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METHODS 

eAppendix 1. Study Questions and Analyses 

    In the current study, we sought to address the following major questions: 1) Were treatment 
limitation decisions more frequent during the 2015-2016 period compared to the 1999-2000 
period? Could such changes have also been affected by region? and 2) Can these changes in 
treatment limitation decisions be partly attributed to changes in practices? Could study results 
have been driven by other patient-related, or center-related, or caregiver-related factors?  The 
latter question was also justified by the fact that observational, nonrandomized, comparison study 
design is likely subject to confounding by differences in important patient or center characteristics, 
potentially driving study results. 

    To answer the first question, we conducted statistical comparisons of the frequencies of 
treatment limitations decisions between the ETHICUS-2 study period (ie, 2015-2016) and the 
ETHICUS-1 study period (ie, 1999-2000) (see also Methods and Results of the main article). To 
answer the second question, we performed a multivariable, two-step, constant-including, logistic 
regression analysis with ʺtreatment limitation vs. no treatment limitationʺ as binary dependent 
variable; explanatory variables considered for step 1 inclusion in the model were the post hoc-
determined ethical practice score, ʺstudy period by region,ʺ and major population characteristics 
(ie, age, gender, physician and patient religion, and acute and chronic diagnoses) that were 
prospectively recorded during both study periods; furthermore, significantly different ICU 
characteristics between  2015-2016 and 1999-2000 were considered for step 2 inclusion.  

    Answer to study question 1 – increases in treatment limitations: As reported in the Results 
section of the main article, there were significant increases in withholding and withdrawing life-
prolonging treatments and significant decreases in (failed) cardiopulmonary resuscitation (CPR).     

    Answer to study question 2 – can changes in treatment limitations be associated with 
changes in practices? – which were the determinants of ʺlimitation vs. no limitation? The 
addressing of this question is detailed below: 
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eAppendix 2. Rationale for Selection of Explanatory Variables for the 2-Step Logistic Regression 
Model 

    Major, recorded patient characteristics such as age, sex, and acute diagnoses and chronic 
diseases were to be included in step 1 of the analysis, as these factors could reflect potential 
differences between the populations of the two study periods. There were no missing data for 
age, sex, and acute diagnoses, despite the large size of the combined study populations of 4592; 
regarding chronic diseases, data were missing in just 15 (0.3%) of the 4592 patients, and were 
included in a missing data category. Acute diagnoses and chronic diseases were already 
subdivided in 10 categories each. For the purpose of the analysis, categories were consecutively 
coded from 1 to 10, according to the frequency at which they were recorded during data collection: 
the most frequently recorded categories were assigned the lowest code-value of 1 and the least 
frequently recorded categories were assigned the highest code-value of 10. Categories of acute 
diagnoses and chronic diseases are presented in Table 1 of the main paper.  

    The rationale of the aforementioned subdivision of variable data was based on the hypothesis 
that more commonly vs. less commonly occurring critical illness and comorbidity is likely 
associated with varying capability of evidence-based prognostication of intensivists. This may 
ultimately affect the frequency of decisions to limit treatment or not. As an example, outcome 
prediction models in trauma and hematologic disease may differ as regards their accuracy and 
reliability,1,2 whereas intensivists may have greater knowledge and experience of prognostication 
in trauma relative to hematologic disease. However, knowledge / experience of prognostication 
may affect the level of confidence in applying existing outcomes research to individual patients; 
a ʺlow level of such confidenceʺ has been previously identified as a barrier to initiate discussions 
about patient prognosis and preferences;3 such barrier (of ʺlow confidenceʺ) may hinder the 
reaching of a limitation decision through shared decision-making. 

    Physician religion was also selected as explanatory variable for step 1 of the analysis, because 
it has been previously shown to be associated with treatment limitation decisions.4,5 Physician 
religion was unknown in 428 cases, corresponding to 9.3% of the 4592 patients. The 
aforementioned cases were classified to an ʺunknownʺ category. Rationale: this may be related 
to the waiver of informed consent and/or the category may capture the characteristic of 
physician’s being reluctant to state their religious beliefs to avoid religious discrimination.6 If such 
a plausible assumption were true, then the condition of ʺrandom missingnessʺ would not be 
satisfied, and the use of more sophisticated multiple imputation methods7 might not be 
appropriate.  
    Physician religion was subdivided in 8 categories (including the ʺunknownʺ category), which 
were also coded according to ʺfrequencyʺ: a code-value of 1 was assigned to the most frequently 
recorded religion and a code-value of 8 was assigned to the least frequently recorded religion. 
Rationale: in the ETHICUS – 1 study,4 more frequent physician religion (eg, catholic) was 
associated with more frequent limitation decisions vs.  less frequent religions such as Islam 
(77.6% vs. 63.2%).  

Associations between 2 linear regression variables are considered as ʺvery weak,ʺ ʺweak ʺ 
ʺmoderate,ʺ ʺstrong,ʺ and ʺvery strongʺ at respective absolute  R-values of 0.00-0.19, 0.20-
0.39, 0.40-0.59, 0.60-0.79, and 0.80-1.00.8 

    Patient religion was also considered for step 1 inclusion. However, the following problems 
were identified: 1) The ʺunknownʺ category was the most frequent and included 1532 cases 
corresponding to 33.4% of the data; these data might again not be missing at random for 
various reasons;  for instance, if not being part of the patient’s medical record in the context of 
standard and center-specific listing of patient information, investigators were not obliged to 
directly ask about patient religion as part of the study protocol as there was a waiver of informed 
consent; and 2) the plausible hypothesis of collinearity between physician and patient religion 
was still verifiable [R=0.25; P <.001], with patient religion categories being coded as described 
above (for physician religion) and with the most frequent ʺunknownʺ category being assigned 
the value of ʺ1ʺ.  

    Study period (2015-2016 vs. 1999-2000) was also considered for step 1 inclusion, because 
it constituted a ʺcoreʺ variable for answering the first study question (see above). However, 
study period was strongly associated with the ethical practice score (R=0.511; P <.001). 
Therefore, to address this issue and to also account for the effect of region (as part of our 
second study question), it was decided to consider a ʺstudy by regionʺ variable using the 
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following encoding: For 1999-2000, Northern region=1; Central region=2; and Southern 
region=3; and for 2015-2016, Northern region=4; Central region=5; and Southern region=6. 
The linear association between ʺstudy by regionʺ and ethical practice score was weak [R=0.34; 
P =.024]. This was considered as acceptable, given the necessity of inclusion of both of these 
ʺcoreʺ variables in the logistic regression model. In subgroup analyses for each region, ʺstudy 
period by regionʺ was not included due to strong-to-very strong association(s) with the ethical 
practice score(s) (ie, R=0.54-0.85; all P <.001). However, it should be noted that the effect(s) 
of time between study periods should still have been partly captured by the ethical practice 
score. Indeed, in the vast majority of the participating centers 20/23 (87%), the ethical practice 
score increased by 1-9 points (equivalent to an increase of 14-82%) between study periods; in 
the remaining 3 centers, the ethical practice score did not exhibit any change. 

   Table 2 of the main paper reports on results of exploratory analyses aimed at detecting 
differences between study periods. The number of ICU beds and average monthly ICU 
admission rate (reflecting ʺICU structure and/or volumeʺ), and mortality (see also Table 2 of the 
main article) were considered for step 2 inclusion in the logistic regression model. In 
(ʺunweighted according to study participant volumeʺ) linear regression (i.e. 44 vs. 44 datapoints 
corresponding to the 22 ICUs during the 2015-2016 and 1999-2000 study periods, the ʺnumber 
of ICU bedsʺ and ʺaverage, monthly ICU admission rateʺ exhibited a very strong association 
(R=0.80; P <.001]. The ʺaverage, monthly ICU admission rateʺ was selected for further 
consideration, because it should reflect both ICU bed availability and ICU length of stay (which 
in turn partly depends on ICU treatment-related ʺspeed of critical illness cureʺ). ʺAverage, 
monthly ICU admission rateʺ was weakly associated with the ethical practical score   (R=0.35; 
P =.02), a ʺcoreʺ variable for answering the second study question (see above). However, after 
ICU-weighting according to participant volume (i.e. corresponding to each one of the study 
participants the ICU-specific / study period-specific, monthly admission rate and ethical practice 
score resulting in 1785+2807 = 4592 vs. 4592 datapoints – see also Statistical Methods and 
Table 1 of the main paper), the aforementioned correlation was attenuated to very weak and 
non-significant (R=0.03; P = .25). Consequently, we included average, monthly ICU admission 
rate in step 2 of the model. 

    ICU mortality (see also Table 2 of the main article) was also considered for step 2 inclusion 
in the logistic regression model. However, it was excluded, because conceptually, mortality 
data partly reflected a result of (rather than an explanatory variable for) the frequency of 
treatment limitations. 

     In summary, and according to the above-presented information, logistic regression step 1 
explanatory variables were study period by region, age, sex, physician religion, ICU admission 
diagnosis, chronic disorder, and ethical practice score, under which  patients were clustered by 
being ʺassignedʺ the post hoc determined, ICU-specific ethical practice scores; patients 
originating from the same ICU had identical scores). In step 2, we further adjusted for the post 
hoc determined, ICU mean, monthly admission rate, under which patients were again clustered 
by being ʺassignedʺ the ICU-specific admission rates; patients from the same ICU were 
corresponded to identical admission rates. For the ethical practice score and average, monthly 
ICU admission rate, the primary sampling unit was each patient in each ICU being assigned 
the ICU-specific score and monthly admission rate for each study period.   
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eAppendix 3. Methods and Assumptions for Multivariable Modelling 

     For the use of logistic regression, the following facts were considered: 1) sample size(s): 
exceeded 4009 on all occasions; 2) on all occasions, there were >20 (actually >150) 
observations per explanatory variable10,11; and 3) The large sample size(s) precluded any 
potential impact of the inclusion of nonmetric independent variables such as gender on model’s 
convergence. 

    Assumptions for the employed binary logistic regression can be summarized as follows: 1) 
Appropriate coding of the binary independent variable: 1=occurrence of event = treatment 
limitation; 0=no occurrence of event=no treatment limitation; 2) Inclusion of all meaningful 
explanatory variables without this resulting in ʺsignificant multicollinearityʺ: The procedure of 
variable selection has been detailed above; inclusion of explanatory variables with moderate-to-
strong relationships with other explanatory variables was avoided; testing for multicollinearity 
comprised the determination of the variance inflation index, and its reciprocal (ie, tolerance), and 
the condition index;12,13 a collinearity diagnostics Table and indices were generated / determined 
using linear regression analysis with the dependent and independent variables of the logistic 
regression; threshold values for the variance inflation index, tolerance, and the condition index 
were 10.0, 0.10, and 30,13 respectively; in the collinearity diagnostics Table, the combination of 
at least 1 condition index exceeding 30 and at least 2 variables with variance proportions 
exceeding 0.90 would indicate a significant collinearity problem;13 3) Independence of 
observations in logistic regression: this assumption was met as data-points originated from 2 
different (and not interdependent) patient populations with several differing major characteristics 
(see also Table 1 of the main article); 4) Overfitting and Goodness of fit: The probability of 
overfitting was minimized, because there were >20 (in fact >150 in all analyses) observations for 
each explanatory variable;9-12 goodness of fit was assessed by using the chi-square-based 
Hosmer and Lemeshow test;9,11 5) External validity: Lastly, a 75/25% cross-validation was 
conducted by using 75% of the study population or subgroup (training sample) to run the logistic 
regression, which was then tested for accuracy in the remaining 25% of the study population or 
subgroup (validation sample).11,12  
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eAppendix 4. Results 

   In summary, two-step logistic regression revealed a significant relationship between 
treatment limitation vs. no treatment limitation and study period by region, age, physician 
religion, chronic disease, and the ethical practice score (ethical practice scores had the 
highest odds ratios, which ranged from 1.09 to 1.46), and average, monthly ICU admission 
rate. According to these results, the observed increases in treatment limitations over time 
(see Results of the main article) were in part related to concurrent increases in the ethical 
practice scores of participating ICUs. As the ethical practice score was developed for this 
study and has not been validated, this result should be regarded as hypothesis-generating.  

 Detailed logistic regression results for the whole study population, as well as for the total 
population of each region are presented below in Supplemental eTable 1, which is subdivided 
in eTable 1A (reporting on the total population of all regions), eTable 1B (reporting on the total 
population of the northern region), eTable 1C (reporting on the total population of the central 
region), and eTable 1D (reporting on the total population of the southern region); the last 3 
ʺregionalʺ logistic regression analyses did not include ʺstudy by regionʺ.     
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eTable 1. Results of Multivariable Logistic Regression for the Entire Study Population 
Evaluating Reasons for End-of-Life Limitations 
 

Primary multivariable analysis Any Limitation (WH, WD, or SDP) 
                       vs. CPR / Brain Death 

Explanatory Variable Odds ratio 95% CI P-value 

Effect of study period (2015-2016) vs. (1999-2000) by region 1.09 1.03-1.15 .005 

Age (years) 1.03 1.03-1.04 <.001 

Gender (Female vs. Male) 1.01 0.87-1.18 .87 

Physician religion 0.87 0.84-0.91 <.001 

ICU admission diagnosis 0.99 0.95-1.02 .41 

Chronic diseases 1.20 1.15-1.24 <.001 

Ethical practice score 1.22 1.17-1.26 <.001 

ICU average, monthly admission rate 1.002 1.001-1.003 <.001 

 

WH, withholding; WD, withdrawing; SDP, active shortening of the dying process; CPR, failed 
cardiopulmonary resuscitation; ICU, intensive care unit. Hosmer and Lemeshow P-value=.11. 
Collinearity assessment: tolerance-variance inflation, 0.61 – 1.63; condition index, 18.99. 
Cross-validation results: Correct case classification, training model: 77.3%; Correct case 
classification, validation model: 78.8%. 
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eTable 2. Subgroup Analysis—Results of Multivariable Logistic Regression for the Northern 
Region Evaluating Reasons for End-of-Life Limitations 
 

Primary multivariable analysis Any Limitation (WH, WD, or SDP) 
                       vs. CPR / Brain Death 

Explanatory Variable Odds ratio 95% CI P-value 

Age (years) 1.03 1.02-1.04 <.001 

Gender (Female vs. Male) 0.86 0.58-1.27 .46 

Physician religion 0.99 0.90-1.10 .91 

ICU admission diagnosis 0.98 0.90-1.07 .71 

Chronic diseases 1.13 1.03-1.24 .011 

Ethical practice score 1.26 1.13-1.41 <.001 

ICU average, monthly admission rate 1.005 1.000-1.010 .04 

 
WH, withholding; WD, withdrawing; SDP, active shortening of the dying process; CPR, failed 
cardiopulmonary resuscitation; ICU, intensive care unit. Hosmer and Lemeshow p-value=.63. 
Collinearity assessment: tolerance-variance inflation, 0.87 – 1.15; condition index, 19.36. 
Cross-validation results: Correct case classification, training model: 86.8%; Correct case 
classification, validation model: 87.1%. 
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eTable 3. Subgroup Analysis—Results of Multivariable Logistic Regression for the Central 
Region Evaluating Reasons for End-of-Life Limitations 
 

Primary multivariable analysis Any Limitation (WH, WD, or SDP) 
                       vs. CPR / Brain Death 

Explanatory Variable Odds 
ratio 

95% CI P-value 

Age (years) 1.03 1.02-1.04 <.001 

Gender (Female vs. Male) 0.99 0.75-1.29 .91 

Physician religion 0.71 0.66-0.77 <.001 

ICU admission diagnosis 0.95 0.89-1.02 .13 

Chronic diseases 1.19 1.11-1.27 <.001 

Ethical practice score  1.46 1.37-1.56 <.001 

ICU average, monthly admission rate 1.002 1.000-1.004 .22 

 

WH, withholding; WD, withdrawing; SDP, active shortening of the dying process; CPR, failed 
cardiopulmonary resuscitation; ICU, intensive care unit. Hosmer and Lemeshow p-value=.35. 
Collinearity assessment: tolerance-variance inflation, 0.82 – 1.22; condition index, 18.71. 
Cross-validation results: Correct case classification, training model: 81.3%; Correct case 
classification, validation model: 81.9%. 
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eTable 4. Subgroup Analysis—Results of Multivariable Logistic Regression for the Southern 
Region Evaluating Reasons for End-of-Life Limitations 

 

Primary multivariable analysis Any Limitation (WH, WD, or SDP) 
                       vs. CPR / Brain Death 

Explanatory Variable Odds ratio 95% CI P-value 

Age (years) 1.03 1.03-1.04 <.001 

Gender (Female vs. Male) 1.04 0.84-1.29 .72 

Physician religion 0.93 0.88-0.99 .02 

ICU admission diagnosis 1.03 0.98-1.08 .28 

Chronic diseases 1.19 1.13-1.26 <.001 

Ethical practice score 1.09 1.04-1.14 <.001 

ICU average, monthly admission rate 0.990 0.986-0.993 <.001 

 
WH, withholding; WD, withdrawing; SDP, active shortening of the dying process; CPR, failed 
cardiopulmonary resuscitation; ICU, intensive care unit. Hosmer and Lemeshow p-value=.01. 
Collinearity assessment: tolerance-variance inflation, 0.92 – 1.09; condition index, 18.09. 
Cross-validation results: Correct case classification, training model: 70.3%; Correct case 
classification, validation model: 71.2%. 
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