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Title: Outcomes of critically ill patients with and without concordant perceptions of excessive

care: A comparison between more religious and less religious ICUs
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Summary

Background
Intensive care unit (ICU) clinicians are frequently confronted with ethical dilemmas

surrounding end-of-life decisions. There is little knowledge on the relation between religiosity

of clinicians and perceptions of excessive care in real-life patient situations.

Research Question
Are there differences between more religious and less religious ICUs with regard to perceptions

of excessive care, treatment-limitation decisions and patient outcomes?

Study Design and Methods
We utilized a multicenter, prospective cohort design. 56 ICUs in 12 European countries and the

United States were classified as more religious or less religious based on the median degree of
religious beliefs of their clinicians. We compared the cumulative incidence of concordant
perceptions of excessive care by two or more clinicians, treatment-limitation decisions during
ICU stay and mortality within one year between patients in more religious and less religious
ICUs. To adjust for differences in patient, hospital, ICU or country characteristics, inverse

probability weighting based on propensity scores was utilized.

Results
Out of 56 ICUs, 15 were categorized as more religious and 41 as less religious. In these ICUs,

1,641 patients were admitted for more than monitoring during the study period, 437 (26.6%) in
more religious ICUs and 1,204 (73.4%) in less religious ICUs. After inverse probability
weighting to adjust for confounding, we found no evidence for a difference in receiving
concordant perceptions of excessive care (8.2% vs 10.7%, HR: 1.41, 95% CI: [0.86, 2.32], p =

0.18), risk of death (92.2% vs 86.9%, p = 0.20) or written treatment-limitation decisions (36.2%
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vs 25.8%, p = 0.37) between patients in more religious and less religious ICUs. In the absence
of concordant perceptions of excessive care, no differences were found with regard to the risk
of death (37.6% vs 40.7%, p = 0.14) or written treatment-limitation decisions (5.2% vs 7.3%,

HR: 1.55, 95% CI: [0.83, 2.89], p = 0.17).

Interpretation
We found no evidence that more religious ICUs have different views on what constitutes

excessive care in comparison to less religious ICUs. We found also no difference in treatment
limitation decisions and 1-year outcomes in patients with and without perceptions in excessive
care, suggesting a professional attitude of ICU clinicians towards patients, irrespective of their

religiosity.
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Title: Outcomes of critically ill patients with and without concordant perceptions of excessive

care: A comparison between more religious and less religious ICUs

In intensive care units (ICUs), clinicians are frequently tasked with ethical dilemmas in which
decisions have to be made often in the absence of certainty surrounding the outcome of these
decisions. It is essential to ensure that care provided to these patients is proportionate, with the
goal of reducing morbidity, and ideally at the same time minimizing as much as possible the
physical and mental burden of patients and their relatives, and maximizing the quality of life
after ICU stay'%. To achieve these goals, it is crucial that patients and their relatives are well-
informed about the potential risks of life-prolonging treatments, which should also be in
accordance with their personal wishes and values®. Coping with uncertainty in these
circumstances may be influenced by personal, team and cultural factors*, which can ultimately
lead to disproportionate levels of care (excessive care or insufficient care). For instance,
clinicians might experience the burden of choosing between two mutually exclusive actions
(e.g., writing an order to withdraw treatment or not) and inadvertently prolonging the suffering
of patients and their families®. Such outcomes can result in the healthcare provider wondering
if they have truly made the ‘right’ decision, leading to moral distress and in turn resulting in
burnout, depression or a decision to resign from their job®. In this study, we consider the role
of religion with regard to disproportionate care and excessive care in particular, since the
perception of excessive care is much more prevalent than “not enough” care®®”7,

Previous studies have investigated religion with regard to end-of-life decisions at the level of
patients/ relatives and physicians. For instance, Van Ness et al.® note that older patients who
reported growing closer to their religion are more likely to accept the outcomes and possible
risks of life-sustaining treatment. A study by Biilow et al.” concludes that religious relatives of

patients may prefer more treatment and be more in favour of life-prolonging measures
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compared to relatives that are only affiliated with a religion. With regard to clinicians, the
findings of Vincent!'® suggest that religious clinicians are less likely to withdraw treatment
compared to their less religious counterparts. However, this study was conducted only through
questionnaires and therefore considered only hypothetical situations. Sprung et al.!! reported
on specific religions where ‘end-of-life decisions varied greatly depending on the clinician’s
religious affiliation’. For instance, the active shortening of the dying process was only reported
among Catholic and Protestant clinicians or those with no religious affiliation. Withholding of
treatment occurred more often than withdrawal of treatment among Jewish, Greek Orthodox
and Muslim clinicians.

The research question here builds upon two sub-studies that are part of the multicentre
DISPROPRICUS study conducted in 2014-2015%!2. Both of these studies investigated
differences in the time of receiving concordant perceptions of excessive care (when at least two
clinicians report that a patient is receiving excessive care), time until written treatment-
limitation decisions during ICU stay and time until patient death one year after ICU admission.
These differences were assessed across different ethical climates and patient characteristics
such as age and cancer diagnosis. In the same fashion, the objectives of this study are split into
three parts: are there differences between patients admitted to more religious and less religious
ICUs with regard to 1) time until concordant perceptions of excessive care, 2) time until written
treatment-limitation decisions and 3) time until reaching the combined endpoint (death, poor

quality of life or not living at home)?

Materials and methods

Study design and data collection
This study utilizes data collected in the context of the multicentre DISPROPICUS study

conducted in 2014 — 2015. The data in question contain information on 68 adult ICUs and their

patients and clinicians in 12 European countries and the United States®. The detailed protocol
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and study design can be found in previous publications®!®. Over a 28-day study period,
clinicians were asked to provide daily perceptions of disproportionate care (either “excessive
care” or “not enough care”) in patients for whom they were directly in charge. Most importantly,
information on the time of admission and time until concordant perceptions of excessive care
and until written treatment-limitation decisions was collected. Other patient characteristics such
as age, gender and the presence of several comorbidities were also collected for patients
admitted for reasons other than monitoring only. Exactly one year after the ICU stay of these
patients, data were once again collected concerning the quality of life of each of the patients.
Patients who had died, were not living at home or had a poor quality of life one year after the
ICU stay were considered to have reached the combined endpoint. Health-related quality of life
was defined using the EuroQoL-5D questionnaire'*. The acquired measures are then converted
into a utility index, where a utility index score of lower than 0.5 indicates a compromised or
poor quality of life.

Moreover, we collected data on demographical factors such as age, gender, years of experience
and the role (e.g., junior or senior) of ICU health care providers. Healthcare providers were also
asked about their perception regarding each of the 7 factors of the ethical decision-making
climate (EDM-C) through self-assessment with the Ethical Decision-Making Climate
Questionnaire (EDM-CQ)".

Religion among healthcare providers was assessed in two separate items. Firstly, respondents
were asked which religion they felt most connected to (the options being Roman Catholic,
Protestant, Greek-Orthodox, Muslim, Jewish, Buddhist, Non-Religious, Other or the option ‘I
do not wish to answer’). Healthcare providers that provided any response other than ‘Non-
Religious’ were asked about the importance of religion in their daily lives. This was assessed

with a 4-point Likert scale ranging from 1 (not important) to 4 (very important). Healthcare
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providers answering ‘Non-Religious’ on the first question automatically received a score of 1
on this item.

The importance of religion scores of clinicians was aggregated into a median score per ICU.
The median was chosen to make the division between more religious and less religious ICUs
for two reasons. First of all, we can make a clear distinction between units where there is no
importance of religion among the majority of team members and units where there is at least
some importance of religion among the majority of its members. Second, upon using the
median, we observed remaining variability within country in the sense that some countries have
both more religious and less religious ICUs according to this distinction. Variability within
countries is desired in this case to distinguish the effects of country and culture with those of
religion. The full division with regard to country can be found in Figure 1. ICUs with a median
importance of religion score of 2 or higher were judged to be more religious ICUs (e.g., ICUs
in which there is some importance of religion among the majority of its team members) and
ICUs with a median importance of religion score of 1 were considered as less religious ICUs
(in which there is very little to no importance of religion among the majority of its team

members).



176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

19,
10
(7))
-
g 4
Y—
(@]
3
e
S
Z
4
0
& >
S 0 S fo‘\b & é‘ Q 60 & P
Q,Q}Q Q_Q;Q g$ %\0\\ < 00(\ OQ}& Q\\\f(\ \l_\(@ C’J‘ Qoé'
& i "\@’b
O/l' &\\Q) \3(\

m Non-religious ICUs  mReligious ICUs

Figure 1. Number of less religious and more religious ICUs in each of the 13 countries, sorted by number of less

religious ICUs.

Using the results of the EDM-C questionnaire, four different mutually exclusive ethical
climates were identified in the DISPROPRICUS study through the usage of an exploratory and
confirmatory factor analysis: good, average with (+) and without (-) involvement of nurses at
end-of-life, and poor. ICUs with an average (-) climate were omitted from the analysis to avoid
potential selection bias, as it was determined that the clinicians in charge in this climate included
patients in a dissimilar manner compared to the other three climates. Specifically, these patients
had a significantly higher mortality and median length of stay compared to patients in other
climates and are thus not comparable with patients in the other climates®. Therefore, the final
data are based on 56 ICUs. The study was approved by the ethics committees of all participating
centres and the Danish National Health Authority. Informed consent was required in all

countries to collect the one-year outcomes.
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Data analysis
Outcomes between patients in more religious and less religious ICUs were assessed for patients

with and without concordant perceptions of excessive care. Differences in country, hospital,
ICU and patient characteristics were assessed using chi-squared tests for categorical outcomes
and Mann-Whitney U tests for continuous outcomes. Results are expressed as number and
percentage or median and 25-75™ percentiles. Cause-specific hazard ratios acquired via Cox
regression (accounting for competing risks by ICU discharge) were used to compare time from
admission until concordant perceptions of excessive care and time from concordant perceptions
of excessive care to written treatment-limitation decisions and reaching the combined endpoint.
The cause-specific hazard of an event “expresses the instantaneous risk of that event at a given
time for patients who are still alive in the ICU at that time and have not previously experienced

that event®”

. Robust standard errors were used to account for clustering within ICUs. For
patients with concordant perceptions of excessive care, this methodology was used to compare
time from concordant perceptions of excessive care to written treatment-limitation decisions
and reaching the combined endpoint. To learn about the time from admission to written
treatment-limitation decisions and reaching the combined endpoint in the absence of concordant
perceptions of excessive care, we additionally analysed this time for all patients, thereby
censoring patients at the time of receiving concordant perceptions of excessive care. Here, we
censor patients at the time of receiving concordant perceptions of excessive care (instead of
restricting the analysis to the subgroup of patients without concordant perceptions of excessive
care) to prevent selection bias due to overadjustment for future perceptions of excessive care
status. Inverse probability weighting based on propensity scores was used to adjust for potential
systematic differences in ICU ethical decision-making climate, patient, hospital and country
characteristics. These propensity scores are calculated as the probability of belonging to a more

religious or less religious ICU given a set of patient, ICU, hospital and country characteristics

10
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and are obtained from building a multinomial logistic regression model. The included patient
characteristics were age, admission reason, comorbidities, alcohol problems, patient
competence, surgery before admission, cancer status and Eastern Cooperative Oncology Group
(ECOG) performance status. Number of ICU and hospital beds, patient-nurse ratio and patient-
junior physician ratio were included as hospital characteristics. ICU ethical decision-making
climate and geographical region were included as additional variables. For a more detailed
methodology in obtaining the weights, see Supplementary material 1. Concordant perceptions
of excessive care, treatment-limitation decisions and reaching the combined endpoint are
expressed as proportions and cause-specific hazard ratios with 95% confidence intervals.
Patients in more religious ICUs were used as the reference value in all analyses. Two-sided p
values were considered significant at the 0.05 level. We used R version 4.2.2 to analyse the
data. To adjust for systematic differences in patient characteristics, the weighted analyses are
considered as our primary results. Unweighted analyses are also provided in Supplementary

material 2.

Results
Out of the 56 ICUs included in this study, 15 were categorized as more religious and 41 as less

religious. In the 56 ICUs, 1,641 patients were admitted for more than monitoring during the
study period, 437 (26.6%) in the more religious ICUs and 1,204 (73.4%) in the less religious
ICUs. In less religious ICUs, 129 (10.7%) patients were perceived as receiving excessive care
by two or more clinicians. In comparison, perceptions of excessive care were given by two or
more clinicians in 31 patients in more religious ICUs (7.1%). Differences in country, hospital,

ICU and patient characteristics are reported in Table 1.

[Insert Table 1 here]
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Statistical evidence was found for the unweighted analysis with regard to differences in
cumulative incidence of concordant perceptions of excessive care between patients in more
religious and less religious ICUs (7.1% vs 10.7%, HR: 1.56, 95% CI: [1.05, 2.30], p = 0.03),
however, no such evidence was found in the weighted analysis (8.2% vs 10.7%, HR: 1.41, 95%
CI: [0.86, 2.32], p = 0.18). In patients with concordant perceptions of excessive care, we found
no evidence for a difference between patients in more religious and less religious ICUs with
regard to time between concordant perceptions of excessive care and written treatment-
limitation decisions (36.2% vs 25.8%, p = 0.37). Similarly, we found no differences with regard
to time between admission and written treatment-limitation decisions in the absence of
concordant perceptions of excessive care, using the weighted analysis (5.2% vs 7.3%, HR: 1.55,
95% CI: [0.83, 2.89], p = 0.17). Lastly, we found no evidence for a difference in the risk of
reaching the combined endpoint between patients in more religious and less religious ICUs for
patients with concordant perceptions of excessive care (92.2% vs 86.9%, p = 0.20) and without
concordant perceptions of excessive care (37.6% vs 40.7%, p = 0.14). Each of the weighted
analyses and the corresponding cumulative incidence curves can be found in Figure 2 for
patients with concordant perceptions of excessive care, and Figure 3 for patients in the absence

of concordant perceptions of excessive care.

12
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Figure 2. a. Time from admission until at least two perceptions of excessive care during ICU stay (weighted) b.

Time from at least two perceptions of excessive care until written treatment-limitation decision (weighted) c. Time

from at least two perceptions of excessive care until reaching the combined endpoint (weighted).
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Figure 3. a. Time from admission until written treatment-limitation decision in the absence of concordant
perceptions of excessive care (weighted) b. Time from admission until reaching the combined endpoint in the

absence of concordant perceptions of excessive care (weighted).

Discussion
The aim of this study was to investigate the association of religious beliefs and perceptions of

excessive care, end-of-life decision making and patient outcomes within an ICU setting. After
adjusting for patient, hospital and country characteristics, we found no significant difference in
patients perceived as receiving excessive care by two or more clinicians. Also, we found no
evidence to suggest that more treatment-limitation decisions were made by clinicians in less
religious ICUs compared to clinicians in more religious ICUs. Third, patients in more religious
ICUs were not more at risk of dying, nor of having a poor quality of life or not residing at home
one year after ICU admission compared to patients in less religious ICUs. While more patients
are perceived as receiving excessive care in less religious ICUs according to the results of the
unweighted analysis, there is thus no evidence to suggest that this is translated to more
treatment-limitation decisions or lower patient mortality compared to patients in more religious

ICUs.

Altogether, we found no evidence that more religious ICUs have differing views with regard to
what constitutes excessive care in comparison to less religious ICUs. However, as said
previously, it is possible that clinicians perceiving disproportionate care (including excessive
care) may experience acute moral distress resulting in overt conflicts, burnout, depression,

substance abuse or a decision to leave jobs®!

. What is not known is whether more religious
clinicians experience possible moral distress in different ways compared to less religious

clinicians. We also found no differences with regard to written treatment-limitation decisions

between patients in more religious and less religious ICUs. This is in contrast to previous studies

15
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that found differences in end-of-life decision making between religious and non-religious
clinicians. A Swiss mortality follow-back study notes that religious physicians (not exclusively
ICU physicians) are less likely to make treatment-limitation decisions compared to non-
religious physicians, and more inclined to make decisions resulting in the hastening of death!.
A Turkish survey among more than 600 physicians showed that atheists compared to religious
physicians were significantly more in favour of do-not-resuscitate orders on patients’ request!’.
Finally a postal survey among 2923 UK medical practitioners showed independently of
specialty, that non-religious physicians were more likely than others to report having taken
decisions they expected or partly intended to end life, and to have discussed these decisions
with patients judged to have the capacity to participate in discussion'®, while religious
physicians express more support for life preservation and are more opposed to euthanasia
compared to non-religious physicians™!'?. However, the results from the current study support
the notion of Bopp et al. that evidence for an association between religious beliefs and

treatment-limitation decisions is rather weak at the international level'®

. Our study found no
differences between religious and less religious ICUs with regard to patient outcomes in the
form of patient mortality, patients not living at home or having a poor quality of life one year
after the initial ICU stay. It must be noted though, that this study is looking at religion as an
overarching principle that apparently has no influence on decisions, but if you dig deeper and
look at differences between the individual religions, then marked differences are found in
literature!!. For instance, the aforementioned study of Sprung et al. reports differences in the
frequency of withholding and withdrawing treatment between different religions''. Another
study by Romain and Sprung?® found that religion was associated with the decision to discuss
treatment-limitation decisions with the patient’s family, with Protestant clinicians being more

likely to discuss these decisions than some other religions. Other studies remark that some

religions have differing views on euthanasia, do-not-resuscitate orders, organ donation and
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what constitutes disproportionate treatment®!-*2. This study thus highlights that further research
on religion in an ICU and end-of-life decision-making context should be concerned with
different religions and their differing values on the end of life.

The strength of this study is its multicentre, international and prospective on-site design of
actual bedside practice involving the ICU stay for over 1500 patients. Usually, studies of this
kind are surveys, questionnaires or retrospective studies with high risk of bias. Additionally, it
can be very difficult to decipher whether decisions are based on religion or culture!!, but in 7
of the 13 countries in this study we were able to include both more religious and less religious

ICUgs, leading to results where the impact of culture probably is minimized.

This study also has limitations. First, the participating ICUs were not selected at random. This
may have affected the external validity of our results®. Second, inclusion of patients was left at
the discretion of the attending doctors. However, we tried to reduce the risk of selection bias
across ICUs by excluding ICUs from average (-) ethical decision-making climates, as it was
determined that the clinicians in charge in this climate included patients in a dissimilar manner
compared to the other three climates®. Third, we used time until death and written treatment-
limitation decisions as surrogate markers of withholding or withdrawal of ICU treatment. We
did not measure actual withholding or withdrawal of these treatments®. Fourth, data from
patients admitted before the study period and patients who remained in the ICU for longer than
the study period were excluded from the analysis. Therefore, it is possible that the incidence of
patients with concordant perceptions of excessive care is underestimated®. Fifth, the distinction
between more religious and less religious ICUs was made on the basis of individual religious
beliefs and then aggregated on the team level. In a good ethical decision-making climate, end-
of-life decisions are made e.g., through interdisciplinary collaboration and communication

between team members in the ICU and the involvement of nurses in end-of-life decision-
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making. Hence, we made the distinction between more religious and less religious ICUs to
better reflect the way in which end-of-life decisions are made within an ICU setting. While
instruments exist that measure spirituality and religion within clinical settings and among
nurses, no such instruments exist which measure religion within a team??. Sixth, no distinction
was made between different religious affiliations. Further research on disproportionate care,
treatment-limitation decisions and patient outcomes should therefore also incorporate views
from different religions. Seventh, it is difficult to completely distinguish the effects of religion
from the effects of cultural aspects. Although some adjustment was made through the
application of inverse probability weighting, it may have been insufficient as a result of residual

confounding.

Conclusion

We found no evidence for a difference between patients in more religious and less religious
ICUs with regard to being perceived as receiving excessive care. Among patients with and
without concordant perceptions of excessive care, no differences were found with regard to
treatment-limitation decisions and patient outcomes. Possible explanations for these results may
be the professionalism and engagement of ICU clinicians towards patients and their families,

independent of religious views.

Abbreviations ECOG performance status: Eastern Cooperative Oncology Group performance status;
EDM-C: Ethical Decision-Making Climate; EDM-CQ: Ethical Decision-Making Climate

Questionnaire; HR: Hazard ratios; ICU: Intensive Care Unit; 95% CI: 95% Confidence intervals

Supplementary information
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Supplementary material 1. Detailed methodology

Supplementary material 2. a. Time from ICU admission until at least two perceptions of
excessive care during ICU stay (unweighted). b. Time from ICU admission until combined
endpoint (unweighted). c¢. Time from ICU admission until treatment-limitation decision during
ICU stay (unweighted). d Time from ICU admission until treatment-limitation decision during
ICU stay in the absence of concordant perceptions of excessive care (unweighted). e Time from
ICU admission until combined endpoint in the absence of concordant perceptions of excessive

care (unweighted). Combined endpoint: death, poor quality of life or not being at home.
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542
543
544
545  Table 1: to be inserted on page 10

546

547 Table 1. Country, hospital, ICU and patient characteristics across subgroups

Less religious ~ More religious ICUs

ICUs (n = 1204) (n =437) p-value
Country characteristics
Number of ICU beds/100.000 inhabitants 11.6 (6.4-15.9) 15.9 (6.7-20.0) <0.001
Geographical region <0.001
Central Europe 169 (14.0) 33(7.6)
Northern Europe 204 (16.9) 87 (19.9)
Southern Europe 49 4.1) 88 (20.1)
Western Europe/USA 782 (65.0) 229 (52.4)
Hospital characteristics
Total beds in hospital <0.001
<250 20 (1.6) 102 (23.3)
250-499 248 (20.6) 114 (26.1)
500-749 312 (25.9) 109 (24.9)
>750 624 (51.8) 112 (25.6)
ICU characteristics
Ethical climate <0.001
Good 311 (25.8) 10 (2.3)
Average + 428 (35.5) 269 (61.6)
Poor 465 (38.6) 158 (36.2)
Number of beds per ICU 14.0 (9.0-40.0) 13.0 (10.0-18.0) 0.051
Patient to nurse ratio 2.0 (1.2-3.0) 2.0 (1.5-2.5) <0.001
Patient to junior physician ratio 5.0 (3.0-6.0) 4.0 (2.0-4.0) <0.001
Patient to senior physician ratio 7.0 (5.0-8.0) 6.0 (5.0-7.7) <0.001
Patient characteristics
Age 65 (53.0-74.0) 63 (48.0-75.0) 0.41
Gender (female) 495 (41.1) 176 (40.3) 0.80
ECOG performance status <0.001
Grade 0 (full functional) 395 (32.8) 178 (40.7)
Grade 1 (symptomatic) 328 (27.2) 76 (17.4)
Grade 2 (functional, not able to work) 188 (15.6) 52 (11.9)
Grade 3 (limited functionality) 159 (13.2) 45 (10.3)
Grade 4 (bedridden) 68 (5.6) 14 (3.2)
Unknown 66 (5.5) 72 (16.5)
Nursing home resident 55 (4.6) 23 (5.3) 0.65
Number of comorbidities 0.03

0 556 (46.2) 243 (53.5)



1 510 (42.3) 156 (35.7)

>2 138 (11.5) 47 (10.8)
Type of comorbidities
Solid tumour 230 (19.1) 74 (16.9) 0.35
Heart failure (NYHA III or IV) 154 (12.8) 38 (8.7) 0.03
COPD (Gold III or IV or equivalent) 133 (11) 57 (13) 0.30
Neurological (excluding dementia) 71 (5.9) 32(7.3) 0.35
Haematological malignancy 74 (6.1) 18 (4.1) 0.15
Liver cirrhosis (Child-Pugh B or C) 68 (5.6) 14 (3.2) 0.06
Chronic renal failure requiring dialysis 44 (3.7) 10 (2.3) 0.22
Dementia (moderate or severe) 23 (1.9) 16 (3.7) 0.06
AIDS 11 (0.9) 3(0.7) 1
Substance abuse
Alcohol 124 (10.3) 57 (13) 0.14
Active smoking 200 (16.6) 90 (20.6) 0.07
Main admission reason
Respiratory failure 286 (23.8) 104 (23.8) 1
Sepsis/severe sepsis/septic shock 237 (19.7) 86 (19.7) 1
Heart failure/cardiogenic shock 204 (16.9) 75 (17.2) 0.98
Neurological pathology/stroke/ICB 129 (10.7) 53 (12.1) 0.47
Gastro-intestinal pathology/liver failure 116 (9.6) 53 (12.1) 0.17
Metabolic/renal 103 (8.6) 41 (94) 0.67
Multiple trauma 63 (5.2) 33 (7.6) 0.10
Head trauma 28 (2.3) 30 (6.9) <0.001
Surgery 48 hrs. prior to admission 420 (34.9) 140 (32.0) 0.31
Surgery category 0.02
No surgery 774 (64.3) 296 (67.7)
Scheduled surgery 169 (14.0) 38 (8.7)
Unscheduled surgery 261 (21.7) 103 (23.6)
Do-not-resuscitate order before admission <0.001
Full code 1103 (91.6) 360 (82.4)
No CPR 49 (4.1) 12 (2.7)
Withholding of therapy 32(2.7) 10 (2.3)
Unknown 20 (1.7) 55 (12.6)
Severity of illness < 24 hrs. after admission
Invasive mechanical ventilation 582 (48.3) 202 (46.2) 0.48
Vasopressor need 467 (38.8) 116 (26.5) <0.001
Dialysis 48 (4.0) 7 (1.6) 0.03
Withholding/withdrawing order 57 (4.7) 10 (2.3) 0.04

548 A p-value of <0.05 was considered statistically significant. Results expressed as number (%) and median
549 (interquartile range).
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Supplementary material 1.

Application of inverse probability score weighting
In this study, inverse probability score weighting based on propensity scores was used to adjust

for potential confounders. The process to acquire the weights was as follows:
1. Building a logistic regression model to acquire the variables related to the outcome
variable ‘Combined endpoint’.
2. Building a logistic regression model with variables from previous model to acquire
the variables also related with admission to a more religious or less religious ICU.
3. Estimating the propensity scores based on fitted values.

4. Calculating the weights.

In the first step, a multinomial logistic regression model is used to find variables that are related
to reaching the combined endpoint. If the patient had died, was not at home or had a poor quality
of life, the patient was considered to have reached the combined endpoint. If the patient was
still alive, living at home and with a good quality of life, the combined endpoint was not
reached. For 339 out of a total of 1641 patients, the status of combined endpoint after one year
was unknown. These patients were therefore omitted from the model. Variables related to the
combined endpoint were obtained by using a forward, backward and both-way stepwise logistic
regression with the significance level set to 0.10. Patient, ICU, hospital and country
characteristics were considered as possible predictors for the combined endpoint. Five variables
representing the five dimensions of the EuroQoL-5D questionnaire contained multiple missing
values and were therefore not included in the model building process. Each of the three stepwise
models returned the same results, and a total of 16 variables were retained and carried over to
the next step of the process. The full overview of this model including coefficient estimates,

standard errors and p-values can be found in Table 1.
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Table 1. Overview of variables related with the combined endpoint including coefficient estimates, standard errors

and p-values.

Patient characteristics

Log odds
Variable ratio SE p-value
ECOG 9.65E-13
Fully functional 1.58 0.69
Functional, not able to work -1.31 0.36
Limited functionality -0.40 0.37
Symptomatic -0.91 0.36
Unknown 0.72 1.34
Patient competency 1.45E-09
Not competent 0.20 0.32
Competent -0.71 0.32
Surgery category 1.09E-05
Scheduled surgery -0.78 0.21
Unscheduled surgery -0.63 0.17
Cancer status 0.026
No cancer -0.84 0.33
Not active -0.59 0.34
Neurological pathology 0.85 0.25 0.0004
Head trauma 1.32 0.42 0.0009
Amount of comorbidities 0.40 0.12 0.001
Age (>=T50r<75) 0.36 0.15 0.02
DNR before admission 0.007
Don't know 0.12 0.41
No CPR 1.17 0.55
Withholding 1.45 0.64
Alcohol abuse 0.54 0.23 0.02
Liver cirrhosis -0.77 0.35 0.03
Gastro-intestinal pathology 0.43 0.25 0.09
ICU characteristics
Total beds in hospital 0.0009
250-500 0.21 0.38
500-750 0.18 0.39
>750 -0.52 0.37
Patient-nurse ratio 0.20 0.09 0.02
Patient-junior physician ratio 0.08 0.03 0.02
Total beds ICU -0.02 0.006 0.0001
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In the second step, a multinomial logistic regression model was again built using the 16
variables of the previous model to find those variables that were related to both the combined
endpoint and the patient being in admission in either a more religious or less religious ICU. The
16 variables related to the combined endpoint mentioned in Table 1 and their two-way
interactions were considered in building this new model. Again, a both-ways stepwise
multinomial logistic regression model was built, this time with the significance level set to 0.05.
The significance level was changed in comparison with the previous model in order to prevent
overfitting. This resulted in a model containing 8 variables and two-way interactions. As
ethical-decision making climate and geographical region were previously found to be important
with regard to treatment-limitation decisions'?, these variables as well as patient gender were
included in the final model to calculate the propensity scores. The weight for a patient in a more
religious ICU is then the inverse of the propensity score® and thus the inverse of the probability

that a patient is admitted in a more religious ICU, which is defined as:

1
~ P(More religious ICU | x;)

Wi

While the weight for a patient in a less religious ICU is defined as:

1 1
~ P(Less religious ICU | x;) 1 — P(More religious ICU | X;)

Wj

In the calculation of these weights, some outlying weights were detected. In the case of
extremely high weights this can lead to estimates with high variance*. We applied weight
trimming by replacing weights with a value larger than the 99" percentile with the value of this

threshold as a way to deal with the issue of these extremely high weights*. An overview of the
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603 included variables and their interactions, coefficient estimates, standard errors and p-values can
604  be found in Table 2.
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Table 2. Overview of variables related with the combined endpoint and admission in a more religious or less

religious ICU, including coefficient estimates, standard errors and p-values.

Main effects

Patient characteristics

Variable Log odds ratio SE p-value
DNR before admission 3.61E-08
Withholding -0.09 0.87
No CPR -0.80 0.90
Unknown -1.58 1.20
ECOG 0.004
Full functional 1.21 0.44
Functional, not able to work 0.77 0.47
Limited functionality 0.52 0.48
Symptomatic 0.52 0.46
Unknown 1.35 0.58
Head trauma 1.36 0.50 0.005
Gastro-intestinal pathology 0.64 0.27 0.017
Hospital/ICU characteristics
Total beds in hospital 2.44E-15
250-500 -3.11 0.58
500-750 -2.90 0.61
>750 -5.56 0.76
Total beds in ICU 0.46 0.06 0.002
Patient to junior physician ratio 2.00 0.20 1.76E-12
Patient to nurse ratio 1.08 0.41 <2.2E-16
Manually added variables
Geographical region <2.2E-16
Northern Europe 1.93 0.53
Southern Europe 5.06 0.69
Western Europe/USA 1.27 0.50
Overall climate patient <2.2E-16
Good -8.15 0.85
Poor -5.46 0.72
Interaction effects
DNR before admission x total beds in ICU 0.002
No CPR x total beds in ICU 0.04 0.06
Withholding x total beds in ICU 0.22 0.06
Unknown x total beds in ICU 0.25 0.08
Patient to nurse ratio x total beds in ICU 0.17 0.02 1.17E-13
Total beds in ICU x patient competence 0.02
Total beds in ICU x not competent 0.01 0.02
Total beds in ICU x competent 0.03 0.02
Total beds in ICU x junior physician ratio -0.25 0.02 <2.2E-16
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Abbreviations ECOG performance status: Eastern Cooperative Oncology Group performance status;

ICU: Intensive Care Unit; DNR before admission: Do-not-resuscitate order before admission; CPR:

Cardiopulmonary resuscitation
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a Time from ICU admission until at least two perceptions of excessive care during ICU stay
(unweighted). b Time from ICU admission until combined endpoint (unweighted). ¢ Time
from ICU admission until treatment-limitation decision during ICU stay (unweighted). d
Time from ICU admission until treatment-limitation decision during ICU stay in the absence
of concordant perceptions of excessive care (unweighted). e Time from ICU admission until
combined endpoint in the absence of concordant PECs (unweighted). Combined endpoint:
death, poor quality of life or not being at home.
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= Llessreligious ICUs: HR =156, 85% CI: [1.05, 2.30]
— More religious ICUs (reference}
o log rank test: p-value = 0.03
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— Lessreligious ICUs: HR =082, 95% Cl.[0.54, 1.25]
— Maore religious ICUs (reference)
= _| log rank test: p-value = 0.40
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— Lessreligious ICUs: HR =086, 95% CI.[0.41, 1.80]
— Maore religious ICUs (reference)
log rank test: pvalue = 0.70
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| —_ Less religious ICUs:
— Maore religious ICUs (reference)

HR =1.65 95% CL[0.97, 279]

log rank test: pvalue = 0.06
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— Lessreligious ICUs: HR =099, 95% CI.[0.82, 1.19]
— Maore religious ICUs (reference)
log rank test: p-value = 0.92
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