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49 Abstract  299/300 words
50
51 Background: Post-acute sequelae of Covid, termed “Long Covid”, is an emerging chronic 

52 illness potentially affecting ~10% of those with COVID-19. We sought to determine if outpatient 

53 treatment with metformin, ivermectin, or fluvoxamine could prevent Long Covid. 

54

55 Methods: COVID-OUT (NCT04510194) was a decentralized, multi-site trial in the United 

56 States testing three medications (metformin, ivermectin, fluvoxamine) using a 2x3 parallel 

57 treatment factorial randomized assignment to efficiently share placebo controls. Participants, 

58 investigators, care providers, and outcomes assessors were masked to randomized treatment 

59 assignment. Inclusion criteria included: age 30 to 85 years with overweight or obesity, symptoms 

60 <7 days, enrolled within <=3 days of documented SARS-CoV-2 infection. Long Covid diagnosis 

61 from a medical provider was a pre-specified secondary outcome assessed by monthly surveys 

62 through 300 days after randomization and confirmed in medical records.   

63

64 Findings: Of 1323 randomized trial participants, 1125 consented for long-term follow up, and 

65 95.1% completed >9 months of follow up. The median age was 45 years (IQR, 37 to 54), and 

66 56% were female (7% pregnant). The median BMI was 30 kg/m2 (IQR, 27 to 34). Overall, 8.4% 

67 reported a medical provider diagnosed them with Long Covid; cumulative incidence: 6.3% with 

68 metformin and 10.6% with matched placebo. The hazard ratio (HR) for metformin 

69 preventing Long Covid was 0.58 (95%CI, 0.38 to 0.88; P=0·009) versus placebo. The metformin 

70 effect was consistent across subgroups, including viral variants. When metformin was started 

71 within <4 days of symptom onset, the HR for Long Covid was 0.37 (95%CI, 0.15 to 0.95).  No 

72 statistical difference in Long Covid occurred in those randomized to either ivermectin (HR=0.99; 

73 95%CI, 0.59 to 1.64) or fluvoxamine (HR=1.36; 95%CI, 0.78 to 2.34).

74

75 Interpretations: A 42% relative decrease and 4.3% absolute decrease in the Long Covid 

76 incidence occurred in participants who received early outpatient COVID-19 treatment with 

77 metformin compared to exact-matching placebo.

78

79
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80 Background

81 Infection with severe-acute respiratory coronavirus 2 (SARS-CoV-2) has been observed 

82 to cause Post-Acute Sequelae of Covid (PASC), commonly referred to as “Long Covid.”1 The 

83 experience of Long Covid is heterogenous, ranging from a single symptom to serious multi-

84 organ involvement, and from mild and short lived to chronically debilitating.1,2 The Centers for 

85 Disease Control and Prevention (CDC) estimates that Long Covid disproportionately affects 

86 racial and ethnic minority populations, which makes understanding and reducing the incidence of 

87 Long Covid critically important.1,3,4

88

89  Cross-sectional studies estimate that 15% of adults in the US have symptoms after 

90 SARS-CoV-2 infection that correlate with a diagnosis of Long Covid.5 One of the largest 

91 prospective cohorts to study persistent symptoms after Covid-19 suggests that somatic symptoms 

92 could be attributable to SARS-CoV-2 in approximately 12% of adults in the cohort.6 An 

93 important gap in the literature is understanding the proportion of adults infected with SARS-

94 CoV-2 who are diagnosed with Long Covid by medical providers. Previous efforts have tried to 

95 understand Long Covid using electronic health record data, but reliably capturing the condition is 

96 challenging.7,8 A code in the International Classification of Diseases, 10th Edition, was not added 

97 until October 2021, and there are concerns about its sensitivity and specificity.1,9,10

98

99 COVID-OUT was a phase 3 randomized, quadruple-blinded placebo-controlled trial of 

100 early outpatient treatment of SARS-CoV-2 that used a 2 by 3 factorial design of parallel 

101 treatments to assess: metformin, ivermectin, and/or fluvoxamine as early outpatient treatments 

102 for Covid-19. The study included monthly follow-up for 300 days to test the prespecified 

103 secondary hypothesis that early treatment of Covid-19 with the study drugs would prevent Long 

104 Covid.11 

105

106 Methods

107 Study Design 

108 COVID-OUT was an investigator-initiated, multi-site, phase 3, randomized, quadruple-

109 blinded placebo-controlled clinical trial (ClinicalTrials.gov: NCT04510194).11 Those blinded 

110 included: participants, care providers, investigators, and outcomes assessors. The trial was 
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111 decentralized, with no in-person contact with participants. Informed consent was obtained from 

112 each participant via electronic consent, or written consent if they did not have an email address. 

113 Institutional review boards at each site, and Advarra centrally, approved the protocol. An 

114 independent data safety monitoring board (DSMB) oversaw safety and efficacy monitoring, and 

115 an independent monitor oversaw study conduct in compliance with the Declaration of Helsinki, 

116 Good Clinical Practice Guidelines, and local requirements.12

117

118 Participants

119 Participants were recruited remotely with online advertising, patient portal messages, and 

120 health-system wide advertising at the six participating institutions. Eligibility criteria included: 

121 age 30 to 85 years with overweight or obesity by self-reported body mass index (BMI); 

122 documentation of confirmed SARS-CoV-2 infection; <7 days of symptoms; and no known prior 

123 infection with SARS-CoV-2. Participants had to provide consent within 3 days of their positive 

124 SARS-CoV-2 test. Participants were excluded if they were already taking one of the study 

125 medications or if they had already received an EUA-approved Covid-19 treatment. Home 

126 medications and treatments received after enrollment were recorded. Vaccination against SARS-

127 CoV-2 was not an exclusion criterion.

128 Pregnant and lactating women were not excluded, which is important given that pregnant 

129 women are at risk for poor outcomes from Covid-19 and are excluded from 99% of non-obstetric 

130 clinical trials.13,14 Pregnant and lactating women were randomized 1:1 to metformin or placebo, 

131 not fluvoxamine or ivermectin due to less established literature for safety during pregnancy and 

132 lactation for those medications, whereas a large body of literature supports the safety of 

133 metformin during pregnancy and lactation.15,16

134 The a priori primary sample population was a modified intention to treat (mITT) sample. 

135 Participants who did not receive the study medication; were hospitalized at the time of delivery; 

136 or reported not taking any study doses were excluded from the mITT.11 

137

138 Randomization and Masking

139 The trial design simultaneously assessed three distinct oral medications (metformin, 

140 ivermectin, fluvoxamine) using a two by three parallel treatment factorial design to efficiently 
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141 share placebo controls in three separate trials. Participants were randomized with equal 

142 probability to each arm open at the time of enrollment. Randomization was stratified by study 

143 site and schedules were pre-generated using the mass-weighted urn design which limits 

144 deviations from the targeted equal allocation similar to permuted blocks. 

145 The trial opened with a 1:1 randomization to metformin versus placebo on December 30, 

146 2020. The factorial design opened May 21, 2021 at which point participants were randomized 

147 1:1:1:1:1:1 to each study arm as described in a previous publication and shown in Figure 1 and 

148 Figure S2.11 The fluvoxamine randomization was closed early on January 7, 2022 by the 

149 independent DSMB. Enrollment ended January 28, 2022 and all investigators except the 

150 unblinded statistician remained blinded to group-level results through February 14, 2022. The 

151 Day 300 follow-up ended Nov 27, 2022. All investigators, outcome assessors, treating clinicians, 

152 and participants remain blinded to individual treatment allocations.

153 Manufacturers provided exact-matching placebo pills. Because two of the arms had two 

154 active medications, each participant received two types of pills to maintain the blind in the 

155 factorial design: all participants received metformin or exact-matching metformin placebo; and a 

156 subset received fluvoxamine, ivermectin, or their exact-matching placebo. 

157

158 Procedures 

159 The medications were pre-packaged into pill boxes to speed delivery to participants and 

160 assure participants took the correct number of each type of pill. Study medication was sent via 

161 same-day courier or overnight shipping to participants which meant the average time from 

162 consent to ingestion of the first dose of study drug was <1 day. 

163 The metformin dose was titrated over 6 days: 500mg on day 1; 500mg twice daily for 4 

164 days; then 500mg mornings and 1000mg evening through 14 days. The ivermectin dose was 

165 390-470 mcg/kg per day for 3 days (median 430 mcg/kg/day). Fluvoxamine was 50mg on Day 1 

166 followed by 50mg twice daily through 14 days. 

167 The active follow-up period for the trial was 28 days. Beginning at 60 days post 

168 randomization, surveys were sent every 30 days through 300 days (10 months) after 

169 randomization via automated email or other per patient preference. Ten-month follow-up for 

170 Long Covid was not in the original protocol as Long Covid was not a known entity in fall 2020. 

171 The pre-specified secondary endpoint on Long Covid was added to the protocol in April 2021, 
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172 and survey tools were IRB-approved in July 2021 (Table S8). Participants enrolled before the 

173 Long Covid surveys were approved were contacted for reconsent to receive the Long Covid 

174 survey assessment (Figure 1). 

175

176 Outcomes

177 Understanding whether metformin, ivermectin, or fluvoxamine prevent the development 

178 of Long Covid was a separate question than whether they prevented severe Covid-19 in the first 

179 14 days.17 The primary method for ascertaining Long Covid was participant-reported receipt of a 

180 Long Covid diagnosis from a medical provider. Participants were asked whether a medical 

181 provider had given them a diagnosis of Long Covid, and if so when and what type of provider 

182 gave this diagnosis (Table S7). Participants consented for medical record review so these 

183 diagnoses could be confirmed in the electronic health record. This means of ascertaining Long 

184 Covid was chosen as an important balance of sensitivity and specifciity because the definition of 

185 Long Covid is rapidly changing, fluctuating symptoms are challenging to assess, and electronic 

186 health record codes lack specificity and sensitivity.18,19 

187 Statistical Analysis

188 A factorial, 2 by 3 design of distinct, parallel treatments with exact-matching placebo 

189 pills allows the simultaneous conduct of three separate randomized trials that efficiently share 

190 concurrently randomized, blinded controls. Correcting for multiple comparisons for a factorial 

191 design of distinct parallel treatments is not indicated.20,21 Accordingly, factorial design trials 

192 often present medications separately.22-24 Because the overall structure of this 2 x 3 factorial 

193 design trial is that all participants received either metformin or metformin placebo, and only a 

194 subset received ivermectin, fluvoxamine, or their exact matching placebo (Figure S1), we 

195 present the metformin trial in the main manuscript and the fluvoxamine and ivermecin trials in 

196 the supplement. 

197 The comparison groups for each study drug consists of persons who were assigned the 

198 active version of the drug versus those who were at risk of being assigned to the active version of 

199 the drug but were assigned a blinded control instead (Figure S1, Figure S2). By design, the 

200 active and control comparison groups have balanced numbers of persons receiving active and 

201 placebo version of the other study drug. 
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202 Reports of Long Covid diagnosis by medical provider were analyzed using a time-to-

203 event approach with time denoting the time from randomization. This approach appropriately 

204 accounts for participants who did not fill out all the potential Long Covid surveys, and thus were 

205 lost to follow up prior to Day 300. For persons who reported a Long Covid diagnosis, the date of 

206 their diagnosis was set to the 15th day of the earliest month in which they reported receiving the 

207 diagnosis. For persons who reported a Long Covid diagnosis but did not provide valid timing of 

208 diagnosis information (n=9), (i.e. they provided a month where the last day in that month 

209 occurred earlier than 15 days from their randomization) the date of their diagnosis was set to the 

210 study day of the earliest Long Covid survey on which they reported the diagnosis. Participants 

211 who did not report a Long Covid diagnosis were censored based on the study day of their latest 

212 Long Covid survey. A time-to-event approach also adds knowledge about this new disease state 

213 by reporting when individuals are receiving diagnoses of Long Covid.

214 Role of funding source 

215 The trial was funded by the Parsemus Foundation, Rainwater Charitable Foundation, Fast 

216 Grants, and the UnitedHealth Group Foundation. The funders had no influence on the design or 

217 conduct of the trial and were not involved in data collection or analysis, writing of the 

218 manuscript, or decision to submit for publication. The authors assume responsibility for trial 

219 fidelity and the accuracy and completeness of the data and analyses. 

220

221 Results

222 Study Participants

223 Of the original 1,323 randomized participants who received study medication, 1,125 

224 consented for Long Covid follow-up and completed at least one survey on or after Day 180, 564 

225 in the metformin group and 561 in the blinded control group. The median age was 45 years (IQR 

226 37 to 54), 56% were female of whom 7% were pregnant. Overall, 2.0% identified as Native 

227 American; 3.7% as Asian; 7.4% as Black/African American; 82.8% as white; and 12.7% as 

228 Hispanic/Latino. The median BMI was 29.8 kg/m2 (IQR 27.0 to 34.2), and 51% had a BMI 

229 >30kg/m2. The median days from symptom onset to study drug initiation was 5 days (IQR 4 to 

230 6), and 47% started study drug within 4 days or less of symptom onset. Overall, 55% (n=618) 

231 had received the primary Covid-19 vaccination series, including 5.1% (n=57) who received an 

232 initial booster, before enrollment (Table 1). 
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233 Overall 95% (1070/1125) completed at least 9 months of follow up or reported a Long 

234 Covid diagnosis. The loss to follow-up before Day 270 was 5.1% (29/564) in the metformin 

235 group and 4.6% (26/561) in the placebo group. 

236

237 Long Covid Diagnosis 

238 Overall, 8.4% (94/1125) responded Yes to the question: “Has a medical provider told you 

239 that you have Long Covid?” Most of the Long Covid diagnoses were made by primary care 

240 providers, n=72 (73.4%); followed by a provider specializing in Long Covid, n=4 (4.3%); other 

241 specialists, n=8 (cardiology n=3, neurology n=1, infectious disease n=1, otolaryngologist n=1, 

242 pulmonologist n=1); emergency department n=3; in a hospital n=2; urgent care n=2; 1 by 

243 chiropractor; 1 other; 1 missing. 

244 Among those randomized to metformin, the cumulative incidence for developing Long 

245 Covid was 6.3% (95% CI 4.2% to 8.2%) as compared with 10.6% (8.0% to 13.1) in the blinded, 

246 identical-matched placebo controls (Figure 1, Table 2). For metformin versus placebo, the 

247 hazard ratio for developing Long Covid was 0.58 (95% CI 0.38, to 0.88; P=0·009). The hazard 

248 ratio did not appreciably change when adjusting for vaccination and receipt of other study 

249 medicines in the factorial randomization (Table 2). 

250 Heterogeneity of treatment effect was assessed for metformin across a priori subgroups of 

251 baseline risk factors (Figure 3). The effect of metformin for preventing Long Covid was 

252 consistent across subgroups, including across other study drugs and viral variants. When started 

253 within <4 days of symptom onset, the effect of metformin preventing Long Covid was 

254 potentially greater (Hazard Ratio = 0.37; 95% CI, 0.15 to 0.95) as compared with those who 

255 started metformin >4 days (Hazard Ratio = 0.64; 95% CI, 0.40 to 1.03).

256 Participants who reported receiving a provider-diagnosis of Long Covid were more likely 

257 to report having their work or leisure disrupted by >1 ongoing symptom after their Covid-19 

258 infection (Figure 4).

259 Ivermectin and Fluvoxamine Randomization

260 Neither ivermectin or fluvoxamine had any benefit for prevention of Long Covid. For 

261 those participants randomized to ivermectin, the cumulative incidence of Long Covid was 8.0% 
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262 (95% CI 5.2% to 10.8%) as compared with 7.5% (95% CI 4.7% to 10.2%) in blinded, idenitical-

263 matched placebo controls (Table S4, Figure S4). The hazard ratio for ivermectin versus control 

264 was 0.99 (95% CI, 0.59 to 1.64), and the ivermectin findings were consistent across apriori 

265 subgroups without any sign of preventative benefit in any subgroup (Figure S5). Among those 

266 randomized to fluvoxamine, the cumulative incidence of Long Covid was 10.1% (95% CI, 6.6% 

267 to 13.5%) as compared with 7.5% (95% CI 4.4% to 10.5% in the blinded, identical-matched 

268 placebo controls (Table S5 and Figure S6). The hazard ratio for fluvoxamine versus blinded 

269 control was 1.36 (95% CI, 0.79 to 2.39). The fluvoxamine findings were consistent across a 

270 priority subgroups (Figure S7). The HR’s for ivermectin and fluvoxamine did not change when 

271 adjusting for vaccination and receipt of other study meds (Tables S4 and S5).

272

273 Risk Factors for Long Covid

274 Within this cohort, 11.1% (70/561) of female participants compared to the 4.9% (24/470) 

275 of male participants had a diagnosis of Long Covid. Second, those vaccinated with at least the 

276 primary SARS-CoV-2 vaccine series had a lower risk of developing Long Covid, 6.6% (41/618) 

277 as compared with 10.5% in those unvaccinated.  Among the 57 participants who had received a 

278 booster vaccination prior to enrollment, only 1 (1.8%) participant developed Long Covid.  Long 

279 Covid incidence did not differ across variant time periods (Range, 7.9% to 8.4%). Table S6 

280 shows proportion of participants who developed Long Covid and those who did not by baseline 

281 risk factors. 

282
283
284 Discussion
285

286 COVID-OUT was an investigator-initiated, multi-site, phase 3, randomized, quadruple-

287 blinded, placebo-controlled clinical trial of outpatient treatment of Covid-19 that followed 

288 participants for 10 months to assess whether early treatment prevented the development of Long 

289 Covid. Treatment with metformin during acute Covid-19 infection prevented over 40% of Long 

290 Covid cases, with 6.3% of participants in the metformin group and 10.6% in the placebo group 

291 receiving a diagnosis of Long Covid from a medical provider. Metform preventing over 40% of 

292 cases of Long Covid is consistent with the results for the acute Covid outcomes of the trial, in 

293 which metformin prevented over 40% of emergency department visits, hospitalizations, and 
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294 death due to Covid (OR 0.58, 95% CI 0.35 to 0.94) by Day 14.11,25 By Day 28, those in the 

295 metformin group were also less likely to be hospitalized, 1.34% (8/596) versus 3.16% (19/601) 

296 of those receiving placebo. There was no decreased incidence of Long Covid attributable to 

297 ivermectin or fluvoxamine in this trial, and this is also consistent with the results for acute Covid 

298 outcomes for ivermectin and fluvoxamine. 

299 A large recent observational analysis of electronic medical records reported that 12% of 

300 somatic symptoms could be attributed to infection with SARS-CoV-2.6 This incidence of Long 

301 Covid is reasonably aligned with the findings in our trial, in which 8.4% of participants reported 

302 receiving a diagnosis of Long Covid from a provider, and approximately 5% who did not report 

303 a diagnosis of Long Covid did report that their work or leisure were affected by ongoing 

304 symptoms. Several factors could influence whether an individual receives a diagnosis of Long 

305 Covid from a medical provider within 10 months of infection, such as access to medical care, 

306 competing demands that prevent receiving medical care, willingness to seek medical care for 

307 post-Covid symptoms, and provider awareness of Long Covid as a diagnosis. Such factors would 

308 be expected to be equally distributed between treatment arms by the randomization in this 

309 clinical trial and should not influence our interpretation of treatment effects. 

310 Metformin’s prevention of over 40% severe Covid-19 in the Covid-Out trial is consistent 

311 with 2 other randomized trials that assessed metformin for prevention of Covid-19. The first trial 

312 assessed 1,500mg per day with no dose titration, which would be expected to cause side effects 

313 in a large number of individuals. Thus the per-protocol group may be particularly informative in 

314 that trial, and it showed a similar effect size (OR 0.61, 95% CI 0.27 to 1.38).26 Another recent 

315 randomized trial suggested a similar effect, however the trial had only 20 participants.27 

316 While the effect size for metformin preventing severe Covid-19 and Long Covid was 

317 similar, the number of cases of Long Covid was higher in our trial than the number of emergency 

318 department visits or hospitalizations for acute Covid-19. This supports the current understanding 

319 that Long Covid occurs in individuals who did not have severe Covid-19.28 The exact 

320 pathophysiology of Long Covid is unknown but is likely multi-factorial, including the 

321 inflammatory cascade during acute infection and persistent viral replication.29 Mechanistic in 

322 silico modeling predicts that translation of SARS-CoV-2 viral proteins is an especially sensitive 
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323 target for inhibition of viral replication,30,31 and previous studies show metformin capable of 

324 suppressing protein translation via mTOR inhibition.30,32 

325 Experimentally, metformin has in vitro activity at a physiologically relevant dose against 

326 SARS-CoV-2 in cell culture and in human lung tissue, ex vivo.27,33-35 Larger effects for therapies 

327 started earlier in the course of infection support an anti-viral mechanism. Both the healthcare 

328 utilization component of the primary outcome and subsequent development of Long Covid were 

329 assessed by subgroup of initiation time from symptom onset. Those that started metformin in less 

330 than 4 days from symptom onset where compared to those starting metformin 4 or more days 

331 from symptom onset. The hazard ratios for outcomes were shifted further to the left when the 

332 study drug was started sooner, consistent with an anti-viral mechanism of action. 

333 In addition to in vitro and in vivo activity against SARS-CoV-2, metformin has been 

334 extensively studied for actions relevant to oxidative stress and inflammation.36 These actions 

335 have been studied in the setting of SARS-CoV-2 infection as well. In human bronchial and lung 

336 epithelial cell lines infected with SARS-CoV-2, metformin restored autophagic flux, inhibited 

337 cleavage of caspase-1 by non-structural protein 6 (NSP6), and inhibited maturation and release 

338 of interleukin-1𝛽 and interleukin-18.37 Metformin also prevented a senescent phenotype induced 

339 by SARS-CoV-2 infection in dopaminergic neurons in vitro, which could be relevant to 

340 neurocognitive sequelae of infection seen in Long Covid.38 

341 There were no issues with safety in this phase 3 trial of metformin in adults without 

342 diabetes.11 Safety concerns for metformin have centered around a risk of lactic acidosis, but that 

343 historical concern was driven by experience with other biguanides. Several large studies and 

344 Cochrane reviews have demonstrated no increased risk of lactic acidosis, and in fact fewer cases 

345 of lactic acidosis, in persons on metformin.39,40 This includes adults with heart failure.41,42 

346 Metformin is also safe in adults with kidney disease and should not be withheld from persons 

347 with glomerular filtration rates >30ml/min/1.73m2, and perhaps even lower, because of 

348 associations with improved macrovascular outcomes in persons with chronic kidney disease.36,39

349 Metformin treats diabetes largely by preventing hepatic gluconeogenesis, not by lowering 

350 blood glucose levels, and thereby the risk of hypoglycemia is very low, including in persons 

351 without diabetes. Metformin’s safety has also been demonstrated in children and during lactation 
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352 and pregnancy.16,43-47 Guidelines recommend metformin should no longer be stopped upon 

353 hospital admission or for surgery.48-51

354 The Covid-Out trial does not indicate whether or not metformin would be effective at 

355 preventing Long Covid if started at the time of emergency department visit or hospitalization for 

356 Covid-19, nor whether metformin would be effective as treatment in persons who already have 

357 Long Covid. With the burden of Long Covid on society, confirmation is urgently needed in a 

358 trial that addresses our study’s limitations in order to translate these results into practice and 

359 policy. The p-value (0.009) for metformin preventing Long Covid is low enough that it would 

360 still be less than 0.05 after applying a Bonferonni correction for the multiple testing of the 

361 primary and all four secondary clinical outcomes in this trial.52 Further clinical trials could also 

362 assess whether there is synergy with other treatments, such as nirmatrelvir in vaccinated 

363 populations or in those with prior Covid-19.

364

365 Limitations
366
367 When the Long Covid assessment was added to the trial, little was known about the best 

368 assessment tool for incident Long Covid in clinical trial participants. The use of a Long Covid 

369 diagnosis based on the documented professional judgement of a medical provider, as well as the 

370 long duration of follow-up, would address some of the issues around the changing nature of this 

371 disease definition. Additionally, factors that may affect the receipt of a Long Covid diagnosis by 

372 a medical provider would be distributed between treatment arms in this randomized trial. The 

373 quadruple blinding also limits potential biases compared to observational cohorts or case-control 

374 studies that assess Long Covid. 

375 This trial excluded low-risk individuals: those with a normal BMI and those younger than 

376 30 years, and whether these findings would generalize to those populations is unknown.  

377 Additionally, it is unknown if these findings would generalize to early outpatient treatment of 

378 SARS-CoV-2 in someone who had previously been infected with SARS-CoV-2. The sample of 

379 participants in this trial was mostly white (82.8%), compared to 76% of the US population; and 

380 only 12.7% identified as Latino or Hispanic.53 With 56% of trial participants being female, sex 

381 was well balanced. Of females, 7% in the trial were pregnant being one of few randomized trials 

382 of outpatient Covid-19 treatment to enroll pregnant women.11,54
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383
384 Conclusions
385
386 Outpatient treatment with metformin at the time of SARS-CoV-2 infection decreased the 

387 development of Long Covid by 42% in a phase 3 randomized trial, and by over 50% when 

388 started less than 4 days from symptom onset. This finding is consistent with the 42% reduction in 

389 healthcare utilization for severe Covid-19 with metformin in the first 14 days of the trial. 

390 Fluvoxamine and ivermectin did not decrease the development of Long Covid, which is 

391 consistent with outcomes in the first 14 days of the trial. These results are highly relevant to the 

392 current state of the pandemic because the study sample was approximately half vaccinated, and 

393 despite the 10-month follow-up of these outcome, the trial enrolled during Omicron wave. Long 

394 Covid is a significant public health emergency that may have lasting health, mental health, and 

395 economic sequelae, especially in socioeconomically marginalized groups, and metformin is safe, 

396 low-cost, and widely available.

397

398
399
400
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Research in context.
 
Evidence before this study
Few randomized trials of outpatient treatment of Covid-19 have followed participants for 10 
months to assess the effect of early treatments on preventing Long Covid. Emerging clinical, 
observational, and pre-clinical data show metformin inhibits SARS-CoV-2 and prevents 
severe Covid-19.

Added value of this study
This is the first phase 3 randomized, placebo controlled, randomized clinical trial of an 
outpatient treatment that prevents the development of Long Covid by over 40%. Additionally, 
this is one of the few Covid-19 treatment trials to include pregnant women.13,14 Metformin is 
safe, inexpensive, widely available, and has few contra-indications or medication interactions.

Implications of all the available evidence 
According to workers compensation insurers, 71% of persons with Long Covid required either 
continuing medical treatment or were unable to work for six months or more.55 Taking the 
necessary steps to understand metformin as an intervention to prevent Long Covid is an urgent 
public health need. 
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Table 1: Baseline characteristics.  

Demographics Metformin
n=564

Placebo
n=561

Age in years, median (IQR) 46 (37 to 54) 45 (37 to 54)
Female* 305 (54.1) 326 (58.1)

Native American   9 (1.6) 15 (2.7)
Asian 21 (3.7) 21 (3.7)
Black 43 (7.6) 40 (7.1)
White 469 (83.2) 463 (82.5)

Race

Other & unknown 40 (7.2) 37 (6.6)
Hispanic or Latino** 66 (11.8) 76 (13.7)
Medical history

BMI, Median (IQR) kg/m2 29.7 (27 to 34) 30.0 (27 to 34)
BMI > 30 kg/m2 266 (47.2) 282 (50.3)
Cardiovascular disease 147 (26.1) 138 (24.6)
Diabetes 6 (1.1) 11 (2.0)
SARS-CoV-2 Primary vaccine 326 (57.8) 292 (52.0)
First vaccine booster 30 (5.3) 27 (4.8)

Days from symptom onset to study drug initiation

Median (IQR) 5 (4 to 6) 5 (3 to 6)
Percent started in <4 days 130 (23.3) 143 (26.0)

SARS-CoV-2 Variant period
Alpha (pre-June 19, 2021) 34 (6.0) 29 (5.2)
Delta (June 19 – Dec 12, 2021) 399 (70.7) 401 (71.5)
Omicron (post-Dec 12, 2021) 131 (23.2) 131 (23.4)

Healthcare Insurance
Private 358 (64.4) 345 (62.5)
Public Medicare 41 (7.4) 38 (6.9)
Public Medicaid 75 (13.5) 97 (17.6)
No insurance 82 (14.7) 72 (13.0)

Values are n (%) unless specified.  
Abbreviations: BMI = body mass index; IQR=inter-quartile range; SD = standard deviation. 
Cardiovascular disease defined as: hypertension, hyperlipidemia, coronary artery disease, past myocardial infarction, 
congestive heart failure, pacemaker, arrhythmias, or pulmonary hypertension.  
* 7% of Females were pregnant. **missing n=9 
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Table 2. Cumulative incidence and absolute risk reduction for metformin compared to placebo,

percentages with 95% confidence intervals.

Study 
Day

Metformin
35/564 (6.2%)

Placebo
59/561 (10.5%)

Absolute Risk
Reduction

60 1.1% (0.2% to 1.9%) 2.0% (0.8% to 3.1%) 0.9% (2.3% to -0.5%)

120 2.8% (1.5% to 4.2%) 4.1% (2.4% to 5.7%) 1.3% (3.4% to -0.9%)

180 4.6% (2.9% to 6.3%) 8.4% (6.1% to 10.6%) 3.8% (6.6% to 0.9%)

240 5.9% (3.9% to 7.8%) 9.6% (7.2% to 12.1%) 3.8% (6.9% to 0.6%)

300 6.3% (4.2% to 8.2%) 10.6% (8.0% to 13.1%) 4.3% (7.6% to 1.1%)

Unadjusted Hazard Ratio for Long Covid in the metformin group: 0.576 (95% CI 0.379 to 0.875).

Adjusted Hazard Ratio for Long Covid in the metformin group: 0.588 (95% CI 0.387 to 0.894) when 
adjusted via a Cox regression model for other study drugs in the factorial randomization, primary 
vaccination and booster vaccination status at baseline.
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Participants included in the modified intention to treat (mITT) analysis: n = 1,323
Metformin (n=663)         Placebo (n=660)

Total persons excluded: n = 5,178*

Participants consented and randomized 1:1:1:1:1:1 to treatment arms*: n = 1,431

Adults with SARS-CoV-2 positive, age 30-85, screened between December 30, 2020 and January 28, 2022: n = 6,602

n = 94 excluded from mITT analysis**

n = 14: Informed by lab of false positive; 
gave false information; could not prove 
+SARS-CoV-2 result; or withdrew

• Completed trial before Long Covid added to consent (n=124), not re-consented for Long Covid follow-up, n=77
• Died, n=1
• Withdrew, n=5
• Loss to follow-up, n=57
• Completed >=1 survey before Long Covid assessment at Day 180, n=57

*Detail on the 2x3 factorial design and number excluded for each reason are outlined in the Supplementary Appendix. 
**Excluded from mITT analysis: did not receive kit (n=9); confirmed taking zero doses (n=77); hospitalized before received study medications (n=8). 

Loss to follow-up, n=18

Completed follow-up for primary outcome (severe Covid-19 by Day 14): n=1,304
Metformin (n=651)        Placebo (n=653)

Died, n=1

Filled out at least one survey after the assessment for Long Covid at Day 180: 
n=1,125

Metformin (n=564)         Placebo (n=561)
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Subgroup

All Participants

Metformin Placebo 

Biologic sex
  Female

Hazard Ratio (95% CI)

  Male
BMI
  <30 kg/m2
  >=30 kg/m2
Days since symptom onset

    < 4 days
  >=4 days
Age
  <45 years
  >=45 years
Dominant variant
  Alpha
  Delta
  Omicron
Vaccination status
  Not Vaccinated
  Vaccinated
Additional study drug
  Nothing/Placebo
  Ivermectin
  Fluvoxamine

35/564 (6.2%)

24/305 (7.9%)
11/259 (4.2%)

20/298 (6.7%)
15/266 (5.6%)

6/130 (4.6%)
29/427 (6.8%)

13/265 (4.9%)
22/299 (7.4%)

1/34 (2.9%)
27/399 (6.8%)
7/131 (5.3%)

15/238 (6.3%)
20/326 (6.1%)

11/221 (5.0%)
11/189 (5.8%)
13/154 (8.4%)

59/561 (10.5%)

46/326 (14.1%)
13/235 (5.5%)

23/279 (8.2%)
36/282 (12.8%)

17/143 (11.9%)
42/407 (10.3%)

33/272 (12.1%)
26/289 (9.0%)

4/29 (13.8%)
40/401 (10.0%)
15/131 (11.5%)

38/269 (14.1%)
21/292 (7.2%)

23/229 (10.0%)
19/188 (10.1%)
17/144 (11.8%)

0.58 (0.38 to 0.88)

0.54 (0.33 to 0.89)
0.76 (0.34 to 1.70)

0.80 (0.44 to 1.46)
0.43 (0.23 to 0.78)

0.37 (0.15 to 0.95)
0.64 (0.40 to 1.03)

0.39 (0.20 to 0.73)
0.82 (0.46 to 1.44)

0.21 (0.02 to 1.87)
0.67 (0.41 to 1.08)
0.45 (0.18 to 1.11)

0.43 (0.23 to 0.78)
0.85 (0.46 to 1.56)

0.48 (0.23 to 0.98)
0.56 (0.27 to 1.18)
0.72 (0.35 to 1.48)

0 0.5 1 1.5 2

Metformin Better Placebo Better

Assessment of treatment effect across a priori subgroups of pre-randomization baseline risk factors:
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