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Abstract

Background: The ability to accurately predict survival in older adults is crucial as it guides clinical decision making.
The added value of using various health indicators as well as changes in these indicators for predicting mortality
remains unclear. The aim of this study was to investigate whether changes in health indicators such as frailty and
physical performance improve mortality predictions in old age.

Methods: This is a population based prospective cohort study on 995 community-dwelling people aged 68-92 years
from the Longitudinal Aging Study Amsterdam. Two measurements at a three-year interval (1995/1996 and
1998/1999) were available for the frailty index, frailty phenotype, grip strength, walking speed, and Mini-Mental State
Examination (MMSE). Cox regression was used to analyze mortality risks associated with the current health status and
changes in health, with mortality data up to 2017. The extent to which these health indicators improved mortality
predictions compared to models with age and sex only was assessed by the area under the receiver operating charac-
teristic curve (AUC).

Results: The AUC of age and sex for five-year mortality was 72.8% (95% Cl 69.0 — 76.5) and was the lowest in the old-
est old (age >80.5 years). The added AUC of the current status of health indicators ranged from 0.7 to 3.3%. The added
AUC of the three-year change was lower, ranging from -0.0 to 1.1%, whereas the added AUC of three-year change
and current status combined was similar to current status alone, ranging from 0.6 to 3.2%. Across age, the added AUC
of current status was highest in the oldest old, however there was no such pattern using three-year change. Overall,
the frailty index appeared to improve mortality predictions the most, followed by the frailty phenotype, MMSE, grip
strength, and walking speed.

Conclusions: Current health status improved mortality predictions better than changes in health. Its contribution
was highest in the oldest old, but the added value to models with age and sex only was limited.
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individuals have accumulated bodily damage due to the
aging process resulting in complex manifestations of sev-
eral chronic diseases and subsiding resilience to potential
complications [1]. Consequently, over the past decades
there has been a rise in studies developing, comparing,
and upgrading stand-alone or composite arrays of health
indicators in search of tools that provide the highest
accuracy to predict survival in old age [2, 3]. These prog-
nostic tools encompass various health indicators ranging
from genetic variation, tests of physiological and cogni-
tive function, presence of diseases, exposure to environ-
mental factors, and self-reported measures of health [4].
The general conclusion of the studies performed so far
affirmed the advantage of using these instruments for
prognostication and studies recommended their use to
identify older adults at risk in daily clinical practice [5, 6].

Despite the general consensus on using current prog-
nostic tools, the added value of using various health
indicators for predicting mortality in every day medi-
cal services remains unclear. Recent findings have
shown that accuracy of the tools in predicting mortal-
ity decreases with increasing age [7, 8]. In addition to
this diminishing accuracy, very few studies have distin-
guished between demographic variables (e.g. age, sex,
etc.) and health indicators when assessing accuracy [9].
It is important to make this distinction because age is
the most significant risk indicator of functional decline,
disease, disability, and mortality. Here the main question
is to what extent we gain more accuracy in predicting
mortality when these prognostic tools are applied, and to
what costs [10]. Most studies so far have focused on using
the health status at one point in time to predict outcomes
in time thereafter. However, several studies have shown
that changes in health status may have substantial effects
on functioning and can serve as warning signs in iden-
tifying older adults at risk of decline and death [11-13].
For example, some recent studies demonstrated the
added value of measuring changes in frailty for predicting
mortality [14, 15].

The aim of the current study was to investigate the
added value of change in health indicators to all-cause
mortality predictions in old age based on demographic
variables (age and sex) only. Specifically, the health indi-
cators of interest are in the domains of physical and
cognitive functioning since age-related decline in these
indicators constitute some of the most severe problems
(and threats to independent functioning) associated with
growing older.

We have based our analyses on a prospective cohort
study sample from the Longitudinal Aging Study
Amsterdam (LASA) and evaluated the performance
of change in the most commonly used functioning
measures capturing frailty (the frailty phenotype and
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the frailty index), upper and lower body strength (grip
strength and walking speed), and cognition (Mini-men-
tal State Examination (MMSE)) to accurately predict
mortality.

Methods

Study population

This study was based on the LASA cohort, a nationally
representative cohort from the Netherlands of individu-
als aged between 55 to 85 years at baseline [16]. Respond-
ents were initially selected from municipality registers
of three regions: the western part of the Netherlands (in
and around Amsterdam), the northeast (in and around
Zwolle), and the south (in and around Oss). The primary
aim of LASA was to study the determinants and con-
sequences of aging with a focus on physical, cognitive,
emotional, and social functioning [17]. Data were col-
lected in measurement ‘waves’ since 1992/1993, in which
participants were visited approximately every three years
at their own home by trained interviewers. Data collec-
tion consisted of one visit involving a main interview
(including basic physical performance tests, such as
gait speed), one visit involving a medical interview with
additional performance and cognitive tests among other
things, and a self-reported questionnaire. More details on
the sampling and measurements of LASA can be found
elsewhere [16, 17]. For the current study, data from the
various interview types were combined. The sample con-
sisted of older individuals who participated at the follow-
up measurements in 1995/1996 and 1998/1999. These
consecutive waves were selected because we were inter-
ested in change of health indicators that were not avail-
able at all earlier or later waves. Furthermore, we chose
a 3-year follow-up period to measure change in health
indicators since this short time period is a better rep-
resentation of the clinical situation. Additionally, attri-
tion between these waves was mainly due to mortality
[16]. Herein we included participants aged 65years and
older (in 1995/1996) who participated in both main and
medical interviews with complete information on demo-
graphic variables, health indicators at both measurement
waves (1995/1996 and 1998/1999), and survival outcome
resulting in a study sample of 995 participants (see Sup-
plementary Fig. S1). Since there were few older adults
with missing information on some of the health indica-
tors (N=119), we decided not to perform multiple impu-
tations. These 119 people with missing data were slightly
older than the included sample, but the difference was
not statistically significant. The LASA study received
approval by the medical ethics committee of the VU Uni-
versity medical center, Amsterdam (file number 92/138).
All participants signed a written informed consent.
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Health indicators

The health indicators included validated, well-known
frailty instruments, i.e. the frailty phenotype and the
frailty index; grip strength and walking speed as meas-
ures of upper and lower extremities functioning; and the
Mini-Mental State Examination (MMSE) as a measure of
cognitive functioning. The frailty phenotype was based
on the presence of Fried’s frailty criteria: weight loss,
weak grip strength, exhaustion, slow gait speed, and low
physical activity with scores ranging from 0 (no frailty
criteria) to 5 (all frailty criteria present) [18]. The frailty
phenotype used in this study was slightly adapted com-
pared to original instrument, and has been previously
operationalized and validated in LASA [19-22]. In par-
ticular, the slow gait speed and low physical activity items
of the frailty phenotype were adapted, following the low-
est quintile approach instead of using the original cut-
points of Fried and colleagues [19-22]. The frailty index
has also been operationalized and validated in LASA
[23], resulting in a 32-item index measuring the accu-
mulation of symptoms, diseases, disabilities, or any other
age-related health deficits. All deficits were given a score
of 0 (absence of deficit) or 1 (presence of deficit) and the
frailty index was calculated by dividing the sum of the
health deficit scores by the total number of health deficits
resulting in a range from 0 (no deficits present) to 1 (all
deficits present) [24]. More details on the items included
in the frailty index are provided in Supplementary Table
S2. Grip strength was measured using a dynamom-
eter and recorded to the nearest 1kg, calculated using
the sum of the highest values of the two hands divided
by two. Walking speed was measured by recording the
number of seconds it took participants to walk 3m, turn
around, and then walk back 3m as quickly as they can.
The MMSE consisted of 20 items examining orientation
in time and place, words registration and recall, attention
and calculation, language, and visual construction with
scores ranging from 0 to 30 [25]. A higher frailty phe-
notype score, a higher frailty index score, slower walk-
ing speed, lower grip strength, and lower MMSE scores
indicated worsening health. For each health indicator,
we used health indicator scores in 1998 as the “current
status” and “three-year change” was defined as the differ-
ence in health indicators scores by subtracting the meas-
urement in 1998 minus the measurement in 1995. See
Supplementary Fig. S3 for study design scheme.

Statistical methods

We described median, interquartile range (IQR), mini-
mal, and maximal values for continuous variables and
counts for categorical variables. Time zero of all sur-
vival analyses was set at the date of the second follow-up
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measurement in 1998/1999. Participants were followed
through direct linkage with registers of the participants’
municipalities of residence until death or March 1% 2017,
whichever came first. The Kaplan—Meier method was
used to describe overall survival among groups based on
age and sex. We also plotted mortality risks given a per-
son’s current status and three-year change.

The reference model was obtained with Cox regres-
sion in the training set using additive effects of age and
sex. The effect of age was modeled using restricted cubic
splines with three knots [26]. For each health indicator,
three Cox regression models were fitted by adding to the
age-sex benchmark model the current status, the three
year change, and both the current status and the change,
respectively. The discrimination ability of five- and ten-
year mortality predictions of the Cox regression models
was assessed by area under the receiver-operating-char-
acteristic curves (AUC) for right censored data in the
test [27]. AUC indicated the probability that a participant
who died within ¢-years was assigned a higher predictive
risk of mortality when compared to a participant who
survived for longer than t-years. The improved predic-
tions of a health indicator was assessed by differences in
AUC compared to the reference model and tested by a
Delong-Delong type test [28]. P-values indicate the signif-
icance of the difference between a model containing age
and sex plus a health indicator and the reference model
that is age and sex only given the null hypothesis that the
health indicator has no added discrimination ability. We
also performed stratified analysis based on tertiles of age,
sex, and number of chronic diseases (major chronic dis-
eases, including: heart disease, peripheral arterial disease,
stroke, diabetes, chronic lung disease, arthritis, cancer).
All statistical analyses were performed using R version
4.0.2 [29].

Results

Table 1 presents the characteristics of the study sample,
which consisted of 995 participants aged 68.0 through
91.6years at study baseline with an overall average of
77.446.2 (SD) years and the 25%, 50, and 75" percen-
tile being 72.1, 76.5, and 82.5years. Of the sample, 523
(52.6%) were females, around 39.0% of participants had
low education, and 43.1% participants lived alone. On
average, each participant had two chronic diseases with
the 25%, 50™, and 75" percentile being one, two, and
three chronic diseases. Out of the 0-5 range of the frailty
phenotype, 35.7% of the participants presented without
any frailty component and 31.3% of the participants had
one criterion of frailty present. The median (IQR) for
current frailty index was 0.2 (0.1 — 0.3) point out of the
0-1 range, grip strength was 24.0 (18.5 — 32.2) kg, walk-
ing speed was 9.0 (7.0 — 11.0) seconds, and MMSE was
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Table 1 Characteristics of the study sample

Characteristics

Total number of participants, n [%]

995 [100.0]

Age 76.5(72.1;82.5),68.0-91.6
Age brackets
— 1*'Tertile 70.6 (69.4;72.0),68.0-73.5
- 2" Tertile 76.5(74.8;784),73.5 -804
-3 Tertile 84.5(82.5;87.2),805 - 916
Female, n [%) 523 [52.6]
Education, n [%]
- Low 3881[39.0]
- Medium 316 [31.8]
- High 291[29.2]
Living alone, n [%] 417 [43.1]
1

Number of chronic diseases 2.0(1.0;3.0),00-80
Health indicators - current status®

Frailty Phenotype, n [%]

- Score 0 355[35.7]
—Score 1 311([31.3]
- Score 2 17918.0]
—Score 3 104 [10.5]
- Score 4 43[4.3]

- Score 5 3[0.3]

0.2(0.1;0.3),0.0-06
24.0(185;32.2),1.0-625
9.0(7.0;11.0),3.0- 1020
28.0(26.0;29.0),9.0 - 30.0

Frailty Index (range 0 - 1)
Grip strength, in kg
Walking speed, in seconds

Mini-Mental State Examination (range
0-30)

Health indicators — three-year change®

0.0(0.0;1.0),-3.0-4.0
0.03(-0.01;0.07),-0.27 - 0.27
-25(-6.5,0.5),-280-11.5
1.0(0.0;3.0),-120-83.0
0.0(-1.0;1.0),-15.0-7.0

Frailty Phenotype

Frailty Index

Grip strength

Walking speed

Mini-Mental State Examination

Data are presented as median (interquartile range), min — max, except as noted
@ Current status of health indicators was measured in 1998

b Three-year change was the difference in health indicators by subtracting the
measurement in 1998 minus the measurement in 1995

28.0 (26.0 — 29.0) points out of the 0-30 range. Regarding
three-year change, on average the frailty phenotype had
worsened with the median (IQR) being 0.0 (0.0 — 1.0),
the frailty index 0.03 (-0.01 — 0.07), grip strength weak-
ened with -2.5 (-6.5 — 0.5), walking speed slowed 1.0 (0.0
— 3.0), and cognitive function as measured by MMSE 0.0
(-1.0 — 1.0). Supplementary Fig. S4 shows the distribution
of current status and three-year change in health indica-
tors stratified by sex: in general there were no significant
differences between the sexes with the exception of cur-
rent grip strength where males tended to be stronger
than females.
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Figure 1 shows Kaplan Meier survival curves stratified
by sex and age tertiles. As expected, the oldest males had
the lowest survival probability. Figure 2 shows five-year
predicted mortality risks associated with current sta-
tus and three-year changes in all health indicators for
females aged 75years old, given the majority of sex and
average age of the population. This figure demonstrates
that while three-year changes in health indicator scores
(vertical axis) further worsened the predicted risks, it was
not as big of an influence compared to the current status.
Overall, the worse the current status (horizontal axis),
the higher the predicted mortality risks. Regardless of a
person’s three-year change, the mortality risks would be
high primarily because of their current health status. This
applies to the frailty phenotype, the frailty index, walking
speed, and MMSE. As for grip strength, it appears that
there was a threshold effect where if a person’s current
grip strength was very low (below 10), then no matter
how much the person had improved over the past three
years, their mortality risks would still be high.

Table 2 shows the added value of current status and
three-year change in health indicators to mortality pre-
diction based on age and sex alone. Within five and ten
years, 220 respectively 466 out of the 995 participants
had died. Age and sex alone hold a discrimination ability
of 72.8% AUC (95% CI 69.0 — 76.5) for five-year mortality
and it was 77.7% AUC (74.8 — 80.5) for ten-year mortal-
ity. When predicting five-year mortality, the added AUC
of current status of each of the several health indica-
tors ranged from 0.7% for walking speed to 3.3% for the
frailty index. This was consistently higher compared to
the added AUC of three-year change in each of health
indicators, ranging from -0.0% for the frailty phenotype
to 1.1% for the frailty index. When the current status
and three-year change were combined, their added AUC
was similar to current status alone, from 0.6% for walk-
ing speed to 3.2% for frailty index and it also yielded the
most significant p-values. Similar patterns were found for
predicting ten-year mortality. The frailty index appears
to improve mortality prediction the most, followed by
the frailty phenotype, MMSE, grip strength, and walk-
ing speed. When adding all information on current status
and three-year change of the various health indicators,
AUC improved from 72.8 (69.0 — 76.5) to 77.6 (73.6 —
80.8) and 77.6 (74.8 — 80.5) to 80.5 (77.8 — 83.2) for five-
year and ten-year mortality respectively.

Table 3 divided the study population into age tertiles.
Here the discrimination ability of residual age and sex
alone in predicting five-year mortality was 65.2% AUC
(56.8 — 73.5) in the youngest age tertile, 61.2% AUC (53.1
— 69.4) in the middle age tertile, and further decreased
to 59.4% (53.3 — 65.5) in the oldest age tertile. The cur-
rent status of the health indicators holds the highest
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Table 2 Added value of health indicators to mortality prediction based on age and sex

Model Health Indicator Five-year Mortality Ten-year Mortality

(220 died) (466 died)
AUC® (95% Cl) P-value® AUC?® (95% CI) P-value®

Demographic variables Age and sex 72.8(69.0 - 76.5) 77.7 (74.8 - 80.5)

+ Current status + Frailty Phenotype +16(0.6-26) 0.001 +08(0.0-16) 0.050
+ Frailty Index +33(1 6 - 49) <0.001 +1.8(05-3.1) 0.005
+ Grip strength ( 7) 0.005 406 (O 0-1.2) 0.040
+Walking speed +O 7 (- 4) 0.060 +04(-0.1-0.8) 0.100
+ MMSE (O 2-2. 3) 0.020 +1.1 (04 -1.8) 0.002

+Three-year change + Frailty Phenotype -0.0 ( 0.2-0.1) 0.400 -0.1(-02-0.0) 0.200
+ Frailty Index +1.10.1-21) 0.030 4+05(-03-13) 0.200
+ Grip strength +03(-00-0.7) 0.090 +0.2(-0.1-0.5) 0.100
+Walking speed +04(-0.1-09) 0.090 +0.1(-02-04) 0.500
+ MMSE +0.1(-03-0.6) 0.600 -0.0(-04-03) 0.900

+ Current status + Three-year + Frailty Phenotype +19(06-3.1) 0.003 +09(0.0-19) 0.050

change + Frailty Index +32(16- 48) <0001 +1.7(05-30) 0.008
+ Grip strength +09 (01 -16) 0.020 +05(-0.1-1.1) 0.100
+Walking speed +O6( 3) 0.100 +04(-02-0.9) 0.200
+ MMSE (O 2-2. 3) 0.020 +1.2(05-1.9 0.001

2 AUC Discrimination ability as measured using Area Under the Curve in percentages

b p-values indicate the significance of the difference between a model containing age and sex plus a health indicator and the reference model that is age and sex only
given the null hypothesis that the health indicator has no added discrimination ability

Table 3 Added value of health indicators to mortality prediction stratified by age tertiles

Strata Health Indicator Current Status Three-year Change
Average Score Five-year AUC? Average Score Five-year AUC?
(min—max) (min—max)
Age tertile 68.0 - 73.5 Age and sex 65.2 (56.8 - 73.5) 65.2 (56.8-73.5)
(329 at risk, 36 died) + Frailty Phenotype 0.7 (0.0 -4.0) 4+02(-18-22) 0.3(-3.0-4.0) -08(-20-03)
+ Frailty Index 0.16 (0.00 - 0.61) +20(-44-85) 0.02 (-0.23-0.27) -03(-29-24)
+ Grip strength 286(3.0-625) +04(-1.3-20) -33(-235-10.0) +06(-15-26)
+ Walking speed 83(4.0-480) -0.1(-40-3.8) 13(-8.0-37.0) +15(-12-42)
+ Mini-Mental State Examination 27.9(18.0-30.0) -14(-63-3.5) -0.0(-9.0-6.0) -16(-3.5-0.2)
Age tertile 73.6 - 804 Age and sex 61.2(53.1 -694) 61.2 (53 1 - 609. 4)
(338 at risk, 50 died) + Frailty Phenotype 1.0 (0.0 -4.0) +0.7(-32-46) 0.3(-20-3.0) -0.6 (-2. )
+ Frailty Index 0.20(0.02 -0.61) +38(-07-82) 0.03 (-0.19-0.27) +28(-14-7. 1)
+ Grip strength 26.1(1.0-495) +16(-1.6-49) -3.1(-280-11.5) +0.1(-27-3.0)
+Walking speed 9.5(3.0-39.0) -07(-31-106) 1.8(-9.0-19.0) -03(-13-06)
+ Mini-Mental State Examination 27.2(16.0 -30.0) +3.0 (»1 8-78) -0.3(-90-6.0) +16(-15-406)
Age tertile 80.5 - 91.6 Age and sex 594 (53.3 - 65.5) 594 (53.3 - 65.5)
(328 at risk, 134 died) + Frailty Phenotype 1.8(0.0-5.0) +79(42-11.7) 0.5 (-2.0-4.0) -02(-06-02)
+ Frailty Index 0.26 (0.03 - 0.63) 5(65-16.5) 0.04 (-0.27 - 0.25) +46(14-78)
+ Grip strength 209(1 0-450) +35(OS 65) -44(21076‘5) +0.0(-08-0.98)
+ Walking speed 1(40-1020) +23(0.1 4(-120-83.0) +14(-02-37)
+ Mini-Mental State Examination 257(90 30.0) +39(05- 73) -08( 150-7.0) -04(-1.7-09)

@ AUC Discrimination ability as measured using Area Under the Curve in percentages
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added AUC in the oldest age tertile ranging from 2.3%
for walking speed to 11.5% for the frailty index whereas
this pattern was not as apparent in the younger age ter-
tiles. With very few exceptions the added AUC of three-
year changes in the various health indicators was lower
when compared to the current status. Overall, the AUCs
of demographic variables and health indicators combined
did not exceed 71% in any of the different age tertiles.
Similar patterns were found for ten-year mortality (data
not shown). The order of health indicators in improv-
ing mortality predictions were the same as for the whole
study population (Table 2), with the frailty index leading,
followed by the frailty phenotype, MMSE, grip strength,
and walking speed.

Supplementary analyses were performed. When the
study population was stratified by sex, the added AUC of
most health indicators was highest among males except
for MMSE which was highest among females. There was
no clear pattern when stratified by number of chronic
diseases (see Supplementary Tables S5 and S6).

Discussion

Among a representative population of community-dwell-
ing older adults aged 68 years and older, we observed that
changes in health indicators in previous years further
increased mortality risks. However, it was not as big of
an influence compared to the current health status. The
AUC of age and sex alone for five-year mortality predic-
tions was 72.8% AUC (95% CI 69.0 — 76.5) and the added
AUC of the current status of health indicators ranged
from AUC 0.7 (walking speed) to 3.3% (frailty index).
The added AUC of three-year changes in health indica-
tors was lower, ranging from AUC -0.0 (frailty pheno-
type) to 1.1% (frailty index), whereas the added AUC of
both three-year change and current status combined was
similar to current status alone, ranging from AUC 0.6
(walking speed) to 3.2% (frailty index). Across age groups,
the added AUC of current status was highest in the oldest
old, however there was no clear pattern with the three-
year changes. When stratified by sex, the added AUC of
most health indicators was highest among males except
for MMSE which was highest among females. There was
no clear pattern when stratified by number of chronic
diseases. Findings for ten-year mortality were similar.
Overall the frailty index appeared to improve mortality
predictions the most, followed by the frailty phenotype,
MMSE, grip strength, and walking speed.

Predictive capabilities of demographic variables

and health indicators

We found that the current health status measured at
one time point performed better in accurately predict-
ing mortality than change in health indicators over time,
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though the added predictive capabilities were limited. In
the younger age group, age and sex captured most of the
discrimination ability to predict mortality. In contrast,
in the oldest old these demographic variables lose their
predictive values while the health indicators gained pre-
dictive value. Since there is a severe lack of studies com-
paring predictive capabilities of demographic variables
and health indicators separately [30], more research is
needed to illuminate this finding. When age is driving
the absolute mortality risks over the lifespan, it is impor-
tant to carefully disentangle the predictive capabilities
of health indicators from that of age. Taken together, the
discrimination ability for the demographic variables and
health indicators combined did not exceed AUC of 71%
in any of the age groups. This means that at best, seven
out of ten times the model correctly distinguishes the
older individual who will die or survive in the next five
years, indicating a modest ability to predict mortality
[31].

Comparison among functional indicators

We found that the frailty index improved mortality pre-
diction the most, followed by the frailty phenotype,
MMSE, grip strength, and walking speed. Both of these
well-validated frailty indices were superior and the added
values were highest in the oldest old. This is likely due to
the all-encompassing nature of these indices designed to
capture frailty; a disorder characterised by vulnerability
to poor resolution of homeostasis after a stressor event as
a consequence of cumulative age-related decline occur-
ring pervasively in inter-related physiological systems
[32]. Frailty indices are frequently perceived as inter-
changeable but each have different intended purposes
and can actually be used to supplement each other [33].
The frailty index describes the presence of clinical condi-
tions and characteristically acts as a marker of accumu-
lated deficits and in line with this reasoning we found it
to be the most discriminative in predicting mortality. The
frailty phenotype is designed to specifically detect the
risk of adverse outcomes in non-disabled individuals and
is considered to be more appropriate for use when decid-
ing the need of adapted care or interventions in clinical
practice.

Varying degrees of functional decline

In the current study, approximately half of the commu-
nity-dwelling persons had varying degrees of frailty and
also experienced varying degrees of functional decline
in the following three-year period. Other studies have
shed light on the differences in trajectories of func-
tional decline and how it relates to underlying patho-
genesis [34, 35]. For example, individuals with advanced
frailty characteristically experience a slowly progressive
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functional decline with only a slight acceleration as death
approaches. However, current prevention systems are
typically targeted towards individuals with fast, severely
declining functions. Therefore it is not suitable for many
older adults at risk of dying due to progressive frailty
[36]. More research is needed to observe these patterns
of functional decline to develop prevention systems that
takes into account these variations of functional decline
and underlying pathogenesis.

Implications for clinical practice

In this study, we found that the added discrimination
of the various health indicators to mortality predictions
based on age and sex alone tend to be limited. If a patient
has to agree to go forward with certain medical interven-
tions, the typical question would be “How likely is my
chance to benefit from this intervention?”. In this case, a
highly discriminating prediction model would best help
the patient [37]. Even if health indicators would be able
to substantially improve mortality predictions based on
age and sex, there is still a laborious hurdle to overcome
on whether these instruments actually help in clinical
decision making. The key question is whether the use
of models improves the outcomes of our interventions,
particularly in older adults. Considering that the health
indicators investigated in this study already fell short of
expectations on its discrimination abilities, implementa-
tion in clinical practice should be regarded with caution.

Strengths and limitations

We analyzed demographic variables, current function-
ing status, and changes over time separately as well as in
combination, to explore their predictive abilities. Overall
functioning indicated by the frailty indices, upper and
lower body functioning measured by grip strength and
walking speed, and cognitive functioning measured by
MMSE were all compared to assess its performance in
predicting mortality. In addition to that, all health indi-
cators were well-operationalized, directly measured, and
well-validated. Mortality data was complete, and there-
fore censoring information was available for everyone.
Mortality differences between LASA participants and
the general Dutch population never exceeded 1%, mean-
ing the study is representative for the Dutch older popu-
lation [38]. However, we used difference scores which
have been known to lack reliability and this may have
influenced results, especially for health indicators with
very little change (e.g., MMSE). While it may provide
more reliable information to assess trajectories of change
in health indicators using more than two assessments
during a longer period, we decided to study three-year
change instead of six-year change or more since observ-
ing a three-year change is likely to be more compatible
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with clinical situations than monitoring change for longer
period and it would also decrease the sample size to be
even smaller thereby compromising power. The fact
that we observed only modest changes in health indica-
tors over a period of 3years could be due to floor or ceil-
ing effects, however, ceiling effects are not likely as only
a small proportion of the study sample reported a very
high number of health problems (e.g., only 0.3% of the
sample had the highest score of 5 on the frailty pheno-
type). Finally, our study sample consisted of people who
participated in both the 1995/1996 and the 1998/1999
interviews. Therefore, the sample does not include people
who died between these two measurement waves, which
could have led to underestimation of changes in health
indicators.

Conclusion

In conclusion, among community-dwelling persons aged
68years and older, current health status improved mor-
tality predictions based on age and sex better than three-
year change and it was most prognostic in the oldest old.
Although the added value of functional measures was
highest in the oldest old, this added value was limited.
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