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Abstract

The progressive incorporation of quality of life indicators in health planning meets a critical
need: The evaluation of the performance of health services, which are under stress by multi-
ple causes, but in particular by an ageing population. In general, national health plans rely
on health expectancies obtained using the Sullivan method. The Sullivan health expectancy
index combines age-specific mortality rates and age-specific prevalence of healthy life,
obtained from health surveys. The objective of this work is to investigate an equivalent esti-
mation, using available information from morbidity and mortality datasets. Mortality and mor-
bidity information, corresponding to years 2016 and 2017, was obtained for the population
of the county of Baix Emporda (Catalonia), N = 91,130. Anonymized individual information
on diagnoses, procedures and pharmacy consumption contained in the individual clinical
record (ICD and ATC codes), were classified into health states. Based on the observed
health transitions and mortality, life expectancies by health state were obtained from a multi-
state microsimulation model. Healthy life expectancies at birth and 65 years for females and
males were respectively HLE,®™® = 39.94, HLE,™® = 42.87, HLE 5™ = 2.43, HLEgs-
male — 2 17. These results differed considerably from the Sullivan equivalents, e.g., 8.25
years less for HLEgs ™2, 9.26 less for HLEgs™@'®. Point estimates for global life expectan-
cies at birth and 65 years of age: LE,®™a*® = 85.82, LE,™'® = 80.58, LEgs"°M3"° = 22.31,
LEgs™2® = 18.86. Health indicators can be efficiently obtained from multistate models based
on mortality and morbidity information, without the use of health surveys. This alternative
method could be used for monitoring populations in the context of health planning. Life
Expectancy results were consistent with the standard government reports. Due to the differ-
ent approximation to the concept of health (data-based versus self-perception), healthy life
expectancies obtained from multistate micro simulation are consistently lower than those
calculated with the standard Sullivan method.
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Introduction

The progressive incorporation of quality of life indicators in health planning meets a critical
need: The evaluation of the performance of health services, which are under stress by multiple
causes, but in particular by an ageing population. There is a growing interest in measuring not
only the number of years lived, but also the quality, adding concepts such as chronic disease
burden or self-perceived health status. According to its most extended definition, Life Expec-
tancy (LE) can be obtained as the average future lifetime for a person of a certain specific age,
assuming that current age-specific mortality rates remain constant [1]. However, despite the
broad consensus on the calculation of LE, the measurement of quality of life remains a more
complex issue [2-7]

Different types of Health Expectancies (HE), are obtained as mixed indicators, combining
LE and a certain approach to the concept of health. For example, Healthy Life Expectancy
(HLE) can be defined as the average number of years a hypothetical cohort would life in good
health, subject to the current mortality and morbidity conditions [8]. In general, health expec-
tations are usually calculated based on the Sullivan method, i.e. by combining a given preva-
lence rate and the age-specific mortality rate [9-11]. This method is the standard for
comparison between different populations and also for comparison over time for the same
population [12].

The critical element in the calculation of HE is the measurement of the concept of health,
which can be approached from different dimensions, such as the individual self-perceived
health, occurrence of chronic diseases or disability. For example, HLE uses the subjective per-
ception of health obtained from population surveys [10, 13, 14]. The measure of self-perceived
health is inferred from one or more simple questions, in which the respondent answers
according to his own or her assessment. There is an European agreement on the use of com-
mon questions for the purpose of standardisation [14].

Despite the consensus on the definition of indicators such as the HLE, it is important to
consider its dependence on the availability of health surveys, usually conducted only on a lim-
ited basis, with relatively small but representative population samples, for certain periods and
population areas, and implying considerable economic costs. For this reason, an important
question that emerges is whether the enormous amount of clinical-administrative information
stored by health systems can be used to obtain equivalent HE indicators. An affirmative answer
to the question would imply that HE can be produced more efficiently.

This idea is based upon two considerations. First, demographic and clinical information
can be easily transformed into categories equivalent to health states [15-18], i.e. adjustment or
classification systems for the clinical management of patients. For example, 3M™ Clinical Risk
Groups (CRG) software approximates the health status of individuals in a population,
described from a clinical point of view (chronic disease burden), from the set of diagnostic and
consumption codes of pharmacies registered during a given period [15]. Second, individual
lifetime trajectories and global expectations can be obtained by integrating demographic, clini-
cal and mortality information into micro simulation models [19-22].

The development of new efficient HLE methodologies is important because HLE is consid-
ered an essential indicator of the overall performance of any healthcare system. The previous
affirmation is evidenced by the fact that HLE indicators are well established in the EU statistics
and are present in most European countries’ health plans.

However, without questioning the suitability of the Sullivan method for international com-
parisons between countries, a research question that arises is whether an efficient alternative to
standard HLE indicators can be obtained. We refer, for example, to relatively small popula-
tions, sometimes located in well-defined geographical areas, sharing a common health plan,
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clinical data, and financing scheme. In these situations, LE and HLE can be used as synthetic
performance measures of the outcomes of healthcare services [23]. In line with the above
ideas, the main objective of this study is to obtain an alternative estimation of HLE inferred
from demographic, morbidity, and mortality data available for a specific population. Through-
out this work, and just for comparative purposes, we show the HLE calculation using the stan-
dard Sullivan’s estimate [24], conducted by the Catalan government for the same population.
Methodological and conceptual differences related to HLE constructions (data versus self-per-
ception based) will be discussed in the further sections of the article.

Material and methods
Population data

Individual data of the population of the county of Baix Emporda (Catalonia) was collected ex-
post for the consecutive years 2016 and 2017. The resident population, covered by the public
insurance scheme, was composed of 91,130 individuals, of whom we had complete follow-up
in the health system of N = 87,850 (individuals included in the study). The data collection was
conducted in the first quarter of 2019. The set of anonymized individual information included
demographic, morbidity, and mortality data. The particular subset of morbidity data included
exhaustive individual information on diagnoses, procedures and pharmacy consumption con-
tained in the individual clinical record, according to the International Classification of Dis-
eases (ICD) and Anatomical Therapeutic Chemical Classification system (ATC) codes

[25, 26].

The dataset was made possible thanks to the support of Serveis de Salut Integrats Baix
Emporda (SSIBE, www.ssibe.cat), an integrated healthcare management organisation respon-
sible for the integrated public provision of health services for the population living in the
county of Baix Emporda (Catalonia). The services provided included acute inpatient care,
acute outpatient care, primary care, pharmacy prescriptions, diagnostic tests, emergencies,
and long-term residential care services. The framework of organization and delivery of health-
care services described above is equivalent to an integrated care delivery system.

For clinical management purposes the Baix Emporda population was individually classified
into health states according to the 3M™ Clinical Risk Groups (CRG) software (version 1.9).
Individuals were classified into mutually exclusive categories according to their clinical data
and demographic characteristics. The original CRG health status classification aggregates indi-
viduals into nine categories: 1. Healthy; 2. History of significant acute disease; 3. Single minor
chronic disease; 4. Minor chronic disease in multiple organ systems; 5. Single dominant or
moderate chronic disease; 6. Significant chronic disease in multiple organ systems; 7. Domi-
nant chronic disease in three or more organ systems; 8. Dominant and metastatic malignancies
and 9. Catastrophic conditions.

Throughout this article, we used the CRG classification as a proxy of the health status of the
population. However, with the objective of minimizing the number of groups with a reduced
number of individuals, we aggregated individual morbidity histories into six health status: 1.
Healthy; 2. Significant acute disease; 3. Minor chronic disease; 4. Significant chronic disease in
one or two organ systems; 5. Significant chronic disease in three or more organ systems—Cat-
astrophic conditions; 6. Dominant and metastatic malignancies.

ICD codes on diagnostics and procedures and ATC drug codes related to the 87,850 indi-
viduals included in the study were collected between January 1, 2016, and December 31, 2017.
A number of 758 deaths corresponding to individuals in the study population were reported
during the year 2017.
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Fig 1. Study population at December 31, 2016 (N = 87,850).
https://doi.org/10.1371/journal.pone.0302174.9001

The demographic characteristics and the CRG status of the population at December 31,
2016 are shown in Fig 1 and S1 Table.

Fig 2 shows how the individual data (individual ICD and ATC codes) [25, 26], coming
from different clinical sources, were transformed into CRG categories equivalent to health sta-
tus [15].

Healthy Life Expectancy by multistate micro simulation (HLE-MMS)

Based on the individual health status transitions observed between 2016 and 2017, life expec-
tancies by health state, were obtained from a multistate Markov chain microsimulation model.
According to the fundamental Markov chain assumptions, time in the process takes dis-

crete values t = 1,2, .. ., n (natural years), as well as the space of states X, ;,X; 5,. . .,X; . Conse-
quently, the health status of an individual for a specific year was assumed depending only on
the health status observed in the previous year. In other words, the last observed status summa-
rised the health history of the individual [18-21].

PX,=x|X, ,=x_,.... X, =%, X, =x) =P(X, =x|X,_, =x,_,) (1)

The transition probabilities required in the model were assumed stationary, i.e., constant
over time and were estimated from the individual health status transitions observed for the
couple of years 2016-2017. Following the previous definitions, we considered six health states
plus death as a final absorbing state at the second year (2017). Moreover, we considered sex
and ten age groups: < 1 year of age, 1-14 years of age, 15-24, 25-34, 35-44, 45-54, 55-64, 65—

PLOS ONE | https://doi.org/10.1371/journal.po

ne.0302174 May 21, 2024 4/13


https://doi.org/10.1371/journal.pone.0302174.g001
https://doi.org/10.1371/journal.pone.0302174

PLOS ONE

Measuring population health using health expectancy estimates from morbidity and mortality databases

Service Line
Acute Outpatient
Haemodialysis
Rehabilitation
Specialist consultant
Hyperbaric therapy

Acute inpatient
Acute hospitalisation
Surgical areas
Day hospital
Palliative care
Blood transfusions
Prosthesis
Impatient medication

Primary care
General practitioner

Residential care
Day-care centres
Long-term care
Nusring home care

Emergencies
Emergencies

Pharmacy prescriptions
High cost chronic
General / Specialist

Diagnostic tests
Anatomic pathology
Laboratory
Nuclear medicine
Radiology

Individual 1 Individual 2 Individual 3 Individual 4 Individual n
GP visit A&E episode Specialist visit Specialist visit Specialist visit
GP visit Hospital Stay GP visit HC medication GP visit
Haemat. Test PC mediction Specialist ctrl PC mediction
Microbio. Test GP control HC medication GP control
Emergency Lab  PC medication Specialist ctrl PC medication
Health information system H medication GP control HC medication A&E episode
Service line minimum datasets Knee prosth. PC medication Specialist ctrl Emergency Lab
Patient Surgical area GP control HC medication Microbio. Test
Demographic characteristics Rx Knee A&E episode Hosp. Stay
Activity & treatment Rehab session Emergency Lab H medication
ICD Diagnostic and procedures ! A&E episode Microbio. Test Exitus
ATC Pharmacy > Day Hospital Hosp. Stay
H medication H medication
GP visit RX Lung
Specialist visit
Patient classification system
Clinical Risk Groups (CRG) ° Patient classification
Healthy Acute disease Minor chronic Dom. chronic -
Mortality information Exitus filtration
Mortality register - - - - Death
Health status
Healthy Acute disease Minor chronic Domlngnt Death
chronic

Population or geographical area

Fig 2. Transformation of individual morbidity and mortality data to health status. 1. International Statistical Classification of Diseases and Related Health
Problems (ICD); 2. Anatomical Therapeutic Chemical (ATC) Classification; 3. Clinical Risk Groups (CRGs).

https://doi.org/10.1371/journal.pone.0302174.9002

74, 75-84,> = 85. The design of the age groups balanced two aspects: first, homogeneity of

morbidity and mortality within the groups and second, ensure a minimum number of individ-
uals in each cell [sex * age-group * health-state].

The health transition model is described in Fig 3.

The maximum likelihood estimator of the stationary transition probabilities was simply
obtained as counts or frequencies:

pi(age,t) = s;(age, t)/s;(age, t — 1)

(2)

where t = 1, 2,.. ., T are the times of observation, i,j = 1, 2, . . ., m are the states of the process
and S;; are the number of individuals having state j at time ¢, having state i at time ¢-1.
The result was an initial set of 20 transition matrices, corresponding to the defined age

groups, 10 for men and 10 for women (S2 Table). According to the design of the

Health status 2016

1. Healthy

2. Significant acute disease

3. Minor chronic disease

4. Significant disease < 3 organ systems

5. Sig. disease >= 3 o.s. / Catastrohpic conditions

6. Dominant and metastatic malignancies

Health status 2017

1. Healthy

2. Significant acute disease

3. Minor chronic disease

4. Significant disease < 3 organ systems

5. Sig. disease >= 3 o.s. / Catastrohpic conditions

. |6. Dominant and metastatic malignancies

7. Death

Fig 3. Health status transition model. "Sig.": significant; "0.s.": organ systems.

https://doi.org/10.1371/journal.pone.0302174.9003
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experiment, these probabilities were age-group centred. Then, except for the first age group
(< 1year of age), we interpolated the yearly transition probabilities using cubic splines. The
result was a set of 182 matrices describing the yearly transitions, 91 matrices for men and 91
for women (0 to > = 90 years of age) (S3 Table). This design (first estimate transition proba-
bilities by age group and then interpolate annual probabilities) ensures a minimum number
of individuals in each cell [sex * age-group * health-state] and guarantees a robust
estimation.

In the next step, we generated a sample of random lifetime trajectories according to the
observed transition probabilities, N; = 10,000 females, and N, = 10,000 males. The algorithm
started assigning an initial health status for a standard individual. Such initial assignation
reproduced the composition of the population group < 1 year of age. Hereinafter, for each
individual, the model generated a sequence of cycles from birth until death (final absorbing
state). A new cycle in the simulation represented an additional year of life. According to the
Monte Carlo simulation scheme, changes in the health status were obtained generating
pseudo-random numbers and comparing them to the transition probabilities. The final result
was a random sample from which we can calculate Health Expectancies according to the stan-
dard demographic formula:

e = Ly ji=1,2

xj 1 — Lysy -
x

k (3)

j=1,2,...,7were the defined states of the process, L,,; the number of person years lived at age
yin the state j and I, the number of survivors at age X.

The healthy life expectancy metrics from this model (HLE-MMS) corresponds to the CRG
status “1. Healthy”.

Graphics, data management and statistical calculations were conducted using the
Microsoft Office Suite and the Office Visual Basic for Applications (VBA) programming
libraries [27].

Healthy Life Expectancy by Sullivan’s method (HLE-Sullivan)

Considering the county of Baix Emporda as a specific geographical area in Catalonia, HLE
estimates of the study population can be obtained from government official reports. Within
the period of study, the Catalan Health Department (Departament de Salut) calculated
global HLE estimates, for the general Catalan population. HLE estimates were periodically
calculated by sex, at different ages of interest, using mortality and self-perception of health
information. Mortality data was systematically obtained from the Catalan Register of Mor-
tality (RMC) and the information on self-perception of health from the Catalan Health Sur-
vey (ESCA) [13, 24]. Moreover, the self-perception of health question in the survey
included the standard answers: 1. Very good (VGOOD); 2. Good (GOOD); 3. Fair (FAIR);
4. Bad (BAD); 5. Very bad (VBAD); according to the European Health Interview Survey
(EHIS) and the definition of dimensions of the EU statistics on income and living condi-
tions (EU-SILC) methodology [14]. Since, question and answers were exactly the same, the
HLE indicators obtained from the Catalan government health department are comparable
to the equivalent European standards from the European Health and Life Expectancy Infor-
mation System (EHLEIS) [12, 14].

Throughout the study we, and just for comparative purposes, used the global Catalan HLE
estimates calculated for 2017 as a HLE proxy for the Baix Emporda population for the period
2016-2017.

PLOS ONE | https://doi.org/10.1371/journal.pone.0302174 May 21, 2024 6/13


https://doi.org/10.1371/journal.pone.0302174

PLOS ONE

Measuring population health using health expectancy estimates from morbidity and mortality databases

Ethical considerations

The study was conducted in compliance with the Declaration of Helsinki (version in force;
approved at the 64th General Assembly, Fortaleza, Brazil, October 2013) and in accordance
with Law 14/2007, of July 3, on Biomedical Research.

The processing of personal and health data was in accordance with Regulation (EU) 2016/
679 of the European Parliament and of the Council of 27 April 2016 on the protection of natu-
ral persons with regard to the processing of personal data and on the free movement of such
data and repealing Directive 95/46/EC (GDPR) and in the Organic Law 3/2018, of 5 Decem-
ber, on the protection of personal data and guarantee of digital rights (LOPDGDDD), pub-
lished in the BOE on 6 December 2018.

Only information related to the study was recorded. The database was pseudo-anonymized
by a member of the SSIBE Research Department, ensuring technical and functional separation
with the research team.

It was considered unnecessary to obtain informed consent for access to the patients’ EHRs
based on the following considerations:

« This was a retrospective study.

o The data extraction and recording system designed allowed for technical and functional
separation.

o No specific recruitment activity was performed, and all data were displayed in an aggregated
format that does not allow the identification of specific patients.

Results

HLE-MMS: Combining mortality and available data on individual
morbidity

The output of the multistate micro simulation model is a random sample of individual lifetime
trajectories. A numerical approach of the global Life Expectancy function can be obtained
from the sample just applying the standard demographic formulas. Moreover, the individual
health status changes, along the lifespan, were recorded in the simulation data. Consequently,
specific LE functions were also split according to the health status defined in the model: 1.
Healthy; 2. Significant acute disease; 3. Minor chronic disease; 4. Significant chronic disease in
one or two organ systems; 5. Significant chronic disease in three or more organ systems—Cat-
astrophic conditions; 6. Dominant and metastatic malignancies. We assumed that the LE func-
tion for the health status ‘1. Healthy’ is equivalent to the HLE indicator obtained from the for
the multistate micro simulation model (HLE-MMS).

Full numerical approximations of the LE function by health status are shown in the Fig 4.
HLE-MMS point estimates at birth and 65 years for females and males were respectively HLE-
MMS, ™ = 39.94; HLE-MMS, ™€ = 42.87; HLE-MMS45™%% = 2.43; HLE-MMS45™¢ = 2.17.

Finally, full Life Expectancies can also be obtained from the HLE-MMS model, considering all
the coloured area in the Fig 4 (defined as LE-MMS). Point estimates at birth and 65 years of age:
LE-MMS, ™ = 85.82; LE-MMS,™ = 80.58; LE-MMSgs™% = 22.31; LE-MMSs™¢ = 18.86.

HLE-Sullivan: Combining mortality and standard health survey information

Since specific indicators of HLE-Sullivan for the population of the area of Baix Emporda were
not available, in accordance with the methodology, we used the Catalan government estimates
on mortality, demographic and health indicators, published for the year 2017. According to
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the official Catalan report [24] the values of HLE values are shown in the Table 1. HLE-Sullivan
(HLE-S) point estimates at birth and 65 years for females and males were respectively HLE-

Sofemale = 66.08; HLE-So™ = 66.62; HLE-Sgs ™ = 10.68; HLE-Sg5™ = 11.43.

As can be appreciated, the values obtained for the HLE-MMS indicators differed consider-
ably from those obtained in the Table 1 for the HLE-Sullivan equivalent, e.g., 8.25 years less for
HLE5" ™, 9.26 less for HLEgs™.

Table 1. HLE-S. Catalonia 2017.

Female Male
Age (years) HLE-S SE HLE-S SE
0 66.08 0.6539 66.62 0.5869
1 65.23 0.6554 65.78 0.5883
5 61.5 0.6496 62.12 0.5805
10 56.8 0.6443 57.26 0.5781
15 51.86 0.6429 52.51 0.5711
20 47.24 0.6317 47.68 0.5681
25 42.35 0.6292 42.96 0.5607
30 37.57 0.6239 38.35 0.5519
35 33.18 0.6113 33.64 0.5476
40 28.96 0.5973 29.32 0.5358
45 24.87 0.5839 24.95 0.5285
50 20.82 0.5681 20.72 0.5184
55 17.1 0.551 17.28 0.4984
60 14.01 0.5271 14.17 0.4797
65 10.68 0.5027 11.43 0.4579
70 7.81 0.4716 8.96 0.4306
75 5.78 0.4178 6.73 0.3963
80 4.05 0.3794 4.15 0.3603
SE Standard errors.

Source: Freitas-Ramirez A, Puigdefabregas-Serra A, Ribas G, Molina P [24].

https://doi.org/10.1371/journal.pone.0302174.t001
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Table 2. Life Expectancy, LE-MMS vs Government reports. Catalonia 2017.

Age

0

10
20
30
40
50
60
70
80
90

Female
85.82
75.86
65.99
56.09
46.23
36.49
26.99
17.82

9.86
6.45

SSIBE—2017"
Male
80.58
70.60
60.74
50.91
41.05
31.52
22.86
15.20

8.98
6.42

Catalonia—2017 Spain—2017

Total Female Male Total Female Male Total
83.20 86.16 80.71 83.5 85.73 80.37 83.09
73.23 76.41 70.97 73.75 75.99 70.68 73.37
63.36 66.47 61.08 63.84 66.06 60.77 63.46
53.50 56.57 51.27 53.99 56.17 50.99 53.62
43.64 46.72 41.54 44.2 46.33 41.26 43.84
34.02 37.05 32.03 34.62 36.69 31.82 34.31
24.97 27.79 23.25 25.62 27.44 23.13 25.37
16.60 18.87 15.45 17.31 18.59 15.37 17.11
9.49 10.71 8.7 9.89 10.56 8.72 9.8
6.44 491 4.14 4.67 4.86 4.24 4.67

1. Global life expectancies obtained from the HLE-MMS model.
Source: Freitas-Ramirez A, Puigdefabregas-Serra A, Ribas G, Molina P [24]; INE, 2021. Esperanza de vida a diferentes edades [28].

https://doi.org/10.1371/journal.pone.0302174.t1002

Life Expectancy

Given that the two versions of the HLE indicators were considerably different, an interesting
exercise consists in comparing full life expectancies obtained from the multistate micro simu-
lation with those obtained from the standard mortality model. For that purpose, we compared
the LE obtained from the HLE-MMS model with the official standard reports on mortality and
LE for Catalonia in 2017. We considered two sources of government data: 1. Catalan govern-
ment reports [24] and 2. Spanish national institute of statistics (INE) reports [28], see Table 2.

Although HLE values based on individual morbidity data substantially differed from the
official estimates based on self-reported health surveys (previous sections), the global LE indi-
cators from both approaches were very close. According to the Catalan government data, the
point estimates for LE at birth were: LE*™ = 86.16; LE,™° = 80.71. According to the INE
data for Catalonia, the point estimates for LE at birth were: LE,™¢ = 85.73; LE,™ = 80.37.
This similarity is maintained along all the range of ages except for the elder groups (> = 90
years of age). For these groups, the HLE-MMS model tend to overestimate LE in approxi-
mately 1.77 years.

Therefore, setting aside the different conception of HE, and apart from eldest individuals,
the proposed approach converges on the same values for the LE estimates.

Discussion

A first aspect to discuss is the different concept of health embedded in the two approaches
compared in the article. The significant difference in the results is simply a reflection of such
different conception of health status. Beyond the 1947 World Health Organization’s (WHO)
definition of health “. .. complete physical, mental and social wellbeing. . .”, the literature
reports difficulties in establishing a common and uniform concept of health. More recent
approaches consider healthcare organisations, health care workers and patients as different
agents with a non-uniform perspective on health [29]. Moreover, focusing on the patient con-
text, the self-perception of health is a psychological and cultural convention susceptible to sig-
nificant variability among individuals [30]. Other authors conclude that the inference of health
status from clinical records on attended morbidity approximates to the subjective perception
of health and vice versa. However, certain socio-demographic factors modulate the individual
perception. Different studies described only moderate or fair agreement comparing self-
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reported morbidity and pharmacy prescription. Individual factors such as age, gender, marital
status, education, poor-delayed recall, depression and polypharmacy were significantly associ-
ated with discordance between morbidity measures [31-33].

The research team considered to calculate the specific HLE-Sullivan estimate for the study
population (instead of the global Catalan estimate), since it was feasible from the data available.
Although, it would result in a more precise HLE estimate, since the focus of the study is the
alternative multistate micro simulation method, the choice of the team was not to go further
on the Sullivan estimates.

Methodologically, the proposed model can be classified into the microsimulation of healthy
life type, described in detail in the literature [34, 35]. Moreover, the fundamental steps of the
process, such as the estimation of parameters or the sampling method, are described in the
aforementioned literature. Such microsimulation typology retains the advantages of models
based on incidence, but without the dependence on rarely available, longitudinal surveys.
These advantages mainly include obtaining an expected (mean) value from the set of simulated
trajectories and the variability around that value. In respect to the existing research, the novelty
of the proposed model is the use of clinically interpretable health states that can be directly
obtained from clinical databases.

According to the literature, mortality statistics are fundamental to public decision making.
Mortality is highly variable depending on time and location and is subject to well-known
biases, which are particularly relevant in pandemic contexts, such as COVID-19 [36]. In these
contexts, using the proposed method, countries or subnational locations that have reliable
mortality statistics, can benefit from a rapid assessment of the global loss of LE as well as HLE,
relative to pre-pandemic values. These indicators can help to understand the impact of mortal-
ity on certain health conditions, or combinations of chronic diseases, enabling a precise alloca-
tion of resources and complex treatments from a population perspective, i.e. beyond the
standard segmentations based on demographic characteristics or specific risk factors.

Throughout the study, we proposed a new approach to the concept of healthy life based on
available data. The same perspective can be also applicable to other Health Expectancies based
on surveys, for example disability-free Life (less subjective and more related to legal or country
system characteristics), without chronic morbidity or active life health expectancies.

Concerning the external validation of the results, the same model and data processing
shown in the Figs 2 and 3 can be transferred to different contexts of healthcare services provi-
sion or geographical areas. However, two aspects must be considered. First, there is no interna-
tional consensus on patient classification systems from a global perspective. In this work we
used the 3M™ Clinical Risk Groups (CRG) [15], but a well-known study of the Society of Actu-
aries compared 12 different diagnosis and/or pharmacy based models [18]. A second concern
is related to the quality of the data. Regardless of the particular system used, the accuracy of the
patient classification depends on the richness and intensity of ICD and ATC codes. A poor
level of patient-episode data will certainly result in a biased patient classification. This is proba-
bly the most controversial point of the proposed methodology and contrasts with the broad
consensus and comparability of the Sullivan method.

Limitations

Our work is focused on the production of health indicators using data, and some particular
issues related to mortality estimation leave room for improvement. This orientation can be
considered as a limitation of the work. That is the case of the general age-specific mortality
estimation, field in which research is in constant development [37], but in particular at the

extremes of life [38-40].
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Finally, as a proposal for further research, a refined version of the model could be obtained
by improving mortality and LE forecasting [41]. A refined version of the model could improve
the precision of the estimates of LE at advanced ages shown in the Table 2 (HLE-MMSaq,).

Conclusions

According to the results, health indicators such as HLE can be efficiently obtained from multi-
state models based on mortality and morbidity information, without the use of health surveys.
The major implication is that health indicators could be more easily obtained and extensively
used for monitoring sub-national populations according to their health status, in the context
of health planning. Compared with the standard Sullivan method, this new alternative gains
applicability at the expense of reducing comparability. LE results were consistent with the stan-
dard government reports. Due to the different approximation to the concept of health (data-
based versus self-perception), healthy life expectancies obtained from multistate micro simula-
tion are consistently lower than those calculated with the standard Sullivan method.
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