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Abstract
Background  The management of older and multimorbid patients with complex care requires a personalised and comprehen-
sive approach. The main diagnosis is often registered as the cause of hospitalisation, yet poor health-related quality of life 
(HRQoL) as well as multimorbidity may represent the underlying cause and markedly influence prognosis.
Aims  To analyse the association of HRQoL and clinical prognosis over time as assessed by a Comprehensive Geriatric 
Assessment (CGA)-based Multidimensional Prognostic Index (MPI) in older patients admitted to the emergency depart-
ment (ED).
Methods  We used data from the prospective MPI–HOPE (Influence of the MPI on the Hospitalisation of Older Patients 
admitted to the Emergency department) study. Data from 165 patients (≥ 75 years) admitted to the ED of the University 
Hospital of Cologne, Germany, between Oct 2017 and Jan 2018 were included. Clinical prognosis was calculated by the MPI 
and HRQoL by the EQ5D-5L. Follow-up interviews assessed HRQoL up to 6 months after discharge.
Results  Most patients were multimorbid and presented with several geriatric syndromes. At admission, HRQoL was high-
est in patients with the best clinical prognosis. The MPI showed a negative correlation with the EQ-Index at admission 
(rs(86) = − 0.50, p < 0.0001) and follow-up assessments after 3 and 6 months (rs(86) = − 0.55 and rs(86) = − 0.47, p < 0.0001).
Discussion  Our results suggest that patients’ self-perceived HRQoL in the ED is related to functional health status and 
clinical prognosis.
Conclusion  The MPI as a multidimensional snapshot provides information on clinical health indicators and informs about 
subjective HRQoL, thereby helping in identifying patients who would benefit from a specific treatment within the frame of 
a patient-centered, value-based care strategy geriatric treatment.
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Introduction

One of the biggest challenges for worldwide healthcare 
systems is the ongoing demographic change, with the 
increase in older patients with complex care needs requir-
ing personnel and economic resources [1]. Older patients 
in the emergency department (ED) tend to present with 
typically multifactorial conditions. These are often related 
to underlining frailty in domains beyond the physical. 
Multifactoriality and frailty in multiple domains often 
do escape organ medicine-related usual care, particularly 
in settings like EDs where high-performance actions are 
in high demand [2, 3]. Psychiatric, social and functional 
deficits may accompany patients’ trajectories, influencing 
post-ED management and outcomes [4–6]. One way to fill 
the gap between management needs in advanced age and 
optimal care efficiency is the use of the Comprehensive 
Geriatric Assessment (CGA) [7, 8]. This, however, poses 
important organisational issues [9] and to date the CGA is 
largely underused in EDs, including those in Germany [5]. 
Furthermore, the effectiveness of recommended screening 
instruments for older patients in the ED like the Identifi-
cation of Seniors at Risk Score (ISAR) is currently under 
debate [4, 5]. As a consequence of the traditional “one 
cause-one disease-one treatment” approach [10, 11], the 
main diagnosis of older adults is therefore still often reg-
istered as the cause of hospitalisation.

Health-related quality of life (HRQoL) [12] measured 
by the European Quality of life-5 Dimensions (EQ5D) by 
the EuroQol group [13] is well established in geriatric 
populations and shows good interaction and discrimina-
tive ability of geriatric conditions [14, 15]. Considering 
HRQoL could strengthen the personalised approach rec-
ognising both health and well-being.

The present study was designed to evaluate the long-
term relationship between multidimensional health 
measured by means of a CGA-based prognosis evalu-
ation and HRQoL measured by the EQ5D in older 
patients admitted to the ED of a large German metro-
politan hospital.

Patients and methods

Study design and participants

The observational longitudinal study “Influence of the 
Multidimensional Prognostic Index (MPI) on the Hos-
pitalisation of Older Patients admitted to the Emergency 
department—The MPI_HOPE study”, registered at 
the German Clinical Trials Register (DRKS00012694) 

complies with the ethical rules for human experimenta-
tion that are stated in the Declaration of Helsinki (1983). 
The study was approved by the Ethical Committee of the 
University Hospital of Cologne, Germany. Inclusion cri-
teria were age 75 years and older, willingness/ability to 
consent and admission during the quartile between 18 
October 2017 and 17 January 2018. Patients aged less 
than 75 years, visited outside the above cited time window 
and those unwilling/unable to consent were excluded from 
the study. All patients or proxy respondents gave written 
informed consent to participate after a personal conversa-
tion with the study doctor and adequate time for questions 
and decision-making.

Of the 1071 older patients admitted during the recruit-
ment window, an average of 2–3 patients per recruitment 
day formally agreed to participate. Out of 215 consecutive 
participants who signed the informed consent, 165 with 
complete datasets were included in the present analysis.

Assessment

After giving informed consent, patients underwent a CGA-
based calculation of the MPI [16–19], chosen for its clini-
metric properties and its correlation to several key perfor-
mance indicators [20, 21]. HRQoL was measured by the 
German 5-level EQ5D version. The first part provides a 
questionnaire addressing five dimensions (mobility, self-
care, usual activities, pain/discomfort and anxiety/depres-
sion) that are rated on a Likert scale for this particular 
day (1 = no problems, 2 = slight problems, 3 = moderate 
problems, 4 = severe problems and 5 = extreme problems/
unable to do). The dimensions can be analysed separately 
or combined into an index, using population-based prefer-
ence weights. This study used the German value set from 
Ludwig et al. [22], which allows for the calculation of an 
index score that ranges from − 0.66 over 0 (death) to 1 
(full health). Negative index values are rated as a health 
state being worse than death. The second part consists of 
a visual analogue scale (VAS), giving the interviewees the 
opportunity to estimate their current overall health status 
that day on a scale from 0 to 100 (0 = worst and 100 = best 
imaginable health).

The MPI combines information of eight different 
domains from widely used assessments: daily depend-
ence by Katz’s Activities of Daily Living (ADL) [23], the 
Lawton’s Instrumental Activities of Daily Living (IADL) 
[24], comorbidities by the Cumulative Illness Rating 
Scale (CIRS) [25], pressure ulcer risk by the Exton-
Smith Scale (ESS) [26], nutrition by the Mini Nutritional 
Assessment Short Form (MNA-SF) [27], cognition by the 
Short Portable Mental Status Questionnaire (SPMSQ) 
[28] and additional information on social living condi-
tions and number of prescribed drugs. The summarised 
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MPI ranges from 0 indicating the lowest risk of mortal-
ity to 1 indicating the highest risk. It can additionally be 
classified into three risk groups: low risk MPI-1 (0–0.33), 
moderate risk MPI-2 (0.34–0.66) and high risk MPI-3 
(0.67–1). For the assessment and definition of geriatric 
syndromes, liberal criteria were applied to reflect com-
mon clinical conditions in geriatric patients in line with 
previous literature [29, 30]

Follow‑up

In follow-up interviews via phone three and six months after 
recruitment, the EQ5D was applied to measure changes in 
HRQoL. Additionally, information about the length of the 
initial hospital stay (LHS) after the ED visit was obtained.

Registration, participant consent and ethics

Statistical analysis

In the present analysis, we included n = 165 patients with 
complete assessments of both MPI and EQ5D-5L assess-
ment at recruitment. Patients with incomplete HRQoL 
follow-up assessment were excluded from the follow-up 
analysis. Lost to follow-up was defined as participants who 
died during the follow-up, refused to continue participation 
or were not contactable via phone. A study patient flow chart 
is shown in Fig. 1.

All statistical analyses were performed with SPSS Sta-
tistics 25.0 (IBM Corp., Armonk, NY) for Windows. Gen-
eral characteristics are expressed using absolute numbers 
and relative frequencies for description of categorial vari-
ables. The Kolmogorov–Smirnov test was used to test for 
normal distribution and indicated that all variables used 
in this analysis were non-normally distributed. Therefore, 
the median (Mdn) and interquartile range (IQR) were 
reported for ordinal and continuous variables. We tested 
for differences between MPI risk groups and compared 
characteristics of patients who were lost to follow-up with 
those who remained in the study using nonparametric 
methods. Pairwise comparisons were carried out using 
Bonferroni-corrected post hoc tests.

To analyse the differences in HRQoL ratings over 
the study observation time (Admission, FU1 after three 
months, FU2 after 6 months), the Friedman test was car-
ried out. Partial Spearman correlations were calculated 
to analyse the relationship between the MPI score on 
admission and EQ-Index score as well as the VAS score 
at different time points. To further analyse the associa-
tion, linear regression analyses were carried out using the 
MPI score as the predictor for EQ-Index score and VAS 

score after adjusting for age and sex at admission, FU1 
and FU2. To create an integer scale, the MPI score was 
multiplied by 10. In addition, the relationship between the 
geriatric syndromes assessed at admission with HRQoL 
was analysed. The analyses were adjusted for sex and 
age. We corrected for multiple testing using Bonferroni 
correction.

Patients ≥75 years admitted 
to ED 18/10/2017 -

17/01/2018 (n = 1071)

Not included in the study (n = 856)
- Not meeting inclusion criteria
- Declined participation

Enrolled in MPI_HOPE study
(n = 215)

at Baseline            Patients at Baseline              
(n = 165)

Patients in FU1  
(n = 130)

Patients in FU2  
(n = 105)

• Lost to follow-up (n = 24)
- Refused continuation (n = 8)
- Not contactable (n = 16)

• Death (n = 11)

Excluded patients with incomplete
MPI or EQ-5D-5L assessment at 
Baseline (n = 50)

• Lost to follow-up (n = 15)
- Refused continuation (n = 7)
- Not contactable (n = 8 )

• Death (n = 10)

Complete HRQoL 
Assessment (n = 112)

Complete HRQOL 
Assessment (n = 90)

Fig. 1   Study flow chart. Out of n = 215 patients who were enrolled in 
the MPI_HOPE study, a subsample of n = 165 patients with complete 
MPI and HRQoL assessment was used for analysis at baseline. The 
flow chart illustrates the number of patients included in the analysis 
at the three different time points and provides information about the 
number and reasons for exclusions
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Results

Characteristic of study population

The demographic and clinical characteristics of the sample 
at admission and categorised by MPI groups are described 
in Table 1. 

Eighty-four patients were classified into the low-
risk (MPI-1), 70 into the moderate-risk (MPI-2) and 
11 into the high-risk group (MPI-3). The majority of 
patients was male (59.4%) and only MPI-2 group had 
significantly fewer male than female patients in com-
parison with the MPI-1 group (p = 0.016). The median 
age was 80 (IQR = 77.5–84) years, the MPI risk groups 
did not differ significantly in age. The mean number 
of diagnoses was 8 (IQR = 5–11); the number of diag-
noses was significantly associated with the MPI group 
(p < 0.01). The number of geriatric syndromes at admis-
sion (Mdn = 4, IQR = 3–5) was significantly associated 
with the MPI group (p < 0.001). The most frequent ger-
iatric syndromes were sensorial impairment (81.7%), 
polypharmacy (77.6%) and fluid or electrolyte imbal-
ance (37.2%).

The length of hospital stay after ED admission was 
Mdn = 4 days (IRQ = 4–11.5), the MPI groups did not differ 

significantly in the number of in-hospital days (p = 0.07). In 
total, 13.9% of the patients were discharged home.

The most frequent main diagnoses given at the ED 
concerned diseases of the heart (33.9%), followed by 
neurological (13.9%) and musculoskeletal (13.3%) 
disorders.

Follow‑up results

When comparing admission characteristics of the subjects 
who were lost to follow-up with those who underwent 
all FU assessments, the former displayed a significantly 
higher MPI (Mdn = 0.38, IQR = 0.31–0.5 vs. Mdn = 0.31, 
IQR = 0.25–0.38; U = 4527.50, p < 0.001) and older age 
(Mdn = 81 years, IQR = 78–86 years vs. Mdn = 79.5 years, 
IQR = 77–82.3 years; U = 4094.50, p < 0.05) than the latter 
group.

HRQoL analysis

The EQ-Index and the VAS score were non-normally dis-
tributed according to Kolmogorov–Smirnov test. There-
fore, a nonparametric Friedman test was carried out to 
analyse the progression over time and revealed that both 

Table 1   Characteristics of the study sample

a Multiple diagnoses possible per patient
Bonferroni-adjusted post hoc p values in comparison with MPI-1: *p < 0.016, **p < 0.003, ***p < 0.0003 and to MPI-2 #p < 0.016, ##p < 0.003, 
###p < 0.0003

Total
(n = 165)

MPI-1
n = 84 (50.9%)

MPI-2
n = 70 (42.4%)

MPI-3
n = 11 (6.7%)

H value/X2 value

Sex (male), n (%) 98 (59.4) 59 (70.2)# 33 (47.1)* 6 (54.5) 8.56, p < 0.05
Age, median (IQR) 80 (77.5–84) 80 (77.3–83) 80.5 (77–85) 84 (78–87) 1.39, p = 0.25
Number of diagnoses, median (IQR) 8 (5–11) 6 (4–9)** 9 (6–12)## 10 (4–12) 6.65, p < 0.01
Number of geriatric syndromes, median (IQR) 4 (3–5) 3 (2–4)### 4.5 (4–6)*** 6.5 (5–7)***# 38.93, p < 0.001
Length of stay (days), median (IQR) 4 (1–11.5) 5 (1–11) 3 (1–11) 26 (3–33.8) 5.34, p = 0.07
Discharged home after ED visit, n (%) 23 (13.9) 12 (14.3) 11 (15.7) 0 (0) 1.97, p = 0.37
Main diagnosis at the ED,
n (%)a

 Heart disease 56 (33.9) 27 (32.1) 27 (38.6) 2 (18.2) 2.01, p = 0.37
 Neurologic disease 23 (13.9) 14 (16.7) 7 (10) 2 (18.2) 1.6, p = 0.45
 Musculoskeletal disease 22 (13.3) 11 (13.1) 7 (10) 4 (36.4) 5.2, p = 0.057
 Vascular/blood/lymphatic disease 21 (12.7) 13 (15.5 7 (10) 1 (9.1) 1.17, p = 0.56
 Respiratory disease 12 (7.3) 5 (6) 6 (8.6) 1 (9.1) 0.45, p = 0.80
 Intestinal disease 17 (10.3) 10 (11.9) 7 (10) 0 (0) 1.5, p = 0.47
 Kidney disease 7 (4.2) 3 (3.6) 4 (5.7) 0 (0) 0.95, p = 0.62
 Genitourinary disease 5 (3) 2 (2.4) 3 (4.3) 1 (9.1) 0.84, p = 0.66
 Endocrinological/metabolic disease 2 (1.2) 0 (0) 2 (2.9) 0 (0) 2.75, p = 0.25
 Other 22 (13.3) 12 (14.3) 9 (12.9) 1 (9.1) 0.25, p = 0.89
  ≥ 2 main diagnosis, n (%) 27 (16.4) 14 (16.7) 12 (17.1) 1 (9.1) 0.47, p = 0.79
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scores differed between the measurement time points (EQ-
Index: χ2(2) = 6.96, p < 0.05; VAS score: χ2(2) = 14.37, 
p < 0.001). Post hoc testing indicated that the VAS score 
after 6 months (FU2) was significantly higher compared 
to admission (p = 0.001), but not to FU1 after 3 months; 
there was no significant difference between admission 
and FU1. The results were similar for the EQ-Index at 

6 months compared to admission (p < 0.05). The results 
are presented in Fig. 2. The number of geriatric syndromes 
correlated negatively with the EQ-Index [rs(149) = − 0.35, 
p < 001] and the VAS [rs(149) = − 0.17, p < 0.05] at admis-
sion. However, the correlation between the number of geri-
atric syndromes and the VAS missed significance level 
after Bonferroni correction.

Fig. 2   Boxplot of the self-reported HRQoL as reported on EQ5D 
Index (a) and visual analogue scale (VAS) (b) over the course of the 
study visits (admission, FU1 after 3  months, FU2 after 6  months), 
showing the median. Whiskers extend 1.5 times the interquartile 

range from the 25th and 75th percentiles, and outliers are represented 
by dots. Higher scores on EQ5D Index and VAS indicate higher self-
reported HRQoL. Patients reported significantly higher HRQoL at 
FU2 compared to admission on the EQ-Index and the VAS

Fig. 3   Boxplot of the self-reported HRQoL as reported on the EQ-
Index (a) and visual analogue scale (VAS) (b) for each MPI risk 
group, showing the median. Whiskers extend 1.5 times the interquar-
tile range from the 25th and 75th percentiles, and outliers are repre-
sented by dots. Higher scores on EQ5D Index and visual analogue 

scale indicate higher self-reported HRQoL. a Patients in low-risk 
group MPI-1 reported significantly higher HRQoL on the EQ-Index 
compared to patients in the moderate-risk (MPI-2) and high-risk 
(MPI-3) groups. b Patients in MPI-1 group reported significantly 
higher HRQoL on the VAS compared to patients in MPI-2
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Associations of HRQoL and MPI

The Kruskal–Wallis test used to assess differences in 
HRQoL at admission between MPI risk groups revealed 
that groups differed significantly in self-reported HRQoL 
as reported on the VAS (H = 13.17, p = 0.001) and measured 
with the EQ-Index (H = 34.45, p < 0.001). Dunn–Bonferroni 
post hoc tests showed that self-reported HRQoL was lower 
in the MPI-2 group compared to the MPI-1 group (p < 0.01). 
There was a trend for a lower self-reported HRQoL in the 
MPI-3 group compared to the MPI-1 group; however, this 
difference did not reach statistical significance after correct-
ing for multiple testing (p = 0.073). For the EQ-Index, the 
measured HRQoL was higher in MPI-1 in comparison with 
both the MPI-2 (p < 0.001) and MPI-3 group (p < 0.001). 
The results are plotted in Fig. 3.

Partial Spearman correlation analysis revealed that the 
MPI showed a moderate to strong negative correlation with 
the VAS as well as with the EQ-Index at admission and both 
FU visits. As expected, the HRQoL measures correlated 
highly with each other. The results are presented in Table 2. 
Linear regression analyses indicated that the MPI was asso-
ciated with the EQ-Index and VAS at all three time points. 
At admission, a decimal point increase on the MPI implied 
a decrease of 0.09 points on the EQ-Index (p < 0.0001). For 
the VAS, an increase of one decimal unit on the MPI at 
admission corresponded to a decrease of 3.83 points on the 
VAS (p = 0001). Detailed results for FU1 and FU2 are shown 
in Table 3.

Discussion

The main result of the present study is that HRQoL as 
assessed by the EQ5D was significantly associated with 
clinical prognosis in older multimorbid patients admitted to 
the ED. Clinical prognosis, as indicated by the MPI, had a 
moderate to strong correlation with HRQoL at assessment 
and up to 6 months later. The results of linear regression 
analyses support this association at all three time points 

adjusted for age and sex. Patients with a poor health status 
as indicated by the MPI group classification tended to report 
lower general and specific HRQoL indicated by the EQ-
Index and VAS than patients with a better MPI score. These 
results indicate that clinical prognosis assessed by the MPI is 
related to the patients’ self-perceived HRQoL at admission 
to the ED and after hospital discharge.

In line with our findings, a recent meta-analysis by 
Kojima et al. [31] on community-dwelling older people 
emphasized a negative association of a multidimensional 
frailty status and multiple HRQoL questionnaires. Further-
more, low self-rated HRQoL measured by the EQ5D at hos-
pital admission has been linked to increased mortality and 
functional decline after discharge [32]. Consistent with other 
studies examining the HRQoL after an episode of emergency 
illness, we observed a significant increment from baseline 
to follow-up indicated by the EQ-Index and VAS [33, 34].

While the main diagnosis was often registered as the 
reason for admission to the ED, most patients presented a 
background of multimorbidity, with a median of four geri-
atric syndromes and eight different diagnoses. In addition, 
we found that the number of geriatric syndromes correlated 
negatively with HRQoL as indicated by the EQ-Index, 
although the observed association was weak and the corre-
lation with the VAS missed significance level after Bonfer-
roni correction.

Table 2   Spearman correlation 
coefficients between MPI and 
HRQoL indicators at admission 
and follow-up at 3 months 
(FU1) and 6 months (FU2) 
adjusted for sex and age

Bonferroni-adjusted post hoc p value: **p < 0.00016, ***p < 0.000016

1 2 3 4 5 6 7

1 MPI
2 EQ-Index − 0.50***
3 VAS − 0.40*** 0.40***
4 EQ-Index (FU1) − 0.55*** 0.48*** 0.38**
5 VAS (FU1) − 0.45*** 0.50*** 0.50*** 0.71***
6 EQ-Index (FU2) −0.47*** 0.52*** 0.44*** 0.67*** 0.58***
7 VAS (FU2) − 0.37** 0.39** 0.35** 0.58*** 0.65*** 0.64***

Table 3   Results of simple linear regression analyses using the MPI 
score as a predictor for the EQ-Index and VAS at admission, after 
3 months (FU1) and 6 months (FU2) adjusted for sex and age

Time point Independent vari-
able

ß 95% CI p value

Admission EQ-Index − 0.09 [− 0.11; − 0.06]  < 0.001
VAS − 3.83 [− 5.76; − 1.90]  < 0.001

FU1 EQ-Index − 0.08 [− 0.11; − 0.04]  < 0.001
VAS − 5.34 [− 8.03; − 2.65]  < 0.001

FU2 EQ-Index − 0.08 [− 0.12; − 0.04]  < 0.001
VAS − 5.42 [− 8.35; − 2.49]  < 0.001
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Underlying multimorbidity as well as geriatric syndromes 
and related impact on quality of life might be important 
determinants of patients’ trajectories and might substantially 
add to the traditional organ-centred approach [30, 35–37]. 
Following disease-specific care can conflict with patients’ 
values and preferences and might even lead to harm [37–39]. 
Reasons for this clinical practice are mostly unclear respon-
sibilities and lack of geriatric training [40]. Therefore, to 
improve prognosis and strengthen therapeutic adherence, a 
more complex and elaborated approach than one-disease-
one-treatment is recommended [41]. Only a structured 
CGA can enable coordinated, integrated care planning for 
the treatment and long-term follow-up care of older people 
[42], more so if accompanied by the assessment of patients’ 
perspective [43]. Our findings provide further insight into 
the relationship between HRQoL and clinical prognosis due 
to multimorbidity as indicated by the MPI score.

There are limitations to our study. The study sample was 
relatively small, and patients with worse clinical status may 
have been more likely to reject participation in the study. 
In addition, we only used data from patients with complete 
MPI and EQ5D questionnaires. Patients who were unable to 
complete the assessment likely had worse health or cogni-
tive status. Taken together, this may have introduced selec-
tion bias and could be an explanation for the low number of 
participants in MPI-3 compared to MPI-1 and MPI-2. The 
low number of high-risk patients may also have impacted 
statistical power to detect differences between the MPI 
groups.

Furthermore, while HRQoL was measured at admission 
and on two follow-up time points, the design of the study 
did not enable us to collect information on HRQoL before 
admission to the ED. Therefore, we cannot compare HRQoL 
before and after the ED visits, which limits the interpretation 
of the progression of HRQoL over time. Being in a stressful 
environment such as the ED with an acute medical condi-
tion could likely bias HRQoL ratings [33]. However, we 
found the strongest correlation of the MPI with HRQoL at 
3 months after ED visit, where we can assume a decreased 
influence of the initial ED visit. Looking at the components 
of both indices, the correlation might be explained by similar 
targets like mobility, self-care and daily activities. Neverthe-
less, both questionnaires aim to address a different purpose: 
whereas the MPI is applied to constitute an objective multi-
dimensional assessment of the patients’ overall clinical sta-
tus, the EQ5D is intended to evaluate the patients’ self-per-
ceived rating of their health. The relationship between both 
scales shows that the MPI assessment mirrors the patients’ 
subjective evaluation of their health status.

Assessing and addressing HRQoL elaborately is rarely 
feasible in clinical practice due to time and resource con-
straints, especially in the ED. However, given that our data 
suggests that HRQoL is related to clinical prognosis, patients 

would likely benefit from additional assessment of HRQoL-
related factors to support a holistic treatment that considers 
both health and well-being in the management of geriatric 
care. The MPI’s ability to address HRQoL is limited, but our 
study shows that the MPI as a multidimensional snapshot of 
the patient can nevertheless provide insight into the patients 
self-perceived health status. A trained person could assess 
the full MPI in 20–30 min. This qualifies this prognostic 
instrument as a substitute for a CGA-like assessment at an 
early stage of treatment. Further studies are needed to evalu-
ate the feasibility and effectiveness of the MPI in the clini-
cal setting of an ED. This kind of multidimensional exami-
nation might improve personalised treatment of the older 
multimorbid acutely ill person through tailored intervention. 
Anticipating geriatric needs and fostering prevention could 
aid the management of multimorbidity, avoid hospitalisation 
and institutionalisation, improve self-reliance and ultimately, 
quality of life.
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