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Abstract 

Background: In hospitalized patients with SARS‑CoV‑2 infection, outcomes markedly differ between locations, 
regions and countries. One possible cause for these variations in outcomes could be differences in patient treatment 
limitations (PTL) in different locations. We thus studied their role as predictor for mortality in a population of hospital‑
ized patients with COVID‑19.

Methods: In a region with high incidence of SARS‑CoV‑2 infection, adult hospitalized patients with PCR‑confirmed 
SARS‑CoV‑2 infection were prospectively registered and characterized regarding sex, age, vital signs, symptoms, 
comorbidities (including Charlson comorbidity index (CCI)), transcutaneous pulse oximetry  (SpO2) and laboratory 
values upon admission, as well as ICU‑stay including respiratory support, discharge, transfer to another hospital and 
death. PTL assessed by routine clinical procedures comprised the acceptance of ICU‑therapy, orotracheal intubation 
and/or cardiopulmonary resuscitation.

Results: Among 526 patients included (median [quartiles] age 73 [57; 82] years, 47% female), 226 (43%) had at least 
one treatment limitation. Each limitation was associated with age, dementia and eGFR (p < 0.05 each), that regard‑
ing resuscitation additionally with Charlson comorbidity index (CCI) and cardiac disease. Overall mortality was 27% 
and lower (p < 0.001) in patients without treatment limitation (12%) compared to those with any limitation (47%). 
In univariate analyses, age and comorbidities (diabetes, cardiac, cerebrovascular, renal, hepatic, malignant disease, 
dementia),  SpO2, hemoglobin, leucocyte numbers, estimated glomerular filtration rate (eGFR), C‑reactive protein 
(CRP), Interleukin‑6 and LDH were predictive for death (p < 0.05 each). In multivariate analyses, the presence of any 
treatment limitation was an independent predictor of death (OR 4.34, 95%‑CI 2.10–12.30; p = 0.001), in addition to CCI, 
eGFR < 55 ml/min, neutrophil number > 5 G/l, CRP > 7 mg/l and  SpO2 < 93% (p < 0.05 each).

Conclusion: In hospitalized patients with SARS‑CoV‑2, the percentage of patients with treatment limitations 
was high. PTL were linked to age, comorbidities and eGFR assessed upon admission and strong, independent risk 
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Background
The SARS-CoV-2 pandemic is one of the biggest chal-
lenges for the global health-care system involving eco-
nomic, medical and ethical dimensions. Since the first 
outbreak in Wuhan, China [1], this pandemic has spread 
over almost all regions of the word, reaching currently 
more than 38.7 million global cases with 1,094,979 deaths 
[2].

In Europe, the region of Lombardy, northern Spain, 
eastern France and the United Kingdom experienced 
high incidence rates of SARS-CoV-2 infections during 
the first wave, showing in-hospital mortality rates from 
17 to 39% [3–6]. Especially in the region of Lombardy, 
deficits in health-care resources became overt but sys-
tematic analyses of this chapter of COVID-19 manage-
ment are currently not available. In Germany, according 
to the Robert-Koch-Institute [7], 341,223 SARS-CoV-2 
infections have been counted until October 15, 2020, 
while shortages of health-care resources have not been 
reported. Nevertheless, some regions, such as the region 
of Rosenheim, developed into hotspots, with 2806 cases 
until June 30, 2020, i.e. about 120 per 100,000 inhabitants.

In order to allocate health-care resources in the best 
manner and make evidence-based decisions, knowl-
edge of predictors of the clinical course of COVID-19 
is required. Age, sex, comorbidities, virus load and bio-
markers have been identified as prognostic factors on 
the patients’ side [8–16]. From the health-care system 
perspective, the availability of critical resources such as 
beds in intensive care units (ICU), the scope of medical 
specialization and skills, personnel resources, and tech-
nical equipment could affect the outcome. Given the 
severity of the disease, patients’ treatment limitations 
(PTL), including “do not intubate (DNI)”/”do not resus-
citate (DNR)” orders might also be important prognostic 
factors but appear to have been ignored until now [17]. 
It may be difficult to address this question in large mul-
ticenter studies involving different hospitals with their 
individual processes. In contrast, a real-life analysis of 
a rather homogeneous population, with no limitations 
in medical capacity and detailed knowledge of patients’ 
characteristics may be better suited to address the rel-
evance of individual treatment limitations for mortal-
ity. Thus, the present study analyzed mortality from 
COVID-19 and including known risk factors in patients 

hospitalized with SARS-CoV-2 focusing on the role of 
treatment limitations.

Methods
Study population and assessments
The RoMed Health System comprising four hospitals 
(Rosenheim, Bad Aibling, Wasserburg, Prien a. Chiem-
see) is a major health-care provider in southeast Bavaria, 
Germany, to a population of 350,000 people. All adult 
patients hospitalized between March 1 and June 30, 
2020, with SARS-CoV-2 infection confirmed by reverse 
transcription-polymerase chain reaction (RT-PCR) from 
oro- and/or nasopharyngeal swabs, sputum or bron-
choalveolar lavage were included into the analysis. Fur-
ther details can be found in Additional file 1.

For patients’ description, we used sex, age, and data 
on symptoms, smoking status, body temperature, heart 
rate, blood pressure, transcutaneous pulse oximetry 
 (SpO2) and laboratory values (blood cell counts, LDH, 
ALT, GGT, creatinine, CRP, Interleukin-6) upon admis-
sion. Estimated glomerular filtration rate (eGFR) was 
calculated using the Chronic Kidney Disease-Epidemiol-
ogy Collaboration (CKD-EPI) equation [18]. Additional 
assessments comprised the date of admission, presence 
of comorbidities (from medical records) including the 
Charlson comorbidity index (CCI) (without age if this 
was considered separately) [19].

Moreover, we assessed DNR/DNI referring to orotra-
cheal intubation and cardiopulmonary resuscitation, 
additionally the willingness to accept ICU-therapy in 
general; this was collectively termed as “Patients’ Treat-
ment Limitations” (PTL). These decisions were regularly 
based on informed consent between patients and/or their 
relatives and the treating physicians taking into account 
patients’ personal preferences, comorbidities and age. 
The result was documented in the patients’ files from 
which it was retrieved.

Course and follow‑up
We recorded admission to ICU, type of respiratory sup-
port, length of mechanical ventilation (MV) and ICU 
stay, date of death within or discharge from a RoMed 
Hospital, or transfer to another hospital and death or dis-
charge regarding that hospital. All patients were followed 
until discharge or death.

factors for mortality. These findings might be useful for further understanding of COVID‑19 mortality and its regional 
variations.

Clinical trial registration ClinicalTrials.gov Identifier: NCT04344171

Keywords: COVID‑19, Mortality, Prognostic factors, Life supporting care limitation
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Statistical analysis
Due to deviations from normal distribution in a num-
ber of variables according to the Shapiro–Wilk-test and 
Kolmogorov–Smirnov-test, data is presented as median 
and quartiles. The Mann–Whitney-U-test was employed 
for comparisons between groups for continuous vari-
ables, and Fisher’s exact test for categorical variables. 
To account for skewed data distributions of laboratory 
parameters without introducing complex transforma-
tions, and to facilitate the clinical interpretation, we 
determined their Receiver Operating Characteristics 
(ROC) and identified the best cut-off values, using the 
Youden criterion. The target variable was death. All labo-
ratory parameters were subsequently used as binary cat-
egories. Moreover, the CCI was set to a maximum value 
of 10, in order to avoid statistically unfavourable effects 
from three extreme values on the confidence intervals; 
this did not affect the pattern of statistical significance.

To analyze single predictors, we used univariate regres-
sion analysis and contingency tables, and to identify 
independent predictors of mortality or treatment limi-
tations, multiple logistic regression analysis, whereby 
statistical significance and confidence intervals were 
determined via the bootstrap approach using 1000 sam-
ples. In the logistic regression analyses it was assessed to 
which extent death or the three single PTL or their com-
binations were linked to the predictors age, sex, periph-
eral artery disease, cardiovascular disease, obstructive 
airway disease (asthma and/or COPD), malignant dis-
ease, dementia, CCI, and the binary categories regarding 
eGFR, neutrophil number, CRP and  SpO2 (see below). 
In case of mortality, the analysis was repeated by add-
ing treatment limitations, either separately or in form 
of combinations, in order to determine their differen-
tial role. Due to their high correlation, they were not 
included simultaneously. To keep the statistical power 
high, the multivariate analyses included only variables 
with the highest F-value among those that turned out to 
be highly correlated. We also limited the number of labo-
ratory parameters to four to avoid problems from colline-
arity and a reduction of power when using a multitude of 
predictors. Using this approach, parsimonious final sets 
of predictors were obtained. p-values < 0.05 were consid-
ered statistically significant. For analysis, the statistical 
software SPSS (Version 25.0 and 26.0; Chicago, IL, USA) 
was used.

Results
Study population
The total population comprised 245 (46.6%) female 
and 281 (53.4%) male patients with an age of 73.0 [57.0; 
82.0] years (Table  1). Patients presented with normal 

blood pressure, but slightly elevated body temperature, 
elevated heart rate and hypoxemia despite hyperventila-
tion (Table  1). The most frequent symptoms were fever 
(52.9%), dyspnea (51%) and cough (44.7%) (Table 2). Sys-
temic hypertension (50.6%), left-heart failure (29.7%) 
and renal disease (27.1%) were the most frequent comor-
bidities (Table  2). A significant cardiovascular disease 
(defined as coronary heart disease, or left heart failure, or 
atrial fibrillation) occurred in 40.9% of patients. The CCI 
without age was 2 (0; 4), the score including age 2 (5; 7). 
57 patients (10.8%) had no significant comorbidities. Fur-
ther information regarding the clinical management and 
course of the disease is provided in Additional file 1.

Treatment limitations according to PTL
Among the 526 patients, 300 (57.0%) declared no therapy 
limitations, 32 (6.1%) one limitation, 23 (4.4%) two limi-
tations, and 171 (32.5%) three limitations. Specifically, 
175 patients (33.3%) refused transfer to ICU, 194 (36.9%) 
orotracheal intubation (DNI), and 222 (42.2%) cardiopul-
monary resuscitation (DNR). There was a large overlap, 
as 172 patients refused both ICU and intubation, 171 
both ICU and reanimation, and 193 both intubation and 
reanimation.

Clinical predictors of treatment limitations
Age, diastolic blood pressure, body temperature,  SpO2, 
major symptoms, comorbidities, hemoglobin, creatinine 
and CRP significantly differed between patients with 
no versus at least one treatment limitation (Tables 1, 2). 
The results of ROC analyses for the binary categories 
of laboratory parameters are given in Additional file  1 
and illustrated in Additional file 2: Figure S1. In logistic 
regression analyses, the single limitations were linked 
to age (p = 0.001 each), dementia (p = 0.001 each) and 
eGFR < 55 ml/min (p < 0.05 each), but not sex, peripheral 
artery disease, obstructive airway disease and malignant 
disease. The CCI and cardiovascular disease were associ-
ated only with the refusal of resuscitation (p < 0.05 each). 
The results for a combined variable denoting the pres-
ence of at least one treatment limitation are shown in 
Table  3, confirming age, cardiovascular disease, demen-
tia, CCI and eGFR as significant predictors.

Using the probabilities derived from logistic regres-
sion in combination with ROC analyses to predict treat-
ment limitations, the accuracy compared with the actual 
limitations was 82.0, 82.5 and 83.4% for ICU, intubation 
and cardiopulmonary resuscitation, respectively. The 
sensitivity for correctly predicting one of the limitations 
ranged between 84.0 and 91.5%, and specificity between 
77.2 and 81.5%.
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Mortality and prognostic factors
Mortality was 27.2% in the total population, specifically 
20.3% in patients not treated on ICU and 49.2% in ICU 
patients. In ICU patients without MV mortality was 
30.8% and in ICU patients with MV (n = 74) 62.2%. The 
clinical characteristics of patients who survived versus 
those who died are given in Additional file  1: Table  S1. 
Moreover, the distribution of deaths from COVID-19 
over time is shown in Additional file 3: Figure S2, illus-
trating the rise of the epidemic until the midst of April 
2020 and the subsequent rapid decline.

We next analyzed mortality as a function of treat-
ment limitations and the different treatment conditions 
regarding ICU and MV. When stratifying according the 
presence of at least one versus no limitation, those with 
at least one PTL showed an overall mortality of 47.3%, 
of 43.3% for non-ICU patients and of 66.7% for ICU 
patients, moreover of 57.7% in ICU patients without MV 
and of 84.6% in ICU patients with MV. Conversely, in 
patients without limitations, overall mortality was 12.0%, 
that of non-ICU patients 0.0% and of ICU patients 41.4%, 

and that of ICU patients without and with MV 3.8% and 
57.4%, respectively. The percentages and numbers, to 
which the percentages refer, are given in Fig. 1.

First, mortality was statistically compared between dif-
ferent treatment conditions, either within the total group 
or within the two groups without and with any treatment 
limitation. In the total group, as well as in the groups 
without and with any treatment limitation, there were 
always significant differences in mortality between the 
non-ICU and ICU groups (p < 0.01 each). This was also 
true for the comparison of mortality between ICU with-
out MV and ICU with MV, except for the group with any 
limitation (p = 0.151), probably due to low case numbers 
in this subgroup.

Second, mortality was statistically compared between 
the two groups without and with any treatment limita-
tion for each treatment condition including ICU and MV. 
In the total group, and the non-ICU, ICU and ICU-non-
MV subgroups, mortality was always higher in the group 
with any limitation compared to the group without limi-
tation (p < 0.05 each). This was not true for the patients 

Table 1 Patients’ characteristics including comparison of patients with or without any treatment limitation (PTL)

Bold p-values represent statistical significance (< 0.05)

sBP systolic blood pressure, dBP diastolic blood pressure, SpO2 pulse oxygen saturation, eGFR estimated glomerular filtration rate, ALT alanine aminotransferase, GGT  
gamma-glutamyl transferase, LDH lactate dehydrogenase, CRP C-reactive protein, IL-6 Interleukin-6

Variable All patients (n = 526) No limitation (n = 300) Any limitation (n = 226) p‑value

n Median (quartiles) n Median (quartiles) n Median (quartiles)

Demographics/vital parameters

 Sex (%) 526 ♂ 53.4; ♀ 46.6 300 ♂ 55.7; ♀44.3 226 ♂ 50.4; ♀ 49.6 0.252

 Age (years) 526 73 (57; 82) 300 60 (51; 73) 226 81 (76; 87) < 0.001
 Pulse rate (1/min) 523 84 (76; 95) 299 84 (78; 97) 224 82 (73.3; 94) 0.065

 sBP (mmHg) 523 129 (113; 140) 299 130 (115; 140) 224 126 (110; 140) 0.162

 dBP (mmHg) 523 75 (65; 84) 299 77 (70; 85) 224 70 (60; 80) < 0.001
 Body temperature (°C) 525 37.6 (36.8; 38.4) 300 37.7 (37; 38.5) 225 37.4 (36.7; 38.2) 0.007
  SpO2 (%) 506 94 (91; 96) 285 94 (92; 96.3) 220 93 (90; 96) 0.002

Laboratory parameters upon admission

 Hemoglobin (g/dl) 524 13.3 (11.8; 14.6) 300 13.5 (12.2; 14.8) 224 12.9 (11.3; 14.2) < 0.001
 Hematocrit (%) 524 38.6 (34.5; 42.0) 300 39.4 (35.3; 42.3) 224 37.9 (33.3; 41.7) 0.007
 Thrombocytes (G/l) 524 197.5 (150.0; 252.0) 300 198.5 (152.0; 249.8) 224 190 (148.3; 255.8) 0.885

 Leucocytes (G/l) 524 6.5 (4.7; 8.9) 300 6.1 (4.6; 8.4) 224 6.9 (5.0; 9.8) 0.001
 Lymphocytes (G/l) 456 0.9 (0.7; 1.3) 262 1 (0.7; 1.4) 194 0.9 (0.6; 1.3) 0.014
 Neutrophils (G/l) 456 5.1 (3.4; 7.6) 262 4.7 (3.2; 6.8) 194 5.4 (3.8; 8.5) 0.001
 Creatinine (µmol/l) 517 1.1 (0.9; 1.5) 294 1 (0.8; 1.3) 223 1.4 (1.0; 2.0) < 0.001
 eGFR (ml/min) 517 61.1 (37.9; 82.2) 294 73.6 (55.2; 88.1) 223 42.8 (26.3; 62.2) < 0.001
 ALT (U/l) 473 25.0 (17.4; 39.0) 271 28 (19.6; 43.1) 202 21.9 (15.2; 32.5) < 0.001
 GGT (U/l) 448 41.0 (22.3; 79.0) 251 41 (23.0; 75.0) 197 41 (22.0; 92.5) 0.591

 LDH (U/l) 419 311.0 (231.0; 402.0) 238 309 (229.8; 394.8) 181 315 (235.0; 402.5) 0.674

 CRP (mg/dl) 519 6.0 (2.3; 11.5) 297 5.4 (1.9; 10.2) 222 6.5 (3.1; 12.1) 0.014
 IL‑6 (pg/ml) 91 66.5 (27.4; 127.0) 55 73.3 (27.7; 127.0) 36 63.6 (24.8; 128.8) 0.858
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admitted to ICU and MV (p = 0.113), probably again due 
to low case numbers.

In the next step, independent predictors of death were 
identified by logistic regression analysis. When exclud-
ing PTL as predictors, the CCI, eGFR, neutrophil num-
ber, CRP and  SpO2 turned out to be significant (p < 0.05 
each), whereas single comorbidities were not statistically 
significant (Table  4). Additional analyses with forward 
and backward variable selection that were performed to 
detect predictors possibly masked by collinearity, con-
firmed these predictors as significant.

In subsequent analyses, each of the three PTL limita-
tions was added as a predictor. All PTL were signifi-
cantly related to death (p = 0.001 each), whereby the CCI, 
eGFR, neutrophil number, CRP and  SpO2 were always 
additional predictors (p < 0.05 each). To summarize the 
findings, we used the combined variable indicating the 
presence of at least one treatment limitation; the results 
are given in Table  5. The combined PTL was a highly 
significant predictor of death (p = 0.001), and the CCI 
remained significant, as well as eGFR, neutrophil num-
ber, CRP and  SpO2 (p < 0.05 each). This result was robust 

Table 2 Patients’ characteristics including comparison of patients with or without any treatment limitation (PTL)

Bold p-values represent statistical significance (< 0.05)

Cardiovascular disease: At least one of the cardiac comorbidities (see text); COPD: Chronic obstructive pulmonary disease; Obstructive airway disease: At least one of 
the two comorbidities (see text); PAD: peripheral artery disease; VTE: venous thromboembolism

Variable All patients (n = 526) No limitation (n = 300) Any limitation (n = 226) p‑value

n % n % n %

Symptoms

 Cough 235 44.7 161 53.7 74 32.7 < 0.001
 Sputum 33 6.3 18 6.0 15 6.6 0.856

 Sore throat 13 2.5 12 4.0 1 0.4 0.009
 Fever/chills 278 52.9 169 56.3 109 48.2 0.078

 Diarrhoea 73 13.9 50 16.7 23 10.2 0.041
 Nausea 28 5.3 15 5.0 13 5.8 0.700

 Loss of appetite 70 13.3 31 10.3 39 17.3 0.027
 Fatigue 179 34 100 33.2 79 35.0 0.711

 Dyspnea 268 51 158 52.7 110 48.7 0.379

 Headache 58 11 52 17.3 6 2.7 < 0.001
 Loss of smell/taste 38 7.2 30 10.0 8 3.5 0.006

Comorbidity

 Systemic hypertension 266 50.6 117 39.0 149 65.9 < 0.001
 Diabetes mellitus 122 23.2 54 18 68 30.1 0.002
 Left‑heart failure 157 29.8 58 19.3 99 43.8 < 0.001
 Coronary heart disease 95 18.1 41 13.7 54 23.9 0.003
 Atrial fibrillation 101 19.2 37 12.3 64 28.3 < 0.001
 Cardiovascular disease 216 41.1 83 27.7 133 58.8 < 0.001
 COPD 51 9.7 21 7.0 30 13.3 0.018
 Asthma 21 4.0 15 5.0 6 2.7 0.260

 Obstructive airway disease 66 12.5 34 11.3 32 14.2 0.354

 Lung fibrosis 9 1.7 6 2.0 3 1.3 0.739

 Autoimmune disorder 24 4.6 13 4.3 11 4.9 0.834

 Malignant disease 105 20 33 11.0 72 31.9 < 0.001
 Renal disease 127 24.1 39 13.0 88 38.9 < 0.001
 Hepatic disease 51 9.7 26 8.7 25 11.1 0.375

 Cerebrovascular disease 86 16.3 34 11.3 51 22.6 < 0.001
 Dementia 79 15.0 8 2.7 71 31.4 < 0.001
 PAD 37 7.0 14 4.7 23 10.2 0.016
 VTE 24 4.6 14 4.7 10 4.4 1.000

 Depression/psychiatric disease 87 16.5 41 13.7 46 20.4 0.044
 Other diseases 358 68.1 193 64.3 165 73.0 0.038



Page 6 of 11Budweiser et al. Respir Res          (2021) 22:168 

when using either forward or backward stepwise selec-
tion of variables, which did neither remove nor add fur-
ther predictors. Corresponding odds ratios are visualized 
in Fig. 2.

Discussion
The present study was based on data from a region with 
high incidence of SARS-CoV-2 infection during the ini-
tial wave of COVID-19. To the best of our knowledge, 

it comprises the largest German cohort of COVID-19 
patients with detailed and comprehensive clinical data 
in individual patients. The study demonstrated the great 
importance of patients’ treatment limitations (PTL) 
for mortality from this disease. Between 33 and 42% of 
patients had at least one limitation regarding rejection 
of admission to ICU, or intubation, or cardiopulmo-
nary resuscitation. Limitations were associated with age, 
dementia, the CCI and renal function in terms of eGFR. 

Table 3 Predictors of the presence of at least one treatment limitation

For cardiovascular disease and obstructive airway disease compare with Table 2. The results shown are based on 439 patients having complete data for all of the 
predictors included

Bold p-values represent statistical significance (< 0.05)

b Regression coefficient, SE standard error of regression coefficient, OR odds ratio corresponding to the regression coefficient, CI confidence interval of odds ratio, PAD 
peripheral artery disease, CCI Charlson comorbidity index, eGFR estimated glomerular filtration rate

Predictor b SE OR 95% CI p‑value

Sex (female vs. male) − 0.47 0.33 0.63 0.29 1.15 0.129

Age 0.13 0.02 1.14 1.11 1.20 0.001
PAD 0.32 0.79 1.37 0.28 7.54 0.664

Cardiovascular disease − 0.73 0.37 0.48 0.23 0.95 0.033
Obstructive airway disease 0.32 0.47 1.38 0.58 3.42 0.482

Malignant disease 0.71 0.42 2.03 0.97 5.21 0.074

Dementia 2.06 1.16 7.87 3.35 33.5 0.001
CCI 0.17 0.09 1.19 1.02 1.45 0.036
eGFR ≤ 55 (ml/min) 0.95 0.32 2.57 1.43 5.00 0.002
SpO2 ≤ 93% − 0.34 0.33 0.71 0.37 1.34 0.289

Neutrophils ≥ 5 (G/l) 0.11 0.33 1.11 0.58 2.08 0.723

CRP ≥ 7 (mg/dl) − 0.04 0.33 0.96 0.49 1.82 0.894

Fig. 1 Mortality in the total population, non ICU and ICU patients as well as and ICU patients without or with mechanical ventilation (MV). The 
numbers given below the figure show the size of the group to which the percentages refer. ICU Intensive care unit, MV mechanical ventilation, 
ICU + MV ICU with mechanical ventilation, ICU − MV ICU without mechanical ventilation
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Table 4 Predictors of mortality without taking into account treatment limitations

For the definition of abbreviations see Tables 2, 3. The results shown are based on 439 patients having complete data for all of the predictors included

Bold p-values represent statistical significance (< 0.05)

Predictor b SE OR 95% CI p‑value

Sex (female vs. male) − 0.37 0.30 0.69 0.38 1.17 0.190

Age 0.03 0.02 1.03 1.00 1.06 0.054

PAD 0.41 0.56 1.51 0.50 4.57 0.409

Cardiovascular disease − 0.48 0.37 0.62 0.29 1.27 0.177

Obstructive airway disease − 0.15 0.43 0.86 0.34 1.90 0.712

Malignant disease − 0.06 0.42 0.94 0.39 2.05 0.875

Dementia 0.63 0.39 1.87 0.91 4.26 0.088

CCI 0.24 0.09 1.27 1.09 1.58 0.004
eGFR ≤ 55 (ml/min) 0.92 0.31 2.50 1.34 5.00 0.001
SpO2 ≤ 93% 0.61 0.30 1.85 1.09 3.49 0.029
Neutrophils ≥ 5 (G/l) 0.63 0.31 1.88 1.01 3.49 0.039
CRP ≥ 7 (mg/dl) 1.61 0.33 4.88 2.94 10.59 0.001

Table 5 Predictors of mortality including the presence of at least one treatment limitation

For the definition of abbreviations see Tables 2, 3. The results shown are based on 439 patients having complete data for all of the predictors included

Bold p-values represent statistical significance (< 0.05)

Predictor b SE OR 95% CI p‑value

Sex (female vs. male) − 0.43 0.32 0.65 0.33 1.17 0.161

Age 0.00 0.02 1.00 0.97 1.04 0.893

PAD 0.35 0.57 1.42 0.52 4.31 0.510

Cardiovascular disease − 0.39 0.39 0.68 0.28 1.32 0.281

Obstructive airway disease − 0.17 0.46 0.84 0.30 1.99 0.681

Malignant disease − 0.27 0.44 0.76 0.30 1.65 0.531

Dementia 0.27 0.43 1.31 0.55 2.97 0.508

CCI 0.21 0.09 1.24 1.07 1.51 0.010
eGFR ≤ 55 (ml/min) 0.75 0.35 2.11 1.12 4.35 0.020
SpO2 ≤ 93% 0.73 0.31 2.08 1.20 3.94 0.012
Neutrophils ≥ 5 (G/l) 0.69 0.33 1.99 1.06 3.97 0.027
CRP ≥ 7 (mg/dl) 1.70 0.34 5.49 3.32 12.43 0.001
Limitation (at least one) 1.47 0.45 4.34 2.10 12.30 0.001

Fig. 2 Odds ratios for predictors of mortality including treatment limitations based on the results of Table 5, and their 95% confidence intervals. 
Due to the difference in maximum values, two panels with different scales have been chosen. For the definition of abbreviations, see Table 3
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Their association with mortality was strong and robust, 
and independent from other predictors such as the bur-
den from comorbidities, oxygen saturation by pulse oxi-
metry, renal function, CRP and neutrophil number upon 
hospital admission. In summary, PTL appeared as a fur-
ther, comprehensive, previously unrecognized determi-
nant of death from COVID-19 that added to or partially 
replaced known predictors. This novel finding might be 
useful for a more detailed understanding of the mortal-
ity from COVID-19 including the large variations across 
countries and locations.

With regard to age and sex, the present population was 
similar to cohorts of SARS-CoV-2 patients from Ger-
many [3, 20] showing a median age of 72 and 73  years, 
respectively, and a slightly higher percentage of males 
(51.8 and 51.5%, respectively). In line with these studies 
or findings in other European regions and countries [4, 
5, 10, 11], we observed that most patients had a least one 
major comorbidity. Among these, systemic hypertension, 
left-heart failure, renal disease, diabetes and malignant 
disease were most frequent. Interestingly, in the study by 
Nachtigall and co-workers [3] the proportion of patients 
with at least one comorbidity was only about half as large 
as in our cohort. Differences in comorbidities between 
studies were also reflected in the CCI. When computed 
without age, about 53% of patients of our cohort showed 
a CCI of ≥ 2, and when including age, this percent-
age raised to about 79%, compared to 55% in the study 
by Karagiannidis and co-workers [20]. The relevance of 
comorbidities and age and their differences between pop-
ulations was also evident for treatment limitations. When 
not taking into account age, the median CCI was 1 in 
patients without limitations and 3 in patients with at least 
one limitation but when computing the CCI with age, the 
respective median values were 1 and 7.

In the total population of hospitalized patients, mor-
tality was 27.2%, similar to that of the prospective obser-
vational UK cohort study [4] but higher than in German 
cohorts (22% and 16.6%) [3, 20], although the distribu-
tions of age and sex in our study and the previous two 
studies from Germany were not much different [3, 20]. 
In the PRECOVID study from Spain [5], 771 of 3641 
patients (21%) died irrespective of hospitalization. Thus, 
mortality was in the upper range in our cohort, and this 
might have been related to the large frequency of treat-
ment limitations as underlined by Fig. 1.

An important recent observation was that in patients 
admitted to hospital with COVID-19, outcomes were 
better predicted by frailty than by age or comorbidity 
[21]. These factors are closely related to treatment limi-
tations that might affect mortality risk by limiting the 
scope of interventions. Such limitations are well known 
as DNR and DNI statements regarding resuscitation and 

intubation, respectively. We added the acceptance of 
ICU treatment as a third, more general limitation that 
turned out to be informative. It appears surprising that 
these limitations have not been explicitly addressed in 
COVID-19 patients, even more, as we found the pro-
portion of patients with treatment limitations to be one 
third and more. Clinical experience shows that decisions 
on treatment limitations are founded in objective medi-
cal factors including age and comorbidities [22], but also 
personal attitudes and preferences, both on the patients’ 
or relatives’ and the physicians’ side. The complex inter-
play between these factors is reflected in changes occur-
ring after consultation and discussion [22], and it is 
probably impossible to disentangle these factors retro-
spectively in detail. Irrespective of this, major objective 
determinants could be identified in our study (Tables 1, 
2 and 3). In patients with treatment limitations, mortality 
rate reached 85% in the subgroup of ICU-patients with 
mechanical ventilation. This high mortality corresponds 
to the high rate of DNR in this population. It might 
also be related to a higher use of opioids as previously 
reported in patients with DNI/DNR limitations [23]. In 
contrast, overall mortality rate appeared low (12%) in 
patients without any treatment limitation. Future studies 
might show whether these limitations explain part of the 
variation of mortality from COVID-19 within and across 
countries.

As independent predictors of treatment limitations, 
we found age, dementia, cardiovascular disease, CCI and 
eGFR being < 55 ml/min, a result which appears plausible 
from both the patients’ and the physicians’ perspective. 
Regarding the accuracy of prediction, the contribution of 
these objective measures to the final PTL was 80% and 
more. The remaining 20% obviously comprised other fac-
tors including subjective factors. In line with proposals 
made previously [17], this observation could be helpful 
in understanding decision making in a severe life-threat-
ening disease such as COVID-19. The most remarkable 
finding was that treatment limitations were related to 
mortality beyond known prognostic factors by integrat-
ing some though not all of these into a comprehensive 
indicator (see Fig.  2). This suggests that they constitute 
an individual factor having considerable impact on the 
prognosis in COVID-19. Noteworthy enough, each of 
the three PTL items was a significant predictor (p < 0.001 
each) associated with an increase in mortality risk by a 
factor of about 4 (data not shown). Due to their close 
connection we considered their pooling into a single vari-
able as justified, however, when ranking their importance 
in a stepwise variable selection, DNR turned out to be the 
dominant predictor.

In line with the literature, we found age, blood pres-
sure,  SpO2, comorbidities, hemoglobin, leucocyte, 
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lymphocyte and neutrophil numbers, creatinine, eGFR, 
LDH, CRP and IL-6 to be predictive for mortality [5, 10–
12, 16, 24, 25]. ROC analyses (see Additional file 2: Figure 
S1) yielded cut-off values regarding neutrophil num-
ber ≥ 5 G/l, CRP level > 7  mg/l, eGFR < 55  ml/min and 
 SpO2 < 93% which were identified as independent risk 
factors for mortality in multivariate analyses. Notewor-
thy enough, the predictive value of eGFR upon admis-
sion was superior to that of the corresponding creatinine 
value or the diagnosis of a preexisting renal disease. The 
deleterious effect of renal impairment is probably linked 
to endothelial dysfunction and increased cardiovascu-
lar risk, both of which affect the outcome of COVID-19 
[26]. In the current analysis, eGFR appeared of particular 
interest, as it was a strong predictor of both, treatment 
limitations and mortality.

Limitations
The present analysis comprised only a limited number of 
patients with SARS-CoV-2 infection compared to large 
studies reported in the literature [4, 5, 10, 20, 27]. On 
the other hand, we performed a comprehensive, stand-
ardized assessment of patients allowing the evaluation 
of clinical management and risk factors in a hotspot 
region. We restricted our analysis to the initial wave of 
COVID-19 with its sharp rise and decline (see Additional 
file 3: Figure S2), as this provided high case numbers and 
fairly homogeneous conditions. The prognostic values of 
markers such cardiac troponin [16] and d-dimer [25, 28] 
could not be evaluated in the total population, because 
the respective kits differed between locations and were 
difficult to compare; when analyzing the Rosenheim 
data alone, troponin was significantly related to mortal-
ity, as expected (data not shown). Furthermore, detailed 
information on body mass index (BMI) and smoking sta-
tus, which have been identified as additional prognostic 
markers in large cohorts with COVID-19 [4, 29, 30], was 
not consistently available from the files. Moreover, we did 
not have detailed information on the processes by which 
treatment limitations were determined in each single 
case, and relied on the well-established, routine proce-
dure involving patients, relatives and treating physicians.

Conclusion
In a German hot-spot region of SARS-CoV-2 infec-
tions, in-hospital mortality was high, especially in 
patients with mechanical ventilation. It was consider-
ably elevated in patients with treatment limitations that 
were present in a high number of patients. Treatment 
limitations were linked to age, comorbidity burden as 
summarized in the CCI, dementia, cardiac disease and 

reduced eGFR. They were a strong, independent fac-
tor in predicting mortality, in addition to reductions 
in eGFR and oxygen saturation and increases in neu-
trophil number and CRP levels assessed upon hospital 
admission. Based on these findings, patients’ individual 
treatment limitations appear to be an important factor 
for the outcome in COVID-19 and are probably worth 
to be taken into account in future studies, as they might 
explain part of the variation within and across coun-
tries in this pandemic.
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