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Abstract

Self-Rated Health (SRH) is currently one of the most popular indicators of population
health. Studies show that SRH has a strong association with physical functioning, well-
being, and mortality across a variety of populations and ages. Despite its wide use, the dif-
ferent elements that act and interact when an individual assesses their own health are still
not clear. To date, only one study has focused on the process of self-assessment of health
among the oldest-old individuals. The aim of this paper is to explore direct and indirect ef-
fects of socioeconomic status, presence of disease, functional health, and emotional health
on the good self-assessment of health among Italian nonagenarians. By applying Structural
Equation Modelling (SEM) on Mugello Study data, we find a strong direct effect of both
emotional and functional health on SRH, confirming their key roles in the process of
self-assessment of health among the oldest-old individuals. Furthermore, we find indirect
effects of socioeconomic status, presence of disease, and functional health on SRH. This
is in line with existing literature on younger adults and elderly people.
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1 Introduction

Self-rated health (SRH) is the most commonly used indicator to measure the general (or
global) health status of an individual (de Bruin et al. 1996). With a single and simple ques-
tion: “How is your health in general? Is it excellent, very good, good, fair, or poor?” respon-
dents are asked to assess their own health condition. The aim of this question is to collect
information on many dimensions of health (physical, functional, mental, and emotional)
summarized in one single answer. There are different variants of the question, the wording
could be different depending on the context and of the ratings, that can be skewed towards
good health. For this reason, among others, cross national and over time comparisons of
SRH could be problematic (Lazarevi¢ and Brandt 2020).

SRH is known to be associated with several objective measures of health as well as to be
a valid predictor of health care demand and mortality across populations and ages (Bamia et
al. 2017; Luppa et al. 2010; Nybo et al. 2003; Simonsson and Molarius 2020).

Even though it is used extensively, it is still not clear which dimension of health plays
an active role in the process of self-evaluation of health, whether the socioeconomic back-
ground is also involved in such process, and how all those elements interact with each other.
Many researchers, over the last decades, have tried to understand what influences SRH:
demographic and socioeconomic characteristics, physical, functional, and physiological
health status, and chronic conditions among the others were pointed out as possible deter-
minants (Alonso et al. 2013; Au and Johnston 2014; Fylkesnes and Ferde 1992; Golini and
Egidi 2016; Johnson and Wolinsky 1993; Jylhd 2009; Jylha et al. 1986; Lisko et al. 2020;
Stoller 1984). Jylhd (2009) developed a conceptual model for SRH aimed at making explicit
which factors could be involved in the cognitive process of self-evaluation of health. The
model is composed of two parts: first, it includes health-related factors such as medical diag-
noses, current functional status and experienced bodily sensations, and symptoms; second,
context-related factors are included such as age, comparison group, culture, and disposition.

To understand the structure of SRH, it is necessary to exploit a model that can evaluate
simultaneously direct and indirect effects of observed and latent variables on the designed
outcome. Since Structural Equation Modeling (SEM) has such characteristic, it has been
chosen by several scholars as the right approach to address this issue (Jylhd et al. 1986;
Fylkesnes and Forde 1992; Golini and Egidi 2016; Lisko et al. 2020; Hirve et al. 2014).

Building up on Jylhd’s model, among the more recent studies, Au and Johnston (2014)
highlighted the importance of vitality in the process of self-evaluation of health among Aus-
tralians, while Golini and Egidi (2016) found that the presence of chronic diseases plays a
crucial role in this process for elderly Italians.

As the oldest-old population continues to grow in many high-income countries (Chris-
tensen et al. 2009), it becomes increasingly important to understand how they perceive
and rate their own health. Until now, assessing the health conditions of the oldest-old indi-
viduals was mainly possible through targeted surveys. However, as this population segment
expands, it will become more accessible to assess their health through general surveys.
Furthermore, the oldest-old population represent a major group in terms of healthcare use
(Forma et al. 2017). For those reasons, gaining a deeper understanding of the most impor-
tant health dimensions among the oldest individuals and the underlying structure of SRH
for this population becomes crucial. It would allow to understand the needs of the older
individuals and to better plan public health policies targeted to improve their health and
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functioning in the society. In investigating it, one should take into account that people lower
their expectations while getting older (Idler and Cartwright 2018). The first study evaluat-
ing the mechanism of self-assessment of health among oldest-old individuals analyzed a
sample of Finnish nonagenarians (Lisko et al. 2020). Given the higher prevalence of indi-
viduals affected by dementia in the oldest-old population, Lisko and colleagues investigated
whether a similar rating mechanism applies to the whole study population and to those who
were affected by dementia (Lisko et al. 2020). However, they did not include any informa-
tion on the socioeconomic status (SES) of the nonagenarians in their model, even though it
has been shown that socioeconomic differences in health persist even among the oldest-old
individuals (Enroth et al. 2013, 2019; Strozza et al. 2020a; Strozza et al., 2020b).

In this paper, we expand upon the theoretical framework proposed by Golini and Egidi
(2016) and Lisko et al. (2020) by incorporating a socioeconomic construct. This extension
allows to evaluate the process of self-assessment of health among Italian nonagenarians
from Mugello, a rural area in Tuscany (Italy) (Molino-Lova et al. 2013). Our hypothesis is
that SES could have both direct and indirect effects on SRH. The direct effect stems from
individuals’ understanding of what (good) health is, and how their own health compares to
that of their peers. We assume that individuals with higher SES may have a better under-
standing of both aspects, although this does not necessarily mean that they will rate their
health more positively. Additionally, we assume that having higher SES, being associated
with better health outcomes, indirectly influences SRH (Enroth et al. 2013, 2019; Strozza et
al. 2020a). The notion of this indirect effect of SES on SRH is mentioned by Jylhé (2009)
when detailing the theoretical model, but has not been operationalized by the scholars who
expanded upon her framework.

By employing a SEM approach, our aim is to evaluate the direct and indirect effect of
SES, presence of chronic diseases, and functional and emotional health on good self-rated
health among Italian nonagenarians.

2 Methods
2.1 Study population

The study population comes from the Mugello Study, conducted in 2012 in 9 of the 11
municipalities of the Mugello area of Tuscany (Italy). The Mugello study was aimed to
evaluate the aging process of individuals aged 90+. Demographic and socioeconomic infor-
mation, as well as many health aspects, were collected by a trained physician at the patient’s
residence. 504 individuals were interviewed, representing about 65% of the whole nonage-
narians living in that geographical territory in 2012. The participation rate was 69% after
the exclusion of the nonagenarians who died before being interviewed or those who could
not be reached. More information about the study design and survey methods are available
in Molino-Lova et al. (2013).

2.2 Variables description

The present study uses a binary measure of good SRH as a health outcome. SRH was mea-
sured by the question “How is your health in general? Is it excellent, very good, good, fair,
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or poor?” as part of the Short-Form 12 questionnaire (SF-12) (Ware et al. 1996). Individuals
reporting excellent, very good or good health, out of the five possible answers, were con-
sidered in “Good SRH” while individuals reporting fair or poor health were considered in
“Poor SRH”, reference category in the model. Some study participants could not be tested
because of their severely poor health conditions. For this reason, following the approach
adopted in (Strozza et al. 2020a), they were considered “Non testable” and added to the
“Poor SRH” category, thus representing the counterpart of the “Good SRH”.

All the other observed indicators, were also transformed into binary indicators, as the
small number of individuals in analysis would lead to obtaining unrobust estimates. Further-
more, this choice facilitates the interpretation of the results.

In terms of age, individuals were distinguished between those aged 90-94, reference
category in the model, and 95+years, representing younger and older nonagenarians in a
standard 5-year age category and an open-age category.

The level of education was assessed by the number of completed years of education.
It was dichotomized in order to distinguish between people who had completed at most
the first elementary degree (3 years of education or less), reference category in the model,
and people who continued to study after the first elementary degree (4 years of education
or more). For people aged 90+in 2012, studying further than the first elementary degree
represented an important school achievement. It would allow them to access more skilled
types of occupation.

The main occupation performed during the working life was defined according to the
Italian National Institute of Statistics (ISTAT) classification of jobs with 9 categories that
were reduced to 2, as the resulting categories were found to be suitable for distinguishing
people in good or bad health on the same study population (Strozza et al. 2020a). Farm-
ers, housewives and low skilled worker (laborer or unskilled worker) represented the refer-
ence category in the model and medium skilled workers (office or, industry or intellectual
worker) represent the other one.

The living condition was defined by where the interview was performed (home or institu-
tion) and by the question “If home, with whom do you live?” with four possible answers:
alone; spouse; other relatives; other non-relatives. It was dichotomized to distinguish
between people living alone and with someone or in nursing home, reference category in
the model. Living alone is assumed to represent individuals’ economy through homeowner-
ship or economic capability. Additionally, it also represents independency to participate in
activities within the society.

The functional limitations were evaluated by the ability to perform 5 Activities of Daily
Living (ADL): eating, dressing, bathing, toileting, transferring. Individuals who could per-
form all the ADLs were considered “Autonomous” while individuals who were not able
to perform at least one of the five activities were considered “Not autonomous”, reference
category in the model (Katz 1963).

The sensory limitations were measured by the ability to hear and see of the nonagenar-
ians. Individuals with no sensory limitations, that is neither blind nor deaf, were consid-
ered “Not impaired” while people reporting at least one of these problems were considered
“Impaired”, reference category in the model.

The motion limitation of the nonagenarians was assessed by the question: “Is the patient:
confined to bed; confined to the wheelchair; walking autonomously; walking leaning on the
furniture; walking with help of people; walking with aids?”. Individuals were distinguished
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between those who could walk autonomously (“Not impaired”) and those who could only
walk with help of people, aids or leaning on furniture or who were confined to bed or wheel-
chair (“Impaired”), reference category in the model.

The questionnaire used in the Mugello Study included the SF-12 questionnaire, which
is also intended to evaluate mental and emotional aspects of health with three specific
questions (Ware et al. 1996). The three items used to represent the emotional health were
assessed by the following questions: “In the last four weeks, how often did you feel calm?”
(MH3); “In the last four weeks, how often did you feel sad?”” (MH4); “In the last four weeks,
how often did you feel full of energy?” (VT2). The possible answers to the three questions
were: always; usually; often; sometimes; rarely and never. The items were dichotomized to
emphasize the most severe or best condition depending on the question. For this reason, the
cut-offs were chosen with reference to the frequency distribution of the observed variables,
corresponding to the first or the third quartile of the distribution, depending on the implicit
direction of the response range (Golini and Egidi 2016). Therefore, individuals were con-
sidered calm when they answered always or usually to MH3, and not calm, reference cat-
egory in the model, when their answer was often, sometimes, rarely, or never. Furthermore,
individuals were considered lively when they answered always, usually, or often to MH4,
and not lively, reference category in the model, when their answer was sometimes, rarely,
or never. Finally, individuals were considered sad, reference category in the model, when
they answered always, usually, often, or sometimes to VT2, and not sad when they answered
rarely or never.

2.3 Structural equation modelling

A Structural Equation Model (SEM) is a statistical modelling technique used to analyze
relationship among multiple variables. It is particularly suitable for evaluating conceptual
frameworks that involve both observed (categorical or continuous) and latent (continuous)
variables. Latent variables are integral components of the theoretical framework, represent-
ing conceptual constructs that cannot be measured by a single indicator. Therefore, multiple
indicators are used to measure and validate these latent variables within the SEM frame-
work, as described below. The main advantage of using SEM over separate regressions
(logistic or probit) is that SES simultaneously models all regression equations, allowing for
the inclusion of mediating effects and latent confounding variables (Kupek 2006). In short,
it allows estimating the direct and indirect effect of predictive variables on an observed or
latent outcome (Muthén 1983).

In this study setting, the latent variables are linked to the observed (dichotomous) indica-
tors via probit regression models, as well as the outcome to the latent and observed variables.

SEM is characterized by two components: a measurement model that relates observed to
latent variables and a structural model in which relations between outcome and observed or
latent variables, as well as relations between latent variables, are expressed via linear regres-
sion models. The latent variables hypothesized in the conceptual framework are validated
through Confirmatory Factor Analysis (CFA). The strength of the relationship between
latent variables and observed indicators is indicated by factor loadings that are expected to
be higher than 0.7 in order to provide convergent validity. Moreover, the estimated correla-
tion between latent variables is expected to be lower than 0.9 in order to provide discrimi-
nant variability.
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As recommended by Hu and Bentler (1998, 1999), we reported some alternative indica-
tors of model fit to the chi-squared statistic that is highly dependent on the sample size. In
fact, with a relatively high sample size, it tends to refuse the null hypothesis, indicating that
the model represents the reality, too often. The authors suggest including the Standardized
Root Mean Square Residual (SRMR), representing the portion of variance and covariance
not explained by the model. This indicator is considered the most powerful one to detect
the adequacy of the model. They also recommend including at least one of the following
indicators: the Root Means Square Error of Approximation (RMSEA), indicating the error
made by approximating what we observe with the conceptual model; the Tucker and Lewis
Index (TLI) and the Comparative Fit Index (CFI), representing the adequacy of the model
compared to the null model where no relations among the variables are hypothesized.

Statistical analysis was performed in R version 4.2.1 (R Core Team 2022), using the
lavaan package (Rosseel 2012), excluding the individuals who reported missing values in
the variables in analysis. The analysis was also performed excluding the “Non testable”
individuals from the study population as a sensitivity check (see Supplementary Materials).

2.3.1 Measurement Model.

The measurement model assessed in this analysis is inspired by the framework proposed
by Jylhé (2009). The author defined the process of self-assessment of health as a cognitive
process that leads to answering to the SRH question. Building up on Jylhé’s framework and
on the work by Golini and Egidi (2016), the self-evaluation of health is assumed to depend
on medical conditions (functional status and medical diagnosis) and sensations (feelings
related to the status of the individual) but also on their socioeconomic condition. Other per-
sonal characteristics as age and sex are also included in the framework, potentially influenc-
ing the health perception. The health dimensions included in the model were summarized
in two latent variables representing two of the three health dimensions that are assumed to
contribute to the self-assessment of health: Functional Health (FH) and Emotional Health
(EH). FH represents the functional dimension of health that is assumed to be related to SRH
and it was measured by three binary indicators: ADL, motion limitation, and sensory limita-
tion. EH represents the emotional and psychological dimension of health that are supposed
to be related to SRH: feeling sad, lively, and calm. The third health component potentially
involved and included in the model was directly measured on the patients indicating the
presence of at least one Chronic Diseases (CD) among the following: cardiovascular, neu-
rological, pulmonary, connective tissue, gastroenterological, endocrine, renal, oncological,
and immunodeficiency syndrome. Furthermore, the model includes a socioeconomic com-
ponent summarized by the latent variable Socioeconomic Status (SES). SES represents the
social and economic latent dimension that is assumed to be related to SRH. This latent vari-
able combines information on individuals’ level of education, main occupation performed
during the working life, and living conditions. It therefore measures jointly the economic
and intellectual background of the individuals together with their status within the society.

All the observed indicators were categorized as binary variables because of the small
sample size of the study population. As the model assumed to represent the structure of
SRH was based on assumptions that could not be simplified, the trade-off was to reduce the
complexity of the variables. Furthermore, the variables’ dichotomization makes the inter-
pretation of the latent constructs easier and of the model results more straightforward. The
indicators are always intended to represent the healthy dimension of each health domain
(FH, EH and CD) and the highest socioeconomic status for SES. This choice is coherent
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with the one of other researchers investigating the structure of SRH among elderly and
oldest-old individuals (Golini and Egidi 2016; Lisko et al. 2020). Moreover, it allows to
easily compare the results obtained in the present study and in the ones of Golini and Egidi
(2016) on elderly Italians.

2.3.2 Structural Model.

In the conceptual model proposed in this paper, good SRH is expected to be influenced,
directly and indirectly, by the socioeconomic status of the individual while presence of
chronic diseases, functional and emotional health may have both an independent and medi-
ating role. The model was designed following what Golini and Egidi (2016) proposed but
with the introduction of the effect of the socioeconomic status of the individuals as an active
latent variable instead of a set of covariates. Socioeconomic variables seem to play a role in
determining health in later life, even at very old ages (Enroth et al. 2013; Guilley et al. 2010;
Strozza et al. 2020a). The model follows the extension of Nagi’s model (1965) of disabilities
causation proposed by Schulz et al. (2000). The causal chain goes from pathology to impair-
ments, to functional limitations, to disability, and finally to anxiety and depression. SRH is
placed at the end of this causal chain, with the assumption that it is influenced directly and
indirectly by all these factors, as proposed by Jylhd (2009). Moreover, the model proposed
in this paper is coherent with the one proposed by Liang et al. (1991), in which the health
structure is considered as the result of the interaction of different health factors. No reverse
effect can be estimated because of the cross-sectional nature of the data. The model is rep-
resented in Fig. 1 that includes the latent constructs and the observed variable, together with
the hypothesized relationships.

In addition to the socioeconomic and health factors, age and sex were included in the
model as covariates. Their influence on health perception is well known as it is their effect
on other health factors that were assumed to influence SRH (Lazarevi¢ and Brandt 2020;
Padua et al. 2018). It was not possible to analyze separately women and men because of the
small number of the latter included in the dataset.

3 Results
3.1 Descriptive results

About three quarters of the Mugello nonagenarians were women (73.2%), who were on
average older than men (respectively 93.3 vs. 92.5 years old, the difference is statistically
significant with p<0.05). More than half of the nonagenarians rated their health as good
(54.6%), almost one quarter of them rated their health as bad (23.6%) while the remaining
were defined as non-testable (21.8%) because of their poor health condition.

Table 1 shows the distribution of the observed indicators measuring the latent variables.
Half of the participants completed 4 or more years of education (51.0%). However, 67.1%
of them worked as farmers or were housewives. Despite the old age, half of the study popu-
lation was autonomous in performing activities of daily living (51.8%) and almost two
thirds of them did not have motion limitations (62.1%).
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< SES

Fig. 1 Hypothesized structural model of Self-Rated Health (SRH)
Note: SRH: Self-Rated Health; EH: Emotional Health; FH: Functional Health; CD: Chronic Diseases;
SES: Socioeconomic Status

3.2 Model results

The hypothesized model fitted well the data: the value of the SRMR is 0.05, far below
the empirical reference threshold of 0.08 suggested by Hu and Bentler (1998, 1999). The
RMSEA is 0.05 (90% confidence interval 0.04-0.06). According to the previously men-
tioned authors, the value should be lower than 0.08 to be considered acceptable and below
0.06 to be considered good. CFI and TLI are greater or equal to the empirical threshold of
0.95: respectively 0.97 and 0.95 (Hu and Bentler 1998, 1999).

CFA verified construct validity of the three latent dimensions (SES, FH and EH) mea-
sured by the binary indicators described in Table 1. No factor cross-loadings were allowed:
every indicator was assumed to have nonzero loading for the factor that it had to measure
and zero factor loadings on all the others. Furthermore, measurement errors (e;) associ-
ated with each indicator were assumed to be uncorrelated with measurement errors of the
other indicators measuring the same latent variable and the latent variable itself. All the
unstandardized factor loadings resulted statistically significant with a value greater than the
recommended threshold of 0.7 (convergent validity) with the only exception represented
by the sensory limitation. Unstandardized and standardized factor loadings, together with
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Table 1 Latent variables and Latent Observed ~ Value Counts Pro-
distribution of the observed construct indicator por-
indicators in the nonagenarians tions
from Mugello (2012) (%)
Socio- Years of 0="0-3” 242 48.0
Economic  education | _«gy» 257 51.0
Status Missin 510
(SES) . & :
Main 0 = “farmer/housewife” 338 67.1
occupation | — «low.-mid level 158 313
worker”
Missing 8 1.6
Living 0 = “with someone” 413 81.9
condition
1 = “alone” 91 18.1
Functional ~ Activities 0 = “non autonomous” 235 46.6
Health of Daily 1 = “autonomous” 261 51.8
(FH) Living
Missing 8 1.6
Motion 0="yes” 313 62.1
limitation
1 =“no” 191 37.9
Sensory 0="yes” 79 15.7
limitation 1 _ «pg> 425 843
Emotional  Feeling 0="no” 359 71.2
Health calm
(EH) 1 ="“yes” 143 28.4
Note: The ob dindi Missing 2 0.4
ote: The observed indicators Feeling sad 0 = “no” 340 675
are presented in dichotomized
form as inputted in the CFA and 1 =%yes” 162 32.1
SEM model. CD is not a latent Missing 2 0.4
construct and it is based on the Feeling 0=“no” 376 74.6
presence of at least one of the lively
follo_wmg chronic dlseas_es: 1 = “yes” 128 25.4
cardiovascular, neurological, . o
pulmonary, connective Chromc Presence of 0 =“no 317 62.9
tissue, gastroenterological, Diseases atleastone | _ «yeq 148 294
endocrine, renal, oncological, (CD) chronic Missing 39 77
disease

immunodeficiency syndrome

error variances, are presented in Fig. 2. Moreover, the estimated correlations between latent
variables were all lower than the recommended threshold of 0.9 (discriminant validity):
0.564 between SES and FH; 0.373 between SES and EH; and 0.520 between FH and EH.

Unstandardized probit and linear regression estimates are presented in Fig. 3. Non-sig-
nificant estimates are reported in Tables 2 and 3.

The relationships among latent (and observed) health dimensions and between them and
covariates are presented in Table 2. Being older (95 or more vs. 90-94 years old) is strongly
associated with having a worse socioeconomic status (SES) and worse functional health
(FH). Higher SES and not reporting any chronic disease (CD) are positively associated
with having a better FH. Finally, having a better FH is positively associated with a better
emotional health (EH).
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| Living condition }\

—

\\{QOO 0-493

1 0.807 {0.248) 0.309 ;\\\\

- Socio-Economic Status
| Education |

(SES)

| Occupation }\/

| ADL
1900 g,

— 0.750 (0.073) 0.682
| Motion limitation |< =

Functional Health

o (FH)
N A@\ 0,28////
“.7_‘3\ Q-
| Sensory limitation
| Feeling sad %\
10004, 95
—— | 0.999 (0.099) 0.746 Emotional Health
| Feeling lively I - — (EH)
.00 068 _—
954 k//

| Feeling calm }«/

Fig. 2 Confirmatory Factor Analysis (CFA) of the latent dimensions of Self-Rated Health (SRH) among
nonagenarians from Mugello. Unstandardized (with standard errors in parenthesis) and standardized (in
italic) factor loadings

Self-rated health (SRH) is associated with both functional and emotional health with
the first one showing a greater magnitude expressed by the standardized estimate, than the
second one. No other associations were detected, as reported in Table 3.

4 Discussion

The aim of our paper is to evaluate direct and indirect effects of socioeconomic character-
istics and health-related factors on SRH among Italian nonagenarians. Based on the frame-
work proposed by Jylhd (2009) and on the extensions made by Au and Johnston (2014)
first, and Golini and Egidi (2016) afterwards, we propose an extra layer of complexity by
including SES as a latent construct in the conceptual framework. Socioeconomic disparities
in health are well documented among the elderly (Mackenbach et al. 2008) and, in more
recent years, evidence suggests that they persist at more advanced ages (Enroth et al. 2013,
2019; Strozza et al. 2020a; Strozza et al. 2020b). Therefore, we hypothesize that SES could
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Fig. 3 Hypothesized relationships between latent and observed health dimensions, socioeconomic status
(SES), covariates, and Self-Rated Health (SRH) for the nonagenarians from Mugello
Note. Unstandardized linear and probit regressions are represented respectively by solid and dashed ar-
rows. Only significant values are shown in the figure

Table2 Relationships among Model Unstan- Stan-  p-value Stan-

latent and observed health di- dardized dard dardized

mensions, socioeconomic status estimate  error estimate

(SES)', and between them anfl SES on

covariates for the nonagenarians

from Mugello Age (95+vs. 90-94) -0.132 0.033  0.000 -0.313
Sex (men vs. women)  0.029 0.032  0.369 0.067
CD on
Age (95+vs. 90-94) 0.007 0.056  0.895 0.007
Sex (men vs. women)  -0.002 0.050  0.969 -0.002
SES 0.287 0.230 0.211 0.118
FH on
Age (95+vs. 90-94) -0.167 0.062  0.007 -0.172
Sex (men vs. women)  0.102 0.054 0.059 0.104
SES 1.207 0.345 0.000 0.526
CD 0.182 0.057 0.001 0.194
EH on
Age (95+vs. 90-94) 0.075 0.041 0.069 0.097
Sex (men vs. women)  0.054 0.041 0.185 0.069
SES 0.188 0.276  0.681 0.104
CD -0.033 0.040 0.418 -0.044
FH 0.392 0.101  0.000 0.497
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Table 3 Relationships between Model Unstan- Stan-  p-value Stan-

Self-Rated Health (SRH) and the dardized dard dardized

latent and observed dimensions estimate error estimate

of health, socioeconomic status SRH on

(SES), and covariates for the

nonagenarians from Mugello Age (95+vs. 90-94) -0.037 0.048 0.477 -0.033
Sex (men vs. women)  -0.047 0.046 0.298 -0.042
SES -0.049 0.285 0.864 -0.018
CD -0.053 0.045 0.236 -0.050
FH 0.515 0.122  0.000 0.449
EH 0.400 0.096  0.000 0.275

have a direct and indirect effect on the process of self-assessment of health among the
oldest-old individuals.

To pursue our aim, we exploit a SEM that allows the simultaneous evaluation of direct
and indirect associations between latent or observed variables (Muthén 1983). The SRH
measure used in our analysis is obtained from the American version of the question: it is
characterized by three positive items (excellent, very good, good) and two negative ones
(poor, very poor). Comparing results to others obtained with the European SRH requires an
appropriate rescaling of the health indicator (Jiirges et al. 2008). In our study, we collapsed
all the good health categories into one to compare good to poor SRH. Since both versions
of SRH have shown to be associated to the same demographic and health indicators, and we
only distinguish between good and poor health, it should be possible to indirectly compare
our results with the ones of other studies following a similar analytical strategy.

We find a strong direct effect of emotional and functional health on SRH, the latter also
having an indirect effect on good self-assessment of health through the emotional compo-
nent. SES and presence of chronic disease have both an indirect effect on SRH via func-
tional health. Being older has an impact on functional health while sex did not influence any
of the construct included in the framework, even if it has been observed that gender differ-
ences in health exist among nonagenarians from Mugello (Padua et al. 2018).

The psychological and emotional component has a double role in the process of self-
assessment of health. It has a direct effect on SRH, as found by other scholars who analyzed
emotional health as a single indicator (Chang-Quan et al. 2010; French et al. 2012; Lisko
et al. 2020) or as a latent construct (Au and Johnston 2014; Golini and Egidi 2016). At the
same time, it mediates the effect of other health-related measures included in the process,
confirming the importance of emotional health in the mechanism of self-assessment health.
This result is consistent with what has been found among Finnish oldest-old individuals by
Lisko and colleagues (Lisko et al. 2020), who considered depression as a measure of psy-
chological and emotional health. The same double effect of emotional health in the process
of self-assessment was also found among Italian elderly people by Golini and Egidi (2016),
who measured it with a similar latent construct.

Functional health also plays an important role in the process of self-assessment of health
of the oldest-old individuals. The direct effect is stronger than the effect of emotional health,
indicating that being able to perform daily activities or not having motion impairments is
very important for the oldest-old individuals to positively rate their health. Even though it
is not the strongest component of the mechanism, functional health resulted directly associ-
ated to SRH among Italian elderly as well as mobility among Finnish nonagenarians (Golini
and Egidi 2016; Lisko et al. 2020). In accordance to what has been found by Golini and
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Egidi (2016), functional health has also an indirect effect on SRH among Italian nonagenar-
ians, confirming its importance in the process of self-assessment of health.

The presence of chronic diseases does not play a main (direct effect) role in the mecha-
nism of self-rating health among Italian nonagenarians. This result is in contrast with what
has been observed for elderly Italians, for whom the presence of chronic disease was the
main driver of poor SRH (Golini and Egidi 2016). One possible explanation is that younger
elderly people are less used to living with chronic diseases than the oldest-old people: the
timing of occurrence might be the key factor here. An additional explanation could be that
the diseases considered in this study are less strongly related to SRH than the ones analyzed
by other scholars. Lisko and colleagues, for instance, included separately many different
diseases in their model and found heart disease (directly), arthritis and dementia (indi-
rectly) to be related to SRH (Lisko et al. 2020). They, in particular, considered dementia as
a key factor in the process of self-assessment of health. For this reason, they analyzed the
subsample of people affected by dementia, finding that dementia weakens both direct and
indirect associations of observed and latent variables with SRH (Lisko et al. 2020). In the
present study, excluding from the analysis non-testable individuals, those who are in the
worst health conditions (mainly cognitive) (Strozza et al. 2020a), did not change the results
obtained on the total population (see Supplementary Materials). However, it has not been
possible to perform the same analysis on the subsample of non-testable individuals because
of the small sample size.

SES does not have a direct effect on SRH, similarly to what has been found by Au
and Johnston (2014) among Australian. However, as for the presence of chronic disease, it
has an indirect effect on SRH by influencing functional health, confirming that socioeco-
nomic health disparities persist among nonagenarian (Enroth et al. 2013, 2019; Strozza et
al. 2020a; Strozza et al., 2020b). This result suggests that SES by itself does not influence
the perception of health of the individuals, contrary to what was hypotesized, that highly
educated people or people living in a better economic condition perceive their health differ-
ently from those who are less educated or wealthy. The association between SES and SRH
might be explained through other health factors that are directly influenced by the SES and
that are associated to SRH. This was anticipated by Jylhd (2009) when outlying her theoreti-
cal model and confirmed by our results. However, these results should be interpreted with
caution. Since our study is based on cross-sectional data, it is not possible to exclude the
possibility of reverse-causality when analyzing the relationship between SES and health. It
is plausible that worse health conditions throughout the lifecourse could lead to worse SES.
Additionally, the construction of the latent variable may introduce additional bias, as living
conditions are part of the SES construct. It is worth considering that individuals who live
alone at very old ages may be self-selected for good health, as only those with sufficiently
good health are able to manage independently. This could potentially explain the association
between SES and age, as older nonagenarians have lower SES. As health tends to deterio-
rate with age, it is more common for individuals to reside in nursing homes or live with rela-
tives. Further investigation is necessary to determine whether these findings are consistent
among the oldest-old individuals in other populations.

These results suggest that at older ages, oldest-old individuals with the same cultural
background (Italian) share a similar mechanism of evaluation of their own health with
younger-old individuals. This result is extremely important as it brings new evidence to the
discussion of cross-age differences in SRH. It is known that, when growing older, the stan-
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dards for considering one’s health as good become lower. However, it is not clear whether
the importance given to certain aspects of health when rating the own health conditions
change. Lazarevi¢ and Brandt (2020) investigated such difference in several countries, find-
ing that between adults and elderly there were quite some differences in terms of health
dimensions influencing SRH. However, they could not investigate differences between
younger-old and oldest-old individuals as the survey did not include a sufficiently large
group of very old people (Lazarevi¢ and Brandt 2020). The results of this paper bring evi-
dence on the cross-age comparison of SRH at older ages that was never explored before.
Despite some questioning on the reliability of SRH as overall health measure at very old
ages, European and American research shows that it remains a valid measure to capture
objective health changes over time and to predict mortality as a consequence of health
worsening (Galenkamp et al. 2013; Vogelsang 2014; Vuorisalmi et al. 2012). Our results
suggest that even at very old ages, SRH is still sensitive to some objective health measures
as functional health and presence of chronic diseases.

The present study has some strengths and limitations. The uniquely rich health data on
nonagenarians (Mugello Study) and the use of a powerful statistical method as SEM are
the two major strengths of this study. However, the cross-sectional nature of the data does
not allow us to tackle the causal relationships between the latent and observed variables
included in the model. Furthermore, we do not account for individual heterogeneity in the
process of self-rating health. However, Hirve et al. (2014) showed that cultural background
and individual-specific reporting behavior do not alter the mechanism of SRH (Hardy et al.
2014).

5 Conclusions

Overall, our study brings new evidence on the process of self-assessment of health among
oldest-old individuals. The findings, even though with some differences, are coherent with
the only other study on the topic we were able to find in the literature (Lisko et al. 2020). Our
result suggests that self-assessment of health has the same structure among younger- and
oldest-old people when sharing similar cultural background. To add important pieces to the
puzzle, additional studies comparing different cultural contexts and different age groups,
including the oldest-old one, are necessary (Lazarevi¢ and Brandt 2020).

Finally, given the broad use of SRH, understanding the mechanism of self-assessment of
health is crucial to correctly interpret the results obtained when SRH is used as an indicator
of general health. Studies investigating the process of self-assessment of health at different
ages, from younger to older ones, and in different countries are present in literature. How-
ever, many more studies are necessary to disentangle such mechanism among older indi-
viduals. The oldest-old population is the fastest growing segment of the population in many
high-income countries (Christensen et al. 2009). As their participation to demographic and
social surveys is increasing, and it is expected to increase even more in the coming years,
future estimates of the health conditions of the oldest-old population should become more
available and reliable. Since SRH is commonly measured in general surveys, extending
the knowledge on how long-lived individuals assess their own health becomes crucial. It
will help policy makers to better understand the needs of the older individuals populating
modern societies.
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