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ABSTRACT
Unscheduled admissions to hospital place great demands
on the use of limited healthcare resources in health
systems worldwide. A range of approaches exist to
manage demand; however, interventions within hospitals
have received less attention, and the evidence base on
effectiveness is limited. This study aimed to assess the
effectiveness of a novel intervention, implemented in
National Health Service Lothian, to reduce the number of
unscheduled attendances, and to estimate the impact on
hospital admissions, length of hospital stay and overall
total acute hospital costs.
Methods Before and after observational study of an
anticipatory care planning intervention targeted among
people identified by a prediction algorithm (Scottish
Patients at Risk of Readmission and Admission) as being
at high risk of future unscheduled hospital admissions.
The statistical significance of the difference in outcomes
observed before and after implementation of the
intervention between August 2014 and July 2015 was
tested using difference-in-difference analysis.
Results The intervention was estimated to reduce
the number of unscheduled hospital admissions and
emergency department (ED) visits by approximately 0.36
(95% CI −0.905 to 0.191) per patient per year (based
on 954 and 450 patients in the intervention and control
groups, respectively). There was also non-significant
reductions in length of hospital stay for unscheduled
admissions and hospital costs for ED visits and inpatient
care. The overall predicted effect of the intervention for the
average participant was a saving of around £2912 (95% CI
−7347.0 to 1523.9) per patient per year.
Conclusion An anticipatory care planning intervention
focused among people judged to be at higher risk of
future unscheduled hospital admissions can be effective
in reducing the number of unscheduled admissions to
hospital and ED visits, and may lead to an overall saving in
use of hospital resources.

INTRODUCTION
A large focus for healthcare systems worldwide is to improve the efficiency of resource
use, especially the amount devoted to
unscheduled care in hospital. For example,
almost a quarter of National Health Service
(NHS) England overall expenditure in

Summary
What is already known?
►► Approaches to manage healthcare demand, rang-

ing from provision of self-management support and
interventions in primary care, to better integration
between healthcare and social care, as well as other
specific community-based interventions to reduce
hospital re-admission, have been assessed in the
literature. Some are beneficial and cost-effective,
while others are not, but less is known regarding
hospital based interventions.

What does this paper add?
►► This paper focused on impacts of an anticipatory

care planning intervention based on a prediction
algorithm to reduce unscheduled acute hospital
care. This approach can be an effective intervention
within a hospital to lower unscheduled hospital admissions and emergency department visits, and may
potentially reduce overall hospital costs.

2013/2014 was spent on unscheduled care.1
Unscheduled care has been defined as ‘any
healthcare provided with less than 24 hours
notice’. Unscheduled hospital admissions
form a growing part of hospital care: between
2006/2007 to 2017/2018, the number of
unscheduled admissions from accident &
emergency (A&E) departments has been
steadily rising.2
The UK House of Commons Public
Accounts Committee3 estimates that
24% of the total 5.8 million emergency
admissions in England during 2016–2017
might have been avoided if more effective
community healthcare and case management had existed.4 Examples here include
interventions co-
ordinated in primary
care, where one study in NHS Highland
showed significant reductions in unplanned
hospitalisation for patients with multiple
morbidities.5 Other initiatives, ranging
from self-
management support to better
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integration between healthcare and social care, have
also been tested to reduce hospital readmission (See6
for a detailed review). The evidence base relating to the
effectiveness of such interventions is however rather
mixed, and also challenging to interpret, given patient
heterogeneity in terms of case-mix.
Relative to primary and community care, less attention
has been devoted to initiatives within the hospital setting.
However, there is now growing provision of enhanced
information support between healthcare professionals.
For example, within Scotland, the key information
summary aims to enhance communication between
primary and secondary care.7 It allows selected parts of
the general practitioner (GP) electronic patient record to
be shared electronically with other parts of the NHS, and
currently covers 2%–3% of the Scottish adult population
with the most complex health and/or social care needs.
Predictive modelling tools to identify patients at high
risk of being a frequent A&E attender or being readmitted are now available, for instance Patients at Risk
of Readmission and Adjusted Clinical Groups-Predictive
Model used in the USA and UK,8 as well as Hospital
Admission Risk Prediction in Canada (see ref. 9 for a
rapid review on predictive validity of these tools). In
Scotland, an algorithm called Scottish Patients at Risk
of Readmission and Admission (SPARRA) is an available
risk prediction tool that predicts an individual’s risk of
unscheduled admission to hospital within the next 12
months. It has been used to proactively manage future
hospital demand among population groups likely to make
greater use of hospital resources.10 11 While modelling
studies predict that such tools should lead to reductions
in the number of unplanned hospital admissions,11 there
is a paucity of evidence from real world implementation
studies regarding whether they do in practice reduce the
volume and costs associated with unscheduled hospital
admissions.12
The aim of this paper therefore is to report the effectiveness of a novel intervention, implemented in NHS
Lothian, Scotland, that aimed to reduce the risk of
future unscheduled hospital admission. The intervention involved application of the SPARRA tool to identify patients at high risk of future unscheduled hospital
admission, followed by deployment of appropriate key
workers (eg, addictions or psychiatric nurses or consultants) to engage with patients, relatives, GPs and the
wider hospital team to develop patient-
centred care
plans. This paper focuses on four potential effects of
the intervention: the number of unscheduled attendances to emergency department (ED) and unscheduled
hospital admissions, length of hospital stay, total costs of
unscheduled admissions and overall total acute hospital
costs. Unlike many interventions that prioritise older
adults,13–15 this intervention focused on a wider group
of participants with long term conditions and younger
frequent ED attenders. Therefore, it contributes to the
literature on hospital based interventions among a wider
patient group.
2

DATA
The intervention (entitled ‘PACT’: Patient Anticipatory
Care Team) was implemented at the Royal Infirmary
Edinburgh (RIE) for 2 years and commenced in August
2014. Frequent hospital attenders were defined as an
individual with a SPARRA score of 80 or more, or meeting
the conventionally accepted definition of ED frequent
attender: 10 or more ED attendances in the previous
year or 5 or more in the previous 3 months. Frequent
attenders were triaged for interventions and allocated
an appropriate PACT key worker, with some patients
then receiving anticipatory care plans (ACPs). Staff were
able to access this ACP to manage future ED visits.16 For
example, a typical ACP of patients with multiple long-
term conditions consisted of background information on
physical and mental problems, and family circumstances,
for example, carer or care responsibilities. Many included
consultant names, as well as flagging specific issues such
as need for support from other services, for example,
social care or police.
A total of 954 patients were identified as frequent
hospital attenders eligible to receive the intervention and
were assigned a key worker between August 2014 and July
2015. The algorithm identified a cohort of potentially
eligible individuals, which was further refined by removing
individuals resident outwith the hospital catchment area
or who clinically did not require a care plan (this process
also excluded frail elderly patients, who were signposted
to dedicated care of the elderly services). Further, for
service outcomes 1 year
the purposes of analysing full-
before and after implementation, only patients alive for
the whole outcomes measurement period were included
in the statistical analysis (Retaining patients who died
during the evaluation period could bias the results in
either direction. While greater mortality might drive
down the cost due to shorter span of those patients in the
sample, end of life care could be much more expensive
for some patients.).
In addition, a synthetic control group was created
using archived data to identify patients who would have
been eligible for the intervention if it had existed on
1 August 2013 (812 patients). After applying the same
inclusion criteria, this generated a control group of 450
patients. The flow chart for the triage into intervention and control groups in figures 1 and 2 illustrates
the timeline for sample recruitment. The intervention
group consists of multiple cohorts of patients identified
as high-demand patients at different dates in a monthly
staggered pattern. The first cohort of the intervention
group was triaged in August 2014. Here, the year 1 (or
‘before’ period) covers 12 months prior to August 2014,
while year 2 (the ‘after’ period) includes 12 months
from August 2014. We combined all cohorts based on
triages from August 2014 to July 2015 into ‘the intervention group’.

Leckcivilize A, et al. BMJ Health Care Inform 2021;28:e100305. doi:10.1136/bmjhci-2020-100305

BMJ Health Care Inform: first published as 10.1136/bmjhci-2020-100305 on 25 May 2021. Downloaded from http://informatics.bmj.com/ on May 27, 2021 at University of Aberdeen. Protected
by copyright.

Open access

Figure 1

The triage of our study sample.

METHODS
The effectiveness of the intervention was estimated using
a ‘difference-in-differences (Dif-in-Difs) design’. The
main regression model was specified as follows:
	 yit = α + βTreatit + δAfterit + γTreatit ∗ Afterit + θXit + ϵit 
where yit  is a dependent variable for the outcomes of
interest, which are numbers of ED visits, unscheduled
hospital admissions, length of stay or total hospital cost
as described in table 1. Treatit  is a dummy variable equal
to one if patient i was allocated to the intervention, Afterit 
is a dummy variable equal to one if the time period t (=1,
2) of the data is within 1 year after patient i was allocated
to the intervention and 1 year after the hypothetical
intervention date (1 August 2013) for the intervention
and control groups respectively, and γ , a coefficient of
Treatit ∗ Afterit , is the estimated impact of the intervention on the outcomes (treatment effect). Xit  is a vector
of control variables including age, gender, SPARRA score
when identified by the algorithm as a frequent attender,
and quintile of the patient’s neighbourhood based on
the 2016 Scottish Index of Multiple Deprivation (SIMD),
where the first quintile is the most deprived area whereas
the fifth quintile is the least deprived area. ϵit  is an error
term. There were a small number of missing observations
in the SPARRA score and the SIMD (n=154). Thus, the

Figure 2

data were treated as missing at random and therefore
those observations were excluded from the main analysis. Negative binomial regression was used to model the
number of hospital admissions and length of stay, while
generalised linear model regression with gamma distribution and logarithmic link function was used for total
hospital costs.

RESULTS
table 1 shows per patient mean, SD, minimum and
maximum value of the main outcomes and all explanatory variables.
The average number of unscheduled admissions and
visits to the ED was 3.86 per person per year (pp/py), of
which the ED visit is 0.95 and the unscheduled admission is 2.91. All values of number of admissions/visits
presented in tables 1 and 2 as well as in the regression
analysis of total cost in online supplemental table 1 and 2
are calculated assuming one admission/visit per episode
of care, for example, when a patient visited the ED and
was then transferred to another ward, we count that as
one admission/visit only (using a different approach,
ie, counting them as separate admissions or visits, makes
little difference to the regression analysis results.). The

Timeline of the administrative data used for the control and intervention groups.
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Table 1 Summary statistics
Variable

Obs

Mean (N, proportion)

SD

Min

Max

No of unscheduled hospital admissions and ED
visits (visits/person/year)

2808

3.86

3.97

0

33

No of unscheduled hospital admissions (non-ED) 2808
(admissions/person/year)

2.91

3.25

0

31

No of ED visits (visits/person/year)

2808

0.95

1.43

0

14

Length of stay for unscheduled admissions
(days)

2808

9.43

15.29

0

290

Total cost from unscheduled admissions and ED 2808
visits (£/person/year)

10 829

14 550

0

284 252

Total cost for ED visits+scheduled and
unscheduled admissions (£/person/year)

2808

22 249

32 287

0

294 837

Female

2808

(1,374, 48.9%)

–

0

1

Age group 16–24

2808

(266, 9.5%)

–

0

1

Age group 25–34

2808

(418, 14.9%)

–

0

1

Age group 35–44

2808

(464, 16.5%)

–

0

1

Age group 45–54

2808

(608, 21.7%)

–

0

1

Age group 55–64

2808

(512, 18.2%)

–

0

1

Age group 65–74

2808

(478, 17.0%)

–

0

1

Age group 75 up

2808

(62, 2.2%)

–

0

1

SIMD quintile 1

2712

(810, 29.9%)

–

0

1

SIMD quintile 2

2712

(872, 32.2%)

–

0

1

SIMD quintile 3

2712

(418, 15.4%)

–

0

1

SIMD quintile 4

2712

(306, 11.3%)

–

0

1

SIMD quintile 5

2712

(306, 11.3%)

–

SPARRA score at entry

2676

70.27

19.78

0

1

6

95

ED, emergency department; SIMD, Scottish Index of Multiple Deprivation; SPARRA, Scottish Patients at Risk of Readmission and
Admission.

average length of stay for unscheduled hospital admissions is 9.4 days pp/py. The average total cost for unscheduled hospital admissions is £10 830 pp/py, and the average
total cost for all ED visits and all admissions is £22 250.
Regarding explanatory variables, there are approximately
the same proportion of males and females in the sample.
Approximately 40% of the sample is aged between 16–44
years of age, 40% aged 45–64 years of age, and those aged
65 years of age or older represent 20% of the sample.
Approximately 60% of the sample live in less privileged
neighbourhoods (quintiles 1 and 2), as measured by
SIMD. The average baseline SPARRA score is 70.
Table 2 compares descriptive statistics for the explanatory variables: age, gender, SIMD and SPARRA between
the control and intervention groups. The groups appear
comparable on most indicators, with no large differences
evident. Summary statistics of the four main outcome
variables are also shown. The average number of admissions and ED visits show a clear downward trend between
the before and after period for both the intervention
group and the control group (average decline of 1 visit
pp/py in both groups). The average length of stay associated with unscheduled admissions also shows a decline
in both groups, with a smaller decline in the intervention
4

group (3 days) vs the control group (4 days) (However,
these are not adjusted for the compositional differences
(such as age or risk score) between the intervention and
control groups.). A similar pattern emerges with the costs
associated with these stays: a decline in both groups, but
a larger decline in the control group. Finally, the total
costs from all ED visits and all hospital admissions showed
a similar level decline for both intervention and control
groups between the before and after period.
REGRESSION ANALYSIS
Table 3 shows the intervention group has a significantly
lower number of unscheduled admissions and ED visits.
Also, there were significantly fewer admissions and ED
visits in the period after intervention. The effect of the
intervention is shown by the interaction term (intervention*after). This estimates a reduction in the number
of unscheduled admissions and ED visits, and is statistically significant at the 10% level. This result is robust
to a change in the method used to correct the standard
errors, that is, the p value of the treatment effect is equal
to 0.070 and 0.085 for homoscedastic errors and bootstrapping errors with stratification between control and
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Table 2 Summary statistics by group and period
Intervention group
Before
Mean

SD

Control group
After

Mean

Before

Obs

No of unscheduled hospital
admissions & ED visits

954

4.09

3.62

2.89

3.70

450

5.19

3.99

4.06

4.67

No of unscheduled hospital
admissions (non-ED)

954

3.10

3.06

2.16

2.91

450

3.91

3.34

3.12

3.84

No of ED visits

954

1.01

1.31

0.73

1.40

450

1.29

1.59

0.95

1.47

Length of stay for unscheduled
admissions

954

9.87

14.41

6.83

12.43

450

13.68

20.75

9.77

15.15

Total cost from unscheduled
admissions and ED visits only

954

11 110

13 057

10 876

450

16 447

20 127

11 771

15 769

Total cost for ED visits+scheduled 954
and unscheduled admissions

22 822

30 329

28 632

450

30 702

36 865

24 218

36 409

0.51

0.50

450

0.44

0.50

7455
16 763

SD

Obs

Mean

SD

After

Variable

Mean

SD

Personal characteristics*
Female

954

Age group 16–24

954

0.09

0.29

450

0.10

0.31

Age group 25–34

954

0.16

0.37

450

0.12

0.33

Age group 35–44

954

0.17

0.37

450

0.16

0.37

Age group 45–54

954

0.22

0.42

450

0.21

0.41

Age group 55–64

954

0.16

0.37

450

0.23

0.42

Age group 65–74

954

0.17

0.38

450

0.17

0.37

Age group 75 up

954

0.03

0.17

450

0.00

0.07

SIMD Quintile 1

913

0.29

0.45

443

0.32

0.47

SIMD Quintile 2

913

0.31

0.46

443

0.35

0.48

SIMD Quintile 3

913

0.16

0.37

443

0.13

0.34

SIMD Quintile 4

913

0.12

0.32

443

0.10

0.31

SIMD Quintile 5

913

0.12

0.32

443

0.10

0.30

SPARRA score at entry

914

68.21

20.14

424

74.72

18.22

*We have access to the personal characteristics of the patients only once at the time they entered the intervention group (or the
hypothetical intervention date for the control group), hence we do not present the numbers for the ‘after’ period.
ED, emergency department; SIMD, Scottish Index of Multiple Deprivation; SPARRA, Scottish Patients at Risk of Readmission and
Admission.

intervention group, respectively. Most of the remaining
control variables in table 3 have insignificant coefficients.
The exceptions relate to the youngest age group, SIMD 1
and the SPARRA score.
To interpret the estimated coefficients shown in table 3,
marginal effects and CI are computed, based on the delta
method. table 4 shows the predicted number of unscheduled admissions and ED visits per year in the intervention
group is around 3.30 compared with 3.86 in the control
group, while the number in the period after intervention falls by around 0.91. In summary the intervention is
associated with a reduction of approximately 0.357 (95%
CI –0.905 to 0.191) admissions and visits per year (This
is approximately equal to (2.8424–3.8477) – (3.5538–
4.2023)). The treatment effect and 95% CI are computed
according to a suggestion in reference 17. Further, the
predicted effects of the intervention may be larger for
those with higher SPARRA scores or younger patients
(see online supplemental table A1).

table 5 shows the impact on hospital length of stay from
unscheduled admissions. There was no statistically significant difference in length of stay between intervention and
control groups, or in the time period before and after the
intervention. The interaction term (intervention*after)
is not statistically significant, suggesting that the intervention did not influence length of stay. Female patients were
associated with a longer length of stay. Those from the
most deprived areas were associated with a shorter length
of stay (Although this result sounds counter-intuitive, this
coefficient becomes significant only when SPARRA score
is included. In other words, for those with the same risk
score, patients from the most deprived area stay in the
hospital for shorter periods of time than those from the
least deprived area.). Higher SPARRA score was significantly associated with a longer length of stay. Overall,
while the ‘average’ patient is predicted to have a shorter
length of stay by approximately 1 day, the effect is not
statistically different from zero.
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Table 3 Negative binomial regression with bootstrapped SEs (1000 replications) without stratification for unscheduled
admissions and ED visits*
Variable

Coef.

SE

Z-stat

P value

(95% CI)

Intervention

−0.0882

0.0433

−2.04

0.042

−0.1731 to −0.0033

After

−0.1676

0.0634

−2.64

0.008

−0.2919 to −0.0433

Intervention*after

−0.1352

0.0790

−1.71

0.087

−0.2901 to 0.0197

Female

−0.0047

0.0387

−0.12

0.902

−0.0806 to 0.0711

Age 16–24

0.2696

0.1194

2.26

0.024

0.0355 to 0.5037

Age 25–34

0.1821

0.1075

1.69

0.09

−0.0286 to 0.3928

Age 35–44

0.1436

0.1113

1.29

0.197

−0.0745 to 0.3616

Age 45–54

−0.1244

0.1023

−1.22

0.224

−0.3248 to 0.0761

Age 55–64

−0.1626

0.1066

−1.52

0.127

−0.3716 to 0.0464

Age 65–74

−0.0749

0.1082

−0.69

0.489

−0.2869 to 0.1371

SIMD quintile 1

−0.1573

0.0726

−2.17

0.03

−0.2996 to −0.0151

SIMD quintile 2

−0.0017

0.0723

−0.02

0.981

−0.1434 to 0.1400

SIMD quintile 3

−0.0221

0.0812

−0.27

0.786

−0.1813 to 0.1372

SIMD quintile 4

0.0916

0.0864

1.06

0.289

Age 75 up

Reference group

SIMD quintile 5
SPARRA score at entry
Intercept

−0.0778 to 0.2610
Reference group

0.0254

0.0015

17.35

0

−0.3125

0.1685

−1.85

0.064

0.0226 to 0.0283
−0.6427 to 0.0177

Number of obs=2654.
Log likelihood=−6247.4205 Pseudo R2=0.0455.
*The results in tables 3 and 4 allow for multiple admissions per day in order to reflect resources and staff time used with each
patient. However, the regression results based on number of admissions capped at one admission per day are both qualitatively and
quantitatively similar to tables 3 and 4.
ED, emergency department; SIMD, Scottish Index of Multiple Deprivation; SPARRA, Scottish Patients at Risk of Readmission and
Admission.

Online supplemental table 1 estimates the association
between the intervention and unscheduled hospital
admission costs. The coefficient of the interaction variable— (intervention* after)—is not significantly different
from zero, indicating no statistically significant association
with unscheduled admission costs. Similar to previous
tables, gender, area deprivation and SPARRA score were
all significantly associated with costs. Using the estimated
coefficients, our model predicts a £717 (95% CI −2752.1

to 1318.5) reduction in unscheduled hospital admission
costs for the average patient.
Online supplemental table 2 considers the effect on
total hospital costs for ED visits and all lengths of stay
(both scheduled and unscheduled). The coefficient of
interest (intervention*after) is not significantly different
from zero. Similar to previous estimates, gender, area
deprivation and SPARRA score were all significantly associated with costs (male respondents, younger age groups,

Table 4 Predicted number of unscheduled admissions estimated at means of all other control variables based on
bootstrapped SE without stratification
Predicted value

Delta-meth.
SE

(95% CI)

Control group

3.8645

0.1341

3.6017 to 4.1273

Intervention group

3.3071

0.0831

3.1443 to 3.4699

Before

3.9566

0.0850

3.7901 to 4.1231

After

3.0506

0.1036

2.8475 to 3.2537

Control and before

4.2023

0.1535

3.9014 to 4.5033

Control and after

3.5538

0.1974

3.1670 to 3.9407

Intervention and before

3.8477

0.0981

3.6554 to 4.0401

Intervention and after

2.8424

0.1187

2.6098 to 3.0750

6
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Table 5 Negative binomial regression with bootstrapped SEs (1000 replications) without stratification for length of stay due to
unscheduled admissions
Variable

Coef.

SE

Z-stat

P value

(95% CI)

Intervention

−0.1035

0.0746

−1.39

0.165

−0.2498 to 0.0428

After

−0.1506

0.0983

−1.53

0.125

−0.3432 to 0.0420

Intervention*after

−0.1332

0.1240

−1.07

0.283

−0.3761 to 0.1098

0.2300

0.0625

3.68

Female

0

0.1075 to 0.3525

Age 16–24

−0.0818

0.1856

−0.44

0.659

−0.4456 to 0.2820

Age 25–34

−0.0675

0.1784

−0.38

0.705

−0.4171 to 0.2822

Age 35–44

0.0033

0.1758

Age 45–54

−0.1204

0.1719

−0.7

0.02

0.985

−0.3414 to 0.3479

0.484

−0.4573 to 0.2165

Age 55–64

−0.0176

0.1729

−0.1

0.919

−0.3564 to 0.3213

Age 65–74

0.1484

0.1714

0.87

0.387

−0.1875 to 0.4844

−0.3193

0.1156

−2.76

0.006

−0.5460 to −0.0927

Age 75 up
SIMD Quintile 1

Reference group

SIMD Quintile 2

−0.0892

0.1150

−0.78

0.438

−0.3146 to 0.1362

SIMD Quintile 3

−0.2530

0.1219

−2.08

0.038

−0.4920 to −0.0141

SIMD Quintile 4

0.1089

0.1312

0.83

0.406

−0.1482 to 0.3661

SIMD Quintile 5
SPARRA score at entry
Intercept

Reference group
0.0345

0.0023

15.12

0

−0.1317

0.2710

−0.49

0.627

0.0301 to 0.0390
−0.6629 to 0.3995

Number of obs=2654.
Log likelihood=−8168.7977 Pseudo R2=0.0324.
SIMD, Scottish Index of Multiple Deprivation; SPARRA, Scottish Patients at Risk of Readmission and Admission.

more deprived area and lower SPARRA score were all
associated with lower hospital costs).
We also ran bootstrap regressions of the model in
online supplemental table 2 for 10 000 replications and
plotted the histogram of the estimated coefficients of the
intervention effects in online supplemental figure A1.
The average value of these estimates is around −0.18, and
in more than 90% of the replications the intervention
effects are negative, showing a reduction in total costs
from all scheduled and unscheduled admissions as well
as ED visits.
Online supplemental table 3 presents the marginal
effects for different groups. For example, the predicted
value of the total cost per year in the intervention group
is around £17 230 compared with £19 985 for the control
group. Furthermore, for both groups, the total cost
observed after the intervention period is around £3230
lower than observed in the year prior to intervention.
Our predicted effect of the intervention for the ‘average’
patient is a saving of around £2912 (95% CI −7347.0 to
1523.9) per patient per year. Online supplemental table
A2 indicates that the predicted savings are likely to be
larger among those patients with higher SPARRA score,
for example, £4484 (95% CI -11 309.7 to 2342.8) and
£5133 (95% CI −12 948.9 to 2683.6) pp/py for those
with SPARRA score at 75th and 90th percentile respectively. In addition, the absolute size of the reductions is
increasing with age except for the oldest patients, while

female patients are predicted to have a higher decrease
in costs than males.

DISCUSSION
The results reported in this paper suggest that the ACP
intervention developed in this study had a statistically
significant association with the number of unscheduled
hospital admissions and ED visits. However, while the
intervention was associated with a reduced length of
hospital stay for unscheduled admissions, and was associated with lower hospital costs for ED visits and inpatient
care, these reductions were not statistically significant.
Such insignificant effects are consistent with literature
on case management in older people and care pathway
guidelines for specific diseases.13 18
Our finding of a statistically significant reduced volume
of unscheduled hospital admissions and ED visits is
consistent with systematic reviews of similar interventions that aim to reduce hospital readmissions (19,20).
A meta-
analysis of 42 RCTs (Randomised Controlled
Trials)19 found a significant reduction in the risk of 30
days medical and surgical readmissions (pooled relative
risk=0.82 (95% CI 0.73 to 0.91). The ingredients within
successful interventions targeted patient characteristics
(eg, multimorbidity and socioeconomic variables factors)
as well as caregiver availability. A further systematic review
of 26 RCTs20 found that interventions initiated during
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the hospital stay and continuing after discharge for a
minimum of 1 month were effective in reducing readmissions over the subsequent 1 year period (pooled relative
risk=0.58 (95% CI 0.46 to 0.75)).
One explanation for the insignificant findings on
three of the four outcomes is that there was a clear downward in the second year of follow-up in both groups.
This is most likely due to regression to the mean, that
is, the trajectory of hospital care use reverting to a trend
that reflects more typical longer term use patterns. The
use of the SPARRA algorithm and prior admission data
will by design detect high users of hospital care. One
implication is that reductions in admissions and length
of stay are more likely to be difficult to detect, and may
lead to zero effects, or weakly significant treatment
effects.
An explanation for the insignificant effect of the intervention on costs is that the intervention is focused on
prevention of admission rather management of length
of stay while in hospital. A further explanation is that
length of stay may be influenced by bed capacity, and
this may have fluctuated year on year, thereby diluting
any treatment effect.
A potential limitation of this study is that the estimates relied on historical control data. Other than standard Dif-in-Difs assumptions (Ideally, a better control
group could be contemporaneous data from other
health boards that did not implement the PACT intervention. However, we do not have access to data outside
the RIE.), one extra assumption is needed when using
patients’ historical data as a control group. Specifically,
the change in outcomes of patients in the control group
1 year before and after 1 August 2013 (our hypothetical intervention date) is assumed to mimic what would
have happened to patients in the intervention group if
they had not been treated with the intervention (similar
to the ‘parallel trend’ assumption).
However, we encounter two complications. First,
due to data availability, we are unable to show that the
trends between the intervention and control groups
were similar prior to the actual and hypothetical dates
respectively. Second, the dummy Afterit  is not able to
control for macro trends affecting both intervention and
control groups in the year after intervention because
these periods are not contemporaneous. Consequently,
the analysis assumes no significant change in resource
constraints between different time periods. Overall,
these limitations and the unavailability of data on other
patients’ characteristics, may limit the generalisability
of our findings to other settings. Further research in
other settings is required to establish whether the
results observed here can be generalised to other areas.
CONCLUSIONS
An anticipatory care planning intervention focused
on people at high risk of future unscheduled hospital
admissions can be effective in lowering the number of
8

unscheduled admissions to hospital and ED visits, and
may help to save overall hospital costs. Furthermore,
potential benefits of the intervention in terms of health
for the patient were not measured. These benefits may
include better health outcomes and positive patient
experience.21 Although feedback from patients, relatives and staff was overwhelmingly positive,16 evaluation
of the intervention in terms of these aspects was beyond
the scope of this study.
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Figure A1: Histogram of the estimated coefficients of treatment effect on total cost of
admissions (scheduled and unscheduled) based on bootstrap regressions with 10,000
replications

NB: The Y axis represents a fraction of all replications where each range of estimated coefficients
occurs, and the X axis illustrates the size of estimated coefficients of the intervention effects from
smaller than -0.6 to almost 0.4.

Table A1: Estimated effects of PACT intervention on the numbers of unscheduled
admissions and ED visits by groups of patients (keeping other control characteristics at
mean of the sample)
Predicted
effects
-0.153
-0.305
-0.446
-0.494
-0.547
-0.465
-0.426
-0.330
-0.355
-0.358
-0.356

Predicted for:
SPARRA 10th percentile (score = 37)
SPARRA 25th percentile (score = 64)
SPARRA median (score = 79)
SPARRA 75th percentile (score = 83)
SPARRA 90th percentile (score = 87)
Patient aged 16-24
Patient aged 25-34
Patient aged 65-74
Patient aged 75 and over
Average male patient
Average female patient

[95% Conf.
Interval]
-0.394
0.087
-0.784
0.175
-1.151
0.259
-1.275
0.287
-1.412
0.319
-1.208
0.278
-1.097
0.245
-0.855
0.196
-0.919
0.208
-0.922
0.207
-0.917
0.205
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Table A2: Estimated effects of PACT intervention on on total cost of all types of
admissions (both scheduled and unscheduled) by groups of patients (keeping other
control characteristics at mean of the sample)
Predicted
effects
-946.9
-2,358.7
-3,916.4
-4,483.5
-5,132.6
-2,211.1
-2,500.2
-4,227.2
-3,734.1
-2,639.4
-3,210.4

Predicted for:
SPARRA 10th percentile (score = 37)
SPARRA 25th percentile (score = 64)
SPARRA median (score = 79)
SPARRA 75th percentile (score = 83)
SPARRA 90th percentile (score = 87)
Patient aged 16-24
Patient aged 25-34
Patient aged 65-74
Patient aged 75 and over
Average male patient
Average female patient

[95% Conf. Interval]
-2,404.0
510.3
-5,955.4 1,238.0
-9,879.2 2,046.3
-11,309.7 2,342.8
-12,948.9 2,683.6
-5,595.8 1,173.7
-6,283.8 1,283.4
-10,853.6 2,399.3
-9,546.2 2,078.0
-6,680.9 1,402.1
-8,083.7 1,662.9
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Supplemental table 1: Effects of the intervention on total cost of unscheduled admissions
based on generalized linear model with gamma distribution and robust standard errors
[95% Conf.
Variable
Coef.
Std.Err. Z-stat
P-value
Interval]
intervention
-0.1998 0.0625
-3.2
0.001 -0.3223 -0.0773
after
-0.1758 0.0827
-2.12
0.034 -0.3380 -0.0136
intervention*after -0.1379 0.1036
-1.33
0.183 -0.3410
0.0651
female
0.1521 0.0519
2.93
0.003 0.0504
0.2538
age 16-24
0.0791 0.1567
0.5
0.614 -0.2280
0.3862
age 25-34
0.0561 0.1453
0.39
0.699 -0.2286
0.3409
age 35-44
0.0919 0.1446
0.64
0.525 -0.1916
0.3754
age 45-54
-0.0772 0.1401
-0.55
0.582 -0.3518
0.1975
age 55-64
-0.0340 0.1416
-0.24
0.81 -0.3116
0.2436
age 65-74
0.0695 0.1412
0.49
0.622 -0.2072
0.3463
age 75 up
Reference group
SIMD Quintile 1
-0.2596 0.0971
-2.67
0.008 -0.4500 -0.0693
SIMD Quintile 2
-0.0752 0.0959
-0.78
0.433 -0.2632
0.1128
SIMD Quintile 3
-0.1874 0.1007
-1.86
0.063 -0.3847
0.0099
SIMD Quintile 4
0.1562 0.1098
1.42
0.155 -0.0590
0.3714
SIMD Quintile 5
Reference group
SPARRA score at
entry
0.0304 0.0019
15.83
0 0.0266
0.0341
intercept
7.2837 0.2274
32.04
0 6.8381
7.7293
Number of obs = 2,654
Log pseudo likelihood = -26881.3374
NB: Costs of emergency department visits and inpatient stays were calculated
using values from Information Services Division (ISD), NHS Scotland in 2017.
The average cost of an accident and emergency visit from 14 hospitals in
Scotland was used to estimate cost per ED visit1. To estimate cost per day for
inpatient stays within four specialties (general medicine, gastroenterology,
respiratory medicine and general surgery (excluding vascular)), the mean local
value across these four specialties was used, while for other specialities, an
average local cost per day across all other specialties was used.

1

https://www.isdscotland.org/Health-Topics/Finance/Costs/Detailed-Tables/Speciality-Costs/index.asp
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Supplemental table 2: Effects of the intervention on total cost of all types of admissions (both
scheduled and unscheduled) based on generalized linear model with gamma distribution and
robust standard errors
[95% Conf.
Variable
Coef.
Std.Err. Z-stat
P-value
Interval]
intervention
-0.0593 0.0678
-0.87
0.382 -0.1921 0.0735
after
-0.0602 0.0934
-0.64
0.519 -0.2432 0.1228
intervention*after -0.1781 0.1214
-1.47
0.143 -0.4160 0.0599
female
0.1958 0.0618
3.17
0.002 0.0747 0.3170
age 16-24
-0.5240 0.1617
-3.24
0.001 -0.8410 -0.2070
age 25-34
-0.4012 0.1562
-2.57
0.01 -0.7073 -0.0950
age 35-44
-0.3522 0.1515
-2.32
0.02 -0.6493 -0.0552
age 45-54
-0.2951 0.1549
-1.91
0.057 -0.5987 0.0084
age 55-64
-0.2252 0.1506
-1.5
0.135 -0.5205 0.0700
age 65-74
0.1240 0.1497
0.83
0.407 -0.1694 0.4174
age 75 up
Reference group
SIMD Quintile 1
-0.2492 0.1211
-2.06
0.04 -0.4865 -0.0119
SIMD Quintile 2
-0.1699 0.1239
-1.37
0.17 -0.4126 0.0729
SIMD Quintile 3
-0.2290 0.1215
-1.88
0.059 -0.4671 0.0092
SIMD Quintile 4
0.0246 0.1288
0.19
0.848 -0.2278 0.2771
SIMD Quintile 5
Reference group
SPARRA score at
entry
0.0338 0.0026
12.84
0 0.0286 0.0390
intercept
7.8707 0.2854
27.58
0 7.3113 8.4300
Number of obs = 2,654
Log pseudo likelihood = -28666.77967
NB: All costs of visits and inpatient stays were calculated as explained in
Supplemental table 1
Supplemental table 3: Predicted value of the total cost of admissions estimated at means of all
other control variables based on the generalized linear model with gamma distribution and
robust standard errors
DeltaPredicted
meth.
value
Std. Err.
[95% Conf. Interval]
Control group
19,984.57
1,064.94 17,897.33 22,071.82
Intervention
group
17,230.03
618.20 16,018.38 18,441.68
Before
19,777.44
677.01 18,450.52 21,104.36
After
16,488.20
768.64 14,981.70 17,994.71
Control & Before 20,595.24
1,130.03 18,380.42 22,810.06
Control & After
19,392.01
1,625.72 16,205.66 22,578.37
Intervention &
Before
19,409.82
817.39 17,807.77 21,011.87
Intervention &
After
15,295.04
879.91 13,570.46 17,019.63
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