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ABSTRACT

Objectives Care planning requires valid (frailty) instruments to predict outcome in the 
oldest old population. The aim of this study is to evaluate assessment models based  
on demographics, morbidity and/or the Groningen Frailty Indicator (GFI). 

Design Prospective follow-up study.

Study population Community-dwelling elderly persons aged 86-years who participated  
in the Leiden 85-plus Study.

Measurements Cox proportional hazards models were developed to assess the associations 
between predictors and mortality, hospitalization, and functional decline. Potential 
predictors were included in the models if p-value was ≤ 0.15. Final models were evaluated 
on overall performance, discriminative power (predictive accuracy on the individual level) 
and calibration (predictive accuracy at group level). Clinical risk assessment was based  
on the model with the best overall performance. 

Results Prospective data of 391 elderly participants were analyzed. During the four 
years of follow-up, 122 persons died, 251 were hospitalized, and 352 experienced 
functional decline. Gender and morbidity appeared significant predictors of mortality 
and hospitalization. Morbidity remained the sole predictor for functional decline.  
The GFI-total score was associated with all poor outcomes. The model including  
the statistically significant predictors gender, morbidity and the GFI-total score showed 
best results of overall performance and calibration. However the discriminative power 
of this model remained poor. Using clinical risk assessment, the calculated risks at four 
years follow-up were 13-95% for mortality, 46-90% for hospitalization and 82-99%  
for functional decline. The risk scores derived showed accurate predictions during  
follow-up for all poor outcomes. 

Conclusion Though the accuracy of the GFI for making predictions at individual elderly 
level appeared limited, the GFI is a valuable tool for risk assessment of poor outcomes  
at group levels in the oldest old population. 
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4.1 INTRODUCTION

Life expectancy is increasing worldwide, but not all life years gained are free of disease 
or loss of functioning1. As a result the demand for (health) care for elderly is increasing 
exponentially. Thus the demographic transition challenges both healthcare systems  
and society2. To sustain health, older persons at risk of poor outcomes should be 
identified and selected for (cost-)effective preventive interventions3,4. The selection  
of high-risk older adults based on only chronological age disregards the fact that the speed 
of ageing shows considerable inter-individual variation5-7. Selection on morbidity is also 
not recommended as elderly persons differ in terms of severity of illness, functional status, 
prognosis and risk of adverse events even if they are diagnosed with the same disease  
or pattern of conditions8. Therefore, the concept of frailty has been introduced in primary 
and geriatric care as an indicator of risk of poor outcomes (e.g. mortality, institutionalization, 
hospitalization, and functional decline)9-12.

A valid screening tool to identify frail older adults may benefit clinical care and society.  
Next to clinical judgment such a tool may be a useful aid in tailoring preventive interventions 
to elderly people at increased risk of poor outcomes. From a societal perspective 
valid frailty measures facilitate more efficient planning and use of limited resources  
if (cost-)effective interventions are offered to high-risk people only. However, the concept  
of frailty has been debated since its introduction more than a decade ago. Various measures 
have been developed. Current instruments differ in perspectives on frailty, and therefore 
different domains are included to measure the construct13,14. Due to this difference  
in perspective, a systematic review found that the prevalence of frailty may appear  
to vary widely, i.e., from 4 to 59% in community dwelling elderly populations14. By  
and large, the concept frailty has been defined rather narrow comprising the physical 
domain, i.e., a deficit model consisting of an accumulation of impairments and conditions 
to create a Frailty Index15,16, or comprising a much broader phenotype associated with an 
underlying physiologic state of multisystem and energy dysregulation15,16.More recently, 
frailty has been denoted as a multidimensional construct comprising several domains  
(e.g. physical, psychological, social and cognitive domains)13,14,17,18.

The Groningen Frailty Indicator (GFI) includes the latter domains and the self-
assessment version has shown good psychometric properties19-21. However, scarce 
evidence of the predictive validity is available on the GFI22-25. A one-year follow-up study 
showed that a community-dwelling population (mean age 77 years) with a GFI-score 
of four or higher had an increased risk of mortality, hospital admission, and developing 
functional decline22. Likewise, a five-year follow-up study including a general elderly 



80

population of eleven European countries (mean age 65 years) corroborated the predictive 
value of the GFI on mortality23,24. In a clinical population the GFI predicted quality of life 
one year later25. However, the number of these follow-up studies is limited and the results 
might not be representative for the increasing population of the oldest old.

Moreover, some health professionals and researchers have suggested that the 
identification of frail elderly participants using an instrument is too time consuming 
and consequently unfeasible in primary care practices. Therefore, the main objective  
of the present study was to evaluate the predictive validity of five types of prediction 
models on mortality, hospitalization and functional decline in a four-year follow-up period 
in an oldest old population. 
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4.2 METHODS

4.2.1 Study population
The present study was embedded in the Leiden 85-plus Study; a population-based 
prospective follow-up study of inhabitants of the city of Leiden, the Netherlands.  
All inhabitants of the 1912–1914 birth cohorts were contacted in the month of their 85th 
birthday between September 1997 and September 1999 and were asked to participate. 
There were no further exclusion criteria. In total 705 elderly participants were eligible  
to participate, 14 subjects died prior to enrollment, and 92 subjects refused to participate. 
599 elderly participants (87%) were included at baseline and were annually visited at their 
homes (Figure 1, flowchart). All participants gave written informed consent for the study 
including the use of data from their medical records for additional analysis, following 
explanation of the study requirements and assurance of confidentiality and anonymity26. 
The Medical Ethical Committee of the Leiden University Medical Center approved  
the study and the informed consent procedure (file number: P97/04). 

For the present study elderly participants were included if they were 86 years and older  
and completed all items of the GFI. 

4.2.2 Predictors 
At baseline, the following demographic variables were obtained through interviews; 
gender, living situation, and education level. In addition, morbidity was ascertained through 
general practitioners and pharmacy registries: e.g. myocardial infarction, cerebrovascular 
disease, diabetes mellitus, chronic obstructive pulmonary disorder, cancer, and arthritis. 

At the time of recruitment, the GFI had not yet been developed. Therefore, for  
the present study we used items that were assessed in de Leiden 85-plus Study  
and served as proxies for the items of the self-report version of the GFI. The GFI comprises 
15 items and assesses four domains of functioning: physical (mobility functions, general 
health, vision, hearing, weight loss, morbidity), cognition, social (emotional isolation),  
and psychological (emotional problems, feelings of anxiety; Appendix I). In addition, 
‘weight loss’ was the calculated difference between the weights in kg, measured at age 
85 and age 86. As weight difference was available at age 86 (instead of 85), the GFI 
items assessed at age 86 were used as the baseline in this study. The GFI-total score is  
the number of positive responses to questions about the presence (yes/no) of a problem 
or dependency. The items were summed to calculate the total score (range 0-15)6. 
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Figure 1 Flowchart
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4.2.3 Poor outcomes
During follow-up, mortality data until December 2003 were obtained from the municipal 
registry. Data on hospitalization were annually provided by the general practitioners  
up to the age of 90 years. In the same follow-up period functional decline was annually 
measured using the Groningen Activity Restriction Scale (GARS). The GARS comprises  
18 items and is a valid and reliable measure of (instrumental) activities of daily living27. GARS 
total scores range from 18 to 72 points, with higher scores indicating more dependency 
in activities. During the four year follow-up period the GARS was annually assessed,  
and an increase of four or more during this period was defined as functional decline28.  
The analyses of both functional decline and first hospital admission after participating  
in the study included death as an endpoint as well. A respondent was marked in  
the database as lost to follow-up if - for practical reasons- no data were collected about 
hospitalization or functional decline. 

4.2.4 Statistical analyses
Baseline characteristics were analyzed using descriptive statistics. Differences between 
participating and excluded older persons were evaluated with the Mann-Whitney test, 
Pearson Chi-Square test and Fisher’s Exact test, where appropriate. Median scores, 
including interquartile ranges (IQR), were calculated for the GFI-total score as the data 
were not normally distributed. Cox proportional hazards models were used to estimate 
the associations between the predictors and time to each poor outcome with censoring 
at lost to follow-up or at the end of follow-up. The associations were expressed as hazard 
ratios (HR). Time to poor outcome was defined as time to the midpoint of the year  
in which the outcome had occurred, except for mortality for which we used the exact 
date of death. The multivariate models included the GFI as a continuous score, which  
is preferred as dichotomization of variables reduces the power of the analyses29. Though, 
the separate GFI-items were entered as dichotomous variables, this corresponds with  
the scorings method of these items. 

In the first prediction model gender and morbidity were entered as predictors. Though, 
age is a predictor that also could be easily to distract from a patient file, it could not 
be added to the model since all respondents had the same age in the present study.  
The second model included the GFI-total score as the sole predictor variable. Subsequently, 
a third model was constructed by extending model 2 with gender and the presence  
of morbidities as predictor variables using a forward selection method. We used a p-value 
of ≤ 0.15, to decide whether to retain potential predictors in the (multivariate) model. 
Arbitrarily, values for alpha greater than 0.05 are frequently used to drop variables  
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in prediction modeling to limit the bias in the predictor coefficients30,31. 
In the fourth ‘full’ model all separate GFI-items were entered as predictors in  

the model. Next, this prediction model was adjusted with gender and morbidity predictors. 

4.2.5 Model evaluation
Models were evaluated in terms of overall performance, calibration, and discrimination. 

4.2.6 Overall performance
The prediction models were evaluated with -2log likelihood tests to compare the relative 
overall performance of nested models, i.e. gender and morbidity based models with and 
without GFI. Lower values on the -2log likelihood test indicated a better model fit.

4.2.7 Calibration 
Calibration is the extent of agreement between predicted risk and observed risk.  
This evaluation was performed graphically by plotting the observed risks against  
the predicted risk in deciles for each given follow-up period32. Ideally, the plot shows 
a 45○ gradient32. For survival data the observed risk is the Kaplan–Meier (cumulative) 
risk estimate over a given period, e.g. a one-year or two-year risk. To calculate the mean 
predicted absolute cumulative risks over a certain time of follow-up, the baseline survival 
function from the Cox model was estimated first. The baseline survival function S0(t)  
is the time dependent 1- cumulative risk of the outcome when the linear predictor (LP)  
is zero. The LP is defined as ß1*X1+ ß2*X2+ …, with the X denoting the predictor values 
(i.e. GFI-scores, gender, morbidity) and the ß’s representing the regression coefficients 
from the Cox regression. Because the survival function is given by S(t) = S0(t) exp (LP)  

the baseline survival function [S0(t)] can be calculated as33: 

S0(t) = S(t) 1/exp (LP)

By applying this formula to each participant we calculated the 1 year, 2 year, 3 year and 4 
years cumulative baseline survival for each poor outcome. Using the LP of each participant, 
i.e. the part of the model representing the individual deviation from the baseline survival 
probability, we calculated the model based predicted 1, 2, 3, and 4 years risks as follows:

1- S(1 year) = S0(1year) exp (LP), 1- S(2 year) = S0(2 year) exp (LP), et cetera
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4.2.8 Discriminative validity 
Harrell’s concordance -statistic (c-statistic) was calculated to assess the overall 
discriminative power of the models. The c-statistic for censored data is an overall measure 
of discriminatory power comparable with the area under the ROC curve34,35. Its value is  
the probability that, given a random pair of subjects of whom one had the outcome 
event, the predicted survival time is larger for the participant who lived longer.  
The value has been classified as follows; fail (0.51-0.60), poor (0.61-0.70), fair (0.71-0.80),  
good (0.81-0.90) and excellent (0.91-1.00)35. 

4.2.9 Adjustment for overfitting and construction of a practical formula  
for risk assessment
Regression coefficients and c-statistics were adjusted for overfitting by using bootstrapping 
techniques for each prediction model separately36. A linear shrinkage factor was calculated 
from the bootstrap results and applied to the regression coefficients36,37. The model’s 
predictive performance after correction for overfitting is more close to the performance 
that can be expected when the model is applied to future similar populations. 

Next, a practical formula based on the adjusted linear predictor of the best performing 
model was constructed. This was done by dividing the ßs of the predictors by the smallest 
beta observed and rounding them to the nearest integer. These integers represented 
predictor loads. Subsequently a total linear predictor score for each subject was calculated 
by adding the predictor loads multiplied by the individual predictor values, e.g. one for 
male gender.

Statistical analyses were performed using SPSS Statistics 22.0 (SPSS inc. Chicago, 
Illinois) and bootstrapping using. S-plus 8.1 for Windows (Tibco Software Inc.).
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4.3 RESULTS

Out of a total of 599 baseline participants, we included 391 elderly participants who 
were 86 years of age and who completed all GFI items. For 208 elderly adults the data 
could not be analyzed as 47 elderly persons died before they reached the age of 86 years,  
39 declined to participate, and for 122 elderly subjects a GFI-score could not be calculated 
(Figure 1, flowchart). Compared with those excluded, participants were more often males, 
living independently, and had a higher level of education (p<0.05). 

At baseline, 254 (65%) subjects were female and 49 (13%) participants lived in a home 
for the elderly or nursing home (Table 1). Of the population, two thirds (n=264) were 
diagnosed with at least one morbidity. The participants had a median GFI-score of 3 
(IQR 1-5). During the four-years follow-up period 122 participants died, 251 participants 
were hospitalized and 352 experienced functional decline. The annually mortality rate 
was calculated with the Kaplan-Meier Survival tables, these rates were 5%, 9%, 12% and,  
9%, respectively.

Table 1 Baseline characteristics of the study sample (n =391)

Sex, n (%)
Female 254 (65)

Education, n (%)
Primary school or lower 228 (58)
Secondary school or higher 163 (42)

Living situation, n (%)
Independent-living 232 (59)
Assisted-living residences 110 (28)
Home for the elderly/nursing home 49 (13)

Morbidity n (%)
(Osteo-)arthritis 135 (35)
Cancer 83 (22)
Diabetes mellitus 52 (13)
Chronic Obstructive Pulmonary Disease 44 (11)
Myocardial infarction 39 (10)
Cardiovascular accident 30 (8)

Assessments, median (IQR)1

Frailty (Groningen Frailty Indicator) 3 (1-5)
(i)ADL2 (Groningen Activity Restriction Scale) 29 (23-37)

1 Interquartile range (IQR)
2 (Instrumental) activities of daily living
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4.3.1 Overall performance 
The overall performances of all final prediction models are shown in Table 2. Gender  
and morbidity (model 1) appeared significant mutually independent predictors of mortality 
and hospitalization, whereas, morbidity was the only statistically significant predictor  
of functional decline. The GFI-total score (model 2) was statistically significantly associated 
with mortality, hospitalization, and functional decline (p≤0.11). Model 3 (including 
predictors gender, morbidity and GFI-total score) appeared to have superior overall 
performance compared to model 1 (i.e. gender and morbidity) and showed a statistically 
significant improvement of overall performance for mortality (p≤0.001) and functional 
decline (p=0.05), however not for hospitalization (p=0.12).

In the fourth model, all items of the GFI were entered as separate predictors and  
the items which were statistically significantly associated with the poor outcome (p≤0.15) 
are presented in Table 2. Item 8 (During the last 6 months have you lost a lot of weight 
unwillingly?) was a significant predictor for all poor outcomes (p< 0.07). Item 1 (are you 
able to carry out shopping independently?) remained a statistically significant predictor  
for mortality and functional decline (p<0.07). Another item of the physical domain,  
item 5 (Which mark do you give yourself for physical fitness?) was a statistically significant 
predictor for mortality and hospitalization (p<0.01). Item 14 (Have you recently felt 
downhearted or sad?) of the psychological domain was a statistically significant 
predictor for hospitalization. GFI item 4 (Are you able going to the toilet independently?),  
and item 10 (Do you have any complaints about your memory?) remained significant 
predictors for functional decline. Similar associations with poor outcomes were observed 
by adding gender and morbidity to the fourth model.
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Table 2 Overall performance and hazard ratios of the univariable and multivariable Cox proportional 
hazard models to predict 4-years mortality, hospitalization, and functional decline 

Mortality Hospitalization Functional Decline
-2 log 

likelihood HR p- value
-2 log 

likelihood HR p- value
-2 log 

likelihood HR p- value
Prediction model 1 1394 2796 3832

 Gender1 1.96 ≤0.001 1.36 0.02 - -
 Morbidity2 1.57 0.03 1.39 0.02 1.34 0.04

Prediction model 2 1404 2614 3832

GFI-total score 1.02 ≤0.001 1.05 0.11 1.05 0.03

Prediction model 3 13823 26003 38263

GFI-total score 1.14 ≤0.001 1.04 0.11 1.05 0.04
Gender1 2.11 ≤0.001 1.43 ≤0.001 1.18 0.12
Morbidity2 1.44 0.07 1.36 0.02 1.20 0.09

Prediction model 4 1377 2589 3821
GFI 1 1.33 0.07 1.03 0.81 1.19 0.07
GFI 4 0.82 0.65 0.79 0.51 1.49 0.15
GFI 5 1.57 ≤0.001 1.31 0.01 1.10 0.26
GFI 8 2.02 ≤0.001 1.69 ≤0.001 1.35 0.07
GFI 10 0.95 0.72 1.11 0.24 1.13 0.10
GFI 14 0.85 0.32 0.80 0.04 0.94 0.49

Prediction model 5 1359 2577 3816
GFI 1 1.34 0.08 0.98 0.90 1.18 0.11
GFI 5 1.58 ≤0.001 1.36 ≤0.001 1.11 0.24
GFI 8 2.03 ≤0.001 1.71 ≤0.001 1.31 0.11
GFI 10 0.94 0.63 1.12 0.23 1.14 0.09
GFI 14 0.86 0.35 0.78 0.03 0.94 0.48
Gender1 1.72 ≤0.001 1.27 0.01 1.11 0.20
Morbidity2 1.26 0.15 1.24 0.04 1.14 0.11

1 Gender: 0 is female and 1 is male
2 Morbidity: 0 is no morbidity and 1 is at least one of the following diseases; myocardial infarction, 
cerebrovascular disease, diabetes mellitus, chronic obstructive pulmonary disorder, cancer, arthritis
3 P-values for -2log likelihood tests in comparison with model 1, for mortality (p=0.001), functional decline 
(p=0.05), and hospitalization (p=0.12) respectively.

4.3.2 Calibration
The model including GFI-total score, gender, and morbidity appeared the best calibrated 
model based on the greatest agreement between the predicted and observed probabilities 
for the prediction of poor outcomes, irrespective of follow-up period. Figures 2a-c show 
the calibration plots of 4 years predictions of poor outcomes. The calibration plots  
for 1, 2 and 3 years of follow-up showed similar results. 



89

Ch
ap

te
r 4

Figure 2a Predicted probability mortality
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Figure 2a-c Calibration plots of the multivariable Cox proportional hazards model (GFI-total score, gender 
and morbidity) for the prediction of mortality (2a), hospitalization (2b), and functional decline (2c) at 4 
years of follow up. The dotted line represents the line of identity, i.e. perfect calibration.

Figure 2b

Figure 2c
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4.3.3 Discriminating validity 
The discriminating validity of all models of all outcomes was fail to poor with c-statistics 
ranging from 0.54-0.64 (Table 3). 

Table 3 Discriminating validity of univariable and multivariable Cox proportional hazard models to predict 
4-years mortality, hospitalization, and functional decline

Prediction models 

Harrell’s  
c–statistic
Mortality

Harrell’s  
c–statistic

Hospitalization

Harrell’s  
c–statistic

Functional decline
Model 1 Gender1 and/or morbidity2 0.60 0.56 0.54
Model 2 GFI-total score 0.57 0.54 0.54
Model 3 GFI-total score, gender1 and morbidity2 0.64 0.59 0.55
Model 4 GFI separate items 0.59 0.57 0.54
Model 5 GFI separate items, gender1 and morbidity2 0.62 0.59 0.56
1 Gender: 0 is female and 1 is male
2 Morbidity: 0 is no morbidity and 1 is at least one of the following diseases; myocardial infarction, 
cerebrovascular disease, diabetes mellitus, chronic obstructive pulmonary disorder, cancer, arthritis

4.3.4 Overfitting adjustment and practical formulas for risk stratification
After correction for overfitting, the mean shrinkage factors for the prediction models 
1 to 5 were: 1.00, 0.985, 0.945, 0.664 and 0.691, respectively. The prediction model 
including the GFI-total score, gender and morbidity was superior regarding calibration 
and discrimination. Therefore the prediction formulas were based on this model for each 
follow-up period (Table 4). The practical formulas for the linear predictor score 
were for mortality: 1*GFI+6*gender+3*morbidity; 
for hospitalization: 1*GFI+9*gender+8*morbidity; 
and, for functional decline: 1*GFI+4*gender+3*morbidity. 
These formulas represent the following: GFI-total score, gender (female [0] vs. male [1]); 
and morbidity (no chronic disorder [0] vs. ≥1 chronic disorder [1]). This indicates that,  
for example, males with a GFI-total score of 1 and no morbidity have a mortality formula 
score of 7. Figure 3a (grey line) shows their mortality risks of 5%, 12%, 21% and 29%  
at 1, 2, 3, and 4 years, respectively. In addition, males with a GFI-total score of 8 and one 
or more chronic disorders have a formula score of 17 and a mortality risk of 16%, 38%, 
57%, and 70% at 1, 2, 3, and 4 years, respectively. In addition, stratified by follow-up 
period the association between the linear predictor scores and mortality, hospitalization 
and functional decline were plotted in graphs (Figures 3a-c).These figures can be used  



91

Ch
ap

te
r 4

to stratify clinical risk scores for elderly participants in classes of four-year risks using  
the linear predictors’ formulas for the poor outcomes. These graphs provide for four 
years prediction the following risk ranges: mortality (13-95%), hospitalization (46-90%)  
and, functional decline (82-99%). 

Table 4 Multivariable predictors of mortality, hospitalization and functional decline at 1,2,3 and 4 years 
follow-up 

Prediction formula Predictor load
Mortality1 1-CRm^e 0.13(GFI)+0.74(gender)+ 0.36(morbidity)-0.90

GFI-total score4 1
Gender5 6
Morbidity6 3

Hospitalization2 1- CRh^e 0.04(GFI)+0.36(gender)+ 0.31(morbidity)-0.47

GFI-total score4 1
Gender5 9
Morbidity6 8

Functional decline3 1- CRfd^e 0.06(GFI)+0.27(gender)+ 0.18(morbidity)-0.32

GFI-total score 4 1
Gender5 4
Morbidity6 3

1 Cumulative risk for the prediction of mortality (CRm) for 1, 2, 3 or 4 years were respectively:  
0.95, 0.87, 0.79 and 0.71
2 Cumulative risk for the prediction of hospitalization (CRh) for 1, 2, 3 or 4 years were respectively:  
0.79, 0.64, 0.49 and 0.37
3 Cumulative risk for the prediction of functional decline (CRfd) for 1, 2, 3 or 4 years were respectively:  
0.47, 0.25, 0.15, and 0.09
4 Groningen Frailty Indicator total score, range 0-15
5 Gender: 0 is female and 1 is male
6 Morbidity: 0 is no morbidity and 1 is at least one of the following diseases; myocardial infarction, 
cerebrovascular disease, diabetes mellitus, chronic obstructive pulmonary disorder, cancer, and arthritis
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Figure 3a

Figure 3a-c Risk assessment for mortality (3a), hospitalization (3b) and functional decline (3c) over 1, 2, 3 
and 4 years using a linear predictor score based on GFI-total score, gender and chronic diseases

Figure 3b

Figure 3c
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4.4 DISCUSSION

The aim of this study was to evaluate the predictive performance of five models that 
predict poor outcomes in the oldest old in the general population. Gender and morbidity 
(model 1) appeared significant predictors of mortality and hospitalization, whereas, 
morbidity was a sole predictor for functional decline. The GFI-total score (model 2)  
was statistically significantly associated with mortality, hospitalization, and functional 
decline. In previous studies the GFI-total score was also associated with mortality 
and functional decline, however not with hospitalization as these studies used a more 
conservative p-value of 0.05 to remain predictors in the model, instead of our applied 
p-value of 0.1522,23. The third model including the significant predictors GFI-total score, 
gender and morbidity showed the best overall performance. This best evaluated model 
predicted risk on a group level as the predicted risks of the outcomes agreed well with  
the observed risks. Though the GFI-total score contributed to the risk estimates, some other 
predictors like gender and morbidity were slightly stronger predictors of poor outcomes. 
Our study showed that male gender and having at least one disease were associated  
with higher risks of poor outcomes. Other studies found that age is an important predictor 
of poor outcomes. However, it may not be the best option, as the ageing process does not 
occur at the same pace among people of the same calendar age5-7. Since, all participants 
in the present study were of the same age it was not possible to take age into account, 
though age is a potentially relevant predictor it was not a sensible predictor in the current 
analyses. However, the predictors in the risk models showed more accurate predictions 
for mortality than the predicted age specific mortality rates from Statistics Netherlands, 
which are based on chronological age only38. 

This is the first study that explored the contribution of the separate items of the GFI, 
with and without gender and morbidity variables, in the prediction of poor outcomes. 
The results showed that several items of the physical domain of the GFI were significant 
predictors for poor outcomes. Furthermore, one item of the cognitive domain remained 
a significant predictor of functional decline. In the prediction of hospitalization also  
one item of the psychological domain was a significant predictor. In contrast, items of  
the social domains did not substantially contribute to the prediction of mortality, 
hospitalization or functional decline. Our results are in contrast with findings from 
earlier research, which showed that psychological factors were predictive of mortality39.  
Our findings may add to the debate of frailty being a construct comprising physical 
functioning only versus frailty as a multidimensional construct13,14. Therefore, we 
recommend further studies to assess the contributions of the separate GFI items in  
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the prediction of poor outcomes with and without other characteristics, like age. 
A limitation of the present study is that we used a proxy of the GFI self- assessment 

version because this instrument was not available at the start of the Leiden 85-plus 
Study. Four items of the GARS were included in the GFI proxy. These GARS items were 
also used to calculate functional decline. However, this procedure did not substantially 
affect the results since the GARS data selected to calculate the (baseline) GFI-score 
were different from those used to calculate functional decline (follow-up). Moreover, 
the relatively small study population increased the risk of overfitting. Therefore, we used 
bootstrapping techniques for over- optimism of the model’s performance in the derivation 
data. Bootstrapping techniques have shown superiority over other approaches to address 
these problems such as split-sample or cross validation methods40. The present results 
were found in relatively healthy 86 years old people since nursing home residents were 
less likely to participate. This might explain the lower yearly incidence mortality rates  
in the present study (5-12%), than rates observed in the general oldest old population 
in the Netherlands (14-19%)38. In addition, the data of the Leiden 85-plus Study were 
collected a decade ago, and possibly healthcare practice patterns regarding hospital 
admission have changed over time. Therefore, future studies are needed to demonstrate 
the external validity and usefulness of the prediction scores in current samples of  
the oldest old. 

Our study has several strengths. We included an age group which is often excluded 
from clinical trials, preventive interventions and is sometimes undertreated41. Therefore, 
studying this population is valuable and can have implications for (preventive) treatment 
options in this age group. We developed models that can assist in stratifying groups  
of elderly persons according to their absolute 1 to 4 year risk of mortality, hospitalization 
and functional decline combining the GFI-total score, gender and the presence  
of morbidity. The predicted four-year risks of poor outcomes in this homogeneous oldest 
old population showed considerable variation, i.e., mortality ranged from 13 to 95%;  
hospitalization from 46 to 90% and functional decline from 82 to 99%. Given that  
the models are well calibrated, the large variance in model based risk predictions indicates 
that individual characteristics are potent determinants of risk and may be helpful for  
the purpose of stratification, in particular according to the risk of mortality. 

Our models provide a better understanding of the risk of poor outcomes in  
the oldest old population. Group risk assessment with these models may enable healthcare 
management and authorities to allocate care more appropriately to the oldest old. For 
example, care as usual could be provided to groups of 86-year olds with low scores on 
the practical prediction formulas, while groups with higher scores might benefit from 
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more extensive monitoring by healthcare professionals. However, for making individual 
predictions the GFI models seemed inadequate as the discriminative power and predictive 
accuracy of the models were not sufficient. 

Regarding the discriminative power of the prediction models, GFI model 2  
(GFI-total score) showed fail discriminative power for mortality. Whereas a European 
study showed slightly better results: the GFI-total score had poor to fair discriminative 
power to predict all-cause mortality between a two and five years follow-up period24.  
GFI model 3 (GFI-total score, gender, morbidity), and model 1 (gender and/or morbidity) 
both showed similar results on the c-statistics. However, it is unlikely that both 
models identify the same older participants since the GFI identifies older participants  
with dependencies on several domains (i.e. physical, cognitive, psychological and social), 
whereas morbidity only reflects the problems on a physical domain. Importantly, similar 
diagnostic accuracy does not imply similar clinical impact. The entire chain of diagnosis 
and care has to be assessed prior to making adequate policy advice42. 

Though Model 1 can be easily implemented in clinical practice, this is not recommended 
as the identified elderly persons differ in terms of severity of illness, functional status, 
prognosis and risk of adverse events even if they are diagnosed with the same disease 
or pattern of conditions8. Nevertheless, the multivariate model including GFI, gender 
and, morbidity is beneficial for public health, hospitals, and policy makers as it can be 
used to identify groups of community-dwelling elderly persons who are at risk of poor 
outcomes instead of an individual risk. Accordingly, specific management strategies can be 
implemented to provide elderly care more appropriately (e.g. the allocation and provisions 
of hospital beds). 

4.4.1 Conclusion
In conclusion, our study showed that the prediction model including gender, morbidity 
and GFI-total score is a valuable tool for risk assessment of poor outcomes within the next  
four years on a group level in the oldest old population. The discriminative power  
of the models was insufficient to allow individual predictions. The use of GFI-based risk 
models may however allow clinicians to standardize elderly long-care on a group level  
to manage their oldest old population more efficiently.
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Appendix I Groningen Frailty Indicator proxy items in the Leiden 85+ study   

GFI Items Items derived from the Leiden 85+ study
Physical domain
1 Are you able to carry out these tasks single-handedly and without any help? 

(the use of help resources such as walking stick, walking frame or wheelchair is 
considered to be independent)
Shopping

1 Can you fully independently, do the shopping? (GARS item 18)

2 Walking around outside (around the house or the neighbours) 2 Can you fully independently walk outdoors? (GARS item 10)
3 Dressing and undressing 3 Can you fully independently dress yourself? (GARS item 1)
4 Going to the toilet 4 Can you fully independently get on and off the toilet? (GARS 6)
5 What mark do you give yourself for physical fitness? (scale 0-10) 5 How do you judge your own general health?
6 Do you experience problems in daily life because of poor vision? 6 Are you able to read the paper and are you able to recognize a face 

on a distance of 4 meters (with glasses)? 
7 Do you experience problems in daily life because of being hard of hearing? 7 Are you able to understand everything in a dialogue?
8 During the last 6 months have you lost a lot of weight unwillingly? 

(3 kg in 1 month or 6 kg in 2 months)
8 [Difference between measured weight on the age of 85 years and 86 years]

9 Do you take 4 or more different types of medicine? 9 [Data from pharmacy registries]
Cognitive domain
10 Do you have any complaints about your memory? 10 Do you experience difficulties with your memory?
Social domain
11 Do you sometimes experience emptiness around yourself? 11 I experience a general sense of emptiness
12 Do you sometimes miss people around yourself? 12 I miss having people around me
13 Do you sometimes feel abandoned? 13 I often feel rejected
Psychological domain
14 Have you recently felt downhearted or sad? 14 Have you recently experienced emotional problems, like anxiety, 

depression, irritation or melancholy?
15 Have you recently felt nervous or anxious? 15 Are you afraid that something bad will happen to you?

Scoring GFI Scoring items Leiden 85+ study

Items 1-4 Yes=0; No=1 Items 1-4 Yes, without trouble=0; Yes with some troubles=0; 
Yes with much trouble=0; No=1

Item 5 0-6=1; 7-10=0 Item 5 Excellent=0; very good=0; good=0; fair=1; poor=1;
Items 6-9 No=0; Yes=1 Item 6-7 Yes=0; Yes, without trouble=0; Yes with some troubles=0; 

Yes with much trouble=1; No=1
Item 10 No=0; Sometimes=0; Yes=1 Item 10 Yes, but not problematic1; Yes problematic=1;

Yes very problematic=1; No=0
Items 11-15 No=0; Sometimes=1; Yes=1 Item 11-13 Yes =1; No=0

Item 14 No not at all=0; Yes, a little bit=1; Yes, somewhat=1; 
Yes, quite a bit=1; Yes, very much=1

Item 15 No=0; Yes=1
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