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Abstract 

Objectives: To systematically identify and characterize prognostic models of mortality for 

older adults, their reported potential use, and the actual level of their (external) validity. 

Design: The Scopus database until January 2010 was searched for articles that developed 

and validated new models or validated existing prognostic models of mortality or survival 

in older adults. 

Setting: All domains of health care. 

Participants: Adults aged 50 and older. 

Measurements: Study and model characteristics were summarized, including the model’s 

development method and degree of validation, data types used, and outcomes. 

Results: One hundred three articles describing 193 models in 10 domains and mostly origi-

nating from the United States were included. These domains were mostly secondary or 

tertiary care settings (54%) such as intensive care (7%) or geriatric units (8%). Half of the 

studies (50%) were not disease specific. Heart failure–related diseases (9%) and pneumo-

nia (9%) constituted the major disease specific subgroups. Most studies (67%) reported 

support of clinical individual (treatment) decisions as use of prognostic models, but only 

34% were externally validated, and only four models (2%) were validated in more than 

two studies. Most studies (68%) developed at least one new model, but they did not often 

go beyond addressing their apparent validation (49%). 

Conclusion: Although prognostic models are regularly developed to support clinical indi-

vidual decisions and could be useful for this purpose, their use is premature. Because clin-

ical credibility and evidence of external validity build trust in prognostic models, both re-

quire much more consideration to enhance model acceptance in the future. 

 

Introduction 

Prognostic models of mortality are developed on the premise that they can be useful for 

various purposes. At present, researchers use them mainly for comparing differences in 

performance between hospitals and for risk stratification in clinical trials (e.g., to enroll or 

exclude high- or low-risk participants conform the study’s inclusion criteria, to compare 

treatment effects between different risk strata, or to adjust for imbalances across treat-

ment groups) [1,2], but prognostic models can be useful for informing individual treat-

ment decisions [3,4]. To be of utility for this purpose, these models should at least be ac-

ceptable by clinicians, who may have various reasons for not trusting them [5]. Trust is 

gained by evidence showing that models ‘‘work’’ (are valid) and ‘‘help’’ (improve the deci-

sion-making process or the outcome), although in general, external validation, and espe-

cially studies pertaining to the model’s effect on clinical practice, have not often been at-

tempted [6-9]. 

Prognostic models of mortality have been developed for various populations. One par-

ticularly interesting population is older adults (usually defined as aged ≥ 65). This popula-

tion represents a rapidly growing distinctive subgroup in health care [10]. Within this sub-

group, concerns regarding withholding therapy and end-of-life decisions are common and 

comfort-focused end-of-life care may be preferred when chances of survival are low 

[11,12]. There is no review in the literature focusing on prognostic models of mortality in 

older adults. 

The aim of this literature review was to identify and characterize all prognostic models 

of mortality developed for older adults in different domains of health care, with specific 
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F 

C 

A B E D 1. Prognos* 

2. Predict* 

3. Forecast 

4. 1 or 2 or 3 

1. Model* 

2. Sore* 

3. Index 

4. Rule* 

5. Tree* 

6. Network* 

7. 1 or 2 or 3 or 
4 or 5 or 6 

1. Elder* 

2. Frail* 

3. Geriatric* 

4. Octogenarian* 

5. Senior* 

6. “older adults” 

7. “older patients” 
8. “older people” 

9. 1 or 2 or 3 or 4 or 

5 or 6 or 7 or 8 or 9 

1. Document type 

is article 

2. Document type 

is review 

1. Mortality 

2. Death 
3. Survival 

4. Dying 

5. 1 or 2 or 3 or 4 

1. Language is 

English 

emphasis on model validation. In particular this review addresses the following questions: 

Which models are developed and in which domains? What is the reported use of prog-

nostic models? What is the level of their (external) validity and their use in daily practice? 

 

Methods 

Search strategy and Data Sources 

The Scopus database (from January 1966 to January 2010) was searched based on title, 

abstract, and key words for research articles and reviews using the query shown in Figure 

2.1. Scopus comprises, among others, large bibliographic databases such as Medline and 

Embase. In addition to the articles retrieved by the electronic search, references of all in-

cluded articles and the references of articles citing them were screened. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2.1. Search strategy. * All terms starting with the stated term are searched (e.g., prognos* includes prognosis 

and prognostic). † Main reasons for rejection: Description of disease course or specific population rather than pre-

dicting participant outcomes, no specific focus on a population of older adults, predicted outcome is not the desired 

one (e.g., falls, functional decline, time to death) 

Included (N=103) 

Excluded Duplication 

(N=2) 

 

Excluded Research Note 

(N=1) 

Excluded Review (N=1) 

 

Rejected (N=10) 

Reasons for rejection: 

Language is Spanish (N=2), 

German (N=1), Italian (N=1) 

Doctype is Editorial (N=1), 

Short Survey (N=1), Letter 

(N=1), Case report (N=1) 
Criterion 1 not met (N=1) 

Criterion 3 not met (N=3) 

Scopus (Jan ‘66-Dec ‘09) 

A.4 and B.7 and C.5 and 

C.9 and E.1 and F.1 

(N=3.562)  

Rejected on title & abstract 

review (N=3406) † 

Article requested and 

screened (N=156) 

Rejected (N=53) 

Reasons for rejection: 

Criterion 1 not met (N=18) 

Criterion 2 not met (N=16) 

Criterion 3 not met (N=19) 

Scopus (Jan ‘66-Dec ‘09) 

A.4 and B.7 and C.5 and 

C.9 and E.2 and F.1 

(N=315)  

 

Included (N=99) Potentially relevant after cross 

referencing (N=14) 

Included (N=4) 

Relevant Reviews (N=6) 

 

Articles indexed as re-

views (N=2) 

Included (N=2) 
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To determine the level of validation and use in daily practice, the frequency of other 

studies validating it are reported for each model. In addition, the following classifications 

of model, validation, and study types were created: 

1) Model types. Existing models refer to earlier reported models (these can be validated in 

their original or recalibrated structure to account for differences in case mix). Adapted 

models concern derivations from existing ones, essentially using a slightly different set of 

covariates. Implicit models constitute physician subjective ratings of survival or mortality 

chances. Newly developed models are models reported for the first time in the study. 

2) Degree of model validation. Degree of validation is described for each type of model, 

based partly on [8]: 

a) Apparent validation: Validation of model on the developmental set itself. 

b) Internal validation: Validation on a separate set obtained from the same data. This 

category includes split sample, cross-validation, and bootstrapping. 

c) Temporal validation: Validation on a separate set obtained on similar data of new, 

prospective participants. 

d) External validation by same research group: Validation attempted on a separate set 

obtained from new data of participants admitted to a different setting, conducted by the 

same research group that developed the model. 

e) External validation: Validation conducted by other, independent researchers. 

3) Study types. Developmental studies include at least one newly developed model. They 

may include other, existing models for comparison. Validation studies are studies in which 

all included models are (explicit) existing models or implicit models (subjective assess-

ments by physicians). 

 

Results 

Study Characteristics 

Of 3,562 studies initially identified, 103 met the inclusion criteria and were included in 

this review. The summary characteristics of these studies are given in Table 2.1. More 

detailed information and a complete reference set of the included articles can be found in 

Appendix 2.1. The number of participants ranged from 31 to 6,07,955 (median 557). The 

minimum age threshold ranged from 50 to 100 (median 65). Fifty-eight percent of the 

studies had a prospective design, and 42% had a retrospective design. Most studies were 

conducted in a secondary or tertiary care setting (54%), followed by primary care or popu-

lation based (33%), and post acute care (13%). Secondary and tertiary care settings were 

mostly intensive care (7%) or geriatric hospitals or units (8%). Most studies came from 

the United States (47%), followed by three European countries (the Netherlands (10%), 

Italy (9%), and the United Kingdom (8%). Almost half of the studies (47%) did not study 

a specified subgroup of participants suffering from a specific disease or disorder. Of the 

studies that investigated specific subgroups of older adults, most studied participants with 

a disease related to heart failure (9%) or pneumonia (9%). 

 

Model Characteristics 

One hundred ninety-three models (161 unique ones) were evaluated in the 103 included 

studies. The summary characteristics of these models are described in Table 2.2, with a 

more-detailed summary presented in Appendix 2.1. The development of the majority of 

the models relied largely on regression analysis (61%) (sometimes in combination with 
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other techniques, such as the selection of relevant variables by experts). Most models in-

cluded clinical data (90%) or demographic and environmental data (53%). Functional and 

cognitive status was included in 32% of the models, intervention data in 25%, and subjec-

tive data in 4%. The predicted outcome was mostly defined for a prespecified period of 

time (e.g., long-term mortality in 53% of the studies and short-term mortality in 28%) or 

based on an event (e.g., hospital mortality in 16% of the studies). 

 

Table 2.1. Study Characteristics (N=103) 

Patients, N, median (range) 557 (31-607,955) 

Minimum age, median (range) 65 (50-100) 

Age, mean (range) 78.5 (67-102) 

Design, % 

Prospective 

Retrospective 

 

58 

42 

Setting, % 

Primary care or population based 

Secondary and tertiary care 

General  

Specialized hospital or unit 

Geriatric hospital or unit 

Intensive care 

Emergency care 

Postacute care 

Nursing home 

Intermediate care 

Long-term care 

Unspecified geriatric setting 

 

33 

54 

26 

9 

8 

7 

4 

13 

6 

4 

2 

1 

Country, % 

United States of 

America 

Netherlands 

Italy 

United Kingdom 

China 

Canada 

France 

Sweden 

Other 

 

47 

 

10 

9 

8 

6 

5 

4 

4 

12 

Subgroup, % 

None 

Diseases related to heart failure 

Diseases related to pneumonia 

(Acute) myocardial infarction 

Acute or emergent admissions 

Frail older adult 

Hip fracture 

Dementia 

Oncological diseases 

Other 

 

50 

9 

9 

5 

4 

4 

4 

3 

3 

9 

Reported use of prognostic models, (%)* 

Comparing case-mix adjusted hospital outcomes 

Support of clinical decisions 

Risk stratification or identification for other purposes 

Other purposes 

Unclear or unavailable 

In general 

12 

67 

18 

4 

8 

In developmental studies (N=70) 

17 

74 

13 

0 

4 

* Sum is more than 100% because some studies are conducted in more than one country, and multiple uses of prog-

nostic models can be reported 

 

Reported Use of Prognostic Models 

Aside from a few exceptions, such as a study in intensive care [14], the intended use of 

the specific models addressed in the studies was not reported. The general reported use of 

prognostic models, for justifying their use in practice, was individual participant risk strati-

fication for the support of clinical decisions in 67% of all studies and in 74% of the subset 

of developmental studies. Case mix–corrected benchmarking was reported in 12% of all 

studies and in 17% of the developmental studies. In 18% of all studies and 13% of the 

developmental studies, the models were intended for risk stratification. It remained un-
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clear what the potential use of the models was in 8% of all studies and in 4% of the de-

velopmental studies. 
 

Table 2.2. Model Characteristics (N=103) 

Percentage (%) of 

 

Models 

N=193 

Studies  

N=103 

 Models  

N=193 

Studies  

N=103 

Development method 

Regression-based analysis 

Expert opinion 

Not applicable (e.g., factor) 

Not available (i.e. not reported) 

Derivation of existing model 

Other (e.g., discriminant analysis, 

artificial neural network) 

 

61 

9 

7 

7 

9 

7 

 

74 

10 

8 

7 

7 

13 

Data type* 

Clinical data 

Functional and cognitive status 

Demographical and environmental data 

Intervention data 

Subjective data (e.g., expert opinion, 

self-rated health) 

 

90 

32 

53 

 

25 

4 

 

96 

46 

62 

 

32 

5 

Outcome* 

Long-term mortality 

Short-term mortality 

Hospital mortality 

Long-term survival 

Short-term survival 

Ward or unit mortality 

 

53 

28 

16 

5 

3 

1 

 Frequency of models (evaluated in ≥ 3 

studies 

Charlson Index 

Simplified Acute Physiology Score II 

Deyo Score 

Multidimensional Prediction Index 

 

 

2 

2 

2 

2 

 

 

3 

3 

3 

3 

Degree of validation* 

Developmental study 

Newly developed model 

Apparent validation* 

Internal validation* 

Temporal validation* 

External validation by develop-

ers of model* 

Use of existing model as compari-

son model 

Use of adapted model as compari-

son model 

 

 

 

64 

45 

22 

21 

5 

4 

 

14 

 

5 

 

68 

68 

33 

32 

6 

7 

 

11 

 

3 

Validation study based on earlier  

reported model(s) 

Validation of existing model 

Internal validation* 

External validation by developers of 

model 

External validation by other, inde-

pendent researchers 

Validation of adapted model 

Apparent validation* 

External validation by other, inde-

pendent researchers* 

Validation study based on implicit 

model 

35 

 

30 

1 

1 

 

29 

 

4 

3 

1 

 

1 

30 

 

28 

1 

2 

 

26 

 

4 

2 

2 

 

2 

* Sum is more than 100% because multiple data types can be included, multiple outcomes can be evaluated, and 

multiple types of validations can be conducted. Long-term is defined as >6 months and short-term as ≤6 months. 

 

Frequency and Degree of Model Validation 

Only four models were evaluated in at least three studies other than the ones in which 

they were developed: the Charlson Index [15], the Simplified Acute Physiology Score-II 

(SAPS-II) [16], the Deyo Score (an adaptation of the Charlson Index) [17], and the Multi-

dimensional Prediction Index [18]. 

Sixty-eight percent of the studies were developmental studies, versus 32% of validation 

studies. Forty-five percent of the validated models were newly developed, 19% were used 
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for model comparison, and 36% were validated in a validation study. Other, independent 

researchers validated 29% of the models externally in their original structure. Of the new-

ly developed models, 49% were validated on the same set used for the development of 

the model. Forty-seven percent (21% of all models) were validated on a separate, internal 

validation set. The remainder was validated in a temporal (11%) or external data set (9%). 
 

Discussion 

This literature review constructed a detailed overview of all available prognostic models of 

mortality for older adults (Appendix 2.1). The studies and models included are heteroge-

neous, but some general remarks can be made. Studies were mostly conducted in a sec-

ondary or tertiary care setting, generally intensive care or geriatric hospitals or units. Mod-

el development usually relies largely on regression analysis. The models are usually based 

on clinical or demographic and environmental data designed to predict long-term or 

short-term mortality. The intended use of the specific models under investigation is often 

not reported. Instead, general potential uses of prognostic models are mentioned. These 

models most frequently include support of clinical individual decisions, but others rarely 

use the models. To a certain degree, the fact that, although researchers are developing 

new models (68% of the studies), the degree of model validation is only moderate and 

study samples are often small (mean number of participants is 557). Surprisingly, even the 

more-common models developed some 20 years ago (e.g., the Charlson Index, Deyo 

Score, SAPS-II, and Acute Physiology and Chronic Health Evaluation (APACHE) II) 

have not been frequently validated in an older subgroup. Not a single article on 

APACHE-II was encountered in the search. The applicability of these models in this in-

creasingly important population merits special attention. 

The current study has the following strengths. First, to the knowledge of the authors, 

this is the first systematic review providing a summary of mortality prediction model 

characteristics in older adults in different domains of healthcare. Second, a detailed over-

view is provided of all studies included (Appendix 2.1). Third, extensive search criteria 

were used to identify relevant studies. The broad scope is a strength and a main limitation 

of this study. The many, heterogeneous studies included made it impossible to meta ana-

lyze them. Moreover, to limit the already greater heterogeneity of the studies included and 

focus on studies treating mortality as a dichotomous outcome, time-to-event models that 

do not also treat mortality as a dichotomous variable (by using a specific cut-off point 

over time) or do not use a standard performance measure of the model’s predictive ability 

were excluded. 

There are other (systematic) reviews on mortality prediction in older adults, but they 

address only prognostic factors (instead of prognostic models) in a specific setting [19-

21]. This article provides a systematic literature review on prognostic models of mortality 

for older adults in all fields of medicine. The validity and actual use of these models were 

also investigated.  

Although prognostic models are being developed regularly for individual participant 

risk stratification to support clinical decisions and might be useful for this purpose, the 

use of these models is limited and premature. A main problem seems to be the limited 

number of external validation studies. Large external validation studies need to be con-

ducted to provide evidence of a prognostic model’s ability to accurately stratify individual 

participant risk and its generalizability to a new participant population [5,8], not only in a 
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general, but also in a specific subpopulation of older adults. Moreover, effect studies are 

needed that evaluate a model’s clinical effectiveness in supporting individual participant 

decisions (whether it has a positive effect on the decision-making process or participant 

outcomes) [9]. 

If their goal is to employ a clinically useful model, researchers ought to take into ac-

count the model’s clinical credibility during development. This includes using large data 

sets for developing the model, committing to high methodological quality standards, and 

including clinically relevant variables for the older adult population [5,22]. In the majority 

of the studies reviewed, the clinical value of the models was not considered. As a conse-

quence, the clinical use of these models is not well supported. Although data sets were 

large in half of the studies (> 1,000 in 46.6% and > 5,000 in 21.4% of the studies), they 

were small in the rest of the studies (< 500 in 44.7% and < 200 in 16.5%). Variables that 

could have specific clinical relevance in an elderly subpopulation include data on func-

tional and cognitive status [19], which were included in only 32% of the models, although 

most of the models reviewed used routinely collected data. Exceptions include the few 

models based on subjective data such as expert opinion on the participant’s probability to 

survive. Finally, approximately half of the studies reviewed validated a disease-specific 

model, whereas models predicting all-cause mortality that are not restricted to a particular 

primary disease process have important advantages for clinical management. 

Focus for future research should be directed specifically toward the development of 

clinically useful models for predicting mortality in the individual older adult or relevant 

subgroups. All current models (including the APACHE and SAPS families) have not been 

sufficiently validated in older adults. At present, for these prognostic models to be appro-

priate for clinical usage, extensive work has to be performed. First, the earlier-mentioned 

external validation on large cohorts should be performed, after which only models with 

high predictive abilities would remain [8,23]. Second, the face validity of these models 

should be tested, for example in a panel of (multidisciplinary) experts. Important con-

cerns that should be addressed in this step include routine collection and availability of 

necessary information and the understanding of individual predictions and their uncer-

tainty. Third, large clinical trials should be conducted in which the way prognostic infor-

mation is provided to participants and their families is investigated and the effect of this 

information (e.g., on the decision-making process) is assessed. Ultimately, meta-analysis of 

all three types of studies could inform the applicability of the clinical models for the bed-

side. Moreover, one should be aware of the danger of self-fulfilling prophecy if one 

makes decisions based solely on model predictions. At present, clinicians treating older 

adults should be cautious and transparent about uncertainty when providing model-based 

prognostic information to participants or families regarding survival because unequivocal 

scientific evidence of the validity of the models is lacking. 

 

Conclusion 

Prognostic models are regularly developed in different domains of health care aimed at 

supporting clinical individual decisions. Although they could be useful for this purpose, 

their use is premature and their validity for use only moderate. Because clinical credibility 

and evidence of external validity build trust in prognostic models, both require much 

more consideration to enhance model acceptance in the future. 
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Appendices 

Appendix 2.1 – Study characteristics (available online) 

Appendix 2.2 – Full reference list (available by request) 
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