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Abstract
Background  Geriatric syndromes (GS) do not fit into discrete disease categories and are often underdiagnosed in hospital-
ized older adults. Geriatric resources (GR) are also not routinely collected in clinical settings, although this may potentiate 
the beneficial effects of clinical decisions. The prognostic relevance of GS and GR has never been systematically evaluated 
through clinical tools developed for clinical decision purposes.
Aim  To ascertain the impact of common GS and GR on patients’ prognosis as assessed by means of the comprehensive 
geriatric assessment (CGA)-based Multidimensional Prognostic Index (MPI).
Methods  One hundred and thirty-five hospitalized patients aged 70 years and older underwent a CGA evaluation with 
calculation of the MPI on admission and discharge. Accordingly, patients were subdivided in low (MPI-1, score 0–0.33), 
moderate (MPI-2, score 0.34–0.66), and severe (MPI-3, score 0.67–1)-risk of mortality at 1 month and 1 year. Nine GR and 
17 GS were identified and collected accordingly.
Results  A lower number of GS and a higher number of GR were shown to be highly significantly correlated with a lower 
MPI, as well as years of education, grade of care, and number of medications independent of age, sex and number of GS 
or GR. Underweight and obesity according to the BMI were significantly correlated to higher number of GS. Patients with 
more GR had a significantly higher chance of being discharged home.
Conclusions  The MPI evaluation together with GS and GR in acute care for older patients should be encouraged to improve 
clinical decision-making.

Keywords  Comprehensive geriatric assessment (CGA) · Multidimensional prognostic index (MPI) · Aging medicine · 
Geriatric syndromes · Geriatric resources · Grade of care

Introduction

The aging process of the global population is one of the 
biggest challenges of the twenty-first century. The latest 
research predicts that the population of persons over 60 years 
will increase up to 22% in 2050. This population segment 
is the most rapidly growing one, with older patients over 
80 years of age increasing at fastest rate [1, 2], and carries 
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along a great burden of multimorbidity, disability, and health 
expenditure [3–5].

The mix of multimorbidity, acute diseases, and age-
related changes leads to geriatric syndromes (GS). These 
are common clinical conditions in advanced age not fit-
ting into discrete disease categories, because they involve 
multiple underlying factors and organ systems [6]. GS are 
often underdiagnosed in acute hospital settings, although 
their effect on quality of life and disability is documented 
[6]. Underrecognition is due to the perception that GS are 
“normal” aspects of aging. However, if recognized early, 
their treatment and prevention can significantly reduce part 
of the burden of disease, disability, hospitalization, and costs 
[7]. The identification of GS plays a critical role in predict-
ing health outcomes including functional limitations [8–11] 
and a growing number of them is being shown to be associ-
ated with less education, drug or alcohol abuse, and less 
life satisfaction [12]. Nevertheless, identifying GS in acute 
medical settings remains one of the biggest challenges of 
our time [13].

On the other hand, an apparently relatively good subjec-
tive well-being despite physical, cognitive, and social losses 
[14] might be mediated by factors like resiliency and other 
psychologic features [15] which are considered, among other 
factors, geriatric resources (GR) [16]. These pave the way 
to dignified and independent aging [16, 17], but, in acute 
medicine, GR are typically neglected, and their collection 
being commonly left to the fields of nursing care or psychol-
ogy, if at all [18, 19].

The most effective way to uncover older patients’ GS 
and risk factors is the adequate performance of the Com-
prehensive Geriatric Assessment (CGA) [20], which, in fact, 
has already shown a strong beneficial influence on older 
patients’ trajectories [21, 22]. On the basis of a CGA, the 
Multidimensional Prognostic Index (MPI) can be calculated 
[23] which has been identified as the most valid, accurate, 
and feasible among existing forecast indicators of mortality 
[23–27]. As the MPI can help healthcare professionals to 
improve clinical decisions in older patients [24, 26, 28] and 
knowledge is limited about the prevalence of and recipro-
cal interactions between GS and GR, the aim of the present 
study was to evaluate the relationship of common GS and 
GR with prognosis as assessed by MPI in older, multimorbid 
patients admitted to an acute internal setting.

Patients and methods

Patients

Between August 2016 and May 2017, 228 patients admit-
ted to the Department II of Internal Medicine of the Uni-
versity Hospital of Cologne, Germany, were consecutively 

screened. Patients were included if older than 70 years of 
age, multimorbid (more than two chronic conditions requir-
ing long-term treatment) and giving consent to participate 
within 2–4 days after admission on the ward. Reasons for 
exclusion were (1) evaluation point outside of the estab-
lished time window (n = 39), (2) inability to consent (n = 20), 
(3) inability to speak German or speech disorder (n = 18), (4) 
refusal to participate (n = 8), (5) prefinal situation or death 
before recruitment (n = 4), and (6) multiple times no pos-
sibility to meet the patient for recruitment (n = 4). The final 
sample size included 135 patients.

Assessment of participants

Information was collected regarding presence of GS, GR 
and Grade of Care (level of care), nursing needs accord-
ing to the German nursing care insurance (grade 0–5, with 
0 indicating no dependence [29]), advanced care planning, 
hospitalization, and falls during the previous 12 months.

GS included incontinence, instability, cognitive impair-
ment, depression or irritability, inanition, sensorial impair-
ment, chronic pain, insomnia, irritable colon, impover-
ishment, isolation, immobility, polypharmacy, iatrogenic 
disease, incoherence/delirium, fluid/electrolyte imbalance, 
and swallowing disorders [6, 30–35] (Supplementary 1). 
Favourable intellectual, physical, social, and economic 
resources and good living conditions, motivational, emo-
tional, mnestic, competence-related resources were collected 
as GR as described previously [5, 18, 19, 36] (Supplemen-
tary 1).

The MPI calculation [23] was based on assessments 
including Cumulative Illness Rating Scale (CIRS) [37], 
Exton Smith Scale (ESS) [38] for the assessment of pressure 
ulcer risk, Mini Nutritional Assessment Short Form (MNA-
SF) [39], Katz’s Activities of Daily Living (ADL) [40], Law-
ton’s Instrumental Activities of Daily Living (IADL) [41], 
Short Portable Mental Status Questionnaire (SPMSQ) [42] 
plus number of drugs administered including over the coun-
ter (OTC) drugs and living conditions. Patients were able 
to provide all needed information except in eight cases in 
which the proxy respondents delivered details. The MPI is 
a continuous variable from 0 = lowest risk to 1 = highest risk 
of mortality allowing the allocation into one of three mortal-
ity risk grades at 1 month and 1 year after the initial evalua-
tion: MPI-1, 0–0.33 = low risk, MPI-2, 0.34–0.66 = moder-
ate risk, and MPI-3, 0.67–1, severe risk [23].

Registration, participant consent, and ethics

The study is registered at the German Clinical Trials Reg-
ister (DRKS00010606) and authors declare that the experi-
ments respect the ethical standards for human experimenta-
tion that are stated in the Declaration of Helsinki of 1975, 



117Aging Clinical and Experimental Research (2020) 32:115–124	

1 3

as revised in 2000, as well as the national law. The study 
was approved by the Ethical Committee of the University 
Hospital of Cologne, Germany, and each patient or proxy 
respondent signed informed consent.

Statistical analysis

Descriptive statistics were expressed using absolute num-
ber and relative frequencies for description of categorical 
variables and mean (SD) or median (IQR) for continuous 
variables.

Table 1   Demographical and clinical characteristics of patient sample according to MPI group

† Chi-square or Fisher’s exact for frequencies, univariate ANOVA for continuous. Significant at 5%. p values for association between MPI on 
admission and LHS were analysed for patients who did not die during hospitalization

Total
N = 135

MPI-1
N = 33 (24.4%)

MPI-2
N = 87 (64.4%)

MPI-3
N = 15 (11.1%)

p value†

Demographic
 Female, n (%) 52 (38.5) 11 (33.3) 31 (35.6) 10 (66.7) 0.072
 Age (years), mean (SD) 78.1 (5.1) 76.3 (4.1) 79.0 (5.1) 77.4 (6.5) 0.029*
 Education (years), mean (SD) 12.5 (4.5) 13.3 (4.5) 12.8 (4.3) 8.9 (4.9) 0.004*
 Level of educational requirements, median (IQR) 2 (1–3) 2 (2–3) 2 (1–3) 1 (1–2) 0.006*
 Length of hospital stay (days), mean (SD) 11.3 (10.2) 10.0 (12.1) 11.3 (9.6) 14.3 (9.3) 0.090

GS
 Number of GS (max. 17), mean (SD) 5.4 (2.4) 3.6 (1.7) 5.5 (2.1) 8.5 (1.8) < 0.001*
 Polypharmacy, n (%) 118 (87.4) 22 (66.7) 81 (93.1) 15 (100.0) < 0.001*
 Instability, n (%) 95 (70.4) 19 (57.6) 65 (74.7) 11 (73.3) 0.179
 Incontinence, n (%) 59 (43.7) 7 (21.2) 40 (46.0) 12 (80.0) 0.001*
 Inanition, n (%) 56 (41.5) 10 (30.3) 38 (43.7) 8 (53.3) 0.254
 Immobility, n (%) 32 (23.7) 0 19 (21.8) 13 (86.7) < 0.001*
 Irritability/depression, n (%) 37 (27.4) 3 (9.1) 26 (29.9) 8 (53.3) 0.004*
 Cognitive impairment, n (%) 24 (17.8) 3 (9.1) 16 (18.4) 5 (33.3) 0.122
 Insomnia, n (%) 46 (34.1) 6 (18.2) 30 (34.5) 10 (66.7) 0.004*
 Impoverishment, n (%) 8 (5.9) 0 4 (4.6) 4 (26.7) 0.001*
 Swallowing disorder, n (%) 21 (15.6) 0 14 (16.1) 7 (46.7) < 0.001*
 Chronic pain, n (%) 65 (48.1) 14 (42.4) 42 (48.3) 9 (60.0) 0.528
 Sensorial impairment, n (%) 89 (65.9) 19 (57.6) 58 (66.7) 12 (80.0) 0.306
 Irritable colon, n (%) 30 (22.2) 5 (15.2) 21 (24.1) 4 (26.7) 0.519
 Iatrogenic disease, n (%) 19 (14.1) 5 (15.2) 11 (12.6) 3 (20.0) 0.735
 Social isolation, n (%) 13 (9.6) 1 (3.0) 9 (10.3) 3 (20.0) 0.169
 Fluid/electrolyte problems, n (%) 11 (8.1) 3 (9.1) 5 (5.7) 3 (20.0) 0.172
 Incoherence/delirium, n (%) 3 (2.2) 0 2 (2.3) 1 (6.7) 0.347

GR
 Number of GR (max. 10), mean (SD) 5.2 (1.9) 6.2 (1.7) 5.2 (1.7) 3.1 (1.6) < 0.001*
 Physical, n (%) 79 (58.5) 30 (90.9) 48 (55.2) 1 (6.7) < 0.001*
 Good living conditions, n (%) 92 (68.2) 29 (87.9) 58 (66.7) 5 (33.3) < 0.001*
 Social, n (%) 116 (85.9) 29 (87.9) 75 (86.2) 12 (80.0) 0.532
 Economical, n (%) 47 (34.8) 13 (39.4) 33 (37.9) 1 (6.7) 0.095
 Competence-related, n (%) 57 (42.2) 18 (54.6) 39 (44.8) 0 0.003*
 Intellectual, n (%) 104 (77.0) 30 (90.9) 64 (73.6) 10 (66.7) 0.028*
 Spiritual, n (%) 45 (33.3) 10 (30.3) 29 (33.3) 6 (40.0) 0.542
 Motivational, n (%) 49 (36.3) 16 (48.5) 29 (33.3) 4 (26.7) 0.089
 Emotional, n (%) 66 (48.9) 20 (60.6) 42 (48.3) 4 (26.7) 0.036*
 Mnestic, n (%) 46 (34.1) 11 (33.3) 31 (35.6) 4 (26.7) 0.819
 GR (%) > GS (%), n (%) 101 (74.8) 32 (97.0) 66 (75.9) 3 (20.0) < 0.001*
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Table 2   Number of GS and GR 
according to several clinical 
conditions

† Chi-square or Fisher’s exact for frequencies, univariate ANOVA for continuous. Significant at 5%. p val-
ues for association between MPI on admission and LHS were analysed for patients who did not die during 
hospitalization

N (%) GS
mean (SD)

p value† GR
mean (SD)

p value†

Total 135 5.38 (2.378) 5.19 (1.9)
Gender
 Male 83 (61.5) 5.08 (2.3) 0.070 5.10 (1.9) 0.450
 Female 52 (38.5) 5.85 (2.5) 5.35 (1.8)

Age (years)
 70–74 38 (28.1) 5.21 (3.0) 0.733 5.18 (2.2) 0.746
 75–84 85 (63.0) 5.39 (2.2) 5.14 (1.7)
 85+ 12 (8.9) 5.83 (2.0) 5.58 (1.8)

Medications at recruitment
 < 3 8 (5.9) 3.38 (2.56) 0.022* 5.50 (2.3) 0.041*
 3–5 11 (8.1) 4.55 (1.4) 6.00 (1.5)
 6–9 49 (36.3) 5.29 (2.2) 5.57 (1.6)
 > 9 67 (49.6) 5.82 (2.5) 4.75 (2.0)

BMI (kg/m2)
 Underweight (< 18.5) 5 (3.7) 8.80 (1.9) 0.001* 3.40 (1.1) 0.072
 Normal weight (18.5–24.9) 51 (37.8) 5.20 (2.3) 5.24 (2.0)
 Overweight (25.0–29.9) 38 (28.1) 4.63 (2.4) 5.61 (1.9)
 Obesity (> 30.0) 36 (26.7) 5.92 (2.4) 4.97 (1.6)

Level of educational requirements
 1 43 (31.9) 5.84 (2.6) 0.036* 5.00 (1.8) 0.002*
 2 54 (40.0) 5.63 (2.3) 4.81 (1.8)
 3 26 (19.3) 4.77 (2.2) 5.46 (1.9)
 4 12 (8.9) 3.92 (1.6) 7.00 (1.4)

Physical mobility
 Yes 105 (77.8) 4.68 (2.0) < 0.001* 5.62 (1.8) < 0.001*
 No 30 (22.2) 7.83 (2.1) 3.70 (1.5)

Grade of care
 None 91 (67.4) 4.60 (1.9) < 0.001* 5.74 (1.7) < 0.001*
 1 4 (3.0) 6.00 (1.2) 4.50 (1.3)
 2 19 (14.1) 6.79 (3.0) 4.05 (1.9)
 3 18 (13.3) 7.33 (2.2) 4.00 (1.7)
 ≥ 4 3 (2.2) 7.33 (3.5) 4.00 (1.0)

Hospitalization in the last 12 months
 Yes 95 (70.4) 5.75 (2.5) 0.005* 4.97 (1.9) 0.031*
 No 40 (29.6) 4.50 (1.9) 5.73 (1.7)

Falls in the last 12 months
 Yes 62 (45.9) 5.74 (2.2) 0.101 4.87 (1.9) 0.064
 No 73 (54.1) 5.07 (2.5) 5.47 (1.8)

MPI
 1 33 (24.4) 3.55 (1.7) < 0.001* 6.24 (1.7) < 0.001*
 2 87 (64.4) 5.53 (2.1) 5.15 (1.7)
 3 15 (11.1) 8.53 (1.8) 3.13 (1.6)

Discharge allocation
 Home 94 (69.6) 5.15 (2.5) 0.146 5.53 (1.8) 0.011*
 Geriatric rehabilitation 21 (15.6) 5.33 (1.9) 4.62 (1.9)
 Transferred to another ward 14 (10.4) 6.57 (2.3) 4.14 (1.8)
 Deceased 6 (4.4) 6.33 (2.0) 4.33 (2.5)
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To see the balance between the occurrence of GS and 
GR, we took the percentage of the exposed GS (individual’s 
exposed number of GS divided by 17 exposed in total) minus 
the percentage of the exposed GR (individual’s exposed 
number of GR divided by 10 exposed in total) to see, how 
many patients relatively have more GR as GS.

To test associations between MPI and demographical and 
clinical characteristics of the patient sample (Table 1) and 
between number of GS and GR according to several clini-
cal conditions (Table 2), Chi-square or Fisher’s Exact for 
frequencies and univariate ANOVA for continuous variables 
were tested after testing for normal distribution. p values 
for association between MPI on admission and LHS or dis-
charge allocation were analysed for patients who did not 
die during hospitalization. No adjustments were performed 
unless otherwise specified.

Odds ratios to express the associations between each GS 
or GR and MPI score or grade of care were calculated using 
an ordered logistic regression analysis adjusted for age, sex, 
and number of GR or GS. All collected GS and GR were 
inserted in the model for testing the effect of each held con-
stant the others (Figs. 1, 2, 3, 4).

Two-tailed probabilities were reported and a significant 
level alpha of 0.05 was used.

All analyses were performed using STATA (version 14.1, 
StataCorp., College Station, TX, USA) software and SPSS 

(Statistical Package for Social Sciences, SPSS Inc., Chicago, 
IL, USA, version 24.0) software.

Results

Demographics

The demographic and clinical characteristics of the 135 
patients according to MPI group are described in Table 1.

The median age was 78.1 years and patients with MPI-2 
being significantly older than patients with a lower MPI 
value (p = 0.029). Slightly above one-third were women 
(38.5%).

The mean education length was 12.5 years (SD = 4.5) and 
the median level of educational requirements was 2 (IQR 
1–3), both being significantly  inversely correlated with 
MPI score (p = 0.004; p = 0.006). The mean length of hos-
pital stay of the patients was 11.3 days (SD = 10.2, range 
2–72 days) and the length of stay being not significantly 
associated with the MPI (p = 0.090).

Geriatric syndromes

On average, a patient had 5.4 (SD = 2.4) of 17 assessed GS; 
patients with higher MPI displaying significantly higher 

Fig. 1   Association of GS and 
MPI as an ordered logistic 
regression analysis adjusted for 
age, sex, and number of GR
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mean number of GS and frequencies of GS are shown in 
Table 1.

In the explorative univariate analysis, the occurrence 
of polypharmacy, incontinence, immobility, rather than 
irritability/depression, insomnia, impoverishment, and 

Fig. 2   Association of GR and 
MPI as an ordered logistic 
regression analysis adjusted for 
age, sex, and number of GS

Fig. 3   Association of GS and 
grade of care as an ordered 
logistic regression analysis 
adjusted for age, sex, and num-
ber of GR
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swallowing disorder, was significantly associated with a 
higher MPI (p < 0.004).

The ordered logistic regression model (Fig. 1) shows that 
specific patterns of GS are associated with the MPI groups. 
Patients with polypharmacy and inanition, as well as with 
immobility, delirium, depression, and swallowing disorders 
had a significantly higher chance of being in a higher MPI 
group (p < 0.05), after adjusting for age, sex, and number of 
GR, while the adjustment for level of educational require-
ments did not change the highlighted effects.

Geriatric resources

On average, the enrolled patients had 5.2 (SD = 1.9) of 10 
assessed GR. Lower MPI values were significantly corre-
lated with a higher average number of GR (p < 0.001).

Frequencies of GR are displayed in Table 1. Compe-
tence-related resources were significantly associated to a 
lower MPI as none of the MPI-3 had competence-related 
resources, but 54.6% of the MPI-1 group did (p = 0.003). 
In addition, physical, intellectual, and emotional resources 
were significantly associated with a lower MPI (p < 0.05; 
Table 1).

In addition, the resource of good living conditions was 
highly significantly associated with a lower MPI (MPI-1: 
87.9%; p < 0.001).

After adjusting for age, sex, and number of GS, patients 
with good living conditions had a significantly lower risk 
of being in a higher MPI group than patients without this 

resource (OR = 0.23, p < 0.001), given that the other vari-
ables are held constant in the model (Fig. 2). This effect is 
also shown for specific patterns of GR according to MPI 
groups. The absence of good living conditions and physi-
cal resources relates to a severe MPI. On the other hand, 
these resources plus competence-related and motivational 
resources are highly present in MPI-1 patients. Likewise, 
the same effect can be found for the presence of physical 
resources (OR = 0.20, p < 0.01).

Geriatric syndromes and resources

The prevalence of GS and GR was significantly correlated to 
each other, patients having more GS displaying less GR and 
vice versa (p < 0.001). The reciprocal relationship between 
GS and GR was also shown during a percentual analysis, 
which showed a highly significant relationship between 
lower MPI scores and GR > GS (p < 0.001). In fact, while 
20.0% of the MPI-3 patients had more GR than GS, 75.9% 
of the MPI-2 and nearly all patients of MPI-1 (97.0%) were 
shown to have more resources than syndromes (Table 1).

Geriatric syndromes, resources, and clinical 
conditions

The Body Mass Index (BMI) was shown to be significantly 
associated with the mean number of GS (p = 0.001; Table 2), 
patients with overweight (BMI included 25.0–29.9) display-
ing less GS than patients with normal weight, underweight 

Fig. 4   Association of GR and 
grade of care as an ordered 
logistic regression analysis 
adjusted for age, sex, and num-
ber of GS



122	 Aging Clinical and Experimental Research (2020) 32:115–124

1 3

and obesity (p = 0.019). Patients with obesity and under-
weight had significantly more GS than patients with nor-
mal weight or overweight (p < 0.005), while underweight 
patients had more GS than obese patients (p < 0.001).

The level of educational requirements was significantly 
associated with the number of GS (p = 0.036) and GR 
(p = 0.002), while patients with a higher level tended to have 
significantly more GR and less GS (p < 0.036, Table 2).

A higher grade of care value as an indicator of nursing 
needs was significantly associated with a higher number of 
GS and lower number of GR (p < 0.001). In addition, indi-
vidual GS like the presence of immobility, insomnia, and 
social isolation were significantly associated with a higher 
grade of care (p < 0.05, adjusted for age, sex and number of 
GR; Fig. 3). Patients with physical resources had a signifi-
cantly lower chance for a higher grade of care than patients 
without physical resources (OR = 0.29; p < 0.05; Fig. 4).

The discharge allocation was significantly correlated with 
the average number of GR, patients being discharged home 
having significantly more GR than patients being transferred 
to another ward (p = 0.011; Table 2).

Discussion

The main result of the present study is that a higher num-
ber of GS as well as a lower number of GR assessed in a 
systematic way are significantly associated with worse indi-
vidual multidimensional prognosis, measured by means of 
the MPI—an accurate, specific, sensitive, validated prog-
nostic tool, in older multimorbid adults acutely admitted to 
an acute internal ward.

GR appear to have great prognostic importance for psy-
chological well-being and self-esteem [14, 15]. Along with 
early life events and midlife non-medical factors, they play 
a major role in successful aging [17, 43]. To our knowledge, 
this study shows for the first time that especially the GR 
of good living conditions are associated to a better calcu-
lated prognosis. This is very relevant, because living condi-
tions can be influenced through active involvement of rela-
tives, through environmental actions or at a political level. 
In addition, competence-related, emotional and motivational 
resources show a strong relationship to better prognosis. 
These GR are often trained and fostered in quality nursing 
homes and other geriatric settings.

Another finding of the present investigation was the sig-
nificant, inverse reciprocal association of GS and GR. To 
our knowledge for the first time, we performed a percen-
tual analysis to describe the relationship of GS and GR in 
assumption that the imbalance of having more GS than GR 
could be conductive for a decompensation of the patient 
and, on the other hand, having more GR could help to deal 
with GS and help to be longer in a stable, functional status. 

If, on one hand, this might sound intuitive, it implies that 
these two geriatric profiles are interwoven with each other, 
and the systematic evaluation of resources and syndromes 
might uncover specific profiles possibly susceptible of tai-
lored interventions to avoid cascades of poor outcomes. 
In addition, the prompt identification of protecting factors 
which intervene on holds in older adults a great potential of 
saving critical hours/days in accelerating stabilization and/
or recovery as well as avoiding onset of new GS after acute 
disease or relapse of chronic conditions [10, 11, 44]. Typical 
examples on actions on GR are those exerted on functional, 
psychological, emotional, and social reserve.

Within this frame, it is not surprising that older adults 
with higher education or a higher level of educational 
requirements according to the International Standard Clas-
sification of Occupations (ISCO-08) main groups [45] had 
more GR and less GS than patients with lower educational 
status (Table 2). On the other hand, a higher need of care as 
shown by the grade of care was significantly correlated to 
higher GS and lower GR (Table 2), suggesting that a struc-
tured assessment of GR and GS may substantially implement 
the measurement of nursing needs.

Assessing protective factors related to self-esteem as well 
as predispositions for nursing needs may facilitate the com-
munication and the interaction with the patients on concrete 
problems, thereby improving self-management and, there-
fore, adherence and compliance with decisions and man-
agement. Finally, patients with more GR are significantly 
more often discharged home, underlining the importance of 
GR for independent living [17] and prevention of prolonged 
length of hospital stay. Although we could not show a sig-
nificant relationship between length of hospital stay and MPI 
group—we ascribe that to the high deviation—the average 
length of stay tends to be longer with higher MPI.

Taken together, these findings suggest that the implemen-
tation of a routine, feasible evaluation of both GS and GR 
is an important diagnostic step in the management of older 
patients admitted to an acute internal ward.

The observations presented above are extremely rel-
evant in light of their association with multidimensional 
prognosis. It was already shown that GS are important in 
predicting health outcomes, and that a higher number of 
GS are associated with lower education, life satisfaction, 
functional decline, and some chronic diseases [8–12, 44]. 
Furthermore, the existence of GS profiles with specific mul-
timorbidity patterns, for example, the “induced dependency 
pattern” with the GS of immobility, incontinence, delirium, 
and pressure ulcers has already been described [12]. The 
present study confirms the association of syndromes, typical 
of hospitalized older multimorbid persons, and resources, 
allowing better clinical outcomes [16], with the individual 
multidimensional prognosis as assessed by the MPI. As the 
MPI can help healthcare professionals to improve clinical 
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decisions in older patients by calculating the individual risk 
group for a patient, the shown association with GS and even 
more specific GS-patterns for different risk groups may 
facilitate the early detection of vulnerability to GS.

In conclusion, the present results suggest that the indi-
vidual combination of GR and GS is highly important in the 
older hospitalized patient population and that their recipro-
cal relationship reflects the multidimensional mortality risk 
as assessed by the MPI. Therefore, implementing the num-
ber of GS and GR in clinical decision-making and manage-
ment of these vulnerable patients might be helpful.

Implications

•	 GS and GR are reciprocally connected to health-related 
outcomes

•	 GR are associated with a higher level of educational 
requirements, showing again the importance of good 
education

•	 Being significantly connected to prognosis as assessed 
by the MPI, GS and GR should be co-evaluated
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