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A B S T R A C T

Background: Acutely hospitalised older patients with 
indications related to internal medicine have high risks 
of adverse outcomes. We investigated whether risk 
stratification using the Acutely Presenting Older Patient 
(APOP) screening tool associates with clinical outcomes 
in this patient group.
Methods: Patients aged ≥ 70 years who visited the 
Emergency Department (ED) and were acutely hospitalised 
for internal medicine were followed prospectively. 
The APOP screener assesses demographics, physical 
and cognitive function at ED presentation, and predicts 
3-month mortality and functional decline in the older 
ED population. Patients with a predicted risk ≥ 45% 
were considered ‘high risk’. Clinical outcome was 
hospital length of stay (LOS), and adverse outcomes were 
mortality and functional decline, 3 and 12 months after 
hospitalisation. 
Results: We included 319 patients, with a median age of 80 
(IQR 74-85) years, of whom 94 (29.5%) were categorised 
as ‘high risk’ by the APOP screener. These patients had 
a longer hospital LOS compared to ‘low risk’ patients (5 
(IQR 3-10) vs. 3 (IQR 1-7) days, respectively; p = 0.006). 
At 3 months, adverse outcomes were more frequent in 
‘high risk’ patients compared to ‘low risk’ patients (59.6% 
vs. 34.7%, respectively; p < 0.001). At 12 months, adverse 
outcomes (67.0% vs. 46.2%, respectively; p = 0.001) 
and mortality (48.9% vs. 28.0%, respectively; p < 0.001) 
were greater in ‘high risk’ compared to ‘low risk’ patients.
Conclusion: The APOP screener identifies acutely 
hospitalised internal medicine patients at high risk for 
poor short and long-term outcomes. Early risk stratification 

at admission could aid in individualised treatment 
decisions to optimise outcomes for older patients.
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I N T R O D U C T I O N 

Older patients acutely hospitalised for complaints within 
the remit of internal medicine are at high risk of adverse 
health outcomes, with 25-35% showing functional decline 
during hospitalisation,1,2 which rises to 23-43% at three 
months, together with 10-20% mortality rates three 
months after acute admission.3-5 Patients with high risks 
of adverse outcomes require adaptations of care and extra 
attention to prevent further decline.6 Risk stratification 
during the initial stages of an acute care episode is 
therefore an important first step in targeting interventions 
and improving outcomes for individual older patients.7-9 
However, the identification of patients at highest risk is 
challenging and therefore rarely used in practice.
The Acutely Presenting Older Patient (APOP) screener is a 
validated instrument to predict risk for functional decline 
and mortality within three months for the total population 
of older patients presenting to the Emergency Department 
(ED).10,11 After arrival in the ED, patients can be screened 
for their individual risk of adverse outcomes in less 
than two minutes using the APOP screener, and APOP 
screening has already been implemented in routine ED 
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care in several Dutch hospitals. However, how predicted 
risk for adverse outcomes based on APOP screening 
relates to various clinical outcomes in older patients who 
are acutely hospitalised for internal medicine needs to be 
further defined. For example, if the APOP screener can 
predict a long hospital length of stay (LOS) and 12-month 
adverse outcomes in this patient group, it could also be 
used to guide treatment decisions and care planning from 
a very early stage onwards during hospital admission. 
Therefore, the aim of the present study was to investigate 
the association between predicted risk of adverse outcomes, 
as assessed by the APOP screener, and clinical outcomes 
during hospitalisation and at 3 and 12-month follow-ups 
in acutely hospitalised older internal medicine patients. 
This information could be a first step in exploring 
whether routine APOP-based risk stratification can predict 
individual prognoses useful in tailoring clinical approaches 
in this vulnerable patient group.

M A T E R I A L S  A N D  M E T H O D S

Study design and setting
This paper describes a secondary analysis of the Acutely 
Presenting Older Patient (APOP) study, a prospective 
multicentre study which was performed in four Dutch 
hospitals. A detailed description has been published 
elsewhere.10 Briefly, consecutive older patients visiting 
the ED of the participating hospitals were included from 
September to November 2014 at Leiden University Medical 
Centre (LUMC); from March to June 2015 at Alrijne 
hospital; from May to July 2016 at Haaglanden Medical 
Centre (HMC, location Bronovo); and from July 2016 
to January 2017 at Erasmus University Medical Center 
(Erasmus MC). Patients were included 24 hours a day 
at the LUMC; seven days a week (from 10 a.m.-10 p.m.) 
at Alrijne; six days a week (from 10 a.m.-10 p.m.) at HMC 
Bronovo; and four days a week (from 10 a.m.-10 p.m.) 
at Erasmus MC.

Study participants
In the APOP study, all consecutive patients aged 70 years 
or older visiting the ED were included. Patients who were 
triaged ‘red’ according to the Manchester Triage System 
(MTS),12 patients with an unstable medical condition, 
patients with an impaired mental status without a proxy to 
provide informed consent, patients with a language barrier 
and patients who refused to participate were excluded. 
For the purposes of the present study, we included all 
acutely hospitalised patients allocated to the specialism 
internal medicine, and with an APOP screening result 
at baseline. The participating hospitals had no separate 
geriatric departments. We excluded patients who were 
transferred from the ED for hospitalisation elsewhere. 

The Medical Ethics Committees of the four hospitals 
approved the study and written informed consent was 
obtained from all patients.

Outcomes
For the present study, we defined the following outcomes at 
hospitalisation: hospital LOS in days, in-hospital mortality, 
and discharge destination. Adverse outcomes assessed 
were functional decline and mortality, 3 months and 
12 months after acute hospitalisation. The 3-month adverse 
outcome was met if a patient had died or showed functional 
decline at the 3-month follow-up compared to baseline 
functioning. The 12-month adverse outcome was met if 
a patient had died or showed functional decline at the 
12-month follow-up compared to baseline functioning. 
Functional decline was defined as at least one-point 
increase in the Katz Index of Activities of Daily Living 
(ADL) score or new institutionalisation (higher level of 
assisted living).13 Patients with a maximum Katz ADL score 
at baseline, institutionalisation at baseline, or patients 
who were lost to follow-up were considered as having no 
functional decline.

Data collection

Patient characteristics
Three domains were assessed at baseline in the 
ED: demographics, disease severity, and geriatric 
measurements. Demographics consisted of age, sex, 
living arrangements, and level of education. Disease 
severity consisted of characteristics related to the ED 
visit, including arrival by ambulance, triage urgency 
according to MTS, chief complaint, and a fall-related ED 
visit. Geriatric measurements consisted of the number 
of different medications as stated by the patient (≥ 
5 medications meaning polypharmacy), use of a walking 
device, Katz ADL questionnaire (functional status two 
weeks before the ED visit),13 the Six-item Cognitive 
Impairment Test (6-CIT),14 and a history of diagnosed 
dementia reported by the patient or a proxy. 

The APOP screening result
The APOP screening instrument was developed and 
validated to identify older patients at risk for the composite 
outcome of mortality and/or functional decline within 
three months.11 The screener comprises seven predictors 
which are collected at baseline in the ED: age, sex, 
arrival by ambulance, need of regular help, need for help 
with bathing and showering, hospitalisation in the past 
six months and impaired cognition (defined as having 
dementia or an incorrect answer on at least one out of 
two 6-CIT questions [‘what year is it now?’ and/or ‘say the 
months in reverse order’] or no data on cognition). For the 
purposes of the present study, we retrospectively calculated 
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the APOP screening results for all acutely hospitalised 
patients allocated to internal medicine, meaning that the 
medical staff, at the time, were unaware of the screening 
results during admission. Validation and threshold testing 
of APOP screening has been described previously.11 The 
threshold for a ‘high risk’ APOP screening result is 
a predicted risk ≥ 45% on the composite outcome of 
mortality and/or functional decline within three months. 
The final APOP screening model is calibrated to identify 
the approximately 20% of patients with a predicted risk 
≥ 45%. Previously, we compared the APOP screener 
with the Identification of Seniors At Risk - Hospitalised 
Patients (ISAR-HP), another frequently used screening 
tool in the Netherlands, and found that the APOP screener 
demonstrated better predicting performance for this 
composite outcome.15

Follow-up data
The outcomes at hospitalisation including hospital 
LOS, in-hospital mortality, and discharge destination 
were collected from the electronic health records of 
the participating hospitals. Hospital LOS was measured 
by subtracting the date of admission to the hospital 
ward after the ED visit from the hospital discharge date. 
The discharge destination was compared with the patient’s 
former place of residence before hospital admission. 
We divided discharge destination into two groups: 
discharge to the former place of residence (either living at 
home or in a nursing home) or new institutionalisation at 
discharge. To obtain follow-up data on functional decline, 
patients were contacted by telephone 3 and 12 months 
after acute hospitalisation. In cases of no response after 
three attempts, the general practitioner was contacted to 
verify phone number and living arrangements. Finally, a 
letter was sent requesting a written response from those 
patients who could not be contacted. Data on mortality was 
obtained from municipal records. Patients who had not 
died and could not be reached at follow-up were considered 
as having no functional decline.

Sample size estimation
The required sample size to determine differences in 
12-month mortality was calculated for the present study. 
Taking a difference of 20% in the mortality rate as relevant, 
93 patients per group were needed to detect a difference 
between ‘APOP high risk’ and ‘APOP low risk’ patients 
with 80% power and a 5% significance level.

Data analyses
Continuous data are presented as means (standard 
deviation: SD) if normally distributed, and as medians 
(interquartile range: IQR) if skewed. Categorical data 
are presented as numbers (n, %). Differences in patient 
characteristics and outcomes between the APOP ‘high 

risk’ and ‘low risk’ patients were assessed using the 
independent samples t-test for normally-distributed 
data, the Mann-Whitney U test for skewed data, and 
the χ² test for categorical data. For categorical data, we 
present outcomes with 95% confidence intervals (95% 
CI). Differences in risks for adverse outcomes at 3 and 
12 months between the APOP ‘high risk’ and ‘low risk’ 
patients were calculated using relative risk (RR; 95% CI). 
Survival was calculated by using Kaplan Meier survival 
curves for the population stratified by APOP screening 
result. We also conducted sensitivity analyses which led to 
the exclusion of patients with a maximum Katz ADL score 
at baseline, institutionalisation at baseline, and those lost 
to follow-up. A p-value < 0.05 was considered as statistically 
significant. Statistical analyses were performed using IBM 
SPSS Statistics version 23.

Figure 1. Flowchart of study population

APOP = Acutely Presenting Older Patient (APOP) screening tool; ED = 
emergency department
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R E S U L T S

The APOP study included 2629 individual ED patients 
aged 70 years and older from four hospitals, of whom, 1157 
(44.0%) patients were admitted to various hospital wards 
of the participating hospitals. A subset of 323 (27.9%) of the 
1157 patients were acutely hospitalised and allocated to 
internal medicine. After excluding four patients due to an 

incomplete APOP screening result, a total of 319 patients 
could be included in the present study (figure 1). 

Patient characteristics
Table 1 presents the patient characteristics of the study 
population in total and stratified per APOP screening 
result. In the total study population of 319 patients, the 
median age was 80 years (IQR 74-85), 152 (47.6%) patients 

Table 1. Patient characteristics of older patients acutely hospitalised for internal medicine

APOP screening result

All
(n = 319)

‘Low risk’
(n = 225)

‘High risk’
(n = 94)

p-value*

Demographics

Age (years), median (IQR) 80 (74-85) 78 (73-83) 84 (81-89) < 0.001

Male, n (%) 152 (47.6%) 111 (49.3%) 41 (43.6%) 0.351

Living independently, n (%) 294 (91.0%) 219 (97.3%) 71 (75.5%) < 0.001

Highly educated, n (%) 64 (20.2%) 47 (21.0%) 17 (18.3%) 0.585

Severity of disease indicators

Arrival by ambulance, n (%) 202 (63.3%) 121 (53.8%) 81 (86.2%) < 0.001

Triage urgency, n (%) 0.768

  > 1 hour (green) 42 (13.2%) 30 (13.3%) 12 (12.8%)

  < 1 hour (yellow) 226 (70.8%) 157 (69.8%) 69 (73.4%)

  < 10 min (orange) 51 (16.0%) 38 (16.9%) 13 (13.8%)

Chief complaint, n (%) 0.139

Minor trauma 18 (5.6%) 9 (4.0%) 9 (9.6%)

Malaise 137 (42.9%) 93 (41.3%) 44 (46.8%)

Chest pain 14 (4.4%) 11 (4.9%) 3 (3.2%)

Dyspnoea 48 (15.0%) 34 (15.1%) 14 (14.9%)

Abdominal pain 67 (21.0%) 55 (24.4%) 12 (12.8%)

Loss of consciousness 8 (2.5%) 6 (2.7%) 2 (2.1%)

Other 27 (8.5%) 17 (7.6%) 10 (10.6%)

Fall prior to ED visit, n (%) 28 (8.8%) 9 (4.0%) 19 (20.2%) < 0.001

Geriatric measurements

Polypharmacy, n (%) 213 (66.8%) 152 (67.6%) 61 (64.9%) 0.645

Use of walking device, n (%) 177 (55.7%) 94 (41.8%) 83 (89.2%) < 0.001

Katz ADL score, median (IQR) 1 (0-2) 0 (0-1) 3 (2-5) < 0.001

6-CIT score, median (IQR) 6 (2-13) 4 (2-8) 14 (6-18) < 0.001

Diagnosis of dementia, n (%) 18 (5.6%) 5 (2.2%) 13 (13.8%) < 0.001

ADL = activities of daily living; ED = emergency department; IQR = interquartile range; n = number; 6-CIT = Six-item Cognitive Impairment Test.
* p-value between groups measured by χ² for categorical values and Mann-Whitney U test for non-parametric variables.
Missing information for ‘low risk’ patients: education level (1), Katz ADL (1), 6-CIT scores (21)
Missing information for ‘high risk’ patients: education level (1), walking device (1), Katz ADL (1), 6-CIT scores (26)
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were male, and 202 (63.3%) patients arrived at the ED 
by ambulance. Of the total study population, 29.5% (n = 
94) were identified as ‘high risk’ by the APOP screener. 
These ‘high risk’ patients, when compared with ‘low-risk’ 
patients, were older (median 84 years vs. median 78 years, 
respectively; p < 0.001) and less likely to live independently 
(75.5% vs. 97.3%, respectively; p < 0.001). ‘High risk’ 
patients were also more likely to have had a fall-related visit 
(20.2% ‘high risk’ vs. 4.0% ‘low risk’; p < 0.001) and had 
more geriatric-related impairments, including greater use 
of a walking device (89.2% vs. 41.8%, respectively; p < 
0.001), a higher Katz ADL score (median 3 vs. median 0, 
respectively; p < 0.001) and a higher 6-CIT score (median 
14 vs. median 4, respectively; p < 0.001).

Outcomes at hospitalisation
The median hospital LOS for the entire study population 
was four days (IQR 1-8) (table 2). When stratified by APOP 
risk group, the ‘high risk’ group had a median hospital 
LOS that was two days longer than the ‘low risk’ patient 
group (5 (IQR 3-10) vs. 3 (IQR 1-7) days, respectively; 
p = 0.006). In total, 21 (6.6%) patients died during 
hospitalisation, with numbers similar in both groups 
(p = 0.381). Following hospital admission, the discharge 
destination was significantly different between ‘high risk’ 
and ‘low risk’ patients, with ‘high risk’ patients more 
often newly institutionalised to a nursing home compared 

to ‘low risk’ patients (11.6% (6.4-20.1) vs. 3.3% (1.6-6.7), 
respectively; p < 0.001). 

Outcomes at three months
At three months, 134 (42.0%) patients had an adverse 
outcome, including 67 (21.0%) who had died and 67 
(21.0%) who experienced functional decline compared to 
their level of functioning two weeks before hospitalisation. 
Outcomes stratified per APOP screening result are shown 
in figure 2. Of the 94 ‘high risk’ patients, 27 (28.7%) 
patients had died and an additional 29 (30.9%) patients 
showed functional decline within three months. Of the 
225 ‘low risk’ patients, 40 (17.8%) patients had died and 
an additional 38 (16.9%) patients had functional decline. 
‘High risk’ patients showed an adverse outcome (deceased 
or functional decline) more often compared to ‘low 
risk’ patients (59.6% (49.5-68.9) vs. 34.7% (28.8-41.1), 
respectively; p < 0.001). ‘High risk’ patients showed a 
1.7-fold higher relative risk (95%CI 1.3-2.2) for an adverse 
outcome at three months compared to ‘low risk’ patients.

Outcomes at 12 months
At 12 months, a total of 167 (52.4%) patients had an adverse 
outcome, of whom 109 (34.2%) had died and 58 (18.2%) 
experienced functional decline compared to their level of 
functioning two weeks before hospitalisation. Of the 94 
‘high risk’ patients, 46 (48.9%) patients had died and an 

Table 2. Short-term clinical outcomes in older patients acutely hospitalised for internal medicine

APOP screening result

All
(n = 319)

‘Low risk’
(n = 225)

‘High risk’
(n = 94)

p-value*

Hospital LOS in days (median; IQR) 4 (1-8) 3 (1-7) 5 (3-10) 0.006

In-hospital mortality, n (% (95%CI)) 21 (6.6 (4.4-9.9)) 13 (5.8 (3.4-9.7)) 8 (8.5 (4.4-15.9)) 0.381

Discharge (n = 296)a (n = 210)a (n = 86)a

Discharge to former place of residence,  
n (% (95%CI))

(Semi) Independent at home
Nursing home

220 (74.3 (69.1-79.0))
24 (8.1 (5.5-11.8))

173 (82.4 (76.7-86.9))
6 (2.9 (1.3-6.1))

47 (54.7 (44.2-64.8))
18 (20.9 (13.7-30.7))

< 0.001

New institutionalisation at discharge,  
n (% (95%CI))

Other hospital
Nursing home
Rehabilitation
Hospice
Other

19 (6.4 (4.2-9.8))
17 (5.7 (3.6-9.0))
8 (2.7 (1.4-5.2))
6 (2.0 (0.9-4.4))
2 (0.7 (0.2-2.4))

17 (8.1 (5.1-12.6))
7 (3.3 (1.6-6.7))
2 (1.0 (0.3-3.4))
4 (1.9 (0.7-4.8)
1 (0.5 (0.1-2.7))

2 (2.3 (0.6-8.1))
10 (11.6 (6.4-20.1))
6 (7.0 (3.2-14.4))
2 (2.3 (0.6-8.1))
1 (1.2 (0.2-6.3))

LOS = length of stay; n = number; 95% CI = 95% confidence interval 
*: p-value between groups measured by χ² for categorical values and Mann-Whitney U test for non-parametric variables.
a: Numbers of survivors being discharged after admission
Missing information for ‘low risk’ patients: hospital LOS (1), in-hospital mortality (2), discharge destination after admission (2)
Missing information for ‘high risk’ patients: hospital LOS (1)
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additional 17 (18.1%) patients showed functional decline 
within 12 months. Of the 225 ‘low risk’ patients, 63 
(28.0%) had died and an additional 41 (18.2%) patients had 
functional decline. More ‘high risk’ patients had an adverse 
outcome compared to ‘low risk’ patients (67.0% (57.0-75.7) 
vs. 46.2% (39.8-52.7), respectively; p = 0.001). ‘High risk’ 
patients also showed a 1.5-fold higher relative risk (95%CI 
1.2-1.8) for an adverse outcome at 12 months compared to 
‘low risk’ patients. Supplementary figure 1 shows survival 
plots for 12-month mortality stratified per APOP screening 
result. Significantly more ‘high risk’ patients died within 
12 months compared to ‘low risk’ patients (48.9% vs. 
28.0%, respectively; p < 0.001). 

We found similar differences between APOP ‘high risk’ 
and ‘low risk’ patients in the sensitivity analyses of 
outcomes at 3 and 12 months, from which we first excluded 
those patients who were lost to follow-up for the outcome 
functional decline and patients who by definition could not 
show a decline in function (supplementary table 1).

D I S C U S S I O N

’High risk’ acutely hospitalised older patients with 
indications related to internal medicine had a longer 
hospital LOS and were more often discharged to a nursing 

home compared to ‘low risk’ patients. One year after 
admission, two-thirds of this patient group was deceased 
or showed a decline in function, showing an overall 1.5-fold 
higher risk compared to ‘low risk’ patients.

In the present study, the APOP screener was used as a 
risk stratification instrument to identify risk of adverse 
outcomes in older patients. APOP ‘high risk’ patients 
could be considered ‘frail’, although no consensus on 
the definition of frailty exists. The present study shows 
how the APOP screener can be used to operationalise the 
concept of frailty in the ED, by showing the implications 
of the screener for acutely hospitalised older internal 
medicine patients. 
Over the short term, APOP ‘high risk’ patients had a 
2-day longer median hospital LOS and ~4 times higher 
risk for new institutionalisation to a nursing home, 
compared to ‘low risk’ patients. These results are aligned 
with existing literature, in which frailty was found to be 
a good predictor of various short-term adverse outcomes 
such as hospital length of stay, in-hospital mortality, 
and institutionalisation.6,16,17 A recent review concerning 
acutely admitted general medicine patients reported that 
frailty was predictive of LOS in 57% of studies and of 
institutionalisation in 100% of studies.6 Using frailty/
risk-stratification tools at the beginning of an acute care 
episode may therefore have additional value because it 

Figure 2. Functional decline and mortality, 3 and 12 months after acute hospitalisation stratified by APOP 
screening result

 
 

 
[Legend] 

Percentage of patients deceased or with decline in functioning compared to the level of functioning 

at baseline (2 weeks before hospitalisation), at 3 months and at 12 months after acute 

hospitalisation. Percentages are stratified by the APOP screening result in the ED. Absolute numbers 

at 3-month follow-up: ‘Low risk’ patients, n = 40 deceased, n = 38 functional declined. ‘High risk’ 

patients, n = 27 deceased, n = 29 functional decline. Absolute numbers at 12-month follow-up: ‘Low 

risk’ patients, n = 63 deceased, n = 41 functional decline. ‘High risk’ patients, n = 46 deceased, n = 17 

functional decline. 

APOP = Acutely Presenting Older Patient screener 

[einde legend] 

 

Outcomes at three months 

At three months, 134 (42.0%) patients had an adverse outcome, including 67 (21.0%) who had died 

and 67 (21.0%) who experienced functional decline compared to their level of functioning two weeks 

before hospitalisation. Outcomes stratified per APOP screening result are shown in figure 2. Of the 

94 ‘high risk’ patients, 27 (28.7%) patients had died and an additional 29 (30.9%) patients showed 

functional decline within three months. Of the 225 ‘low risk’ patients, 40 (17.8%) patients had died 

and an additional 38 (16.9%) patients had functional decline. ‘High risk’ patients showed an adverse 

outcome (deceased or functional decline) more often compared to ‘low risk’ patients (59.6% (49.5-

68.9) vs. 34.7% (28.8-41.1), respectively; p < 0.001). ‘High risk’ patients showed a 1.7-fold higher 

relative risk (95%CI 1.3-2.2) for an adverse outcome at three months compared to ‘low risk’ patients. 

 

Outcomes at 12 months 

Percentage of patients deceased or with decline in functioning compared to the level of functioning at baseline (2 weeks before hospitalisation), at 
3 months and at 12 months after acute hospitalisation. Percentages are stratified by the APOP screening result in the ED. Absolute numbers at 3-month 
follow-up: ‘Low risk’ patients, n = 40 deceased, n = 38 functional declined. ‘High risk’ patients, n = 27 deceased, n = 29 functional decline. Absolute 
numbers at 12-month follow-up: ‘Low risk’ patients, n = 63 deceased, n = 41 functional decline. ‘High risk’ patients, n = 46 deceased, n = 17 functional 
decline.
APOP = Acutely Presenting Older Patient screener
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facilitates the identification of those internal medicine 
patients who will be hospitalised for a longer period and 
are likely to be subsequently discharged to a new living 
environment. 
At three months, around one-third of ‘high risk’ 
hospitalised internal medicine patients had died and 
almost half of the survivors exhibited functional decline. 
These proportions are very comparable to previous Dutch 
studies in this patient group.5,18 More importantly, we 
showed that early risk stratification at admission can 
also predict long-term adverse outcomes at one year. 
Despite the fact that the APOP screener was originally 
designed to predict outcomes at three months, we found 
that higher risks for mortality or functional decline were 
still statistically significant at one year; our results align 
with another Dutch study by Buurman et al., which 
also reported a significant association between one-year 
mortality and various geriatric conditions.19 

The present study has a number of implications for 
clinical practice. The routine use of the APOP screener 
upon arrival in the ED can help to identify vulnerable 
patients at the very beginning of an acute episode. This 
risk stratification could allow better targeted assessment 
(i.e., comprehensive geriatric assessment) in patients who 
need it most and could avoid unnecessary assessment of 
severely frail/high-risk patients. If risk stratification is 
not used, care providers may be unaware of differences 
in frailty amongst older patients, leading to a risk of 
generalisation of treatment advice. On the one hand, 
generalisation might lead to overtreatment of frail older 
patients. This is especially problematic as frail patients 
are often underrepresented in clinical studies and thus 
the impact of treatment is often unclear or not focused 
on the outcomes of interest for these patients.20,21 On the 
other hand, there is also a risk of undertreatment of frail 
older patients. Some of the effects of hospitalisation, such 
as immobility resulting in functional decline, might be 
preventable by initiating assessments immediately during 
hospital admission.22 Despite the fact that it is unclear 
why the ‘high risk’ patients in our study had a longer 
LOS, the extra 2 days of hospitalisation could be used as a 
window of opportunity. In some hospitals, these patients 
could be admitted to specific geriatric departments, but 
if this is not possible, an internist ought to be aware 
of opportunities to improve patient outcomes. Perhaps 
the most important opportunity would be first, to use a 
comprehensive geriatric assessment, which has known 
positive effects on prevention of institutionalisation, 
death, and deterioration in older patients.23,24 Second, 
the use of advance care planning would help to establish 
goals and preferences for future care.25 And finally, safe 
transitions between care settings should be ensured, for 
example, by the use of transitional care.26 In addition, it 

is also worth considering that the interventions described 
above could be of benefit to patients screened as ’low 
risk’. An important clinical impact of the use of frailty/
risk-stratification tools is increased awareness of the risk 
of poor outcomes, which in turn, may help clinicians 
tailor approaches to the individual patient. The specific 
details of how clinicians can do this to improve outcomes 
or to prevent further decline should be addressed in 
future research.

Our study has several strengths. First, an unselected group 
of acutely hospitalised older internal medicine patients 
was included from four separate Dutch hospitals. Second, 
although the APOP screener is not technically a frailty 
screening instrument, it is validated to identify adverse 
outcomes. As it can be used directly after patient arrival 
in the ED and requires only two minutes to complete, it is 
clearly suitable for large-scale use in clinical practice. 
Our study also has several limitations. First, we did not 
have reliable data on the medical reason or diagnosis 
at hospitalisation, which may have influenced the risk 
of adverse outcomes. However, a novel aspect of the 
present study was the risk stratification of patients at 
the very beginning of an acute care episode to predict 
outcomes even before the final diagnosis was clear. 
Second, for the present study we used the development 
and validation cohort of the APOP study and calculated 
the APOP screener retrospectively. Nevertheless, we 
consider the degree of selection or information bias due 
to the retrospective design to be minimal due to the 
prospective follow-up design of the study and the inclusion 
of all consecutive older ED patients. A retrospective design 
could also be considered an advantage, as clinicians were 
unaware of the screening results and it therefore could not 
have influenced course and clinic. In view of the ongoing 
implementation of the APOP screener in several Dutch 
hospitals, it would be of value to repeat these analyses in 
different populations in the future.

In conclusion, the APOP screener identifies acutely 
hospitalised internal medicine patients at high risk of short 
and long-term poor outcomes. Early risk stratification at 
admission could aid in individualising treatment decisions 
and therefore facilitate optimised outcomes for acutely 
hospitalised older patients with internal medicine-related 
indications.
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A P P E N D I X

Supplementary table 1. Sensitivity analysis – adverse health outcomes in older patients acutely hospitalised for 
internal medicine, excluding patients who were lost to follow-up for functional decline or who could not decline 
(categorised as ‘no functional decline’) because of a maximum Katz ADL or institutionalisation at baseline

All APOP low risk APOP high risk p-value

3 months

Mortality, n (%) n = 319 67 (21.0%) n = 225 40 (17.8%) n = 94 27 (28.7%)

Functional decline, n (%) n = 295 67 (22.7%) n = 214 38 (17.8%) n = 81 29 (35.8%)

Composite outcome, n (%) n = 295 134 (45.4%) n = 214 78 (36.4%) n = 81 56 (69.1%) < 0.001

12 months

Mortality, n (%) n = 319 109 (34.2%) n = 225 63 (28.0%) n = 94 46 (48.9%)

Functional decline, n (%) n = 301 58 (19.3%) n = 217 41 (18.9%) n = 84 17 (20.3%)

Composite outcome, n (%) n = 301 167 (55.5%) n = 217 104 (47.9%) n = 84 63 (75.0%) < 0.001

APOP = Acutely Presenting Older Patient screener; n = number
Exclusion at 3 months: 13 patients lost to follow-up and 11 patients who could not decline in function (categorised as ‘no functional decline’).
Exclusion at 12 months: 10 patients lost to follow-up and 8 patients who could not decline in function (categorised as ‘no functional decline’).

Supplementary figure 1. Survival of older internal medicine patients after acute hospitalisation, stratified by 
APOP screening result
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Supplementary figure 1. Survival of older internal medicine patients after acute hospitalisation, 

stratified by APOP screening result 

 
[legend]  
Kaplan Meier survival curves stratified by APOP screening result. After 12-month follow-up, 109 
patients had died, consisting of 46 ‘high risk’ patients and 63 ‘low risk’ patients. There was an 
association between ‘high risk’ as determined by the APOP screener and mortality (Hazard Ratio 1.97 
(95%CI 1.35-2.89), p < 0.001). 
APOP = Acutely Presenting Older Patient screener 
[einde legend]  
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Kaplan Meier survival curves stratified by APOP screening result. After 12-month follow-up, 109 patients had died, consisting of 46 ‘high risk’ patients 
and 63 ‘low risk’ patients. There was an association between ‘high risk’ as determined by the APOP screener and mortality (Hazard Ratio 1.97 (95%CI 
1.35-2.89), p < 0.001).
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