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ABSTRACT
Introduction The proportion of potentially preventable 
hospitalisations (PPH) which are actually preventable 
is unknown, and little is understood about the factors 
associated with individual preventable PPH. The Diagnosing 
Potentially Preventable Hospitalisations (DaPPHne) Study 
aimed to determine the proportion of PPH for chronic 
conditions which are preventable and identify factors 
associated with chronic PPH classified as preventable.
Setting Three hospitals in NSW, Australia.
Participants Community- dwelling patients with 
unplanned hospital admissions between November 
2014 and June 2017 for congestive heart failure (CHF), 
chronic obstructive pulmonary disease (COPD), diabetes 
complications or angina pectoris. Data were collected from 
patients, their general practitioners (GPs) and hospital 
records.
Outcome measures Assessments of the preventability of 
each admission by an Expert Panel.
Results 323 admissions were assessed for preventability: 
46% (148/323) were assessed as preventable, 30% 
(98/323) as not preventable and 24% (77/323) as 
unclassifiable. Statistically significant differences in 
proportions preventable were found between the three 
study sites (29%; 47%; 58%; p≤0.001) and by primary 
discharge diagnosis (p≤0.001).
Significant predictors of an admission being classified 
as preventable were: study site; final principal diagnosis 
of CHF; fewer diagnoses on discharge; shorter hospital 
stay; GP diagnosis of COPD; GP consultation in the last 12 
months; not having had a doctor help make the decision 
to go to hospital; not arriving by ambulance; patient 
living alone; having someone help with medications and 
requiring help with daily tasks.
Conclusions That less than half the chronic PPH were 
assessed as preventable, and the range of factors 
associated with preventability, including site and discharge 
diagnosis, are important considerations in the validity 
of PPH as an indicator. Opportunities for interventions to 
reduce chronic PPH include targeting patients with CHF 
and COPD, and the provision of social welfare and support 
services for patients living alone and those requiring help 
with daily tasks and medication management.

INTRODUCTION
Potentially preventable hospitalisations 
(PPH) are broadly defined as unplanned 
hospital admissions which could potentially 
have been prevented with effective, timely 
outpatient care prior to the admission.1 2 
Admissions are classified as PPH according 
to their final discharge code, and are classed 

Strengths and limitations of this study

 ► Focusing on the four most common chronic po-
tentially preventable hospitalisations principal 
discharge diagnoses enabled examination of this 
general patient group without confounding of fac-
tors associated with acute and vaccine- preventable 
admissions.

 ► Undertaking the study across multiple sites (in-
cluding both metropolitan and regional hospitals) 
allowed for examination of geographic and site 
variability.

 ► The collection of comprehensive information from 
patients, their general practitioners (GPs) and hos-
pital records facilitated consideration of patient, 
clinician and system factors in assessments of 
the preventability of individual admissions, as well 
as consideration of the broad range of factors po-
tentially associated with admissions assessed as 
preventable.

 ► Only admissions with full data (ie, from patients, 
their GPs and hospital records) were assessed by 
the Expert Panel, with these patients found to be 
slightly healthier (ie, lower rates of multi- morbidity 
and lower levels of psychological distress) than 
those not assessed, potentially limiting the general-
isability of the study findings.

 ► The smaller than anticipated sample reduced the 
power of the model and despite a comprehensive 
list of predictor variables, the model only explained 
22% of the preventability of the admissions, sug-
gesting even greater complexity in the drivers of 
preventability.
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as chronic, acute or vaccine- preventable. In Australia, 
approximately half (46%) of all PPH are classed as 
chronic,1 the majority of which are for congestive heart 
failure (CHF), chronic obstructive pulmonary disease 
(COPD), diabetes complications or angina pectoris.3

Reducing rates of PPH are a priority internationally,4–7 
although there is little evidence that efforts to do so have 
been successful.8 9

Although rates of PPH are widely used as a proxy 
measure or indicator of access to timely and effective 
primary care,10 the proportion of PPH which are actu-
ally preventable is unknown,11 and the validity of PPH 
as a marker for preventability has not been confirmed 
empirically.7 12 13 As the classification of an admission 
as a PPH is based on diagnostic codes for a specific list 
of conditions at discharge rather than an assessment of 
preventability, admissions classified as PPH will include 
some admissions which are preventable and those 
which are not,6 and miss some admissions which are 
preventable.

Few studies have attempted to assess the preventability 
of individual admissions, and most work in this area 
has focused on readmissions. A systematic review of the 
preventability of readmissions, drawing on studies which 
used a range of non- comprehensive and widely varying 
methods for assessing preventability, reported estimates 
ranging from 5% to 79%.14 Further, little is known about 
the factors associated with PPH which are actually prevent-
able. The importance of identifying which patients are 
likely to benefit from interventions, that is, those which 
are ‘impactible’,15 and of learning from PPH that could 
have been prevented,5 is being increasingly recognised in 
the literature. To our knowledge, no previous research 
has been undertaken specifically examining the factors 
associated with preventable PPH.7

A wide range of factors have been found to be associ-
ated with rates and risk of chronic PPH more generally, 
irrespective of their actual preventability. Sociodemo-
graphic and health characteristics and behaviours have 
been found to be the major drivers of geographic varia-
tion in rates of PPH for chronic conditions in Australia.16 
Previous research has shown that rates of chronic PPH 
are higher among men,17 in Aboriginal populations18 
and rural areas,17 and those of older age,16 low socioeco-
nomic status17 19 20 and poorer health (self- reported and 
greater number of comorbidities).16 17 21 22 Not engaging 
in routine physical activity,22 poor health literacy23 and 
poor medication adherence24 are also associated with 
increased risk of chronic PPH . Social isolation has been 
identified as an important contributory factor to chronic 
PPH,25 and higher social isolation scores are associated 
with more frequent chronic PPH .26

Clinician- level factors associated with increased risk of 
chronic PPH include having multiple providers,27 low 
levels of provider continuity28 29 or having a general prac-
titioner (GP) with fewer (less than 10) years of experi-
ence.17 Having a GP with less access to ancillary services,17 
lower levels of collaboration with other community- based 

providers28 or low adherence to clinical guidelines17 are 
also associated with higher risk for chronic PPH .

At the system level, the findings regarding access to care 
and risk of chronic PPH are mixed. Research undertaken 
in the USA found low self- reported access to care to be 
associated with higher rates of chronic PPH admissions,2 
and a systematic review concluded that adequate physi-
cian supply is associated with reduced rates of chronic 
PPH.28 However, Australian research found area level 
primary care providers supply to explain only 3.5% of 
the variation in chronic PPH rates,16 and better access to 
primary care providers has been found to be associated 
with higher rates of chronic PPH (although again only 
explaining a small proportion of the variation).20

Although a range of factors across patient, clinician 
and system levels have been found to be associated with 
risk for unplanned hospital admissions, some of the find-
ings are equivocal and the role of such factors in PPH 
which are actually preventable is unknown, limiting our 
ability to develop and target appropriate interventions. 
To better understand and ultimately reduce rates of PPH, 
a means of identifying and examining those PPH which 
are actually preventable is required.

The Diagnosing Potentially Preventable Hospital-
isations (DaPPHne) Study30 aimed to (1) identify the 
proportion of PPH admissions for chronic conditions 
which are preventable and (2) to generate an evidence 
base identifying modifiable factors driving preventable 
PPH for chronic conditions. This paper addresses these 
central aims of the DaPPHne Study, by describing the 
DaPPHne participants, the proportion of admissions 
assessed as preventable and the factors associated with 
admissions assessed as preventable.

METHOD
The DaPPHne Study is a mixed methods data linkage 
study, described in detail in previous papers.30 31 Patients 
with unplanned admissions to one metropolitan and 
two regional hospitals in NSW, Australia, with a primary 
discharge diagnosis of COPD, CHF, diabetes compli-
cations or angina pectoris; aged 45 years and over; 
community- dwelling; able to give informed consent and 
not transferred from another hospital, were eligible to 
participate in the study.

Patients were recruited to the study over recruitment 
periods of approximately 12 months at each site, between 
November 2014 and June 2017. Research nurses screened 
admissions to the emergency departments to identify 
patients who were potentially eligible to participate in the 
study. Research nurses monitored patients’ progress and 
approached those who were admitted to hospital to invite 
them to participate in the study. As inclusion criteria 
included a primary discharge diagnosis of COPD, CHF, 
diabetes complications or angina pectoris, a final deter-
mination of if a patient was eligible to be included in the 
study could not be made until the admission had been 
coded following their discharge from hospital.
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Following the provision of written informed consent, 
data were collected via (a) patient questionnaire (during 
the hospital admission), (b) GP (ie, family physician) 
structured interview and (c) extraction of hospital clinical 
data. Please see online supplemental data collection tool. 
The patient questionnaire included demographic charac-
teristics, health conditions and self- reported functioning, 
disease self- management, use of health services, health 
literacy, psychological distress and social support. GPs 
were interviewed face- to- face (the vast majority) or over 
the phone regarding care provided, including adherence 
to selected elements of the guidelines for management 
of patients’ PPH diagnoses; the potential impact of other 
chronic conditions (including mental health) and any 
social issues relating to the admission and the patient’s 
use of out- of- hospital clinical and non- clinical services. 
Clinical data were extracted from the hospital records for 
the participants’ current admission and the most recent 
previous admission, including principal diagnoses and 
comorbidities, medications on admission and discharge 
information. Copies of the clinical notes for the period 
up to and including the first 24 hours after admission and 
the hospital discharge summary were also provided.

Assessment of the preventability of each admission was 
made by an Expert Panel.31 Expert Panels were estab-
lished at each of the three sites, and consisted of a local 
hospital physician, GP and community nurse with exper-
tise in chronic disease management, ensuring a diverse 
range of perspectives on patient care, as well as clinical 
expertise and knowledge of local services and systems. 
Expert Panel members each reviewed a detailed case 
report of each admission (containing information from 
the patient questionnaire, GP interview, hospital data, 
24 hours of clinical notes and discharge summary) and 
independently assessed if they were reasonably confident 
the admission was preventable (yes/no) within the frame-
work of the study definition (see below). For those admis-
sions where there was not consensus on this question, 
panel members met for a facilitated discussion about the 
admission to reach consensus. The panel members were 
also asked to assess whether they were reasonably confi-
dent the admission was not preventable. For those admis-
sions classified as ‘preventable’, Expert Panel members 
identified intervention/s they considered could have 
prevented the admission.

Definition of preventable admissions
The DaPPHne Study defines ‘preventable’ admissions as 
unplanned admissions which could have been prevented 
if: (1) appropriate, adequate, accessible and good 
quality support in the community had been available 
and accessed in the preceding 3 months (support in the 
community might include primary healthcare, family/ 
neighbour/friend/social support, health or non- health 
community services); and/or (2) appropriate individual 
health behaviours, for example, disease self- management, 
had occurred in the 3 months prior to admission.

Although the original work of Billings and colleagues32 
referred to the ‘period immediately prior to admis-
sion’, we were unable to identify any clear timeframes 
for preventability in the literature. In consultation with 
clinicians, it was determined that a period of 3 months 
prior to the admission to be a reasonable time in which 
to expect any interventions or behaviour change aimed at 
preventing admission to be effective.12 31

Patient and public involvement
A priority of the DaPPHne Study was to better under-
stand patients’ experiences regarding their unplanned 
hospital admission and the management of their chronic 
condition/s. This was identified by the research team as 
both a gap in the literature, and information vital for the 
development of interventions designed to reduce chronic 
PPH and contribute to improvements in clinical care and 
self- management. Membership of the DaPPHne Steering 
Committee included a consumer representative, who 
provided input and guidance regarding the study design 
(including a substudy specifically exploring patient 
perspectives33) and implementation, and the develop-
ment of the patient questionnaire. Patients were not 
involved in the recruitment to, nor conduct of the study, 
other than as participants. A plain language summary of 
the main findings has been disseminated to those partici-
pants who indicated during the informed consent process 
that they would like to receive a summary of the findings.

Analysis
Data were entered into a specifically designed Access 
database, with all analyses completed using Stata V.15.34 
Descriptive statistics of the characteristics of the patients 
and their admissions were generated.

The sample was divided into two groups: those assessed 
as ‘preventable’ and those assessed as ‘other’ (consisting 
of admissions assessed as not preventable and those 
admissions not able to be classified as preventable or 
not preventable). This approach was consistent with the 
research aims of assessing the extent of preventability 
of chronic PPH and the factors associated with prevent-
able chronic PPH .30 The ‘preventable’ and ‘other’ 
groups were compared on all variables collected, using 
χ2, Fisher’s exact, t- tests or non- parametric equivalents, as 
appropriate.

Multivariable analysis
Initial bivariate significance testing was conducted to 
identify potentially important model candidates for inclu-
sion in a multivariable analysis. Those characteristics that 
demonstrated a p value of 0.2 or lower were selected as 
potential candidates. Consistent with recommendations 
by Kahan and colleagues, we accounted for the impact of 
site on the outcomes by including hospital site as a fixed- 
effect in the logistic regression modelling. This is recom-
mended for situations where there are a small number of 
clusters.35 Age, sex and Indigenous status were included 
as candidates regardless of their statistical significance.

https://dx.doi.org/10.1136/bmjopen-2020-038415


4 Johnston J, et al. BMJ Open 2020;10:e038415. doi:10.1136/bmjopen-2020-038415

Open access 

The multivariable logistic regression model construc-
tion process was based on the methods described by 
Bursac and colleagues.36 Each candidate variable was then 
included in the model one at a time with the candidate 
variable demonstrating the smallest p value then added to 
the model. This was repeated in a stepwise manner with 
the remaining candidate variables until there were no 
more variables demonstrating p values of 0.1.

If a candidate variable was added which then made 
another variable already in the model go over the 0.1 
threshold, the latter was then removed from the model 
and changes in Akaike information criterion (AIC), 
goodness of fit and area under the receiver operating 
characteristics (ROC) curve were analysed. If consider-
able changes to these measures were made (≥15%), both 
variables were retained. If the changes were not consid-
erable, the variable which was over the threshold was 
removed from the model and returned to the group of 
candidate variables further considered for inclusion in 
later models.

After there were no variables left demonstrating a 
p value of 0.1 or less the rest of the candidate variables 
were then added one at a time with each model tested for 
considerable (≥15%) changes in AIC, goodness of fit, the 
area under the ROC and confounding of the effect sizes 
of the rest of the included variables. Any variables that 
altered the model under these criteria were included in 
the model. Finally, all included variables were tested for 
interactions with hospital site. Any significant interactions 
were retained in the model.

To assess potential selection bias, the admissions 
assessed by the Expert Panel (ie, those with data from all 
three sources: patient questionnaire, GP interview and 
hospital records) were compared with those recruited and 
eligible, but with no GP data, on all variables collected in 
the patient questionnaire and the hospital clinical audit 
(due to GP refusal or unable to identify or contact).

RESULTS
The numbers of patients who were screened, recruited 
and remained in the study are presented in figure 1. 
Of the 1808 admissions deemed potentially eligible 
after initial screening, 500 were ‘missed’. In these cases, 
patients were discharged after a very short admission, 
commonly during periods when the research nurses were 
not working (ie, weekends or out of business hours during 
the week), and as such, there was not an opportunity to 
recruit them to the study.

Of 791 patients consenting to participate, 545 were 
determined as eligible (following the assignment of 
final discharge diagnoses). Full data were collected for 
323 eligible admissions and were assessed by the Expert 
Panels. It was not possible to undertake GP interviews for 
222 of the eligible admissions and as such, these were not 
assessed by the Expert Panels.

A comparison of admissions assessed by the Expert 
Panels (n=323) and those not assessed (n=222), on all 
variables collected in the patient questionnaire and the 
hospital clinical audit found a small number of signifi-
cant differences between the groups. Those assessed by 
the Expert Panel were less likely to have consulted their 
GP about the condition for which they were admitted to 
hospital within the past 3 months (78% of those assessed 
vs 86% of those not, p=0.016); more likely to have very 
good health literacy on the Partners in Health Scale37 
(57% vs 46%, p=0.009) and ninth grade or above literacy 
on the Rapid Estimate of Adult Literacy in Medicine 
(REALM- R)38 (73% vs 58%, p<0.001); less likely to have 
moderate or severe psychological distress (as assessed by 
the Kessler Psychological Distress Scale (K10)39 (34% vs 
44%, p=0.022); more likely to eat at least two servings of 
fruit/day (52% vs 41%, p=0.012); more likely to have a 
note in their hospital records that they were having diffi-
culty managing at home (20% vs 9%, p<0.001) and less 
likely to have seven or more diagnoses on admission (39% 

Figure 1 Screening, recruitment and eligibility of DaPPHne participants across the three study sites. DaPPHne, Diagnosing 
Potentially Preventable Hospitalisations.



5Johnston J, et al. BMJ Open 2020;10:e038415. doi:10.1136/bmjopen-2020-038415

Open access

vs 47%, p=0.046). There were no differences on final diag-
noses (principal or total number), number of prescribed 
medications or other health risk behaviours. Given the 
lower rate of multi- morbidity, better health literacy and 
lower psychological distress among those assessed, those 
assessed by Expert Panels may be slightly healthier than 
those not assessed by Expert Panels.

Patient characteristics
A detailed description of the 323 assessed by the Expert 
Panel admissions is provided in online supplemental 
table S1. Average age was 71 years (range 46–91 years). 
Just over half (54%) were men and most were born in 
Australia (71%), with only 14 (4%) participants identi-
fying as Aboriginal. In general, self- reported physical 
and mental health was poor: Approximately half (53%) 
rated their general health as fair or poor and one- third 
(34%) reported experiencing moderate to high psycho-
logical distress. Over half (55%) were considered by their 
GP to have social issues impacting their ability to manage 
their health. Three- quarters (74%) reported that they did 
not engage in any moderate physical activity. Of the 218 
participants with body mass index calculated, 73% were 
classified as obese.

Most (78%) participants reported having consulted 
a GP about their (primary) chronic condition in the 
previous 3 months. The majority (82%) reported having 
more than one doctor (GPs or specialists) involved in 
their care, and many had also consulted other health 
professionals in the previous 12 months.

The most common principal diagnosis on discharge 
was COPD (38%), followed by diabetes and/or related 
complications (27%), CHF (25%) and angina pectoris 
(10%). There was considerable multi- morbidity, with 
48% of admissions having seven or more diagnoses on 
discharge (ie, comorbidities that required ongoing 
management). Polypharmacy was also common, with 
79% of the participants prescribed five or more prescrip-
tion medications on admission.

Proportion of admissions assessed as preventable
Of the 323 admissions assessed, Expert Panel members 
agreed regarding preventability in 170 (53%) of cases 
following their initial, individual assessments. The 
remaining cases required a facilitated discussion to reach 
consensus.

The Expert Panels assessed 148 (46%) of the 323 
admissions as preventable (‘reasonably confident that 
this admission was preventable’). They were ‘reasonably 
confident’ that 98 (30%) admissions were not prevent-
able, with the remaining 77 (24%) not able to be clas-
sified as preventable or not preventable. There were 
significant differences between the proportion of admis-
sions assessed as preventable at the three study sites (29%; 
47%; 58%; p≤0.001), and by principle discharge diag-
nosis, with CHF more likely to be assessed as preventable 
(p≤0.001) (table 1).

How did the preventable admissions differ to the others?
Statistically significant differences were found between 
the ‘preventable’ (n=148) and ‘other’ (n=175) admis-
sions on a range of patient, clinician and system level (see 
online supplemental table S1). In univariate analyses, 
patients who were married or in a de facto relationship 
were less likely to have a preventable admission (p=0.028). 
Patients who were living alone (p=0.012), and those who 
regularly requiring help with daily tasks (p=0.023) were 
more likely to have a preventable admission. Patients with 
GPs reporting that they were aware of social issues that 
impacted negatively on the patients’ ability to manage 
their health were more likely to have an admission 
assessed as preventable (p=0.018). Patients who did not 
engage in at least one 30 min session of moderate phys-
ical activity per week were also were also more likely to 
have an admission assessed as preventable (p=0.026).

Admissions with a final principal discharge diagnosis 
of CHF were more likely to be assessed as prevent-
able (p<0.001). Indeed, patients with any diagnosis (ie, 
primary or secondary) of CHF (p=0.016) were more likely 
to be assessed as having had a preventable admission, as 
were those with any diagnosis of COPD (p=0.040). In 
contrast, those patients with a principle discharge diag-
nosis of diabetes (p=0.019) or angina pectoris (p=0.024) 
were significantly less likely to be assessed as having 
had a preventable admission. Extent of comorbidity 
was also associated with preventability, with patients 
with one or two diagnoses on admission (p=0.028) and 
discharge (p=0.001) more likely to be assessed as having 
had a preventable admission. Those patients arriving by 
ambulance were less likely to be assessed as preventable 
(p=0.040).

Predictors of preventability
A multivariate model was built, with the final model shown 
in table 2. After controlling for age, sex and Indigenous 

Table 1 Panel assessment of preventability by site and 
final principal discharge diagnosis

Preventable
(%)

Other
(%)

Row total
(%) P value

Panel assessment by site

  Rural 1 25 (29) 62 (71) 87

  Rural 2 58 (47) 65 (53) 123

  Metro 65 (58) 48 (42) 113

  Total 148 (46) 175 (54) 323 <0.001

Panel assessment by final principal discharge diagnosis

  CHF 50 (63) 29 (37) 79

  COPD 58 (47) 65 (53) 123

  Angina 9 (27) 24 (73) 33

  Diabetes 31 (35) 57 (65) 88

  Total 148 (46) 175 (54) 323 <0.001

CHF, congestive heart failure; COPD, chronic obstructive 
pulmonary disease.

https://dx.doi.org/10.1136/bmjopen-2020-038415
https://dx.doi.org/10.1136/bmjopen-2020-038415
https://dx.doi.org/10.1136/bmjopen-2020-038415
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status, 11 variables were important predictors of an admis-
sion being classified as preventable (table 2).

At the patient level, predictors of an admission being 
classified as preventable were the patient living alone, 
having someone that helps with their medication, and 
requiring regular help with daily tasks. Having a final 

principle diagnosis of CHF, two or less diagnoses on 
discharge and having been diagnosed by their GP as 
having COPD were also predictors of an admission 
being classified as preventable. Other predictors related 
to having had a doctor help make the decision to go to 
hospital (less likely to be preventable) and having had a 

Table 2 Multivariable logistic regression model of the significant predictors of PPH

Predictor OR P value 95% CIs 90% CIs

Hospital site

  Rural 1 1 – – –

  Rural 2 3.98 <0.001 1.9 to 8.31 2.14 to 7.38

  Metro 6.31 <0.001 2.94 to 13.53 3.33 to 11.97

Final principal diagnosis of CHF

  No 1 – – –

  Yes 5.43 <0.001 2.71 to 10.89 3.03 to 9.74

Total diagnoses on discharge

  1–2 diagnoses 1 – – –

  Three and above diagnoses 0.21 0.007 0.07 to 0.65 0.08 to 0.54

Length of hospital stay (days)

  1–2 days 1 – – –

  Three days and above 0.54 0.067 0.28 to 1.04 0.31 to 0.94

Mode of arrival to hospital

  Ambulance 1 – – –

  Other 1.75 0.055 0.99 to 3.1 1.08 to 2.82

A doctor helped make decision to go to hospital

  No 1 – – –

  Yes 0.39 0.01 0.19 to 0.8 0.22 to 0.71

Any GP consult in the last 12 months

  No 1 – – –

  Yes 3.48 0.03 1.13 to 10.8 1.36 to 9.02

GP diagnosis of COPD

  No 1 – – –

  Yes 1.64 0.093 0.92 to 2.90 1.01 to 2.65

Living alone

  Not alone 1 – – –

  Alone 2.77 0.001 1.49 to 5.17 1.64 to 4.68

Patient has someone that helps with taking medications

  No 1 – – –

  Yes 2.35 0.028 1.1 to 5.04 1.24 to 4.46

Participant requires help with daily tasks

  No 1 – – –

  Yes 1.74 0.066 0.96 to 3.15 1.06 to 2.86

Constant 0.126089 0.028 0.019829 0.801792

Pseudo R2=0.2194

Goodness of fit p value=0.5649

Model adjusted for age, sex and Indigenous status.
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; GP, general practitioner; PPH, potentially preventable 
hospitalisations.
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GP consultation in the previous 12 months (more likely 
to be preventable). Length of hospital stay of one to 2 
days and not arriving by ambulance were also predictors 
of admissions being assessed as preventable.

DISCUSSION
This is the first study to empirically assess the preventability 
of individual PPH for chronic conditions. Utilising Expert 
Panels to assess the preventability of each admission, the 
findings show nearly half of the chronic PPH were classi-
fied as preventable. Importantly, the findings also show that 
in nearly one- third of the cases assessed, the Expert Panels 
were reasonably confident the admission was not prevent-
able, that is, the panel deemed that there was nothing that 
could have been done in the 3 months leading up to the 
admission to prevent it. Together, these findings provide 
the first empirical evidence of the extent to which rates of 
PPH for chronic conditions overestimate the proportion of 
admissions which are actually preventable. Furthermore, 
the significant variability in the proportion of admissions 
assessed as preventable by both site and final discharge 
diagnosis has considerable implications for understanding 
what PPH is, and is not, measuring as a health system perfor-
mance measure. These findings confirm the ‘bluntness’ of 
the measure,40 and point to some of the limitations of this 
approach to inform policy and practice.12 The difference by 
site in the rates of PPH deemed preventable emphasises the 
importance of considering the factors, for instance service 
availability and accessibility, which contribute to prevent-
able PPH at the local level. A forthcoming paper from the 
DaPPHne Study describing a qualitative analysis of clini-
cians’ (including Expert Panel members) perspectives of 
what could have been done to prevent the hospitalisations 
assessed as preventable, examines the site- specific factors 
in detail (Longman et al, What could prevent chronic 
condition admissions assessed as preventable in rural and 
metropolitan contexts? Clinicians’ perspectives from the 
DaPPHne study). Similarly, the difference by principle diag-
nosis in the rates of PPH deemed preventable emphasises 
the importance of considering the factors which contribute 
to preventable PPH by diagnosis.

It has previously been noted that the reliance on rates 
of PPH as an indicator is ‘driven by the lack of alterna-
tive sources of data which capture the impact of ambu-
latory care’ (p. 432).5 The DaPPHne Study includes a 
data linkage component which will link DaPPHne data 
to routinely collected administrative data (emergency 
department presentations, hospital admissions and 
mortality) with the aim of building predictive models to 
provide insights into refining the PPH indicator.30

The DaPPHne participants represent a group of 
patients, most of whom have complex needs, with limited 
social and financial resources, multi- morbidity, poly-
pharmacy and poor health risk profiles. For many, their 
existing health conditions are difficult to manage, high-
lighting the importance of prevention at a much earlier 
stage. Nevertheless, the findings presented here point to 

possible leverage points in the 3 months leading up to an 
admission, using interventions designed to foster better 
clinical care and self- management in the community. 
The findings indicate that, of the four chronic diseases 
included in our study, the two which particularly repre-
sent opportunities for action are CHF and COPD. CHF as 
principal discharge diagnosis was a significant predictor of 
being assessed as preventable in the multivariate analysis, 
with 63% of admissions with CHF as principal discharge 
diagnosis assessed as preventable. As such, admissions 
with CHF as principle discharge diagnosis accounted 
for 34% of all the preventable admissions in the study. 
In contrast, while a smaller proportion (39%) of COPD 
admissions were preventable, these admissions accounted 
for a higher proportion (41%) of the total preventable 
admissions in the study, due to the high number of COPD 
admissions. Given these findings, further examination 
of interventions targeting patients with these diagnoses 
are warranted. For example, the use of patient- tailored 
COPD action plans,41–43 as well as education interven-
tions,44 show promise for improving outcomes and 
preventing admissions for patients with COPD. The find-
ings regarding pulmonary rehabilitation are mixed and 
require further research to examine the nuances of such 
programmes and their impact on hospital admissions and 
other outcomes.45 Special clinics for heart failure have 
been found to reduce risk of unplanned admissions and 
readmissions,46 and a post- discharge intervention based 
on patient and family collaborations (including lifestyle 
modification) and designed according to patients’ needs, 
has been found to be effective in reducing readmissions 
in CHF patients.47

Admissions for patients with less than three diagnoses 
were more likely to be assessed as preventable. In compar-
ison to those patients with three or more diagnoses, 
these patients may represent a group with somewhat 
less complex needs and more scope for interventions 
to be of benefit. Similarly, shorter admissions (less than 
3 days) were more likely to be assessed as preventable, 
again possibly reflecting less complex or clinically chal-
lenging scenarios which may have been managed in the 
community.

Patients’ living arrangements, specifically living alone, 
was found to be a significant predictor of an admis-
sion being classified as preventable. One in five of the 
DaPPHne cohort reported having no or little social 
support, and previous work has highlighted the role that 
social isolation can have in unplanned admissions for 
chronic conditions.25 Other significant predictors of an 
admission being classified as preventable included the 
patient having someone who regularly helps them with 
their medication (eg, know when and/or what to take) 
and the patient needing help with daily tasks. These 
apparently conflicting results highlight the difficulty in 
establishing valid measures of important preventability 
factors. In this case it is likely having someone assist with 
medication was a marker of patient need rather than a 
cause of unplanned admission. A focus on social welfare 
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and support services, including care in the home encom-
passing medication management and daily tasks, may 
enable patients to better manage their chronic condi-
tions in the community. The forthcoming paper from 
the DaPPHne Study will further contribute to our under-
standing of possible leverage points by describing a qual-
itative analysis of clinicians’ perspectives of what could 
have been done to prevent the hospitalisations assessed as 
preventable (Longman et al, What could prevent chronic 
condition admissions assessed as preventable in rural and 
metropolitan contexts? Clinicians’ perspectives from the 
DaPPHne study).

Strengths of the DaPPHne Study included that, by 
focusing on the four most common chronic PPH principal 
discharge diagnoses, we could examine this general patient 
group and their PPH without the impact of confounding 
of factors associated with acute and vaccine- preventable 
admissions. Further, the inclusion of both metropolitan 
and regional sites strengthened the study by allowing 
for consideration of geographic variability. Comprehen-
sive information from patient, GP and hospital records 
allowed for consideration of patient, clinician and system 
factors in both assessments of preventability of indi-
vidual admissions, as well as examination of the factors 
associated with admissions assessed as preventable. The 
recruitment of Expert Panels for each of the three sites 
ensured their ability to make informed assessments of 
preventability within the context of local service systems. 
Furthermore, the consistencies across the three panels in 
terms of processes, training, tools and frameworks within 
which to make their assessments reduced the impact of 
difference between the approaches (and therefore assess-
ments) of the Panels.31 It is possible, however, that some 
level of systematic differences between the panels may, 
nevertheless, have contributed to the site difference in 
the proportions assessed as preventable.

Limitations of the study included that the preventability 
of the eligible admissions with full data were assessed, 
thereby excluding those without GP interview. Given 
the lower rate of multi- morbidity, better health literacy 
and lower psychological distress among those assessed, 
those assessed by Expert Panel may be slightly healthier 
than those not assessed by Expert Panels, and therefore 
possibly more likely to have their admission assessed as 
preventable. It is also worth noting that a considerable 
number (n=500) of admissions considered ‘potentially 
eligible’ (following initial screening) were ‘missed’ by the 
Research Nurses, commonly due to short admissions over 
weekends. It is plausible that this may have also contrib-
uted to an underestimation of the proportion of prevent-
able admissions, given that admissions of less than 3 days 
were more likely to be assessed as preventable.

Further, we anticipated recruiting a larger sample and 
greater participation by patients’ GPs. The smaller than 
anticipated sample reduced the power of the model. 
Despite a comprehensive list of predictor variables, the 
model only explained 22% of the preventability of the 
admissions, suggesting even greater complexity in the 

drivers of preventability. Further research may aim to 
identify additional variables that we did not consider or 
measure variables we included in a different way.

As the first study to empirically assess the preventability of 
individual PPH for chronic conditions, DaPPHne makes an 
important contribution to the field. That less than half the 
PPH were assessed as preventable (and nearly one third as 
not preventable), and the wide range of factors associated 
with preventability, including site and discharge diagnosis, 
are important factors in future considerations in the validity 
and use of PPH as an indicator. Furthermore, the findings 
presented here underscore the importance of identifying 
which PPH are preventable, and the modifiable factors 
driving them. The improved understanding of which 
chronic PPH were preventable provided by this work points 
to opportunities for interventions to reduce PPH among 
people with CHF and COPD, and the importance of the 
provision of social welfare and support services for patients 
living alone and those requiring help with daily tasks and 
medication management.
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