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Abstract 

Background Various indexes have been developed to estimate the risk for mortality, institutionalization, and other 
adverse outcomes for older people. Most indexes are based on a large number of clinical or laboratory parameters. 
An index based on only a few parameters would be more practical to use in every‑day clinical practice. Our aim was 
to create an index to predict the risk for mortality and institutionalization with as few parameters as possible without 
compromising their predictive ability.

Methods A prospective study with a 10‑year follow‑up period. Thirty‑six clinical and fourteen laboratory parameters 
were combined to form an index. Cox regression model was used to analyze the association of the index with institu‑
tionalization and mortality. A backward statistical method was used to reduce the number of parameters to form an 
easy‑to‑use index for predicting institutionalization and mortality.

Results The mean age of the participants (n = 1172) was 73.1 (SD 6.6, range 64‒97) years. Altogether, 149 (14%) 
subjects were institutionalized, and 413 (35%) subjects deceased during the follow‑up. Institutionalization and mortal‑
ity rates increased as index scores increased both for the large 50‑parameter combined index and for the reduced 
indexes. After a backward variable selection in the Cox regression model, three clinical parameters remained in the 
index to predict institutionalization and six clinical and three laboratory parameters in the index to predict mortality. 
The reduced indexes showed a slightly better predictive value for both institutionalization and mortality compared to 
the full index.

Conclusions A large index with fifty parameters included many unimportant parameters that did not increase its 
predictive value, and therefore could be replaced with a reduced index with only a few carefully chosen parameters, 
that were individually associated with institutionalization or death.
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Background
Various indexes have been developed to estimate the 
risk for adverse outcomes such as mortality, institu-
tionalization, worsening health status, hospitalization, 
increased falls, morbidity, and dependence in older 
people. Different indexes have been formed using clini-
cal frailty scales [1–3], laboratory data [4–9] or a com-
bination of these [6–9]. We have earlier demonstrated 
that an index based on clinical deficits [10] as well as an 
index based on routine laboratory parameters [11] can 
both be used in predicting mortality in Finnish elderly 
population in 10- and 18-year follow-ups. However, the 
index based solely on laboratory tests did not predict 
institutionalization [11]. The clinical index predicted 
both mortality and institutionalization [10].

The clinical parameters give information on the cur-
rent health status of a person and the person’s func-
tional abilities, and abnormal results in blood tests may 
reflect the subclinical health deficits or diseases before 
they become clinically manifested. These preclinical 
conditions may contribute to the risk of mortality and 
other adverse health outcomes. [5, 7–9, 12–14]. A com-
bination of clinical and laboratory parameters might be 
an optimal solution to assess especially older people’s 
risk of mortality.

Other studies have shown that indexes formed by 
combining at least 30 deficits are strongly associated 
with the risk of death, institutionalization, and wors-
ening health status, although different indexes include 
different variables [1, 10, 15, 16]. Our previous study 
compared different clinical frailty indexes on the same 
population, and found simple and fast frailty indexes 
to be comparable with a multidimensional and time-
consuming frailty index in predicting mortality among 
community-dwelling Finnish older people [16]. Also, 
simple self-reported measures of walking ability and 
self-rated health seemed to be comparable with frailty 
indexes in predicting institutionalization among com-
munity-dwelling older people in a 10-year follow-up 
[10]. These results suggest that it might be possible to 
form an index that only includes a few parameters, and 
still has a good predictive ability on mortality and insti-
tutionalization. Especially in primary health care, an 
index with a smaller number of parameters would be 
more practical to use. In large indexes, some parame-
ters, such as the different activities of daily living, may 
correlate significantly with each other, and thus, their 
number could possibly be reduced without compromis-
ing the predictive ability of the index. The aim of this 
study was to first form a combined clinical and labora-
tory index, and then to form an easy-to-use index with 
reduced number of parameters for elderly patient care 
that would be faster and easier to obtain.

Methods
Study design and population
This study is part of a longitudinal epidemiological study 
carried out in the municipality of Lieto in Southwest-
ern Finland [17]. All persons born in or prior to the year 
1933 (n = 1596) were invited to participate in the baseline 
examination which was carried out between March 1998 
and September 1999. Of those eligible, 63 died before 
they were examined, and 273 refused or did not respond, 
leaving 1260 (82%) participants, 533 men and 727 
women. They were followed-up for institutionalization 
and mortality for 10 years. Participants no longer living 
in Lieto at the end of the follow-up period (n = 86) were 
excluded from the analyses predicting institutionaliza-
tion, as it was not possible to ascertain whether they were 
institutionalized in another municipality or continued 
living at home. Sixty-eight participants already living in 
institutional care at the start of the study were excluded 
from the institutionalization analyses. Also, participants 
with missing data of more than five percent of parame-
ters included in the indexes were excluded leaving 1054 
and 1172 participants for the analyses predicting institu-
tionalization and mortality, respectively.

Measurements
At baseline in 1998 to 1999, venous blood samples were 
obtained with minimal stasis between 8 and 10 am after 
overnight fast at Lieto health center. Fresh samples were 
analyzed at the Central Laboratory of Turku University 
Hospital. All participants were given verbal and written 
instructions before laboratory visit. Data for the clinical 
parameters were gathered from a doctor’s clinical exami-
nation including a comprehensive interview and a survey 
of patient records at the baseline [10].

Mortality
Data from all participants who died by the end of 2008 
were obtained from the official Finnish Cause of Death 
Registry using unique personal identification numbers.

Institutionalization
Institutionalization was defined as permanent entry into 
a nursing home of which the data were gathered from 
the municipality’s electronic patient record system and 
coded by month and year of entry.

The combined clinical and laboratory index
We combined the 36 clinical and 14 laboratory parame-
ters, that have been used in our earlier studies separately, 
to form an index with possibly a better predicting abil-
ity on both mortality and institutionalization. The clinical 
parameters included 36 symptoms, signs, and disabilities 
that are used in Rockwood’s frailty index [15, 18] and can 
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be seen in Appendix  1. The laboratory parameters that 
we chose are carefully selected so that they do not over-
lap significantly as risk indicators but reflect the health 
status of different organ systems and that they are rou-
tinely tested when examining elderly patients in Finland. 
The laboratory analytes and their reference ranges or cut-
off values are shown in Appendix 2 and in our previous 
article on a laboratory index [11].

The combined index (CI) was constructed by cod-
ing each deficit or laboratory analyte as either 0 or 1; 1 
indicates that the person had a certain deficit, or a lab-
oratory value was above or below the normal range or 
cut-off. The sum of these values was then divided by the 
total number of the deficits and analytes resulting in a 
score ranging from 0 to 1 for each individual. To com-
pare the adverse outcomes of individuals with different 
CI scores, we divided the participants in three catego-
ries using established cut-points that have been used in 
frailty indexes [3] (1. CI ≤ 0.085, 2. CI 0.085–0.2499, 3. 
CI ≥ 0.25).

Statistical analyses
Hazard ratios (HRs) and their 95% confidence inter-
vals for all-cause mortality and institutionalization were 
calculated using Cox proportional hazard models. The 
follow-up periods were calculated from the baseline 
measurements to the end of the follow-up period of 
10 years or to the death of the individual. Death was used 
as a competitive factor in the analyses for institutionali-
zation. Both unadjusted and age- and gender-adjusted 
analyses were conducted. The forming of the reduced 
indexes was started by selecting those clinical and labo-
ratory parameters that were associated with institution-
alization or mortality in the univariable Cox regression 
analysis. A backward stepwise Cox regression analysis 
(exclusion criteria, p ≥ 0.05) was performed to identify 
the parameters which best predicted mortality and insti-
tutionalization and to reduce the number of parameters 
in the index [19]. Reduced indexes were also calculated 
by including age (64–69, 70–74, 75–79, 80 or over) and 
gender to the index. Clinical and laboratory parameters 
were scored with 0 or 1 points, female gender was scored 
with 1 point for the institutionalization index and male 
gender with 1 point for the mortality index, and age was 
scored with 0 point for ages 64–69, 1 point for ages 70 
to 74, 2 points for ages 75 to 79 and 3 points for the age 
of 80 or more based on the parameter estimates of the 
stepwise Cox regression model and statistical testing in 
the effect of different weights on the index. This resulted 
a range of 0 to 7 for the combined index to predict insti-
tutionalization and a range of 0 to 13 to predict mortal-
ity. Receiver-operating characteristic (ROC) curves were 
used to define the cut-off points for reduced indexes to 

predict institutionalization and mortality [20]. The opti-
mal cut-off points were chosen using Youden index [21]. 
Sensitivity, specificity, positive predictive value and nega-
tive predictive value for cut-off points were calculated. 
Kaplan–Meier survival curves for institutionalization 
and mortality during the 10-year follow-up were done to 
compare participants below and above the cut-off points 
[19]. P-values less than 0.05 were considered statistically 
significant. All statistical analyzes were performed using 
SAS System for Windows, version 9.4 (SAS Institute Inc., 
Cary, NC, USA).

Results
Baseline characteristics
The mean age of the participants was 73.1  years (range 
64 to 97  years). The majority, 57 percent of the partici-
pants were female. More detailed baseline characteristics 
of 1172 study participants are shown in Appendix 3.

The combined index to predict institutionalization
Altogether 149 (14%) subjects were institutionalized dur-
ing the 10-year follow-up.

Higher index score of the 50-parameter combined 
index was associated with an increased risk of institu-
tionalization in the 10-year follow-up. Both groups with 
CI 0.085–0.2499 and CI 0.25 or over had statistically sig-
nificantly higher risk of institutionalization compared to 
the group with CI less than 0.085. These associations per-
sisted after adjustments for age and gender (Table 1).

The combined index to predict mortality
Altogether 413 (35%) subjects deceased during the 
10-year follow-up.

Higher index score of the 50-parameter combined 
index was associated with an increased risk of death in 
the 10-year follow-up. Both groups with CI 0.085–0.2499 
and CI 0.25 or over had a statistically significantly higher 
risk of death compared to the group with CI less than 
0.085. These associations remained statistically signifi-
cant when adjusted for age and gender (Table 1).

The reduced easy‑to‑use index to predict 
institutionalization
Twenty-five clinical parameters from the large, combined 
index were independently associated with institutionali-
zation in the univariable analysis. After a backward varia-
ble selection in the Cox regression model, the parameters 
that were left for the reduced index to predict institution-
alization were the need for help with preparing meals, 
the need for help with heavy household chores and the 
need for help with moving about inside house. Female 
gender and increasing age were significant predicting fac-
tors for institutionalization and adding these factors to 
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the index improved its predictive ability (Table 2). Each 
factor was coded either 0 or 1; 0 indicates that the per-
son did not need help with the task and 1 that the person 
needed help. One point was given for female gender and 
0 to 3 points for increasing age resulting in a range of 0 
to 7 for the index score. The parameters and their scor-
ing can be seen on Table 3. The best cut-off limit for the 
increased risk of institutionalization was found to be ≥ 4 
points. The higher the index score, the higher percent-
age of our study population were institutionalized during 
the 10-year-follow-up period. This can be seen on Fig. 1a. 
Figure 2a shows Kaplan–Meier survival curve by the cut-
off limit of 4 points.

The reduced easy‑to‑use index to predict mortality
Thirty-seven parameters from the large, combined 
index were independently associated with mortality. The 
reduced index for mortality included three laboratory 
analytes and six clinical parameters. The parameters were 
elevated or decreased blood hemoglobin value, elevated 
plasma c-reactive protein level, and elevated or decreased 
plasma sodium level, the need for help with preparing 
meals, the need for help with heavy household chores, 
difficulties carrying or lifting light loads, limited kind of 
amount of activity, diabetes mellitus and heart disease. 
One point was given for each of these deficits or a labo-
ratory value outside the reference ranges. Increasing age 
and male gender were significant predicting factors for 
mortality so, similarly to the index predicting institu-
tionalization, 0 to 3 points was given for age and 1 point 
for male gender. This resulted in a score ranging from 0 
to 13 with the best cut-off limit being ≥ 8 points for the 

prediction of a person being at an increased risk of death. 
The parameters and their scoring can be seen on Table 3. 
Increasing index score increased deaths in our study 

Table 2 AUC‑values, cut‑off limits and their sensitivities, specificities and positive and negative predictive values for the 50‑parameter 
combined index and for the reduced indexes in predicting 10‑year institutionalization and mortality

Abbreviations: AUC  Area under the curve, CI Confidence interval, PPV Positive predictive value, NPV Negative predictive value
* Habitual cut-off limit for a frailty index
** Best cut-off limit defined by Youden-index

AUC (95% CI) Cut‑off limit (scale) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Institutionalization
50‑parameter combined index 0.71

(0.66–0.75)
 ≥ 0.25*
(0–1)

38.3 84.9 29.4 89.3

Reduced index without age and gender 0.74
(0.70–0.78)

 ≥ 2**
(0–3)

71.0 71.8 30.2 93.5

Reduced index with age and gender 0.78
(0.75–0.82)

 ≥ 4**
(0–7)

74.7 69.4 29.6 94.1

Mortality
50‑parameter combined index 0.77

(0.74–0.80)
 ≥ 0.25*
(0–1)

42.5 92.0 74.2 74.7

Reduced index without age and gender 0.79
(0.77–0.82)

 ≥ 5**
(0–9)

61.8 84.2 69.5 79.2

Reduced index with age and gender 0.83
(0.80–0.85)

 ≥ 8**
(0–13)

77.0 75.8 64.9 85.1

Table 3 The parameters and their scoring for the reduced 
indexes

Institutionalization Index points
Needs help with preparing meals 1

Needs help with heavy household chores 1

Needs help with moving about inside house 1

Female gender 1

Age 70 to 74 1

Age 75 to 79 2

Age 80 or more 3

Total index score 0–7
Mortality Index points
Elevated or decreased blood hemoglobin value 1

Elevated plasma c‑reactive protein level 1

Elevated or decreased plasma sodium level 1

Needs help with preparing meals 1

Needs help with heavy household chores 1

Difficulties carrying or lifting light loads 1

Limited kind of amount of activity 1

Diabetes mellitus 1

Heart disease 1

Male gender 1

Age 70 to 74 1

Age 75 to 79 2

Age 80 or more 3

Total index score 0–13
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population during the 10-year-follow-up period as seen 
on Fig. 1b. Figure 2b shows Kaplan–Meier survival curve 
by the cut-off limit of 8 points.

Discussion
With the increasing elderly population, finding the indi-
viduals most at risk of institutionalization or death could 
help in targeting heath care interventions and increase 
older people’s survival time at home. We used a statis-
tical method to find a combination of a few parameters 
that best predicted mortality and institutionalization out 
of large number of variables. This way we could create 

indexes that take little time to implement, and still have a 
good predictive ability.

Both clinical and laboratory data were used in the for-
mation of the combined and reduced indexes. The clini-
cal data included deficits that reflect several aspects of 
the person´s health status such as mobility, daily func-
tions and diagnosed diseases. For the laboratory param-
eters we wanted to choose only those that are routinely 
tested also in primary health care so that the index could 
be easily introduced in clinical practice.

The combined clinical and laboratory index was not 
better for predicting institutionalization compared to 
the clinical frailty index alone that was studied in the 

Fig. 1 Institutionalization (A) and mortality (B) (rates) by each index score during the 10‑year follow‑up
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previous study on the same population [10]. No labora-
tory parameters were left in the index predicting institu-
tionalization when reducing the parameters by statistical 
methods, which is consistent with the results of our ear-
lier study that a laboratory-based index could not predict 
institutionalization [11]. Routine laboratory tests cannot 
predict dementia and cognitive impairment which are 
the most common causes of institutionalization [22–27].

The three parameters that remained in the reduced 
index for institutionalization were need for help with pre-
paring meals, need for help with heavy household chores, 
and need for help with moving about inside the house. 
Being able to prepare meals independently is one of the 
instrumental activities of daily living (IADL), that reflect 
the person’s ability to carry out daily activities, and their 
cognitive function. Earlier studies have shown depend-
ence in daily activities to be a predictor of morbidity and 

mortality in elderly populations [28]. Need for help with 
moving about inside house is also consistent with the 
earlier finding that self-reported walking ability predicts 
a person´s risk for institutionalization [10].

The combined clinical and laboratory index was bet-
ter at predicting mortality than the clinical or laboratory 
index alone. The clinical parameters left in the index as 
predicting factors for mortality were need for help with 
preparing meals, limited kind of amount of activity, 
need for help with heavy household chores and difficul-
ties carrying or lifting light loads. Two of them reflect 
the physical capacity of the person. Many studies have 
found physical activity to have a positive effect on health 
and reduce mortality [29, 30]. Limited kind of amount of 
activity was a predicting factor for mortality and refers 
also to other than physical activity, including interests 
and hobbies. In addition to these, diabetes and heart 

Fig. 2 Rates of institutionalization by the reduced index with the cut‑off score ≥ 4 (A) and mortality by the reduced index with the cut‑off score ≥ 8 
(B) during the 10‑year follow‑up. Age and gender are included in both reduced indexes
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disease were left as predicting factors in the index pre-
dicting mortality.

The laboratory parameters that were found significant in 
predicting mortality have all been shown to predict mor-
tality also independently in other studies [28–34]. Anae-
mia increases mortality in the older population, and the 
lowest mortality has been found at normal haemoglobin 
levels [31, 32]. Elevated c-reactive protein level has been 
shown to predict increased risk of all-cause and cardio-
vascular mortality in the general population [33]. Studies 
have found associations with sodium levels and mortality 
in general population [34, 35], hospitalized patients [36], 
and in patients with chronic kidney disease [37].

The strengths of our study are the large sample size, 
the good participation rate of 82% and a long follow-up 
period that enable broad generalizability of the results. 
The data comes from a community-based representative 
sample of the Finnish population. The gender distribu-
tion of the participants is comparable to the distribution 
of this age group in the whole country [38], and the prev-
alence of cognitive impairment is similar to the estimated 
prevalence in the whole country [39].

Persons still living at home after the 10-year follow-up 
were considered not institutionalized in our analyses which 
can be considered a limitation of our study since some of 
them will be institutionalized during their lifetime.

Our results showed that a large index with fifty param-
eters included many unnecessary parameters that did 
not increase its predictive value, and therefore could be 
replaced with a reduced index with only a few carefully 
chosen parameters, that were individually associated with 
institutionalization or death. The reduced indexes had 
even a slightly better predictive ability in comparison to 
the 50-parameter combined indexes. These indexes with 
only a few clinical questions in addition to three basic 
laboratory tests would take very little time in a doctor´s 
appointment and thus could be used to screen older peo-
ple. This kind of short intervention could be done during 
any health care contact of an older person. The indexes 
could also potentially be calculated automatically if the 
necessary information was collected in the electronic 
patient records similarly to electronic frailty indexes that 
are automatically populated from routine collected data 
contained within the electronic patient records [40].

Further validation of the indexes in another population 
is needed.

Conclusions
A large index with fifty parameters included many unim-
portant parameters that did not increase its predictive 
value for institutionalization or mortality, and there-
fore could be replaced with a reduced index with only a 
few carefully chosen parameters, that were individually 

associated with institutionalization or death. An index 
including only three clinical parameters could predict 
institutionalization, and an index including three labo-
ratory analytes and six clinical parameters could predict 
mortality. Their good predictive ability in addition to 
the small number of parameters could make them easily 
applicable instruments in clinical settings.

Abbreviation
CI  Combined index
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