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Strengths and limitations of this study

►► This is the first study to apply statistical modelling 
techniques to assess the factors associated with 
non-beneficial treatment (NBT) in hospital, beyond 
the intensive care setting.

►► Our data-based approach enabled the objective 
assessment of various patient and hospital related 
factors and allowed for the use of statistical tests 
to inform the generalisability of our results to the 
population.

►► By analysing data from three major hospitals we 
were able to examine factors that may influence 
NBT at the organisational level.

►► A limitation of our study design was the retrospec-
tive nature of the clinical audit that was used to 
identify whether an admission involved NBT, which 
may have introduced confirmation bias.

►► While the audit adopted a consensus definition 
of NBT, this is an inherently subjective and value-
laden term and its interpretation may differ between 
individuals.

Abstract
Objective  To quantitatively assess the factors associated 
with non-beneficial treatments (NBTs) in hospital 
admissions at the end of life.
Design  Retrospective multicentre cohort study.
Setting  Three large, metropolitan tertiary hospitals in 
Australia.
Participants  831 adult patients who died as inpatients 
following admission to the study hospitals over a 6-month 
period in 2012.
Main outcome measures  Odds ratios (ORs) of NBT 
derived from logistic regression models.
Results  Overall, 103 (12.4%) admissions involved NBTs. 
Admissions that involved conflict within a patient’s family 
(OR 8.9, 95% CI 4.1 to 18.9) or conflict within the medical 
team (OR 6.5, 95% CI 2.4 to 17.8) had the strongest 
associations with NBTs in the all subsets regression 
model. A positive association was observed in older 
patients, with each 10-year increment in age increasing 
the likelihood of NBT by approximately 50% (OR 1.5, 
95% CI 1.2 to 1.9). There was also a statistically significant 
hospital effect.
Conclusions  This paper presents the first statistical 
modelling results to assess the factors associated with 
NBT in hospital, beyond an intensive care setting. Our 
findings highlight potential areas for intervention to reduce 
the likelihood of NBTs.

Introduction
The provision of non-beneficial treatment 
(NBT) in hospital admissions at the end of life 
is ineffective,1 costly2–4 and causes unnecessary 
distress to patients, families and medical staff.5 6 
NBT describes treatments that have only a very 
low chance of achieving meaningful benefit 
for the patient in terms of: improving quality 
of life; sufficiently prolonging life of acceptable 
quality; or bringing benefits that outweigh the 
burdens of treatment.7 These types of treat-
ments have also been referred to as ‘futile’ or 
‘potentially inappropriate’,8 and more recently 
have been identified as part of a broader 
phenomenon termed ‘treatment overuse’.9 A 

recent systematic review highlighted the extent 
of this issue in routine hospital care at the end 
of life, reporting that an average of 33%–38% 
of patients received NBTs.10 In Australia, such 
treatments have been estimated to cost $A 
153 million to the healthcare system each year.2

Understanding the nature of NBT, including 
reasons why it is given, provides an evidence 
base to develop interventions to reduce it. 
A recent study conducted interviews with 96 
doctors routinely involved in delivering end 
of life care and identified a number of inter-
related factors that contributed to the provi-
sion of NBT. These factors related to (1) the 
treating doctors; (2) patients or families; (3) 
the hospital environment.11 This and related 
work lay the foundations for the quantita-
tive study we report here. The application of 
statistical modelling methods in addressing 
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the question of why NBT occurs is a novel approach, with 
previous studies typically reporting on perceptions of 
doctors or healthcare providers, and many being limited to 
the intensive care setting.5 12–21

By applying logistic regression methods to estimate the 
association of specific factors with NBT in hospital admis-
sions at the end of life, we aimed to provide new evidence 
for why NBTs are delivered in an acute hospital setting. 
This may inform efforts to reduce NBT with prospective 
interventions. We used the Strengthening the Reporting 
of Observational Studies in Epidemiology checklist as our 
reporting guide.22

Methods
Study design, setting and participants
A retrospective clinical audit was undertaken to identify 
cases of NBT in adult admissions that ended in death. 
Admissions were sourced from three tertiary referral hospi-
tals in a metropolitan region of Australia and included all 
consecutive, eligible admissions over a 6-month period 
between March and September 2012. Patients aged under 
18 years were excluded, as were patients declared dead on 
arrival, even if they were placed on life support to facili-
tate organ donation. A total of 907 adult admissions were 
included in this study. Multicentre ethics approval for the 
study was obtained for all the relevant hospitals and partic-
ipating universities. Access to patients’ medical records was 
granted by the state health department.

Patient and public involvement
Patients and the public were not involved in the design or 
planning of this study.

Clinical audit
A multistage audit process was used to inform judge-
ments about whether an admission involved NBTs, 
which was referred to as ‘futile treatment’. This involved 
an initial nurse audit in which a purpose-developed 
audit tool was used to identify admissions that had 
the possibility of futile treatment. A copy of this tool is 
included in online supplementary file 1. Nurses were 
asked to classify each admission as involving treatment 
that was either ‘not futile’ or ‘potentially’ futile’ along 
with a score reflecting how confident they were in their 
classification on a scale of 0%–100%. The nurses’ judge-
ments were based on this definition:

Futile treatment is treatment which has only a very 
low chance of achieving a meaningful benefit for the 
patients in terms of: improving the patient’s quality 
of life; significantly prolonging the patient’s life of ac-
ceptable quality; or involving burden that outweighs 
benefit.7

Cases where nurses were more than 70% confident that 
no futile treatment was provided were screened out at 
this point. Of 160 admissions that possibly involved futile 
treatment, one was lost to follow-up and the remaining 

159 were subsequently audited in up to three rounds 
of independent reviews by consultants (senior medical 
specialists). Consultants were based at the study hospitals, 
were experienced in end of life care and came from a 
wide range of specialities.

Consultants’ judgements on the presence and timing 
of futile treatment were made based on the same defi-
nition used in the nurse audit. Five consultants initially 
reviewed each case, with an 80% consensus required 
for an admission to be classified as involving futile treat-
ment. Where a consensus could not be reached, an 
admission went through a second round of independent 
review with an additional five consultants. A combined 
minimum consensus of 60% across both rounds of review 
was required for a judgement on futile treatment to be 
made. For the final 30 admissions where consensus had 
not been reached, a third and final round of review was 
undertaken using three face-to-face panels of four or five 
consultants, who discussed each case until a final deter-
mination was made. Further details on the clinical audit 
process have been reported previously.2

Data items
A number of data items were extracted from patient 
medical records. We selected a subset of these items 
that were determined to be of potential relevance in 
predicting or explaining NBTs. We made this selection 
based on previous research (our own and other published 
studies) and the judgements of our expert clinical refer-
ence group.11 18 We selected data on individual patient 
characteristics included age, sex, non-English-speaking 
background, smoking and alcohol status, relationship 
status, exercise tolerance, aged care residency, level of 
dependency for activities of daily living and number of 
admissions in the past 3 years.

Data on whether there was evidence of advance care 
planning prior to the admission was obtained from 
patient notes. In Australia, Advance Care Planning refers 
to the process of talking through prognosis, viability of 
treatment, survivability, substitute decision makers and 
when comfort measures should start. It can be conducted 
by a doctor or by nursing staff. The Advance Health Direc-
tive is a legal document that reflect the decisions made in 
the Advanced Care Planning discussions such as refusal 
of resuscitation or artificial respiration. The Enduring 
Power of Attorney is a formal document that provides 
another person the authority to make personal or finan-
cial decisions on a patient’s behalf. Patients hold these 
documents and are required to bring them to hospital. 
Information from these legal documents is then kept in 
patients’ charts and accessible to all medical staff. Hospi-
tals also have an admission initiated Acute Resuscitation 
Plan that documents whether a patient wishes to be resus-
citated during the course of the admission.

Data on the nature and course of the admission included 
whether a patient had been transferred from another 
hospital, whether a patient was admitted to the intensive 
care unit, whether death occurred while in intensive care 
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unit (ICU), whether a decision was recorded either not to 
treat or to withdraw treatment, and the medical specialty 
the patient was being managed under at the time of 
death. Responses to the Supportive & Palliative Care 
Indicators Tool (SPICT) were also utilised. The SPICT 
(online supplementary file 2) is a validated tool used to 
identify patients at risk of deteriorating and dying with 
one or multiple advanced conditions. It is designed for 
use in palliative care needs assessment and planning.

It is common for hospital based social workers to be 
involved in end of life admissions in Australia, and family 
meetings are typically conducted as part of this process. 
The presence of conflict involving families was obtained 
from detailed social work notes. Examples of these types 
of conflicts included disagreements between family 
members on the continuation of treatment or the timing 
of extubation, as well as disagreements between family 
members and medical staff around treatment cessation or 
the need for more invasive interventions such as chemo-
therapy. The presence of conflict within medical teams 
was obtained from nursing and medical notes and largely 
related to the changing of orders, not following through 
with orders or disagreements about the appropriateness 
of orders.

Data from patient charts describing the cause of death 
were coded according to the WHO definition of ‘under-
lying cause of death’ and assigned Major Diagnostic 
Category (MDC) as defined in the WHO International 
Classification of Diseases.23 Deaths with multiple identi-
fied causes, where the single underlying cause could not 
be determined, were classified as involving either two, or 
three and above, MDCs.

Statistical analysis
A large number of covariates were identified as being 
potentially informative about the provision of NBT. 
Logistic regression models were used to quantify the asso-
ciation between the identified covariates and NBT. Odds 
ratios (ORs) were produced for each covariate, along 
with 95% CIs to quantify the uncertainty in the estimates.

First, each covariate was independently tested for its 
association with NBT in a series of independent univari-
able logistic regression models as a form of exploratory 
data analysis. A full multivariable logistic regression 
model which included all covariates was then fitted to 
the data. This model was able to estimate the associations 
with NBT when controlling for effects of other covariates.

Given the number of covariates identified, we then 
investigated whether it was possible to identify a concise 
set of covariates to explain the NBT provision observed in 
the data set. For this, we used ‘all possible subsets’ regres-
sion to determine the combination of covariates that 
were most strongly associated with NBT. The ‘all possible 
subsets’ regression method fits regression models to all 
possible combinations of the covariates, and ranks each 
model fitted using an information criterion.24 Model 
inferences can then be made from model averaging 
estimates from all subsets, or using a selection of most 

informative models. We used the Bayesian information 
criterion (BIC) to rank the fitted modes.25 This method is 
robust compared with simple stepwise regression proce-
dures which are more susceptible to selecting a local 
optimum by construct. The use of BIC also accounts for 
model selection uncertainty by producing model average 
estimates instead of relying on estimates from a single 
fitted model.26–28

Relative to the multivariable regression method, the all 
possible subsets regression can be considered a compar-
atively more robust approach as it considers all possible 
covariate configurations for a given full model specifica-
tion, and selects the fitted model with the optimal crite-
rion value out of all candidate models (formed from the 
possible covariate configurations). We appreciate that 
variable selection can be a contentious matter29 and have 
provided results from the full multivariable model, as well 
as the variable selection results from both all subset and 
simple stepwise approaches along with additional statis-
tical details in online supplementary file 3. The different 
approaches produced broadly consistent results.

Results
Descriptive statistics
There were 907 admissions included in the clinical audit, 
with one record lost to follow-up. An additional 75 admis-
sions were excluded from this analysis due to missing 
data, including seven that involved NBT. Admissions 
were excluded if data were missing on sex (four admis-
sions), marital status (33 admissions), carer status (29 
admissions), advance care planning (15 admissions) and 
cause of death (three admissions). There were 62 missing 
entries in the exercise covariate, so these were grouped 
into a ‘missing’ category.

Of the remaining 831 admissions in our sample, 103 
(12.4%) involved NBT. Table 1 summarises the character-
istics of admissions according to the involvement of NBT. 
An expanded version of this table containing the full vari-
able list is available in online supplementary file 4. The 
average length of stay was 11.1 days (SD 17.2 days).

Multivariable associations with NBT
Table 2 lists the ORs produced by the multivariable regres-
sion analysis. An expanded version of this table containing 
the full variable list is available in online supplementary 
file 5. The presence of conflicts involving families had 
the strongest association with NBT, with these admissions 
being 10 times more likely to involve NBT (OR 10.52, 
95% CI 4.27 to 26.49). Conflict in the medical team was 
also a strong predictor of NBT (OR 8.44, 95% CI 2.56 to 
29.23). A post hoc analysis revealed that these two covari-
ates were statistically independent, with only three admis-
sions involving both family and medical conflicts, and one 
of these involving NBT.

The multivariable regression also revealed that NBT was 
strongly associated with the presence of Enduring Power 
of Attorney documents, admission to ICU and very low 
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Table 1  Characteristics of the cohort, according to whether admissions involved NBT. Values are numbers (percentage of 
cohort) unless indicated otherwise

Characteristics

Admissions 
without NBT 
(n=728)

Admissions 
involving NBT 
(n=103) Total (n=831)

Hospital

 � A 301 (41%) 20 (19%) 321 (39%)

 � B 248 (34%) 36 (35%) 284 (34%)

 � C 179 (25%) 47 (46%) 226 (27%)

Personal characteristics

 � Age (mean, SD) 71.7 (16.1) 76.4 (17.1) 72.3 (18.1)

 � Male 411 (56%) 53 (51%) 464 (56%)

 � Non-English-speaking background 52 (7%) 12 (12%) 64 (8%)

 � Married/de facto 382 (52%) 50 (49%) 432 (52%)

 � Alcohol use* 118 (16%) 19 (18%) 137 (16%)

 � Smoker 89 (12%) 9 (9%) 98 (12%)

 � Is a carer 32 (4%) 9 (9%) 41 (5%)

 � Aged care resident 99 (14%) 12 (12%) 111 (13%)

Activities of daily living

 � Dependent 111 (15%) 22 (21%) 133 (16%)

 � Partially dependent 287 (39%) 40 (39%) 327 (39%)

 � Independent 330 (45%) 41 (40%) 371 (45%)

Exercise tolerance

 � No limits 137 (19%) 11 (11%) 148 (18%)

 � Ordinary activities result in fatigue/symptoms 227 (31%) 30 (29%) 257 (31%)

 � Less than ordinary activities result in fatigue/symptoms 288 (40%) 50 (49%) 338 (41%)

 � Bed bound 42 (6%) 9 (9%) 51 (6%)

 � Missing 34 (5%) 3 (3%) 37 (4%)

Previous admissions over the past 3 years

 � 0 202 (28%) 34 (33%) 236 (28%)

 � 1 124 (17%) 20 (19%) 144 (17%)

 � 2 95 (13%) 12 (12%) 107 (13%)

 � three or more 307 (42%) 37 (36%) 344 (41%)

End of life planning

 � Advance care planning in place 239 (33%) 43 (42%) 282 (34%)

 � Advance health directive 56 (8%) 7 (7%) 63 (8%)

 � Enduring power of attorney 186 (26%) 41 (40%) 227 (27%)

 � Palliative care review 34 (5%) 4 (4%) 38 (5%)

 � Acute resuscitation plan 21 (3%) 5 (5%) 26 (3%)

 � Not-for-resuscitation order 17 (2%) 4 (4%) 21 (3%)

Admission characteristics

 � Length of stay (mean, SD) 9.6 (15.7) 21.2 (22.8) 11.1 (17.2)

 � Inter-regional transfer 174 (24%) 34 (33%) 208 (25%)

 � Admitted to ICU 181 (25%) 33 (32%) 214 (26%)

 � Death in ICU 145 (20%) 18 (17%) 163 (20%)

 � Conflict in medical team 10 (1%) 11 (11%) 21 (3%)

 � Conflict involving family 20 (3%) 18 (17%) 38 (5%)

Continued
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Characteristics

Admissions 
without NBT 
(n=728)

Admissions 
involving NBT 
(n=103) Total (n=831)

 � Decision not to treat or to withdraw treatment 641 (88%) 91 (88%) 732 (88%)

*Positive responses refer to any level of alcohol consumption.
ICU, intensive care unit; NBT, non-beneficial treatment.

Table 1  Continued

exercise tolerance. NBT was more likely to occur in older 
patients, but less likely to occur in aged care residents. 
Relative to hospital A, patients admitted to hospital B had 
approximately 2.7 times the risk of NBT after controlling 
for covariates, while patients admitted to hospital C had 
more than six times the risk.

All subset regression associations with NBT
The results of the all subset regression approach are 
presented in figure 1. Family conflict (OR 8.9, 95% CI 4.1 
to 18.9) and medical team conflict (OR 6.5, 95% CI 2.4 
to 17.8) remained strongly associated with NBT. Older 
patients were more likely to receive NBT (OR 1.5, 95% CI 
1.2 to 1.9) and there remained a hospital effect on the 
provision of NBT (OR 2.5, 95% CI 1.4 to 4.6 for hospital 
B, and 4.5, 95% CI 2.4 to 8.4 for hospital C).

Additional positive associations were found for ICU 
admission (OR 1.7, 95% CI 0.7 to 4.6), the SPICT item 
for persistent symptoms (OR 1.4, 95% CI 0.7 to 3.1), and 
Enduring Power of Attorney (OR 1.3 (95% CI 0.7 to 2.6); 
these were not statistically significant at the 95% level of 
confidence.

Discussion
We used logistic regression models to identify the factors 
associated with NBT in end of life hospital admissions and 
to quantify the strength of these associations. Conflict 
within families and medical teams were identified as 
strong predictors of NBT provision, while patient age and 
hospital of admission were also significant factors.

The reasons for the associations between the pres-
ence of conflict and NBT are unclear. Notably, the pres-
ence of conflicts within medical teams (n=21) and those 
involving families (n=38) were largely independent. Only 
three admissions were observed as including both. Our 
finding is consistent with a previous study which showed 
that greater family discord was associated with stronger 
preferences for life-prolonging treatments and weaker 
preferences for palliative care, independently of end of 
life values and sociodemographic characteristics.30 It is 
possible that conflict is more likely to arise in scenarios 
where clinical decisions are less straightforward, and 
the potential for differences in opinion is greater. In 
such cases, there may be a tendency to err on the side 
of caution and provide NBT to maintain the status quo 
until the conflict is resolved. This was identified by some 
doctors as a factor in the previously reported qualitative 

component of this study.11 Similar reasoning might also 
explain the higher risk of NBT in older patients, where 
the complexity of clinical decisions may be greater. The 
design of our study and the data available did not allow 
for us to explore the nature of this relationship further, 
but it should be examined in future studies.

Regardless of the reasons underlying the significance of 
conflict in NBT at the end of life, these findings suggest 
there is potential to reduce such treatments through 
improved conflict management practices. A report 
commissioned by the New South Wales Department of 
Health identified that most conflicts within end of life 
care were initiated by communication breakdown.31 The 
most effective strategies for preventing and managing 
such conflict are therefore likely to be those that address 
this aspect of clinical practice. ‘Collaborative communi-
cation’ or ‘compassionate communication’ approaches 
may assist, where there is a focus on the feelings of family 
members and the identification of unmet needs.32–34 
Other factors the report identities as contributing to 
conflict in end of life care decisions included disparate 
expectations, avoidance of end of life discussions, and 
time constraints. Overall, the report found there is rela-
tively little evidence internationally around ‘what works’ 
in preventing or managing end of life conflict.

Age was the only individual patient characteristic to be 
significantly associated with NBT in both multivariable 
and ‘all possible subsets’ regressions. This builds on the 
findings reported in the development of the Criteria for 
Screening and Triaging to Appropriate aLternative care 
(CriSTAL) tool which aims to quantify the risk of death in 
elderly hospital patients in order to minimise prognostic 
uncertainty and avoid potentially harmful treatments.10 
The CrisSTAL tool identifies old age as a priority given 
the evidence of its strength in predicting death in hospital 
admissions. Our finding that old age was associated with 
NBT within a cohort of terminal admissions indicates that 
the predictive nature of old age in the provision of NBT 
occurs independently of its ability to predict death.

We have previously published results on the incidence 
of NBT in this cohort, which ranged from a rate of 6% in 
hospital A to 20% in hospital C.2 This paper builds on this 
evidence by applying hospital as a covariate in a regres-
sion model to determine its ability to predict NBT, both 
independently and while controlling for a large number 
of patient and hospital specific covariates. Hospital of 
admission remained a significant predictor across both 
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Table 2  Multivariable associations between covariates and 
non-beneficial treatment

Characteristics ORs (95% CIs) P value

Hospital

 � A (reference category) 1.0

 � B* 2.66 (1.22 to 5.95) 0.015

 � C* 6.64 (3.03 to 15.18) <0.001

Personal characteristics

 � Age (+10 years)*† 1.46 (1.17 to 1.86) 0.001

 � Male 0.85 (0.51 to 1.44) 0.553

 � Non-English-speaking 
background

2.01 (0.84 to 4.55) 0.103

 � Married/de facto 0.92 (0.54 to 1.57) 0.753

 � Alcohol use 1.68 (0.78 to 3.5) 0.182

 � Smoker* 0.37 (0.13 to 0.94) 0.047

 � Is a carer 2.67 (0.93 to 7.18) 0.058

 � Aged care resident* 0.27 (0.1 to 0.72) 0.011

Activities of daily living

 � Independent (reference 
category)

1.0

 � Partially dependent 1.02 (0.5 to 2.08) 0.951

 � Dependent 1.87 (0.62 to 5.64) 0.264

Exercise tolerance

 � No limits (reference category) 1.0

 � Ordinary activities result in 
fatigue/symptoms*

2.61 (1.04 to 6.94) 0.046

 � Less than ordinary activities 
result in fatigue/symptoms*

4.87 (1.72 to 14.71) 0.003

 � Bed bound 3.74 (0.79 to 17.78) 0.096

 � Missing 0.82 (0.16 to 3.42) 0.800

Previous admissions over the past 
3 years

 � 0 (reference category) 1.0

 � 1 1.04 (0.49 to 2.19) 0.917

 � 2 0.54 (0.21 to 1.31) 0.186

 � three or more 0.84 (0.41 to 1.7) 0.619

End of life planning

 � Advance care planning in place 0.26 (0.05 to 1.12) 0.084

 � Advance health directive 1.3 (0.41 to 3.75) 0.643

 � Enduring power of attorney* 7.73 (1.91 to 38.1) 0.007

 � Palliative care review 0.76 (0.11 to 4.22) 0.765

 � Acute resuscitation plan 0.55 (0.08 to 3.3) 0.527

 � Not-for-resuscitation order 3.05 (0.41 to 20.82) 0.263

Admission characteristics

 � Inter-regional transfer* 2.12 (1.12 to 4.02) 0.021

 � Admitted to ICU* 5.8 (2.27 to 14.59) <0.001

 � Death in ICU 0.4 (0.15 to 1.1) 0.075

 � Conflict in medical team* 8.44 (2.56 to 29.23) <0.001

 � Conflict involving family* 10.52 (4.27 to 26.49) <0.001

 � Decision not to treat or to 
withdraw treatment

0.82 (0.38 to 1.89) 0.629

Continued

Characteristics ORs (95% CIs) P value

*p<0.05.
†Age was modelled in 10-year increments by dividing the age 
covariate by 10.
ICU, intensive care unit.

Table 2  Continued

Figure 1  Factors associated with NBT in the final fitted 
all subset regression logistic model. Point estimates are 
represented by dots, and 95% CIs are shown as bars. Green 
bars are statistically significant at 0.05 significance level. ICU, 
intensive care unit; NBT, non-beneficial treatment; SPICT, 
Supportive & Palliative Care Indicators Tool.

multivariable and all subsets regressions. This strengthens 
the evidence to suggest that the observed differences in 
NBT between hospitals may be influenced by cultural 
or organisational practices and barriers, separate to 
observed variations in patient demographics or the clin-
ical case-mix. Findings from previous qualitative work in 
these hospitals identified a number of hospital-specific 
factors, including a high degree of specialisation, the 
availability of routine tests and interventions, and organi-
sational barriers to diverting a patient from a curative to a 
palliative pathway.11 A lack of palliative care team consul-
tation has also been identified as a statistically significant 
predictor of NBT in cancer patients in an intensive care 
setting.35 It is noteworthy that hospital A was the only 
hospital in our study with a dedicated palliative care ward, 
although all the hospitals had palliative pathways. Further 
research is needed to determine the efficacy of special-
ised palliative care unit on reducing NBT.

An unexpected finding was that most covariates were 
not associated with NBT. The lack of correlation between 
NBT and clinical factors including cause of death and 
medical specialty suggests that this issue is not limited to 
specific medical fields. This points to the need for system-
wide interventions that can be implemented and adapted 
across a range of clinical settings.

This is the first study to apply statistical modelling tech-
niques to assess the factors associated with NBT beyond 
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the ICU setting. We are aware of just two previous studies 
that have applied a statistical model to determine the 
factors associated with NBT; these were both specific to a 
single site intensive care unit with results that have limited 
generalisability to the broader hospital setting.35 36 We 
used a dataset containing detailed information on a large 
number of patient-specific and admission-specific factors. 
In utilising data from three major hospitals we were also 
able to examine factors that may influence NBT at the 
organisational level. Our data-based approach enabled 
the objective assessment of various patient and hospital 
related factors and allowed for the use of statistical 
tests to inform the generalisability of our results to the 
population.

A key limitation of our study design was the retrospec-
tive nature of the clinical audit that was used to identify 
whether an admission involved NBT, which may have 
introduced confirmation bias. The decision to identify an 
admission as involving NBT was also based on the percep-
tions of nurses and consultants, and did not incorporate 
the perspectives of patients or family members whose 
input is often required in decisions about end of life 
treatment. To do this would require a prospective study in 
real time, and our results can guide future researchers in 
this endeavour. Our cohort excluded patients at the end 
of life who were discharged to alternative care models 
such as hospice or palliative care. In doing so we implic-
itly assume that NBT was not provided to these patients; 
this is an untested assumption that should be explored in 
future studies. Furthermore, while we used a consensus 
definition of NBT, the definition of NBT in itself is subjec-
tive and value-laden and its interpretation may differ 
between individuals.7 Further limitations associated with 
the statistical methods we applied are included in online 
supplementary file 3.

Future studies should focus on identifying how NBT 
may be better recognised in practice, and developing 
interventions to prevent it from occurring. Saini et 
al have described the complex interplay of social, 
economic, political and psychological factors that 
contribute to the broader issue of treatment overuse.37 
Solutions are likely to require systemic change in the 
organisation of health systems and services, as well as 
individual level changes in the behaviours of medical 
professionals. Attention to patient preferences is central 
to this effort.38

We adopted an objective, data-based approach to esti-
mate the factors associated with NBT at the end of life. 
There is a need for further research to confirm these 
findings and to explain the reasons behind them. None-
theless, our results indicate the need for interventions 
to better manage conflicts in end of life care, both in 
medical teams and in families. The differences in the risk 
of NBT between hospitals suggests that successful inter-
ventions may also address institutional-level factors.
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