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Summary
Objectives
Studying the health conditions of the oldest-old is an important public health
challenge. This study aims to investigate whether (1) it is possible to identify
health profiles among the oldest-old, taking into account physical, emotional
and psychological health; (2) there are demographic and socio-economic
differences among the health profiles.

Methods
We applied a Latent-Class-Analysis to the Mugello Study data: 504 nona-
genarians residing in Mugello (Tuscany, Italy).

Results
Four groups were identified: ”healthy”, ”non-testable”, ”unhealthy”, ”semi-
autonomous senile”. Demographic and socio-economic differences were found
among the groups: women and older-nonagenarians are more likely to be
in worse health conditions; more educated nonagenarians are less likely to
be in extremely-bad conditions; the lowest educated are more likely to be
cognitively impaired; past-office-workers are less likely to have poor health
than farmers.

Conclusions
Identifying health profiles and their socio-demographic differences could help
finding groups to target with specific social policies and health care.
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Introduction
Nowadays, world’s population is aging and the burden of diseases is chang-
ing [1, 2]. As defined by the World Health Organization (WHO) in 1948,
”health is a state of complete physical, mental and social well-being and
not merely the absence of disease or infirmity” [3]. This definition describes
properly the complexity of the concept of health. The share of nonagenar-
ians in Italy increased from around 0.06% in 1950 to 1.27% in 2015 and
seems to keep growing, according to World Population Prospects [4], during
the next years, reaching 4.34% in 2050. This phenomenon affects most of
the developed countries. For this reason, identifying the oldest-old health
profiles and characteristics is currently considered a big challenge [5]. The
Latent Class Analysis (LCA) is perfect for dealing with multidimensional
concepts as health is. Some scholars applied this approach on elderly (60+
years old and more) from different countries [6, 7, 8, 9] including in the
analysis information about their physical, emotional and psychological sta-
tus and obtaining, as a result, different health profiles. However, there is
still not much evidence about health profiles among the oldest-old and the
extremely-old [10]. Aiming to fill this gap in the literature we analyzed data
from the Mugello Study [11], which included 504 nonagenarians from a ru-
ral area in Tuscany (Italy) called Mugello, to determine whether (a) it is
possible to identify health profiles among the oldest-old and (b) if there are
demographic and socio-economic differences among health profiles.

Methods
Study population and measures
The study population comes from the Mugello Study [11] aimed to evaluate
the aging process among nonagenarians, living in 9 of the 11 municipalities
of the Mugello area in Tuscany (Italy), focusing on different health aspects.
It comprised 504 non selected individuals representing about 65% of the
whole nonagenarians living in that geographical territory in 2012. Partici-
pation rate was 69% after excluding potential participants died before being
interviewed or those who were not found. More information about the study
design and survey methods are available in [12].
Many informations about the individual health conditions of the nonage-
narians have been collected. Variables have been categorized according to
the existing literature. Individuals who were not tested due to their (very)
bad health conditions have been categorized as non-testable. Being non-
testable is considered the worst health condition for each of the variables
including this category. Cognitive function was measured according to the
Mini-Mental State Examination (MMSE): the higher the score (0-30) the
better the cognitive status [13]. It was divided into three categories in or-
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der to distinguish people with severe (0-17), mild (18-23) and no cognitive
impairment (24-30) [14]. Functional status was assessed according to the
ability of performing five (eating, dressing, bathing, toileting, transferring)
of the Activities of Daily Living (ADL) [15]. The number of ADLs that peo-
ple could manage independently was used to distinguish between non- (0),
semi- (1-4) and fully-autonomous (5) oldest-old [16]. Mugello’s nonagenari-
ans were divided into disease-free (0), single-disease (1) and co-morbid (2+)
according to the number of chronic disease (cardiovascular, neurological,
pulmonary, connective tissue, gastroenterological, endocrine, renal, onco-
logical, immunodeficiency syndrome) reported. Geriatric Depression Scale
(GDS) was used to evaluate depression status: the higher the score (0-15)
the higher the level of depression [17]. It was divided into three categories in
order to distinguish between non-depressed (0-4), depressed (5-15) and non-
testable individuals [18]. Self-reported health (SRH) status was assessed
using the Italian version of the Short-Form-12 questionnaire (SF12) from
which it was possible to get the health perception of the individual accord-
ing to the first item (in general, you would describe your health status as:)
and two synthetic indicators combining the 12 items together: Physical and
Mental Component Summary (PCS and MCS) [19]. The self-rated health
was divided into three categories in order to distinguish between nonage-
narians declaring excellent/very good/good health, acceptable/poor health
and being non-testable. Also PCS and MCS have been divided into three
categories: who scored more (or equal) than the average were considered in
good health condition, who scored less than the average were considered in
bad health condition and being non-testable.
Results are controlled for age (90-91, 92-94, 95+), gender, education (0-2, 3,
4-5, 6+ years of education) and main work did in the past defined accord-
ing to Italian National Institute of Statistics (ISTAT) classification of jobs
[20]: farmer, low (laborer or unskilled worker), medium (office or industry
worker), high (entrepreneur, intellectual or technical worker) skilled work.

Statistical analysis
Health is a complex state involving different aspects or dimensions. To
capture the heterogeneity of the health status among the oldest-old, we sup-
posed that Mugello’s nonagenarians could belong to an unobserved or latent
class according to their health characteristics. For this purpose, we chose
the Latent Class Analysis (LCA) that aims to group individuals into classes
according to their indicator patterns. Each class includes individuals with
similar characteristics, but different from those who are in other classes.
LCA was used to identify different health profiles according to the health
condition through the variables described in the previous paragraph and
controlling for demographic and socio-economic characteristics. LCA with
covariates is an extension of the basic LCA permitting the inclusion of co-
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variates to predict individual’s latent class membership [21, 22].
We performed the LCA two times including the same variables: on the
whole study population and on the subsample of testable individuals. Since
we expected to obtain - in the first analysis - a group populated by only
non-testable individuals, we excluded those people in the second analysis in
order to capture more heterogeneity of the health status on the remaining
oldest-old. The effect of the covariates has been estimated with the ”one-
step” technique in order to obtain less biased coefficients: they are estimated
simultaneously as part of the latent class model [23].
Suppose a latent class model with Cclasses to be estimated according to
m categorical variables and a covariate x. Let Yi = (Yi1, ..., YiM ) be the
vector of individual’s response to the M variables where Yim = 1, 2, ..., rm.
Let ci = 1, 2, ..., C be the latent class membership of the individual to the
class, let I(y = k) be the indicator function that is 1 if y is equal to k and
0 otherwise and let λ be the probability of membership in each latent class.
Then the latent class model can be expressed as the following:

P (Y = y|xi) =
C∑
c=1

λc(xi)
M∏

m=1

rm∏
k=1

ρ
I(yim=k)
mk|c (1)

where λc(xi) = P (Ci = c|xi) is a standard baseline-category for multinomial
logistic model. In the case of one covariate, λ can be expressed as the
following:

λc(xi) = P (Ci = c|xi) =
exp{β0c + xiβ1c}

1 +
∑C

j=1 exp{β0j + xiβ1j}
(2)

for c = 1, ..., C − 1 where C is the reference class in the logistic regression.
As a result, the log-odds of an individual to fall into latent class c relative
to the reference class C, given xi as value for the covariate, is the following:

log(
λc|c(xi)

λC|c(xi
) = β0c|c + β1c|cxi (3)

Multiple imputation was necessary to deal with missing values (Missing At
Random - MAR) in order to avoid loss of precision in the analysis. K-
nearest neighbor imputation method has been used for its high performance
with survey data [?]. In order to obtain unbiased results, neighbors are
found considering all the variables available in the dataset except the ones
that are included in the models. Five neighbors have been considered to
calculate the aggregated values to impute. Education, work did in the past,
MMSE score, ADL performed, number of chronic disease, PCS and MCS
have been imputed. Non of them had more than 7% missing values. More
information about data imputation are included in Table A1.
Statistical analysis was performed using R version 3.5.0 [24] and VIM [25]
and poLCA package [26].
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Results
Participants were 504 with high prevalence of women (369): the sex ratio
female/male of 2.73 confirms higher longevity of women. Mean age ± stan-
dard deviation was 93.1 ± 3.3 in the whole study population: men’s mean
age (92.5) resulted lower than women (93.3), t-test p = 0.01. Men were
more educated: 64.5% of male vs 46.1% of female completed more than 3
years of school, but performed more physical jobs: 79.2% of male vs 52.6%
of female were farmers or low-skilled workers. Overall, male showed a better
condition in all the health measures considered in analysis. Large gender
differences were found in the cognitive and functional status (60.7% of male
vs 37.1% of female were not cognitively impaired; 61.5% of male vs 43.6%
of female were autonomous). The gap in the remaining health measures is
mainly due to the larger number of non-testable women (Table 1).
Three latent classes have been found both when considering the whole study
population and the subsample of testable individuals. This number was cho-
sen according to the ”meaning” of the classes together with the Akaike In-
formation Criterion (AIC) and Bayesian Information Criterion (BIC) which
values are shown in Table 2. Every latent class has been labeled according
to the posterior probabilities (λ) of finding a certain characteristic in the
class showed in Table 3.
LCA performed on the whole study population resulted in three health pro-
files. The first class is characterized by high probability of being autonomous
(λ = 0.89), not depressed (λ = 0.80), not cognitively impaired (λ = 0.78),
perceiving good health (λ = 0.92) with values of PCS and MCS higher than
or equal to the average (respectively λ = 0.73 and 0.65). This class, la-
beled ”healthy group”, includes 217 individuals (43.1% of the whole study
population). The second class is characterized by high probability of being
semi/not autonomous (respectively λ = 0.47 and 0.44), cognitively impaired
(λ = 0.97) and not testable for depression (λ = 0.97) and self perceived
health, including PCS and MCS indicators (λ = 1 for the three indicators).
This class has been labeled: ”unhealthy group”. It includes 110 individuals
(21.8% of the whole study population) which were almost all the non-testable
nonagenarians according to the scales in analysis that included this cate-
gory (self-rated health, depression, PCS and MCS). The third class includes
nonagenarians with high probability of being semi-autonomous (λ = 0.72),
mild/severely cognitively impaired (respectively λ = 0.33 and 0.40), de-
pressed (λ = 0.74) and having PCS and MCS scores lower than the average
(respectively λ = 0.74 and 0.66). Despite of how they performed in the
objective health measures, they frequently declare a better health status:
λ = 0.43 for declaring good health conditions is relatively high (bad self-
perceived health: λ = 0.57). For this reason the last class - composed by
177 (35,1%) individuals - has been labeled: ”unhealthy optimistic group”.
LCA performed on the subsample of testable individual resulted in three
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Table 1: Characteristics of the study population

Characteristics
Gender

p*Male Female Total
n % n % n %

Study population 135 26.8 369 73.2 504 100
Age (m, sd) 92.5 2.8 93.3 3.4 93.1 3.3 <0.001
Education (years)
0-2 16 11.9 49 13.3 65 12.9 <0.001
3 32 23.7 150 40.7 182 36.1
4-5 63 46.7 142 38.5 205 40.7
6+ 24 17.8 28 7.6 52 10.3
Work (level)
farmer 87 64.4 163 44.2 250 49.6 <0.001
low 20 14.8 31 8.4 51 10.1
middle 19 14.1 67 18.2 86 17.1
high 9 6.7 108 29.3 117 23.2
Self-rated health
excellent/very good/good 84 62.2 191 51.8 275 54.6 <0.001
acceptable/poor 34 25.2 85 23.0 119 23.6
non-testable 17 12.6 93 25.2 110 21.8
Mini-Mental State Examination
24-30 82 60.7 137 37.1 219 43.5 <0.001
18-23 24 17.8 75 20.3 99 19.6
0-17 29 21.5 157 42.5 186 36.9
Activities of Daily Living
5 83 61.5 161 43.6 244 48.4 <0.001
4-1 44 32.6 158 42.8 202 40.1
0 8 5.9 50 13.6 58 11.5
Geriatric Depression Scale
0-4 77 57.0 141 38.2 218 43.3 <0.001
5+ 40 29.6 130 35.2 170 33.7
non-testable 18 13.3 98 26.6 116 23.0
Physical Component Summary
≥ average 75 55.6 130 35.2 205 40.7 <0.001
< average 43 31.9 146 39.6 189 37.5
non-testable 17 12.6 93 25.2 110 21.8
Mental Component Summary
≥ average 66 48.9 136 36.9 202 40.1 0.005
< average 52 38.5 140 37.9 192 38.1
non-testable 17 12.6 93 25.2 110 21.8
Chronic diseases (number)
0 17 12.6 25 6.8 42 8.3 0.112
1 31 23.0 90 24.4 121 24.0
2+ 87 64.4 254 68.8 341 67.7
*Male vs Female from Pearson χ2 test or t-test as appropriate
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Table 2: Model fit statistics for 2- to 6-class models
N. classes 2 3 4 5 6
Whole study population (n=504)
AIC 5208.68 4856.85 4865.77 7179.39 7232.64
BIC 5369.14 5118.65 5228.91 7643.88 7798.47
Testable subsample (n=385)
AIC 3794.22 3649.22 4103.42 4139.44 4063.46
BIC 3912.82 3846.89 4380.15 4495.23 4498.31
AIK: Akaike Information Criterion; BIC: Bayesian Information Criterion

health profiles too. The first class is characterized by high probability of
being autonomous (λ = 0.88), not depressed (λ = 0.81), not cognitively im-
paired (λ = 0.84), self-reporting good health conditions (λ = 0.91), with
PCS and MCS scores higher than or equal to the average (respectively
λ = 0.71 and 0.66). This class has been labeled: ”healthy group”. It in-
cludes 209 individuals (54.3% of the testable subsample). The second class
is characterized by high probability of being semi/not autonomous (respec-
tively λ = 0.47 and 0.44), depressed (λ = 0.81), self-reporting bad health
(λ = 0.78), with PCS and MCS scores lower than the average (respectively
λ = 0.93 and 0.65). This group of 119 individuals (30.9% of the testable
subsample) has been labeled: ”unhealthy group”. The third group is charac-
terized by high probability of self-reporting good health conditions (λ = 1)
and being semi-autonomous (λ = 0.62), mild/severe cognitive impairment
(respectively λ = 0.47 and 0.48) with MCS score lower (λ = 0.69) but PCS
score higher than or equal to the average (λ = 0.84). Posterior probabilities
for depression are similar: λ = 0.45 not-depressed vs λ = 0.55 depressed.
This class’ label was: ”semi-autonomous senile group”. It included 57 nona-
genarians (14.9% of the testable subsample). All the posterior probabilities
are reported in Table 3.
The first class has been labeled ”healthy group” in both analysis: posterior
probabilities followed a similar pattern especially in terms of (good) health
status items as shown by the circles black and white in Figure 1. The second
class was named ”unhealthy group” both when considering the whole study
population and the subsample of testable individuals (see squares black and
white in Figure 1). Despite the same label these two classes were different
in terms of characteristics. When considering the whole study population,
the second class was composed by almost all the non-testable nonagenari-
ans: individuals in the worst health conditions. Excluding the non-testable
nonagenarians, mainly individuals populating the third classes moved to the
second resulting in an ”unhealthy group” with less extreme health character-
istics. The consequence of this exclusion was more evident for the last (third)
class obtained in both analyses. When considering all the nonagenarians,
we obtained the ”unhealthy optimistic group”: people mainly in bad health
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conditions but not always declaring (SRH) their real health status. When
excluding the non-testable nonagenarians, part of the individuals populating
the third group obtained in the previous analysis moved to the second class
found in the second analysis. As shown in Figure 1, the ”unhealthy opti-
mistic group” (first analysis) and the ”unhealthy group” (second analysis)
had similar posterior probabilities for the (good) health status indicators,
especially in terms of functional and cognitive status. Within the second
analysis, the 57 out of 385 nonagenarians composing the ”semi-autonomous
senile group” had higher probability of declaring good health condition and
to obtain a high PCS score than the ”healthy group” but they had poor cog-
nitive health, sometimes depression and they were mainly semi-autonomous
nonagenarians.
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Figure 1: (Good) health status item probabilities (λ) per health
status resulting from the two Latent Class Analysis (LCA)

Note1: Class 1: ”healthy group”; 2: ”Unhealthy group”, for both first (A) and second (B) LCAs;
Class 3 for LCA-A: ”Unhealthy optimistic group”; for LCA-B: ”Semi-autonomous senile group”;
Note2: MCS: Mental Component Sumary; PCS: Physical Component Summary; Positive
self-rated health: excellent/very good/good self-rated health

Results are controlled for age, gender, education and past-work (Table 4).
In the analysis on the whole Mugello’s nonagenarians, older individuals and
entrepreneur or technical workers are more likely to be part of the ”unhealthy
group” instead of the ”healthy group” (92-94 vs 90-91 Odds Ratio (OR) =
2.78; 95+ vs 90-91 OR = 7.60; high level worker vs farmer OR = 2.54) while
being more educated reduces this odds (4-5 vs 3 years of education OR =
0.48; 5+ vs 3 OR = 0.06). Being older increases also the odds of being in
”unhealthy optimistic group ”instead of the ”healthy group” (95+ vs 90-91
OR = 5.31) while both being male and middle level (qualified office) worker
reduces it (male vs female OR = 0.40; middle level worker vs farmer OR =
0.37).
In the analysis on the subsample of testable individuals, being older increases
the odds of being in the second ”unhealthy group” instead of the ”healthy
group” (95+ vs 90-91 OR = 5.86) while both being male and middle level
(qualified office) worker reduces it (male vs female OR = 0.45; middle level
work vs farmer OR = 0.38). Finally, both being older and less educated
reduces the odds of being in ”semi-autonomous senile group ”instead of the
”healthy group” (95+ vs 90-91 OR = 8.13; 0-2 vs 3 years of education OR
= 6.90).
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Discussion
For identifying health profiles among nonagenarians from Mugello (Tuscany
- Italy), the latent class analysis (LCA) has been performed two times: first
on the whole study population and then on the subsample of testable in-
dividuals - nonagenarians in the ”extreme” (worst) conditions have been
excluded from the analysis. Removing those individuals from the analysis
allowed us to capture more heterogeneity of health among the remaining
oldest-old.
Four different health profile have been found, within the two LCAs per-
formed, labeled according to the posterior probabilities of finding certain
health characteristics into them. A ”healthy group” (a) that is consistent
in both analysis when considering the whole study population and the sub-
sample of testable individuals. An ”unhealthy group” (b), which can be also
called ”non-testable group”, resulted from the first analysis. This group con-
firms that non-testable individuals are a stand-alone group of people in ex-
tremely bad health conditions. The other two groups have been obtained by
excluding the non-testable individuals from the analysis. The ”unhealthy
optimistic group”, resulted from the analysis on the whole study popula-
tion, splitted into a less extreme ”unhealthy group” (c): nonagenarians in
bad health conditions with respect to all the health indicators considered
and a ”semi-autonomous senile group” (d): individuals with good self-rated
health and physical condition but bad cognitive status. Groups (a) and (c)
are commonly found by other scholars interested in health profiles among
elderly [6, 8, 27], while the last (d) one is similar to what some researchers
identified on younger adults [6, 27].
Certain demographic and socio-economic characteristics were found to be
associated with being part of some of the final groups. Older nonagenarians
are more likely to be in worse health conditions. This result confirm liter-
ature data: at very old ages, the health status completely changes within
one or two years [28, 29]. Male have a lower probability of being in worse
general health conditions, confirming the so-called ”gender paradox”: men
are healthier than women at older ages [30, 31]. More educated people are
less likely to be in extremely bad health conditions and being low educated
increases the probability of being cognitively impaired at older ages. Those
results are similar to what have been found by Ng et al. [7] on younger
elderly. Working experience is associated with health conditions, showing
different results. In line with the existing literature, office workers have a
lower probability of being in bad health conditions at older ages with respect
to farmers [32, 33]. But people who had a high level job seem surprisingly
more likely to be in the worst health conditions.
Considering health as a multidimensional concept by finding health profiles
could help to understand the right care-needed according to the different
health profile of each person [8, 34]. The ”semi-autonomous senile group” of
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nonagenarians, for instance, needs help mainly from a cognitive perspective
while the ”unhealthy group” needs a more complex care service with respect
to the severity of the general health status.
This study has limitations which needs to be noted. It is based on a cross-
sectional dataset: health characteristics has been collected only one time.
For this reason, we were not allowed to study the causal relationship between
socio-demographic characteristics and health status and profiles. Further-
more, many of the information about the health status are self reported and
cutoff points - chosen according to the existing literature - did not equate to
a clinical diagnosis, it would be useful to verify their veracity with objective
measures. A longitudinal setting would help to solve some of those limita-
tions and allow us to study mortality levels among different health classes
and analyze the dynamic of the resulting health profiles among the elderly
over time.
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Table A1: Marginal distribution pre and post missing values
imputation of characteristics of the study population. Absolute
values, percentages and differences

Characteristics Pre- Post- Difference (%)n % n %
Education (years)
0-2 65 13,5 65 12,9 -0,6
3 166 34,5 182 36,1 1,6
4-5 198 41,2 205 40,7 -0,5
6+ 52 10,8 52 10,3 -0,5
total 481 100 504 100
Work (level)
farmer 245 49,4 250 49,6 0,2
low 51 10,3 51 10,1 -0,2
middle 86 17,3 86 17,1 -0,3
high 114 23,0 117 23,2 0,2
total 496 100 504 100
Mini-Mental State Examination
24 30 213 43,8 219 43,5 -0,4
18 23 95 19,5 99 19,6 0,1
0 17 178 36,6 186 36,9 0,3
total 486 100 504 100
Activities of Daily Living
5 235 47,6 244 48,4 0,8
4-1 201 40,7 202 40,1 -0,6
0 58 11,7 58 11,5 -0,2
total 494 100 504 100
Physical Component Summary
≥ average 187 39,1 205 40,7 1,6
<average 181 37,9 189 37,5 -0,4
non-testable 110 23,0 110 21,8 -1,2
total 478 100 504 100
Mental Component Summary
≥ average 182 38,1 202 40,1 2,0
<average 186 38,9 192 38,1 -0,8
non-testable 110 23,0 110 21,8 -1,2
total 478 100 504 100
Chronic diseases (number)
0 42 9,0 42 8,3 -0,7
1 111 23,9 121 24,0 0,1
2+ 312 67,1 341 67,7 0,6
total 465 100 504 100
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