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ABSTRACT

Due to the aging of the world population, a better functional capacity of the elderly
is needed. The importance of detecting people at risk of frailty, dependence and
death to fulfill an individualized approach. There are models that uses frailty in-
dices, but none that use the Frail-VIG Index, based on the comprehensive geriatric
assessment. Three predictive models of frailty, dependency and mortality for 70-
years-old in general population are presented. The risk factors for developing frailty
or dependency are female gender, chronicity level 2 or 3, and marriage. For mortal-
ity the risk factors are male gender, low educational level and being frail according
to frail-VIG index. In conclusion, the health actions to prevent frailty and depen-
dence should focus on reducing the chronicity level, especially in women. To delay
mortality, an individualized approach should be implemented in frail people.Further
studies are needed to determine other health and social risk factors.

KEYWORDS
Prognostic factors, Frailty, Dependence, Mortality, Survival analysis, Nomogram,
Prediction model.

1. Introduction

The ageing of the world’s population is an obvious fact. Life expectancy at birth is
projected to increase from 71 years in 2021 to 77 years in 2050 [20]. The proportion
of people aged 65 or over is projected to increase globally between 2022 and 2050,
from 10% to 16%. In 2050, one in every four persons in Europe and Northern America
could be aged 65 years or over. Faced with these projections, countries with aging
should take steps to adapt their public health programs and health care systems to
this problem, including universal health care and long-term care systems. The current
challenge is to act on modifiable factors that can be intervened, like frailty, to promote
the maintenance of functional capacity. In this way, the appearance of disability or
dependency would be reduced [37].

There are multiple definitions of frailty, but does not yet have an internationally
recognized standard definition. The Advantage Join Action considers frailty like a
clinical state in a person that increases his vulnerability to develop adverse outcomes
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when exposed to a stressor [9]. Frailty is a predictor of mortality, disability, among
other adverse health outcomes [42]. Frailty has not only been linked to an increased
risk of all-cause mortality, but is also a strong predictor of mortality from specific
causes such as cardiovascular disease, cancer, and respiratory diseases in adults living
in the community [39].

The two most known definitions of frailty are the frailty phenotypic model proposed
by Fried et al in 2001 [19], and the deficit accumulation model developed by Rockwood
in 2005 [43]. The frailty phenotype [19] is a clinical syndrome in which three or more
of the following criteria are present: unintentional weight loss (10 lbs in past year),
self-reported exhaustion, weakness (grip strength), slow walking speed, and low phys-
ical activity. The frailty indices are derived from the deficit accumulation definition
[43], that includes social assessment, comorbidity. . . among others elements, and views
frailty as a continuum. The cumulative deficit model is consider more accurate predic-
tor of mortality than phenotype frailty [32]. In 2016, Amblas et al [3] developed the
Frail-VIG index (see Appendix A), a frailty index based on the comprehensive geri-
atric assessment (CGA, VIG “valoracién geridtrica integral” in Spanish). This index
contains 22 simple questions that assess 25 different deficits, recorded during the usual
clinical evaluation process. Any measures of frailty are recognized as a gold standard
[8], but CGA is considered the best system for frailty management in elderly people.
Because of that, frail-VIG index is a useful tool for Primary Health Care in order to
assess general population. The frail-VIG index presents an optimal capacity to predict
mortality [3-5]. Its construct validity [10, 54, 56, 57], reliability and feasibility [54]
have been studied. Frail-VIG index has been compared to SPPB [10], Fried’s pheno-
type [54] and the Clinical Frailty Scale [38, 54]. The relationship of the frail-VIG index
with constructs related to frailty, such as functional capacity [10], and quality of life
[56] has been studied.

Various investigations have studied frailty risk factors, measuring frailty with the
Fried’s phenotype [36, 41], or by deficit accumulation model [46]. There are few pre-
dictive models of frailty in the literature. Li et al [33] developed a frailty prediction
model with many variables, and it is a handicap for the implementation in daily clinical
practice. Dong et al [17] developed a nomogram to predict the progression of frailty.
Regarding the predictive models of functional status, Van Grootven et al [23] in their
systematic review considered that no model could be recommended for implementa-
tion in clinical practice, but the most promising are those that consider frailty. There
are some predictive models of mortality like the Chen et al [13], Lund et al [35], or Gu
et al [24] in the oldest old. There is a problem to compare the investigations: in each
study they create their own frailty index, usually using the Searle’s methodology [45].

Zamudio et al showed in his study that frailty and the two stages of disabilities
(firstly disability in instrumental and then disability in basic activities of daily living)
follow a hierarchy along a continuum [58]. For this reason, it is important to detect
frailty prior to dependency: the decline is dynamic, with potential reversibility, “not
an inevitable trajectory to death” [22]. Disability in essential ADL (activities of daily
live) is potentially reversible in newly disabled older people, but those who recover are
at high risk for recurrent disability [27].

There are many reasons to predict frailty, dependency and mortality. Firstly, to
carry out preventive actions necessary to improve people’s future quality of live, from
childhood. Knowing the risk of these adverse outcomes can help the patient take
responsibility for his health. Health professionals could individualize the therapeutic
approach, always taking into account the decisions of the patients. It is important to
know the dependency and mortality risk to be able to educate the families and prepare



for possible needs that patients may have. The health system must be adapted to the
needs of people with dependency. Furthermore, there must be a national economic
forecast for the increase in costs that will occur in the future.

The objective of the study is to develop a predictive model of frailty, dependency
and mortality related with personal characteristics in population aged 70 years from
community dwelling, and to stablish prognostic factors of these outcomes. The clinical
variables that we are going to study are: frailty using the frail-VIG index, chronicity
level and functional capacity measured with the SPPB.

2. Methods

2.1. Study Design and Study Population

This is an observational population-based study, in people aged 70 year or over from
two lists of general practitioners of the Moncada’s Primary Health Care. Sociodemo-
graphic data were collected: gender, marital status, educational level and number of
cohabitants. Dependence was measured with the Barthel Index, and frailty with the
Frail-VIG Index [3] and the Short Physical Performance Battery (SPPB) [25]. We re-
quested the chronicity level to the Conselleria de Sanitat of Valencia, which classifies
the chronicity in four categories: level 0, level 1, level 2 and level 3, meaning healthy
people, chronic patients with low, moderate and high complexity, respectively.

The Barthel Index is a questionnaire that measures performance in activities of
daily living. It was categorized in the next groups, based in the Shah criteria [47]:
no dependent (IB>95), mild dependency (IB 90-65), moderate-severe dependency (IB
25-60), and absolute dependency (IB<20). Frail-VIG Index is a questionnaire with
22 items that assess 25 deficits classified in eight domains: functional, nutritional,
cognitive, emotional, social, geriatric syndromes, severe symptoms and diseases. The
range goes from 0 to 1, and categorizes frailty in: no frail (<0.20), mild frailty (0.20 —
0.35), moderate frailty (0.36—0.50) and severe frailty (>0.50). The SPPB [25] assess the
lower extremity physical performance status. It consist in three test: test of standing
balance (tandem, semi-tandem and side-by-side stands), walking speed test, and the
ability to rise from a chair test. The range goes from 0 to 12. The cut of point we
established was “seven”, because it was the best cut-off point identified in the Fradea
study [1]. Frail-VIG index includes the Barthel Index, for that reason we calculated
a new cut-off point of the Frail-VIG Index without the Barthel Index item. We used
Frail-VIG Index without the Barthel index item when it is evaluated as predictive
factor of dependency. We collected mortality data in May 2022, three years after the
first data collection in February 2019.

This study was approved by the “Ethic Investigation Corporative Committee of
Primary Health Care from the Comunitat Valenciana”, in 01/31/2019, registration
number 18/10. Participants or representatives were informed and signed the consent.

Data were anonymized, and the study complied with the data protection regulation
“Organic Law 3/2018, of December 5, concerning protection of personal data and
guarantee of digital rights”.

2.2. Survival Analysis

The main objective of this paper is to establish prognostic factors of death related to
personal characteristics, and also dependency and frailty in population over 70 years



old. Survival analysis techniques are used to analyze data in the form of times until the
occurrence of a specific event or end-point, with all individuals starting from the same
time origin. This type of data is referred to as time-to-event data or survival data. In
some cases, the event of interest may not be observed in an individual, such as when
the observation period ends before the event occurs. This is known as censored data or
in particular right-censored if the study concludes before the event can be observed.
Survival analysis allows for the analysis of this type of incomplete or censored data.
In this study, the common time origin was set at the age of 70 years old, and three
different events or endpoints were considered for analysis:

(1) Dependence, measured with the Barthel Index (time until dependece or time free
of dependence).

(2) Frailty, measured with the Frail-VIG index (time until frailty or time free of
frailty).

(3) Death (survival time), taking into account dependence and frailty information.

Let T be the random variable associated with the time until the event under study
occurs (dependence, frailty or death). Then the distribution function of T is defined
by

t
F@:P@<@:Af@m, (1)

where f(t) is the probability density function of the random variable T'. The survivor
function, S(t), is defined to be the probability that a person suffers the event at a time
beyond some specified time ¢, and so is computed through

S(t)=P(T >1t)=1- F(t). (2)

Survival data or time-to-event data is commonly summarized using survivor func-
tions. In this study, the Kaplan-Meier estimator was utilized to estimate the survivor
functions. To compute this estimator let us suppose there are n individuals in the
database with observed times to event t1,to, . ..%,. Some of these collected times may
be censored data, resulting in r < n different observed times to event (non-censored
data). If t(;) < t(2) < ...t are these r ordered times, n; denotes the total of individ-
uals who are free of the event just before time ¢(;) for j = 1,2,...r, and d; denotes
the number of individuals who suffer the event at this time, then the Kaplan-Meier
estimate of the survivor function for this group of individuals is given by

ﬁ@:ﬁ(ﬁfﬁ, (3)

j=1

for £y <t <tpqn), k=1,2,...7 and with S’(t) =1fort <tg.

When estimating the survivor function for various groups of survival data, such
as different categories of a single explanatory variable, one method of comparing the
resulting functions is to plot the corresponding estimated curves on the same axes.
Subsequently, the log-rank test can be utilized to test the null hypothesis of equality



among the depicted survivor functions. The log-rank test is a large-sample chi-square
test that measures the discrepancy between the observed and expected failures as an
indicator of the contrast between the actual data and the null hypothesis [14]. In in-
stances where the test is employed to compare three or more groups and indicates a
statistically significant difference among the estimated curves, a pairwise log-rank test
(two-to-two comparison) is conducted to analyze the significant difference between all
curves and recode the explanatory variable by joining the groups statistically equiva-
lent. A p-value lower than 0.05 obtained from the test is considered significant.

This univariate analysis enables us to identify potential prognostic factors associ-
ated with dependency, frailty, and death. The subsequent step involves analyzing the
relationship between the time to the event (dependence, frailty, and death) and the
explanatory variables that exhibit joint statistical significance. To achieve this, the
Cox regression model was utilized. The relationship is explored by examining the risk
function, which is defined as the instantaneous event rate or intensity rate, given by
the limit

< >
h(t):}timop(tT<5tt+6t|Tt) (4)
o

Using the definition of conditional probability, the risk function is related to the
survivor function through the expression h(t) = f(t)/S(t). Let us suppose that the risk
of an event at a time ¢ depends on the value of p explanatory variables X1, Xo,... X,,.
Let us denote 1, 22, . . . , x; the values of these explanatory variables at time ¢ for the
i-th individual. Then, the Cox regression model describes the risk for this individual
as

hi(t) = exp(Briz1i + Paxai + ... + Bpapi)ho(), (5)

where hg(t) is called the baseline hazard function and represents the risk of the refer-
ence individual. This individual can be defined as the one with all coded explanatory
variables xj;, set to zero for j = 1,2...,p or for continuous variables, it can be the
individual with the average values of the variables. The 3; for i = 1,2,...,p are the
parameters of the model to be estimated. Note that the risk ratio between the i-
th individual and the reference individual, is constant and independent of the time:
exp(frix1i + Poxoi + . .. + Bpxpi). Thus, the exponential of a parameter associated with
a particular variable gives us information about the change in risk with respect to
the risk of the reference individual when the rest of the effects or variables remain
equal. The coefficients § of the model can be estimated using the method of mazimum
likelihood. The likelihood function of the sample data is defined as the joint probability
of the r observed event times L(3) = L1Ls. .. L,, where the term L; for j =1,2,...r
represents the contribution of the j-th event time to the likelihood. It is calculated as
the ratio between the single risk of the individual who got the event at time ¢;, and the
sum of the risks of all individuals who are still at risk at this time ¢;. By maximizing
the likelihood function L(f) or the log-likelihood function log L(/3), we can obtain the
maximum likelihood estimates of the S-parameters. Alternatively, these estimates can
be obtained by minimizing the —2log L([).

The value of —2log f)(,B) for a given dataset is then a measure of the agreement
between the model and the data. Here, L represents the likelihood computed by re-



placing the estimated parameters, B . A smaller value of —2log ﬁ(ﬁ) indicates a better
fit of the model to the data. This value can be utilized to compare models that have
been fitted to the same dataset. The three selected models (risk of dependence, frailty
or death) were obtained using a variable selection strategy suggested in [14] based on
the comparison of nested models by examining the change in the value of the statistic
—2LogL. The methodology follows five steps for the selection model:

(1) By fitting all the univariate models and testing the significant change in
—2log f)(ﬁ) with respect to the null model, we can detect the variables that
significantly affect the time-to-event.

(2) All significant variables from the first step are fitted together. Then, they are
individually removed one by one, and the change in —2log ﬁ(ﬁ) is checked. Vari-
ables that are non-significant in the presence of others are not retained in the
model.

(3) Variables that were not considered significant in the first step are analyzed again
to determine if they become significant in the presence of variables included in
the model.

(4) After obtaining the model in Step 3, the second step is repeated. If any variable
is removed, then Step 3 needs to be repeated.

(5) Once a model is obtained, it is necessary to examine all possible interactions
between the variables included in the model.

The resulting models to predict dependency, frailty, and death were depicted as
nomograms. Nomograms are graphical tools that assign a score to each level of each
variable in the model to show the joint contribution of all the prognostic factors for
an individual. Nomograms were built to predict the probabilities of being free of de-
pendency, being free of frailty, and surviving at different ages (75, 85, and 90 years
old).

Harrell’s concordance index (C-index) [28] was used to asses models accuracy (dis-
crimination). The C-index is the non-parametric version of the Area Under the Curve
(AUC) that can take into account censored data. This index represents the probabil-
ity that, out of two randomly selected individuals, the person with worse prognostic
factors will experience the event before the other individual. It ranges from C' = 0.5
(random discrimination) to C' =1 (perfect discrimination).

The statistical analysis for this study was conducted using R [52] with specific
libraries: survival, rms [29] and OptimalCutpoints [34].

3. Results

The database consists of detailed information on 416 patients aged 70 years or older.
Mean age (£ S.D.) of patients was 78 £ 6.16 years old. 54 (13%) of the 416 patients
died at a mean age of 84.31 + 6.79 years old. The main characteristics collected of the
patients are shown in Table 1.

Table 2 presents the result of the univariate analysis, where the variables significant
to be prognostic factors of dependence, frailty and death are identified. The results
obtained establish gender, educational level and Barthel index as prognostic factors of
death, marital state and chronic desease level were detected as prognostic factors of
the three events under study: dependence, frailty and mortality. Number of cohabitants
affects to the time free of frailty of a patient and finally, Frail-VIG index was iden-



Table 1. Patients Characteristics.

Number (%)

Gender

Male 180 (43.3)

Female 236 (56.7)
Marital state

With partner 246 (59.1)

No partner 170 (40.9)
Educational level

No Read/Write 30 (7.2)

Primary studies 335 (80.5)

High school or higher 51 (12.3)
Number of cohabitants

Live alone 87 (20.9)

2 cohabitants 232 (55.8)

3 or more cohabitants 97 (23.3)
Chronicity level

Healthy 15 (3.6)

Low complexity chronic disease 161 (38.7)

Medium complexity chronic disease 171 (41.1)

Severe complexity chronic disease 69 (16.6)
Barthel index

No dependent 305 (73.3)

Dependent 111 (26.7)
Frail-VIG index

No frail 294 (70.7)

Frail 122 (29.3)
SPPB index

No frail 294 (74.2)

Frail 102 (25.8)

tified as prognostic factor for dependency and death. The pairwise log-rank allowed
recode the levels of the variables in significantly different. Kaplan-Meier estimates are
plotted for the significant variables and its recoded levels for the three end-points:
dependence-free functions in Figure 1, frail-free functions in Figure 2 and survivor
functions in Figure 3. The Chronicity level variable was coded as two levels: healthy
or low complexity chronic disease level and moderate/severe complexity chronic disease
level when it was evaluated as predictive factor of dependence or frailty. In contrast,
when it was evaluated as predictive factor of survival, the two levels with significantly
different survivor curves were: chronic disease without severe complexity level versus
chronic disease of severe complexity level. The variable educational level was recoded
as: people without basic studies and people with primary school or higher. These two
levels established significant difference between survivor curves.

The results obtained in the multivariate analysis performed with the Cox propor-
tional hazards regression model are shown in the Table 3. Multivariate Cox models
for predict dependence and frailty included the same three variables coded as: gender
(male, female), marital status (with partner, no partner) and chronicity level (healthy
person or with a low complexity chronic disease, medium or severe complexity chronic
disease). Results of both models establish that a female with partner and with a mod-
erate or severe chronic disease is the worst prognosis of dependence and frailty. In
the case of the multivariate Cox model for survival time, the variables included in
this model were coded as: gender (male, female), educational level (no basic studies,
primary school or higher) and Frail-VIG index (No frail, Frail). In that case, the worst
prognosis in the survival experience for a patient with 70 years old is to be male,
without basic studies and with a classification of frail person using de VIG index.

Figure 4 shows the nomograms for deriving estimates of dependence and frailty
and Figure 5 for deriving estimates of overall survival. To read nomogram, a vertical



Table 2. Mean age + error standard of time free of dependence, time free of frailty and survival time. P-value of

equality of survivor curves contrasted with the Log-Rank test.

Dependence-free Frailty-free Survival
Time Time Time
Mean Age (E.S.) p-value Mean Age (E.S.) p-value Mean Age (E.S.) p-value

Gender

Male 87.09 (1.03) 86.05 (1.01) 91.44 (1.20)

Female 86.07 (0.50) 0.468 85.86 (0.55) 0.784 92.88 (0.80) 0.004
Marital state

With partner 84.25 (0.60) 83.27 (0.56) 89.20 (0.66)

No partner 87.83 (0.55) <0001 o761 (0.6a) <0001 9385 (077) 0.008
Educational level

No Read/Write 85.53 (0.90) 84.85 (0.99) 88.59 (0.97)

Primary studies 86.53 (0.54) 0.457 86.48 (0.59) 0.057 93.77 (0.75) 0.008

High school or higher 84.22 (1.16) 82.24 (1.09) 86.81 (0.72)
Number cohabitants

Live alone 87.71 (0.80) 87.51 (0.84) 89.83 (0.77)

2 cohabitants 84.44 (0.78) 0.052 84.67 (0.74) 0.033 89.10 (1.08) 0.448

3 or more cohabitants 86.93 (0.46) 85.99 (0.83) 89.15 (0.89)
Chronicity level

Healthy /Low level 89.65 (0.85) 90.92 (0.86) 95.38 (1.00)

Medium level 85.21 (0.65) <0.001 84.44 (0.67) <0.001 92.53 (1.09) <0.001

Severe level 84.34 (0.46) 83.04 (0.81) 88.94 (1.00)
Barthel index

No dependent 93.80 (0.89) 0.047

Dependent 91.87 (0.68) ’
SPPB index

No frail 87.57 (0.83) 90.66 (0.55)

Frail 86.37 (0.58) 0.588 93.94 (0.79) 0.411
Frail-VIG index

No frail 88.44 (0.93) 96.45 (0.73)

Frail 85.20 (0.57) 0.001 90.95 (0.82) <0.001

Dependence-free probabilty

— With partner
No partner

Time (starting point 70 yr)

— Healthy/Low chronicity level
Medium/Severe chronicity level

Time (starting point 70 yr.)

Dependence-free probabilty

— Nofrail (VIG)
1| - Frail (vig)

Time (starting point 70 yr.)

(a) Marital
<0.001).

estate

(b)
value <0.001).

Chronicity disease level (p (¢) Frail-VIG (p value 0.001).

(p

Figure 1. Kaplan-Meier estimates of the Dependence-free functions.
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(a) Number cohabitants (p value (b) Marital state (p value <0.001).

0.033).

Frail-free probabilty

Time (starting point 70 yr)

Frail-free probabilty

— Healthy/Low chronicity level
o MediumiSevere chronicty level

Time (starting point 70 yr)

(¢) Chronicity disease level (p
value <0.001).

Figure 2. Kaplan-Meier estimates of the Frailty-free functions.
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(a) Gender (p value 0.004).
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P
84
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Survivor function
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(b) Marital state (p value 0.008).

Survivor function

Time (starting point 70 yr.)

(e) Barthel index (p value 0.047).

Survivor function

— No basic studies
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(¢) Educational
0.003).
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<0.001).
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Figure 3. Kaplan-Meier estimates of the survivor functions.



Table 3. Multivariate Cox models analysis of time to dependence, frailty and survival.

L.Cgs% exp(B)

Covariate B e.s.(B) z p-value exp(B8) Inf. Sup.
Dependence
Gender 0.688 0.228 3.018 0.002 1.99 1.27 3.11
Marital status -1.187 0.238 -4.993  <0.001 0.31 0.19 0.49
Chronicity level 1.029 0.240 4.252  <0.001 2.80 1.74 4.50
Frailty
Gender 0.468 0.209 2.230 0.026 1.60 1.06 2.41
Marital status -1.088 0.223 -4.882  <0.001 0.33 0.22 0.52
Chronicity level 1.512 0.271 5.573  <0.001 4.53 2.66 7.71
Survival
Gender -0.968 0.281 -3.451 0.001 0.38 0.22 0.66
FEducational level -0.811 0.348 -2.329 0.020 0.45 0.23 0.88
Frail-VIG 1.070 0.319 3.346 0.001 2.92 1.56 5.46
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(a) Dependence. (b) Frailty.

Figure 4. Nomograms for predicting Dependence-free and Frailty-free at 75, 85 and 90 years old.

line must be drawn from each tick mark indicating the characteristics of the patient
to the top axis (Points). Once the total points with all the characteristics have been
computed, the corresponding number must be found on the axis ( Total Points). Then,
from this localized value of total points drawing a vertical line down to the probability
axis, the probabilities of being event-free at 75, 85 and 90 years old are obtained. To
assess model accuracy (discriminatory ability), the concordance index ¢ was calculated,
obtained a value of ¢ = 0.69 for dependence model, ¢ = 0.70 for frailty model and
c = 0.66 for survival model.

4. Discussion
In our research we studied the sociodemographic and clinical risk factors in general

population aged 70 years or over that may influence in frailty, dependency and mortal-
ity. Then, we developed mathematical models and nomograms to predict these adverse

10
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Figure 5. Nomograms for predicting survival at 75, 85 and 90 years old.

outcomes. The prognosis factors estimated are variables easy to obtain in the medi-
cal assistance except the chronicity level, shown usually by the computerized medical
history shows it.

To the best of our knowledge, there are few studies in occidental population that
develop mathematical models and nomograms of frailty, dependency and mortality.
This is the first made in Spanish population, in an average income population. We
studied previously in this sample the clinical risk factors of frailty and dependency
and developed mathematical models [11]. Currently we study mortality at three years
in the same sample, in order to analyze the risk factors related to frailty, dependency
and mortality.

In previous mathematical models considering frailty, they use the Fried’s criteria
[16, 17, 19] or a frailty index developed just for that study. In our study we use frail-VIG
index, already used in various investigations [5, 10, 54, 56]. This is a difference between
previous mortality models [13, 40, 51] that use diverse frailty indexes: in each one of
them, they developed a different frailty index based on the Searle’s methodology [45].
The rules of this methodology are the following: at first, variables might to be selected
by the following criteria: variables must be deficits associated with health status; a
deficit’s prevalence must be generally increased with age, although some clearly age-
related adverse conditions can decrease in prevalence at very advanced ages due to
survivor effects; the chosen deficits must not be saturated too early; when considering
the candidate deficits as a group, the deficits that make up a frailty index must cover a
range of systems; and if a single frailty index is to be used serially on the same people,
the items that make up the frailty index need to be the same from one iteration to
the next. Deficits should be added until 30-40 deficits, but 20 is the minimum required
[12].

The results of the multivariate Cox models determine that the risk factors for de-
veloping frailty or dependency are female gender, chronicity level 2 or 3, and marriage.
The risk factors for mortality are male gender, low educational level and being frail

11



according to frail-VIG index. We can equate in our study the hierarchy described by
Zamudio et al [58] of the continuum between physical frailty and dependency, but
using the frail-VIG index. Time free of dependency is higher in each group than time
free of frailty in the predictive models.

About risk factors, we observed that frail people have a risk of dying almost three
times higher than a patient classified as not frail. Frailty, measured with Fried’s criteria
or with a frail index, increases with age [19, 48], and each of them has modest but
comparable ability to predict all-cause of mortality [31]. Recently, Stolz et al concluded
that the rate of the frail index change is more important than the current frail index
level for short-term mortality prediction among the oldest old [51]. This differs from
Bai et al [6] results (cohort studied for 40 years), study in which the current level of
the frail index is as a stronger marker for risk stratification than the rate of change.
Frailty is related with disability and morbidity: they are associated with each other
and may overlap [19, 44, 53]. Between 23% and 26% of the frail elderly people do
not have disability or comorbidity [2], but we see that comorbidity is a clinical risk
factor for frailty, dependency and mortality. In our research, chronicity level was a
risk factor in the univariate analysis of frailty, dependence and mortality, but not in
the multivariate analysis of mortality. The frail-VIG index includes various diseases
variables, but chronicity level was not significant in the mortality model. This topic
could be the subject of future studies: analyzing which variable best predicts mortality,
chronicity level or frailty.

Gender influences on the three adverse outcomes, but in a different way. Dependence
and frailty risk is higher in women than men, but mortality risk is lower in case of
women. In the multivariate analysis we obtained a 62% mortality reduction in women
compared with men. This finding is aligned with the Zhang et al [59] study, in which
women had higher frailty than men, but men higher mortality than women. In a recent
meta-analysis is described as a no association between gender and frailty-mortality’s
[18]. There is controversy on this topic regarding gender and frailty-mortality’s associ-
ation, and future studies should investigate this association. Regarding marital status,
be married was a risk factor for frailty, dependency and mortality. It differs of other
studies that analyzed this topic: a meta-analysis of cross-sectional data regarding as-
sociations between marital status and frailty among community-dwelling older people
showed almost twice higher frailty risk in unmarried individuals compared with mar-
ried individuals [32]. One possible explanation is that psychological stress and social
isolation are related with singles, and this increases unhealthy behaviours [32]. Tre-
visan et al [55] found differences between gender, marital status and frailty: single men
had higher risk of frailty, and widowed women showed less risk than married ones. The
greater risk of frailty and dependency in married people could have two explanations.
At first, married people could fulfill the needs between them. In second place, many
people unable to be independent go to a nursing home, they are institutionalized.

Although SPPB is a disability indicator [26] and an important tool for decision-
making in frailty management algorithms [37], in our study SPPB was not a prognosis
factor for frailty, dependency or mortality. We used the cut-off point “7”, because it
was the best one identified in the Fradea’s study [1] to associate frailty, and this cut-off
point increases the risk of mortality [15]. The absence of the relationship could have
two explanations: first, several participants could not take the SPPB because they did
not understand the instructions and process, or they physically could not do it at all
(there were robust patients who had been operated); second, there could be a fast
deterioration in the SPPB level over the three years.

Finally, low educational level increases the mortality risk. This association has also
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been observed in the Stolz et al study [51], and in the HRS, ELSA, LASA and SHARE
cohorts [7, 30, 49, 50].

Nomograms are a visual and easy tools to use in a clinic context. Most of the
nomograms related to frailty in community dwelling have been recently developed in
the eastern population. In 2021 Bing-Ru et al [17] developed a nomogram to predict
the frailty progression (measured with Fried’s criteria) in people aged 60 years or
over the in general population. In 2022, Li et al [33] developed a nomogram with 30
variables to predict frailty using a frailty index in Chinese people. We consider that
Li’s nomogram could not be applicable in other countries due to proposed variables: in
addition to age, physical exercise. . . there is the weekly consumption of garlic or being
Han race. Gu et al [24] developed in 2022 a prediction model to estimate mortality in
the oldest old, and consider too the Han race. Both models would require adaptation
for the application in other countries.

Respect dependency nomograms, a systematic review published in 2022 [23] con-
cluded that no model for functional status can be recommended for implementation
in practice. Recently, Gobbens et al [21] developed nomograms to predict total dis-
ability, activities of daily living disability (ADL) and instrumental activities of daily
living disability (IADL), using the Tilburg Frailty Indicator (TFT) [21]. The variables
of the nomogram were the TFI items, they do not take into account disease’s related
variables. The three nomograms developed in our study are composed of variables
easily obtainable by the physician, only the chronicity level must be given by the com-
puterized medical history. It is easy to calculate time free from frailty, dependency
and mortality using them.

One strength of the study is that it was carried out in the general population in an
average income population. All patients 70 years or older from two physicians were
included except those institutionalized. The internal validity and the concordance
index for the three models are adequate (¢=0.70 for the frailty model, ¢=0,69 for the
dependence model and ¢=0,66 for the survival model).

Several limitations of this study should be addressed. The external validity is limited
because the sample is a small group in one specific geographical area. There are few
patients with advanced frailty because institutionalized people were excluded. It was
very difficult to collect their data, but we collected the data from patients bedridden
at home. External validity will be performed in the future with new data.

We selected the age of 70 years because it is when the Spanish Ministry of Health
[37] recommends screening for frailty. In our study we can see important differences
between diverse groups, for example: the probability at 85 years old to be free of
dependency of a non-married men with low chronicity level is 99.2%, and 17.3% for
a married woman with moderate or high chronicity. Our results can help healthcare
professionals to empower patients by calculating their risks of frailty, dependency and
mortality. The competent authorities could consider the risks obtained to design a
health plan for the elderly.

5. Conclusions

In conclusion, we developed three models and nomograms to estimate the frailty,
dependency and mortality risk for 70-years-old in general population, and analyzed
the risk factors. The health actions to prevent frailty and dependence should focus on
reducing the chronicity level, especially in women. To delay mortality, an individualized
approach should be implemented in frail people. The risks are easy to calculate by the
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doctor with the nomograms, and differences observed between the groups of models
imply the adaptation of the clinical needs of the patients. Further studies are needed to
determine other health and social risk factors, also analyzing the differences between
genders.
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Appendix A. Frail-VIG index
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Frail-VIG index

Domain Variable Description Yes | No
Money management Needs help managing financial matters (bank, shops, restaurants) 1 0
|ADLs Telephone use Needs help using the telephone 1 0
Medication management Needs assistance in preparing or administering medications 1 0
Functional No dependency (1B = 55)
Barthel Index Mild-moderzate dependency (1B 90-65)
BADLs (81)
Moderzte-severe dependency (1B 60-25)
Absolute dependency {18 £20)
Nutritional Malnutrition Weigh loss 2 5% in the last € months 1 0
No cognitive impairment
Cognitive Degree °f conitive Mild-moderate cognitive impairment (equivalent to GDS $5)?
impairment
Severe-very severe cognitive impzirment {equivalent to GDS 2 6)?
Depressive syndrome Need for antidepressant medication 1 0
Emotional : : Frequent need for benzodiazepines or other psychiatric drugs with a sedative effect for
Insomnia/znxiety E S 4 1 0
insomnia/anxiety
Social Saocial vulnerability Do health care professionals perceive the prasence of social vulnerability? 1 0
Delirium Presence of delirium and/or behaviour disorder requiring antipsychotic drugs in the last & 1 0
months
Falis In the last 6 months, 22 falls or hospitalization due to a fall 1 0
Geriatric syndromes Ulcers Presence of ulcer (pressure or vascular, any grade) 1 0
Polypharmacy Taking 25 drugs 1 0
" Difficulty swallowing when eating or drinking? Presence of aspiration respiratory infections
h
Dysphagiz during the last 6 months? 1 o
Pzin Need for 22 conventional analgesics and/or strong opioids for pain control 1 0
Severe symp
Dyspnea Basal dyspnea impeding the ability to lezve the house and/or opiocids are frequently needed 1 0
Cancer Active cancer 1 0
Respiratory Presence of any type of chronic respiratory disease 1 0
Cardiac Presence of any type of chronic heart disease 1 0
Di (+)
Neurological Presence of any type of neurodegenerative disease or 2 history of stroke 1 0
Digestive Presence of any type of chronic digestive disease 1 0
Renal Prasence of chronic renzl failure (Glomerular filtration rate <50) 1 0

Frail-VIG index (X/25)

ADLs Basic Activities of Daily Living, IAVDs Instrumental Activities of Daily Living, GDS Global Deteriorztion Scale. (+) two point are scored if the patient presents
criteria for advanced chronic iliness on the NECPAL test, available at:
http://ico.gencat.cat/web/_content/minisite/ico/professionals/documents/qualy/arxius/NECPAL-3.0-ENGLISH_full-version.pdf
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