290 Covid-19, displayed an increased Odds Ratio both for Covid-19 hospitalization and 

291 death compared to the general population.

292

293 To investigate whether the pandemic had an effect on all-cause mortality for 

294 rheumatic patients, we further analyzed the age and gender-adjusted mortality 

295 between 2019 and 2020 across all rheumatic patient groups. This effect of the 

296 pandemic can be direct due to Covid-19 infection, but also indirect due to reduced 

297 access to care as a result of the stringent public health measures, or any other factor 

298 affecting mortality in the population. Our data indicate that in comparison to matched 

299 population referents, all-cause mortality for patients with RA increased during the 

300 first year of the pandemic compared to 2019, suggesting that Covid-19 affected this 

301 population. Recently, a systematic analysis was published, estimating the excess 

302 mortality due to the Covid-19 pandemic during the two-year period 2020-2021, in 

303 many different countries and territories of the world. According to this analysis 

304 20,800 deaths due to Covid-19 have been registered in Greece during the first two 

305 years of the pandemic, leading to a reported Covid-19 mortality rate of 104.1 with an 

306 estimated excess mortality rate of 127.1 (95% CI: 117.0 to 137.2) per 100,000[17]. 

307

308 On the other hand, all-cause mortality decreased by more than half for patients with 

309 SSc. This difference could reflect the extent and efficacy of self-protective measures 

310 taken by patients with SSc, a large proportion of them having clinically significant 

311 interstitial lung disease[18]. This finding is of particular interest and shows that when 

312 vulnerable populations with chronic diseases are compliant to public health measures, 

313 all-cause mortality can be reduced during a pandemic. This highlights the importance 

314 of non-pharmaceutical interventions among SSc patients and further supports the need 

315 for public health risk communication during a global health crisis. It should be noted 
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316 that a similarly impressive reduction in all-cause mortality was reported in the same 

317 setting, i.e. during the early Covid-19 lockdown in Greece, for patients with idiopathic 

318 pulmonary fibrosis, possibly due to the implementation of public health measures 

319 against Covid-19, such as social distancing, use of face masks and hands hygiene[19]. 

320

321 To the best of our knowledge only one previous nation-wide study assessing mortality 

322 risk of unvaccinated patients with chronic inflammatory arthritis versus the general 

323 population has been published[20]. This was a 6-month study in Sweden, a country 

324 where public measures were far less strict, especially during the first pandemic wave, 

325 compared to the rest of the world. The authors reported that death rates were 

326 increased when adjusting only for age, sex and region of domicile, but this risk was 

327 mitigated when additionally adjusting for comorbidities and socioeconomic factors. 

328 The adjusted HR for Covid-19 associated death in all inflammatory joint diseases 

329 examined in this study was 1.18 (95% CI 0.97 to 1.44), while the adjusted HR for 

330 Covid-19 associated death in RA was 1.27 (1.02 to 1.59), compared with matched 

331 general population comparator subjects, which is, indeed, significantly higher. The 

332 authors concluded that, in absolute terms, risks of serious outcomes from Covid-19 in 

333 patients with inflammatory joint disease are strongly affected by age and the presence 

334 of comorbidities. Our findings, in accordance with the Swedish nation-wide study, 

335 also indicate an increased likelihood of death due to Covid-19 among RA patients in 

336 comparison to the general population, while no difference could be shown among the 

337 other inflammatory arthritis groups examined.

338

339 A second nationwide 5-month study from South Korea included 133,609 adult 

340 subjects tested for SARS-CoV-2 (3.65% tested positive), of whom 8,297 had 

341 inflammatory rheumatic diseases. In comparison to the general population, patients 

342 with rheumatic disease had a 19% increased likelihood of testing positive for SARS-

343 CoV-2, 26% higher risk of severe Covid-19 outcomes and 69% higher risk of Covid-

344 19 associated death. Patients with rheumatic diseases receiving higher corticosteroid 

345 doses (≥10 mg prednisolone per day) were particularly vulnerable to developing 

346 worse Covid-19 associated outcomes[21]. Notably, our results are in line with this 

347 study, as well as with the results of a meta-analysis by Conway et al. reporting an OR 

348 of 1.74 (95%CI: 1.08 to 2.80) for Covid-19-related death in systemic rheumatic 

349 disease patients in comparison with the general population[5]. It should be here noted 
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350 that both our study and the meta-analysis of Conway et al. could not adjust for 

351 comorbidities, disease severity or disease duration, due to the lack of the 

352 corresponding data in the data sources used. This important limitation should be taken 

353 in account when interpreting these findings, given the high frequency of comorbidities 

354 among patients with systemic rheumatic disease[6–12] and the strong influence that 

355 comorbidities and disease activity exert on Covid-19 associated outcomes in this 

356 patient population[22, 23]. 

357

358 As regards hospitalization rates, there are four nation-wide studies, one from 

359 Sweden[20], two from Denmark[15, 24] and one from Iceland[25], in line with our 

360 findings, while two meta-analyses[4, 5] report different results on this matter. This 

361 could be interpreted in light of several differences between countries, such as local 

362 guidelines, intensity of pandemic wave, saturation level of health care system, access 

363 to healthcare facilities and other confounders[26]. Increased hospitalization rates 

364 could be possibly also due, at least in part, to lower threshold for admission of 

365 patients suffering from a systemic rheumatic disease. Besides, in concert with our 

366 results various factors have been previously identified to associate with Covid-19-

367 related hospitalization, including male gender, higher age and specific diseases like 

368 RA, vasculitis, and connective tissue diseases[23, 24, 27–30]. Importantly, 

369 vaccination[15] and treatment with biologic agents has been negatively associated 

370 with hospital admission in other studies [4, 28, 31].

371

372 In general, findings about Covid-19 related outcomes in systemic rheumatic disease 

373 patients should be interpreted with caution[32]. Inconsistencies between various 

374 studies may pertain to ethnic or racial differences[33], to the heterogeneity of 

375 systemic rheumatic disease and their treatment, differences in the intensity of 

376 pandemic waves and the capacity of health care system, but also to the different study 

377 designs or timing of data acquisition with regard to the implementation of patient 

378 vaccination policies[15]. That said, we should note that our study was performed 

379 before vaccination was available among systemic rheumatic disease patients in 

380 Greece. 

381

382 A recently published study also raised some concerns about high rate of biases (e.g 

383 participation and ascertainment bias) occurring in the studies being published about 
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384 this topic[34]. This was also noted in a recent systematic literature review performed 

385 to inform respective EULAR recommendations[3]. In the strengths of our study, one 

386 can include the following: firstly, it is a nationwide study examining the whole 

387 population of our country (approximately 11 million people) during the whole first 

388 year of the pandemic. To further strengthen our methodology, matching with the 

389 general population was adjusted for area of residence, limiting biases concerning 

390 access to healthcare facilities and regional differences in Covid-19 incidence rate. 

391 Despite the fact that population coverage of the IDIKA database is very high, there is 

392 always a risk that patients with a lower socioeconomic status, usually being followed 

393 up in public hospitals, are overrepresented in the database compared to patients from 

394 the private sector, who would expectedly be able to afford to buy their medications. 

395 To eliminate selection bias, we limited our requirements for inclusion in the cohort to 

396 one filled prescription with any of the above-mentioned medications of interest 

397 between 2015-2019. Therefore, only a very small minority of patients consistently 

398 buying their rheumatology drugs over the counter for 5 consecutive years would not 

399 have been captured. Also, in contrast to other studies, we have examined 

400 simultaneously five major systemic rheumatic diseases in the same population which 

401 also allowed us to make comparison between diseases.

402

403 One major weakness of our study, as mentioned above, is the inability to adjust our 

404 findings for disease duration, disease activity and the presence of comorbidities. 

405 However, in the sense that comorbidities now tend to be seen as an inherent 

406 component of systemic rheumatic disease, we believe that it is hard to decipher 

407 whether the higher Covid-19 associated death rate observed in certain of these patient’ 

408 subgroups should be attributed to the systemic rheumatic disease per se or to the 

409 concomitant presence of other diseases. It is also worth mentioning that no adjustment 

410 was made in our analysis for use of rheumatic disease specific treatments, such as 

411 corticosteroids, conventional synthetic, targeted synthetic or biologic DMARDs. 

412 Some previous studies have, indeed, reported an association of certain treatments, 

413 namely corticosteroids at a dose of ≥10mg prednisolone/day[28], or rituximab[35] 

414 with a worse Covid-19 outcome, while other medications were found to have a 

415 beneficial effect, with tocilizumab[36] or baricitinib[37] for example, now being used 

416 to treat severe Covid-19 infections. Although data on medication usage for our cohort 

417 could be retrieved from the database, other potential confounders such as disease 
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418 duration, disease severity, comorbidities, treatment adherence or timing of treatment 

419 with regard to the occurrence of SARS-CoV-2 infection could not be addressed, 

420 which would have undermined the robustness of our results. Therefore, we deemed 

421 best not to include medication usage in our analysis.

422

423

424 Conclusions

425 Covid-19 outcomes clearly differ between patients with RA, AS, PsA, SLE and SSc. 

426 The probability of death from Covid-19 was found higher in RA patients versus 

427 matched referents from the general population. Furthermore, once infected with 

428 SARS-CoV-2, both RA and SSc patients had worse Covid-19-associated outcomes 

429 compared to the general population, implying that priority vaccination policies and 

430 access to targeted therapeutic approaches are important, especially for older patients 

431 and specific patient subgroups. The increased death rate is probably attributable to the 

432 presence of comorbidities, which are inherent to the chronic inflammatory process 

433 characterizing systemic rheumatic diseases. Further studies could help in effective 

434 risk stratification for systemic rheumatic disease patients and therefore result in better 

435 outcomes.

436

437
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Table 1. Demographics and number of Covid-19-associated infections, hospitalizations, and deaths recorded among patients and 
population referents. 
Demographics and number of SARS-CoV-2 infections, number of Covid-19-associated hospitalizations and deaths recorded between 1-3-2020 
and 28-2-2021 among patients with rheumatoid arthritis (RA), ankylosing spondylitis (AS), psoriatic arthritis (PsA), systemic lupus 
erythematosus (SLE), systemic sclerosis (SSc) and their matched population referents.

RA AS PsA SLE SSc

Patients

N=40014

Population 

referents

N=200070

Patients

N=9566

Population 

referents 

N=47830

Patients

N=13405

 Population 

referents

N=67025

Patients

N=9960

Population 

referents

N=49800

Patients

N=2025

Population 

referents

N=10125

Female gender,  

N (%)

31782 

(79.4)

158910 

(79.4)

41287

(43.1)

20635

(43.1)

7402

(55.2)

37010

(55.2)

8948

(89.8)

44740

(89.8)

1786

(88.2)

8930

(88.2)

Median age (Q1-Q3) 

at study entry
67.5 (57.4-76.0) 51.2 (41.9-60.4) 58.1 (48.6-68.0) 56.2 (45.2-67.2) 62.2 (51.7-71.0)

SARS-CoV-2 

infection N (%)
767 (1.92) 2860 (1.43) 221 (2.31) 860 (1.80) 285 (2.13) 1156 (1.72) 197 (1.98) 812 (1.63) 49 (2.42) 161 (1.59)

Covid-19 

hospitalization N 

(%)

315 (0.79) 914 (0.46) 42 (0.44) 154 (0.32) 65 (0.48) 260 (0.39) 59 (0.59) 151 (0.30) 21 (1.04) 46 (0.45)

Covid-19 death N 

(%)
79 (0.20) 205 (0.10) 3 (0.03) 21 (0.04) 10 (0.07) 41 (0.06) 9 (0.09) 25 (0.05) 5 (0.25) 9 (0.09)
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Table 2. Patient to matched population referent incidence rate ratios of Covid-19-associated infections, hospitalizations, and deaths. 

Incidence Rates (IR) per 1000 person years with 95% Confidence Intervals (CI) for Covid-19 infection, hospitalization and death among 

rheumatoid arthritis (RA), ankylosing spondylitis (AS), psoriatic arthritis (PsA), systemic lupus erythematosus (SLE), and systemic sclerosis 

(SSc) patients and their matched referents from the general population. Patient to population referents Incidence Rate Ratios (IRR) with 95% CI 

have been estimated for each disease group. IRR indicating a statistically significant difference between patients and their matched population 

referents are denoted in bold.

RA AS PsA SLE SSc

patients
Population 

referents
IRR patients

Population 

referents
IRR patients

Population 

referents
IRR patients

Population 

referents
IRR patients

Population 

referents
IRR

Covid-19 

infection

IR (95% 

CI)

19.2

(17.9 to 

20.7)

14.4

(13.9 to 

15.0)

1.33 (1.23 

to 1.44)

23.1 

(20.3 to 

26.4)

18.0

(16.9 to 

19.3)

1.28 

(1.10 to 

1.49)

21.3

(19.0 to 

23.9)

17.3

(16.4 to 

18.4)

1.23 

(1.07 to 

1.40)

19.8

(17.2 to 

22.8)

16.4

(15.3 to 

17.6)

1.21 

(1.03 to 

1.42)

24.3

(18.4 to 

32.2)

16.0

(13.7 to 

18.7)

1.52 

(1.08 to 

2.11)

Covid-19 

Hospitaliza

tion IR 

(95% CI)

7.9 

(7.1 to 

8.8)

4.6

(4.3 to 

4.9)

1.71 (1.50 

to 1.95)

4.4

(3.2 to 

5.9)

3.2

(2.8 to 

3.8)

1.36 

(0.94 to 

1.93)

4.9

(3.8 to 

6.2)

3.9

(3.5 to 4.4)

1.25 

(0.93 to 

1.64)

5.9

(4.6 to 

7.7)

3.0

(2.6 to 

3.6)

2.0 (1.4 

to 2.7)

10.4

(6.8 to 

16.0)

4.6

(3.4 to 6.1)

2.28 

(1.29 to 

3.90)
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Covid-19 

Deaths 

IR (95% 

CI)

2.0

(1.6 to 

2.5)

1.0

(0.9 to 

1.2)

1.91 (1.46 

to 2.49)

0.3

(0.1 to 

1.0)

0.4

(0.3 to 

0.7)

0.71 

(0.14 to 

2.39)

0.8

(0.4 to 

1.4)

0.6

(0.5 to 0.8)

1.22 

(0.54 to 

2.47)

0.90

(0.5 to 

1.74)

0.50

(0.3 to 

0.8)

1.80 

(0.74 to 

3.98)

2.5

(1.0 to 

6.0)

0.9

(0.5 to 1.7)

2.78 

(0.73 to 

9.23)

Table 3. All-cause mortality among patients and population referents during the pandemic (2020-21) and pre-Covid-19 (2019) era. 

Incidence Rates (IR) per 1000 person years with 95% Confidence Intervals (CI) for death from all causes among rheumatoid arthritis (RA), 

ankylosing spondylitis (AS), psoriatic arthritis (PsA), systemic lupus erythematosus (SLE), and systemic sclerosis (SSc) patients and their 

matched referents from the general population.  Data are presented for two different time periods: a. 1-3-2020 to 28-2-2021 and b.1-1-2019 to 

31-12-2019. Patient to population referents Incidence Rate Ratios (IRR) with 95% CI have been estimated for each disease group for the 

different time periods under study.

RA AS PsA SLE SSc

IR

 (95% CI)

IR

 (95% CI)

IR

 (95% CI)

IR

 (95% CI)

IR

 (95% CI)

Deaths 

from all 

causes
patients

pop. 

referents

IRR

 (95% CI)
patients

pop. 

referents

IRR

 (95% 

CI) patients
pop. 

referents

IRR

 (95% CI)
patients

pop. 

referents

IRR

 (95% CI)
patients

pop. 

referents

IRR

 (95% CI)

a. 2020-

2021

15.1

 (13.9 to 

16.3)

21.2

(20.6 to 

21.9)

0.71 (0.65 

to 0.77)

3.8

(2.7 to 

5.2)

5.8

(5.2 to 

6.6)

0.65 

(0.44 to 

0.92)

6.1

(4.9 to 

7.5)

11.5

(10.7 to 

12.3)

0.53 

(0.41 to 

0.66)

10.0

(8.2 to 

12.1)

9.6

(8.8 to 

10.5)

1.04 (0.83 

to 1.29)

22.3

(16.7 to 

29.9)

11.5

(9.6 to 

13.8)

1.94 

(1.34 to 

2.76)

b. 2019
9.0

(8.1 to 

15.3 

(14.7 to 

0.59 (0.52 

to 0.66)

3.4

(2.4 to 

6.0

(5.3 to 

0.57 

(0.38 to 

9.2

(7.7 to 

17.9

(16.9 to 

0.51 

(0.42 to 

14.1

(12.0 to 

13.8

(12.8 to 

1.02 (0.85 

to 1.23)

42.3

(34.0 to 

9.7

(7.9 to 

4.36 

(3.20 to 
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10.0) 15.9) 4.9) 6.8) 0.84) 11.1) 19.0) 0.63) 16.7) 14.9) 52.7) 11.9) 5.96)
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Figure

OR 95% CI)

OR 95% CI)

1.55 (1.30 to 1.84)

2.84 (1.51 to 5.36)

2.19 (1.55 to 3.09)

1.03 (0.71 to 1.50)

0.94 (0.69 to 1.28)

0.62 (0.55 to 0.70)

1.47 (1.11 to 1.94)

2.92 (1.07 to 7.99)

1.77 (0.85 to 3.66)

0.51 (0.16 to 1.68)

0.84 (0.43 to 1.64)

0.60 (0.48 to 0.76)

1.08 (1.07 to 1.08)

1.11 (1.10 to 1.12)

Figure 1. Logistic regression analysis assessing odd ratios for Covid-19-
associated hospitalization and death among SARS-CoV-2 infected subjects

Odds Ratio with 95% Confidence Intervals for hospitalization and death due to 
Covid-19 focusing only on subjects infected with SARS-CoV-2 between 1-3-2020 
and 28-2-2021. Model adjusted for underlying systemic rheumatic disease, age and 
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gender. SARS-CoV-2 infected subjects without underlying systemic rheumatic 
disease are used as the reference category. RA: Rheumatoid Arthritis, SSc: Systemic 
Sclerosis, SLE:  Systemic Lupus Erythematosus, AS: Ankylosing spondylitis and 
PsA: Psoriatic Arthritis.
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