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Abstract 20 

Objectives 21 

With most of the Norwegian population vaccinated against COVID-19, an increasing number and 22 

proportion of COVID-19 related hospitalisations are occurring among vaccinated patients. To support 23 

patient management and capacity planning in hospitals, we estimated the length of stay (LoS) in 24 

hospital and odds of intensive care (ICU) admission and in-hospital mortality among COVID-19 25 

patients ≥18 years who had been vaccinated with an mRNA vaccine, compared to unvaccinated 26 

patients.  27 

Methods 28 

Using national registry data, we conducted a cohort study on SARS-CoV-2 positive patients 29 

hospitalised in Norway between 1 February and 30 September 2021, with COVID-19 as the main 30 

cause of hospitalisation. We used a Cox proportional hazards model to examine the association 31 

between vaccination status and LoS. We used logistic regression to examine the association between 32 

vaccination status and ICU admission and in-hospital mortality. 33 

Results  34 

We included 2,361 patients, including 70 (3%) partially vaccinated and 183 (8%) fully vaccinated. Fully 35 

vaccinated patients 18–79 years had a shorter LoS in hospital overall (adjusted hazard ratio for 36 

discharge: 1.35, 95%CI: 1.07–1.72), and lower odds of ICU admission (adjusted odds ratio: 0.57, 37 

95%CI: 0.33–0.96). Similar estimates were observed when collectively analysing partially and fully 38 

vaccinated patients. We observed no difference in the LoS for patients not admitted to ICU, nor odds 39 

of in-hospital death between vaccinated and unvaccinated patients.  40 
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Conclusions 41 

Vaccinated patients hospitalised with COVID-19 in Norway have a shorter LoS and lower odds of ICU 42 

admission than unvaccinated patients. These findings can support patient management and ongoing 43 

capacity planning in hospitals. 44 

 45 

Keywords: Norway; SARS-CoV-2; hospitalisation; length of stay; intensive care; mRNA vaccine; 46 

breakthrough infection  47 
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Introduction 48 

Ongoing COVID-19 vaccination programmes have drastically reduced the burden of COVID-19 related 49 

hospitalisations and deaths (1-5). However, the risk of breakthrough cases of severe COVID-19 after 50 

vaccination remains, particularly among groups at higher risk of severe disease (6, 7).  51 

Norway (population 5.4 million) started COVID-19 vaccination on 27 December 2020, initially 52 

focusing on individuals ≥65 years, health care workers and individuals at increased risk of severe 53 

COVID-19 (8). The mRNA vaccines Comirnaty and Spikevax are the two predominant vaccines 54 

administered (9). Vaccination coverage has steadily increased, with national one dose coverage 55 

among ≥18-year-olds reaching 91% and two dose coverage 84% by the end of September 2021 (10). 56 

Persons with specific immunosuppressive conditions were first offered a third dose in early 57 

September 2021 (11). Booster doses have been offered to all persons ≥65 years and care home 58 

residents since early October 2021 (12). 59 

With most of the Norwegian population vaccinated, an increasing number and proportion of COVID-60 

19 related hospitalisations are occurring among vaccinated patients, characterised by advanced age 61 

and underlying comorbidities that put them at an increased risk of severe COVID-19 (8, 10). It is 62 

therefore essential to understand how vaccination may affect clinical endpoints among patients who 63 

are admitted to hospital for COVID-19 to support patient management and capacity planning in 64 

hospitals. Published data on this are currently limited (13, 14).  65 

We linked individual-level data from national registries to estimate the length of stay (LoS) in hospital 66 

(with and without intensive care unit (ICU) stay), and odds of ICU admission and in-hospital mortality 67 

among COVID-19 patients ≥18 years in Norway who had been vaccinated with an mRNA vaccine, 68 

compared to unvaccinated patients. 69 

Methods    70 
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Patient cohort  71 

We conducted a cohort study, including patients ≥18 years hospitalised after a positive SARS-CoV-2 72 

test between 1 February and 30 September 2021, and who had a national identity number 73 

registered. We included patients hospitalised not more than two days before and less than 28 days 74 

following a positive SARS-CoV-2 test, where COVID-19 was reported as the main cause of admission. 75 

Cases hospitalised with other or unknown main cause of admission were excluded. We did not 76 

restrict admissions by LoS.  77 

Data sources 78 

We obtained data from the Norwegian national emergency preparedness registry for COVID-19 (15). 79 

The preparedness registry contains individual-level data covering all residents in Norway, and 80 

includes all laboratory-confirmed cases of COVID-19, all hospitalisations and ICU admissions among 81 

cases, and COVID-19 vaccinations. Further details on the data sources are presented in 82 

supplementary materials A, part 1. We extracted data from the preparedness registry on 22 October 83 

2021, ensuring a minimum of 21 days follow-up since last date of hospitalisation. 84 

Definition of COVID-19 vaccination status 85 

Vaccination status was defined based on the date of positive test for SARS-CoV-2:  86 

1. Unvaccinated: Not vaccinated with a COVID-19 vaccine.  87 

2. Partially vaccinated: Positive test ≥21 days after first dose and <7 days after second dose (if 88 

administered).  89 

3. Fully vaccinated: Positive test ≥7 days after second dose with at least the absolute minimum 90 

interval between doses depending on the type of vaccine (16), or ≥7 days after first dose if 91 

previously diagnosed with a SARS-CoV-2 infection ≥21 days before vaccination.  92 
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We excluded patients vaccinated with one dose <21 days before positive test, patients vaccinated 93 

with a non-mRNA vaccine only and reported reinfections of SARS-CoV-2 among unvaccinated 94 

patients.  95 

Outcome measures 96 

We calculated the LoS in hospital (with and without ICU stay) as the time between first admission 97 

and last discharge. We did not calculate LoS in ICU separately, due to the small number of vaccinated 98 

patients admitted to ICU. For patients with more than one registered hospital stay, we included time 99 

between stays in the patient’s LoS, if the time between two consecutive stays was <24 hours. 100 

Patients with unknown date of discharge from their last stay were considered to still be hospitalised. 101 

In-hospital mortality was registered at discharge.     102 

Data analysis 103 

Explanatory variables used to analyse differences in our outcomes were vaccination status, age, sex, 104 

county of residence, regional health authority, date of admission, country of birth, virus variant, and 105 

underlying risk factors.  106 

To analyse differences in the LoS in hospital, we used a Cox proportional hazards model, with right 107 

censoring of patients still admitted to hospital at the end of the study period. Kaplan Meier curves 108 

were computed for each explanatory variable univariably, using survfit from the R-package survival. 109 

One minus the empirical cumulative negative binomial distribution function was fitted to each Kaplan 110 

Meier curve by minimising the sum of squared error, using the function optim in R. The function 111 

coxph from the R-package survival was used to compute the hazard ratio (HR) for discharge for each 112 

explanatory variable.  113 
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We used logistic regression to estimate the differences in 1) the proportion of patients admitted to 114 

ICU and 2) the proportion of patients who died. For the proportion of patients who died we only 115 

included patients who had been discharged.  116 

We ran models for different age groups (18–64 years, 65–79 years, 18–79 years, ≥80 years and ≥18 117 

years) and vaccinated cohorts (fully vaccinated only or fully vaccinated and partially vaccinated 118 

together). Partially vaccinated patients were not analysed separately due to small numbers. 119 

Multivariable models were obtained by forward model selection and AIC comparison. Vaccination 120 

status was maintained in all models regardless of significance. AIC comparison was also used for 121 

determining whether age and date of admission were included linearly, with a spline or categorically. 122 

Adjusted HR (aHR) and odds-ratios (aOR) were reported.  123 

We conducted sensitivity analyses by changing the definition of our study population, time period of 124 

analysis or our outcome definitions to further explore if our main results were robust (supplementary 125 

materials A, part 2).  126 

Ethics 127 

Ethical approval for this study was granted by Regional Committees for Medical Research Ethics - 128 

South East Norway, reference number 249509. The need for informed consent was waived by the 129 

ethics committee. 130 

Results 131 

Description of cohort 132 

During the study period, 2,569 reported cases of COVID-19 were hospitalised with COVID-19 as the 133 

main cause of hospitalisation not more than two days before and less than 28 days after a positive 134 

SARS-CoV-2 test. Of these, 2,522 (98%) had a national identity number registered. We excluded 154 135 
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patients vaccinated with one dose <21 days before positive test, five patients vaccinated with non-136 

mRNA vaccines, and one unvaccinated patient who was reported as having been reinfected with 137 

SARS-CoV-2. We also dropped one patient who had a reported stay in ICU outside of their hospital 138 

stay, due to assumed incomplete reporting on hospital stays.  139 

The remaining 2,361 patients made up our study cohort. Of these, 421 (18%) had been admitted to 140 

ICU. At the end of the follow-up period 18 patients (0.8%) were still admitted to hospital. Of the 141 

2,343 patients who had been discharged, 107 died in hospital (4.6%).  142 

Seventy patients (3.0%) were partially vaccinated and 183 (7.8%) fully vaccinated. Most patients 143 

received Comirnaty (84% among partially vaccinated, 93% among fully vaccinated). A breakdown of 144 

vaccine types is presented in supplementary materials A, part 3, including time between doses for 145 

fully vaccinated patients. The median time from last dose to diagnosis was 44 days (interquartile 146 

range (IQR): 30–54) for partially vaccinated and 126 days (IQR: 90–186) for fully vaccinated. Age and 147 

the frequency of certain underlying risk factors such as cancer, chronic lung disease, heart disease, 148 

immunocompromised (due to illness or treatment) and kidney disease increased from unvaccinated 149 

to partially vaccinated to fully vaccinated patients. Detailed characteristics of the study cohort by 150 

vaccination status are presented in Table 1.  151 

Length of stay in hospital, and odds of admission to intensive care 152 

and in-hospital death by vaccination status 153 

After adjusting for all explanatory variables, results suggested that fully vaccinated patients aged ≥18 154 

years had a shorter LoS in hospital overall (aHR for discharge: 1.40, 95%CI: 1.14–1.71) (Fig 1, Table 2), 155 

and lower odds of ICU admission (aOR: 0.60, 95%CI: 0.39–0.91) compared to unvaccinated patients 156 

(Fig 1, Table 3). This was driven by the age group 18–79 years (aHR for discharge: 1.35, 95%CI: 1.07–157 

1.72; aOR for ICU admission: 0.57, 95%CI: 0.33–0.96). When the analysis was restricted to only 158 

patients not admitted to ICU, we did not observe a difference in the LoS for fully vaccinated patients, 159 
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compared to unvaccinated patients. Similar estimates were observed when collectively comparing 160 

partially and fully vaccinated patients to unvaccinated patients (Table 2, Table 3). Estimates for 161 

patients 18–64 and 65–79 years tended in the same direction as patients 18–79 years, but statistical 162 

significance in adjusted models was only observed for the LoS in hospital (18–64) and odds of ICU 163 

admission (65–79) when including partially vaccinated patients. Among patients ≥80 years, adjusted 164 

estimates tended towards a shorter LoS, but for all outcomes results were not statistically significant 165 

(Table 2, Table 3). There was no difference in the adjusted odds of in-hospital death between 166 

vaccinated and unvaccinated patients in any age group (Table 3). Our results were robust in 167 

sensitivity analyses, although one notable difference was fully vaccinated patients ≥80 years having 168 

lower odds of in-hospital death (aOR: 0.24, 95%CI: 0.09–0.56) when including all SARS-CoV-2 positive 169 

patients, regardless of main cause of hospitalisation (supplementary materials A, part 2).  170 

Estimates from all univariable and multivariable models are presented in supplementary materials B, 171 

C and D. 172 

Discussion 173 

In this national register-based study, we have analysed individual-level data on 2,361 hospitalised 174 

COVID-19 patients, during a period when mRNA vaccines were the predominant vaccines 175 

administered using a two-dose schedule. In line with other reports (7, 13, 14, 17), vaccinated patients 176 

were generally older and had a higher prevalence of underlying risk factors than unvaccinated 177 

patients.  178 

Our results suggest that COVID-19 patients aged 18–79 years in Norway who had been vaccinated 179 

with an mRNA vaccine had 43% lower odds of ICU admission and a shorter LoS in hospital than 180 

unvaccinated patients. Assuming exponential distribution of the survival data, an aHR for discharge 181 

of 1.35 translates into an average 26% decrease in LoS for fully vaccinated patients (1 - 1/1.35) (18). 182 

We did not observe a statistically significant difference in the LoS for vaccinated patients not 183 
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admitted to ICU. Estimates for this parameter may have been affected by vaccinated patients who 184 

would have ended up in ICU if unvaccinated instead spending more time in regular hospital wards, 185 

although point estimates tended towards a shorter LoS among vaccinated patients in some age 186 

groups, with one sensitivity analysis including partially and fully vaccinated patients 18–79 years 187 

statistically significant. Results for patients 18–64 and 65–79 years, as well as LoS for patients ≥80 188 

years tended in the same direction, but may have been limited by small sample sizes. Vaccination did 189 

not reduce the odds of in-hospital death. The exception was patients ≥80 years in a sensitivity 190 

analysis including all SARS-CoV-2 positive patients, regardless of main cause of hospitalisation. For 191 

unvaccinated patients with another main cause of hospitalisation, COVID-19 may have been a more 192 

significant contributing factor for admission, while frail elderly patients with multiple comorbidities 193 

may be more likely to be unvaccinated.  194 

Our results suggest that once hospitalised the risk of death among vaccinated and unvaccinated 195 

patients in Norway is similar. However, for survivors the disease trajectory is milder in vaccinated 196 

patients, with reduced need for hospital care and organ support. With vaccination coverage steadily 197 

increasing around the world, these findings have important implications for patient management and 198 

ongoing capacity planning in hospitals. A study including 142 patients fully vaccinated with an mRNA 199 

vaccine from 21 sites across the United States also reported a shorter LoS, lower odds of death or 200 

invasive mechanical ventilation and a lower level of clinical disease severity among vaccinated 201 

patients (13). In contrast, a study from Michigan, United States did not find lower odds of ICU 202 

admission, mechanical ventilation or death when comparing 825 partially vaccinated or 129 fully 203 

vaccinated patients (vaccinated with Comirnaty, Spikevax or Janssen) to unvaccinated patients (14). 204 

Differences in the study cohorts, setting and design need to be considered, and there is a clear need 205 

for more research from a range of different settings to further explore and build on the observed 206 

findings, particularly as vaccination programmes continue to evolve. While studies have suggested 207 

sustained high effectiveness of mRNA vaccines against hospitalisation at least six months following 208 

vaccination (19, 20), the duration of protection following the original two-dose schedules for mRNA 209 
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vaccines and the effects of booster doses beyond the original schedules (12, 21-23) require ongoing 210 

research. 211 

Our results highlight that other factors continue to influence patient outcomes despite vaccination, 212 

with a longer LoS and/or increased odds of ICU admission or death associated with advanced age, 213 

male sex and certain risk factors such as immunosuppression, kidney disease, obesity, diabetes and 214 

heart disease, as reported by others (24-27).  215 

A strength of our study is that all data sources had national coverage. Also, hospitals in Norway 216 

functioned within capacity during the study period, while criteria for hospitalisation and isolation 217 

were consistent and not related to vaccination status. Although we did not have access to treatment 218 

data, there were no major changes in treatment guidelines for COVID-19 patients in hospital or ICU 219 

during the study period in Norway. We also had minimal censoring of the study cohort, with 0.8% of 220 

patients still admitted to hospital at the end of follow-up.  221 

Our study also has limitations. While we have controlled for several important confounders, the 222 

potential for residual confounding must be acknowledged, given the observational nature of the 223 

study. Also, the small number of vaccinated patients in some analyses must be considered, and we 224 

were not yet able to conduct more detailed analyses of different vaccine parameters, such as vaccine 225 

type, time since vaccination and dose intervals. However, our results were robust when we restricted 226 

our analysis to vaccinated patients with no more than 150 days between date of last dose and 227 

positive test. Another limitation is that some of our reported underlying risk factors do not 228 

distinguish potential differences within groups, for example whether risk factors are well-regulated 229 

or treated. Also, 38% of patients had unknown body mass index. Our model may therefore not fully 230 

adjust for certain underlying risk factors. We were also not able to adjust for care home residents, 231 

who may receive healthcare for severe COVID-19 partially or fully outside a hospital setting. This is 232 

particularly relevant for our cohort of patients ≥80 years. Finally, previous natural infection is 233 

associated with a high level of protection against SARS-CoV-2 reinfection (28, 29), and while we 234 
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dropped one reported reinfection, we cannot rule out that there were other previously undiagnosed 235 

SARS-CoV-2 infections in our unvaccinated cohort. If present, this would bias the association 236 

between vaccination and our outcomes towards the null. 237 

Our study suggests that mRNA vaccinated patients hospitalised with COVID-19 in Norway have a 238 

shorter LoS and lower odds of ICU admission than unvaccinated patients. These findings can support 239 

patient management and ongoing capacity planning in hospitals and underline the importance of 240 

vaccination programmes against COVID-19.   241 
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Tables and figures 363 

Table 1. Characteristics of SARS-CoV-2 positive patients aged ≥18 years hospitalised with COVID-19 as 364 

the main cause of hospitalisation, by vaccination status, Norway, 1 February – 30 September 2021 365 

Characteristics   

Vaccination status 

Unvaccinated (n=2,108) Partially vaccinated (n=70) Fully vaccinated (n=183) 

Sex Male 1274 (60.4%) 34 (48.6%) 108 (59.0%) 

  Female 834 (39.6%) 36 (51.4%) 75 (41.0%) 

   p = 0.046 p = 0.706 

 Age group 18-29 years 134 (6.4%) 9 (12.9%) 1 (0.5%) 

  30-44 years 525 (24.9%) 10 (14.3%) 11 (6.0%) 

  45-54 years 572 (27.1%) 14 (20.0%) 19 (10.4%) 

 55-64 years 447 (21.2%) 10 (14.3%) 19 (10.4%) 

 65-79 years 379 (18.0%) 23 (32.9%) 59 (32.2%) 

  ≥80 years 51 (2.4%) 4 (5.7%) 74 (40.4%) 

   p = 0.001 p < 0.001 

Median age In years (IQR) 51 (41–61) 57,5 (44–72) 77 (61–83) 

   p = 0.020 p = <0.001 

Born in Norway Yes, with at least one parent born 

in Norway 

871 (41.3%) 33 (47.1%) 129 (70.5%) 

  Yes, two parents born outside of 

Norway 

51 (2.4%) 2 (2.9%) 2 (1.1%) 

 No 1129 (53.6%) 28 (40.0%) 39 (21.3%) 
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  Unknown  57 (2.7%) 7 (10.0%) 13 (7.1%) 

   p = 0.002 p < 0.001 

Underlying risk factors  Asthma 243 (11.5%) 4 (5.7%) 16 (8.7%) 

Cancer 
a
 58 (2.8%) 6 (8.6%) 23 (12.6%) 

Chronic lung disease, excluding 

asthma 

112 (5.3%) 8 (11.4%) 36 (19.7%) 

Chronic neurological or 

neuromuscular disease 

76 (3.6%) 5 (7.1%) 16 (8.7%) 

Diabetes (type 1 and 2) 304 (14.4%) 8 (11.4%) 44 (24.0%) 

Heart disease, including 

hypertension 

575 (27.3%) 31 (44.3%) 111 (60.7%) 

Immunocompromised, including 

HIV and immunosuppressive 

treatment 
b
 

55 (2.6%) 6 (8.6%) 31 (16.9%) 

Kidney disease, including kidney 

failure 

60 (2.8%) 7 (10.0%) 34 (18.6%) 

Liver disease, including liver 

failure 

19 (0.9%) 2 (2.9%) 4 (2.2%) 

BMI ≥30 
c
 502 (23.8%) 15 (21.4%) 23 (12.6%) 

Pregnant 48 (2.3%) 0 (0.0%) 1 (0.5%) 

Current smoker 89 (4.2%) 6 (8.6%) 7 (3.8%) 

   p = 0.629 p < 0.001 

Virus variant Alpha 1034 (49.1%) 17 (24.3%) 12 (6.6%) 

 Beta 22 (1.0%) 0 (0.0%) 1 (0.5%) 

 Delta 186 (8.8%) 32 (45.7%) 78 (42.6%) 
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 Non-VOC 41 (1.9%) 2 (2.9%) 7 (3.8%) 

 Uncategorised 
d
 58 (2.8%) 0 (0.0%) 2 (1.1%) 

 Unknown  767 (36.4%) 19 (27.1%) 83 (45.4%) 

   p < 0.001 p < 0.001 

Month of admission February 197 (9.3%) 0 (0.0%) 0 (0.0%) 

 March 733 (34.8%) 4 (5.7%) 6 (3.3%) 

 April 559 (26.5%) 5 (7.1%) 9 (4.9%) 

 May 201 (9.5%) 10 (14.3%) 3 (1.6%) 

 June 96 (4.6%) 7 (10.0%) 4 (2.2%) 

 July 48 (2.3%) 2 (2.9%) 11 (6.0%) 

 August 113 (5.4%) 28 (40.0%) 44 (24.0%) 

 September 161 (7.6%) 14 (20.0%) 106 (57.9%) 

   p < 0.001 p < 0.001 

Regional health 

authority 

South-East 1705 (80.9%) 45 (64.3%) 132 (72.1%) 

West 230 (10.9%) 13 (18.6%) 16 (8.7%) 

Mid  98 (4.6%) 9 (12.9%) 24 (13.1%) 

North 75 (3.6%) 3 (4.3%) 11 (6.0%) 

   p = 0.002 p < 0.001 

Admission to ICU No 1720 (81.6%) 62 (88.6%) 158 (86.3%) 

Yes 388 (18.4%) 8 (11.4%) 25 (13.7%) 

   p = 0.136 p = 0.109 

Mortality 
e
 Died in ICU 52 (2.5%) 2 (2.9%) 12 (6.7%) 

 Died in hospital, not in ICU  26 (1.2%) 5 (7.3%) 10 (5.6%) 
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 Alive at discharge 2017 (96.3%) 62 (89.9%) 157 (87.7%) 

   p < 0.001 p < 0.001 

Number of patients 

still in hospital at end 

of follow-up (21 

October 2021) 

  

In ICU 6 (0.3%) 0 (0.0%) 2 (1.1%) 

In hospital, not in ICU 7 (0.3%) 1 (1.4%) 2 (1.1%) 

Discharged from hospital 2095 (99.4%) 69 (98.6%) 179 (97.8%) 

  p = 0.298 p = 0.059 

 IQR: interquartile range; VOC: Variant of concern; ICU: Intensive care unit; BMI: Body mass index. P values compared to unvaccinated 366 

calculated using chi-squared tests or Wilcoxon rank sum tests as appropriate. P values for underlying risk factors based on proportion 367 

having any one of the listed risk factors.  368 

a
 Refers to cancer patients undergoing treatment or with regular controls (>1 per year).    369 

b
 Includes ongoing use of steroids in doses equivalent to at least 5mg Prednisolone daily. 370 

c
 In our dataset, 898 patients (38%) had unknown information on height and weight, and thus unknown data on BMI. Of these 898, 801 371 

were unvaccinated (38% of all unvaccinated), 28 partially vaccinated (40%) and 69 fully vaccinated (38%). In our models, BMI was therefore 372 

included as a three-level categorical variable, yes, no and unknown.   373 

d
 Cases for which VOC and non-VOC could not clearly be distinguished based on the available information. 374 

e
 Excludes patients still in hospital at end of follow-up.    375 
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Figure 1. Adjusted hazard ratios for discharge from hospital (with and without stay in intensive care), 376 

and adjusted odds ratios for admission to intensive care and in-hospital mortality, SARS-CoV-2 377 

positive patients aged ≥18 years hospitalised with COVID-19 as the main cause of hospitalisation, by 378 

age or date of admission, Norway, 1 February – 30 September 2021 379 

 380 
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ICU: Intensive care unit. The reference group with a hazard ratio or odds ratio = 1 is patients who are male, aged 52 years (median age in 381 

dataset) or age group 45–54 years, born in Norway with at least one parent born in Norway, without underlying risk factors, unvaccinated 382 

and admitted to hospital on 1 February 2021. Hazard ratios were calculated using a Cox proportional hazards model, and odds ratios using 383 

logistic regression. The variables shown in each panel are those significantly associated with each outcome in multivariable models (see 384 

supplementary materials D). AIC comparison was used for determining whether age and date of admission were included linearly, with a 385 

spline or categorically. No panel for death in hospital by date of admission is shown, as date of admission was not associated death in 386 

hospital in our multivariable model (see supplementary materials D). 387 
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Table 2. Length of stay in hospital and crude and adjusted hazard ratios for discharge from hospital (with and without stay in intensive care) from a Cox 388 

proportional hazards model, SARS-CoV-2 positive patients aged ≥18 years hospitalised with COVID-19 as the main cause of hospitalisation, by vaccination 389 

status and age group, Norway, 1 February – 30 September 2021 390 

Age group Outcome 

Vaccination status 

Unvaccinated Fully vaccinated Partially and fully vaccinated 

Number 

of 

patients 

Median 

(IQR) 
a
 

Number 

of 

patients 

Median 

(IQR) 
a
 

Crude hazard ratio for 

discharge compared to 

unvaccinated (95%CI) 

Adjusted 
b
 hazard ratio 

for discharge compared 

to unvaccinated (95%CI) 

Number 

of 

patients 

Median 

(IQR) 
a
 

Crude hazard ratio for 

discharge compared to 

unvaccinated (95%CI) 

Adjusted 
b
 hazard ratio 

for discharge compared 

to unvaccinated (95%CI) 

18–64 years 

Days in hospital including 

patients admitted to ICU 

1678 4.7  

(2.5–8.5) 

50 4.0 

(2.7–11.2) 

0.832  

(0.624–1.109) 

1.217  

(0.879–1.686) 

93 3.7  

(1.6–7.1) 

1.095  

(0.885–1.354) 

1.374  

(1.075–1.757) 

Days in hospital for patients 

not admitted to ICU  

1401 3.9 

(2.0–6.4) 

40 3.8 

(2.1–6.8) 

0.880  

(0.642–1.206) 

0.987  

(0.714–1.365) 

80 2.8 

(1.5–5.6) 

1.118  

(0.890–1.403) 

0.717  

(0.360–1.323) 

65–79 years 

Days in hospital including 

patients admitted to ICU 

379 7.1 

(3.8–14.6) 

59 6.9 

(3.6–12.8) 

1.159  

(0.875–1.534) 

1.241  

(0.932–1.652) 

82 7.0 

(3.8–14.1) 

1.059  

(0.832–1.350) 

1.122  

(0.877–1.436) 

Days in hospital for patients 

not admitted to ICU  

271 4.9 

(2.9–8.3) 

49 5.7 

(3.0–9.5) 

0.846  

(0.622–1.151) 

1.315 

(0.863–2.003) 

68 5.8 

(3.2–9.6) 

0.780  

(0.596–1.022) 

1.142  

(0.801–1.626) 

18–79 years 

Days in hospital including 

patients admitted to ICU 

2057 5.0 

(2.6–9.2) 

109 6.0 

(3.0–11.9) 

0.845  

(0.694–1.028) 

1.353  

(1.067–1.715) 

175 5.0 

(2.1–10.5) 

0.935  

(0.799–1.093) 

1.377  

(1.145–1.657) 

Days in hospital for patients 

not admitted to ICU  

1672 4.0 

(2.1–6.7) 

89 4.6 

(2.8–8.9) 

0.733  

(0.591–0.909) 

0.831  

(0.651–1.061) 

148 4.0 

(2.0–7.7) 

0.802  

(0.676–0.951) 

1.122  

(0.917–1.373) 

≥80 years Days in hospital including 51 5.7 74 3.5 1.283  1.174  78 3.8 1.232  1.139  
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patients admitted to ICU (2.9–8.0) (1.9–8.3) (0.894–1.842) (0.809–1.705) (1.9–8.5) (0.861–1.763) (0.787–1.650) 

Days in hospital for patients 

not admitted to ICU  

48 5.2 

(2.8–7.4) 

69 3.2 

(1.8–6.9) 

1.200  

(0.827–1.741) 

1.184  

(0.812–1.725) 

72 3.4 

(1.8–7.1) 

1.163  

(0.805–1.681) 

1.115  

(0.765–1.624) 

≥18 years 

Days in hospital including 

patients admitted to ICU 

2108 5.0 

(2.6–9.2) 

183 4.9 

(2.6–9.8) 

1.007  

(0.865–1.174) 

1.398  

(1.139–1.717) 

253 4.6 

(2.1–9.6) 

1.030  

(0.903–1.175) 

1.307  

(1.100–1.551) 

Days in hospital for patients 

not admitted to ICU  

1720 4,0 

(2.1–6.7) 

158 4.0 

(2.1–8.1) 

0.840  

(0.713–0.990) 

1.168  

(0.938–1.453) 

220 3.9 

(1.9–7.4) 

0.859  

(0.745–0.990) 

1.129  

(0.937–1.360) 

ICU: Intensive care unit; IQR: Interquartile range; 95%CI: 95% confidence interval. Bold text = statistically significant results.  391 

a
 13 unvaccinated, 1 partially vaccinated and 4 fully vaccinated patients were still admitted to hospital at the end of the follow-up period. These patients are included in the calculated medians and IQR, and adjusted 392 

for in the Cox proportional hazards model using right censoring.  393 

b
 Adjusted for age, sex, county of residence, regional health authority, date of admission, country of birth, virus variant and underlying risk factors. The variables included in the final multivariable model were 394 

obtained by forward model selection and AIC comparison (see supplementary materials D).  395 
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Table 3. Crude and adjusted odds ratios for admission to intensive care and in-hospital mortality from logistic regression, SARS-CoV-2 positive patients aged 396 

≥18 years hospitalised with COVID-19 as the main cause of hospitalisation, by vaccination status and age group, Norway, 1 February – 30 September 2021 397 

Age group Outcome 

Vaccination status 

Unvaccinated Fully vaccinated Partially and fully vaccinated 

No (%) Yes (%) No (%) Yes (%) 

Crude odds ratio 

compared to 

unvaccinated (95%CI) 

Adjusted 
b
 odds ratio 

compared to 

unvaccinated (95%CI) No (%) Yes (%) 

Crude odds ratio 

compared to 

unvaccinated (95%CI) 

Adjusted 
b
 odds ratio 

compared to 

unvaccinated (95%CI) 

18–64 years 

Admission to ICU 1401 

(83%) 

277 

(17%) 

40 

(80%) 

10 

(20%) 

1.264  

(0.625–2.559) 

0.946  

(0.412–1.975) 

80 

(86%) 

13 

(14%) 

0.822  

(0.451–1.498) 

0.717  

(0.360–1.323) 

Death in hospital 
a
 1641 

(98%) 

31 

(2%) 

42 

(87.5%) 

6 

(12.5%) 

7.562  

(2.995–19.095) 

2.568  

(0.760–7.433) 

83 

(92%) 

7 

(8%) 

4.464  

(1.909–10.438) 

1.599  

(0.512–4.316) 

65–79 years 

Admission to ICU 271 

(71.5%) 

108 

(28.5%) 

49 

(83%) 

10 

(17%) 

0.512  

(0.250–1.048) 

0.512  

(0.237–1.007) 

68 

(83%) 

14 

(17%) 

0.517  

(0.279–0.957) 

0.455  

(0.201–0.988) 

Death in hospital 
a
 335 

(90%) 

37 

(10%) 

50 

(88%) 

7 

(12%) 

1.268  

(0.536–2.998) 

1.297  

(0.505–2.928) 

69 

(86%) 

11 

(14%) 

1.443  

(0.702–2.969) 

1.480  

(0.685–2.982) 

18–79 years 

Admission to ICU 1672 

(81%) 

385 

(19%) 

89 

(82%) 

20 

(18%) 

0.976  

(0.593–1.605) 

0.571  

(0.326–0.955) 

148 

(85%) 

27 

(15%) 

0.792  

(0.518–1.212) 

0.516  

(0.321–0.802) 

Death in hospital 
a
 1976 

(97%) 

68 

(3%) 

92 

(88%) 

13 

(12%) 

4.106  

(2.189–7.702) 

1.234  

(0.596–2.393) 

152 

(89%) 

18 

(11%) 

3.441  

(1.995–5.935) 

1.174  

(0.621–2.124) 

≥80 years 

Admission to ICU 48 

(94%) 

3 

(6%) 

69 

(93%) 

5 

(7%) 

1.159  

(0.264–5.083) 

1.889  

(0.366–12.300) 

72 

(92%) 

6 

(8%) 

1.333  

(0.318–5.590) 

2.156 

(0.453–13.475) 
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Death in hospital 
a
 41 

(80%) 

10 

(20%) 

65 

(88%) 

9 

(12%) 

0.568  

(0.213–1.515) 

0.588  

(0.206–1.658) 

67 

(86%) 

11 

(14%) 

0.673  

(0.263–1.724) 

0.720 

(0.269–1.948) 

≥18 years 

Admission to ICU 1720 

(81%) 

388 

(18%) 

158 

(86%) 

25 

(14%) 

0.701  

(0.454–1.085) 

0.497  

(0.281–0.857) 

220 

(87%) 

33 

(13%) 

0.665  

(0.454–0.974) 

0.600  

(0.387–0.908) 

Death in hospital 
a
 2017 

(96%) 

78 

(4%) 

157 

(88%) 

22 

(12%) 

3.624  

(2.197–5.976) 

0.741  

(0.402–1.322) 

219 

(88%) 

29 

(12%) 

3.424  

(2.187–5.362) 

0.842  

(0.488–1.422) 

ICU: Intensive care unit; 95%CI: 95% confidence interval. Bold text = statistically significant results.  398 

a
 Excludes patients who were still admitted to hospital at the end of the study period.  399 

b
 Adjusted for age, sex, county of residence, regional health authority, date of admission, country of birth, virus variant and underlying risk factors. The variables included in the final multivariable model were 400 

obtained by forward model selection and AIC comparison (see supplementary materials D). 401 
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