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Abstract

Over the past 50 years, socioeconomic development has brought a reduction in birth rates,

an increase in life expectancy and consequently in the elderly population. For this reason,

there has been an increasing focus on physical and mental health of the elderly, promoting

the concept of healthy aging. The aim of this study was to explore the associations between

perceived physical and mental health of older adults and a variety of determinants, such as

demographic factors, physical functional fitness, physical activity level, adherence to the

Mediterranean diet and anthropometric indices, through a structural equation modeling

(SEM). A cross-sectional observational study involved 208 elderly (24 men and 184 women)

over the age of 60, fully independent and autonomous. Perceived physical and mental

health were assessed with the Short Form 12 questionnaire. Basic sociodemographic infor-

mation was collected; anthropometric features were directly measured, functional fitness

was assessed with the Senior Fitness Test, and physical activity level was determined

through the International Physical Activity Questionnaire; adherence to Mediterranean Diet

(MD) was also collected through the MEDAS questionnaire. The SEM analysis revealed

that functional fitness, which was a latent variable of the model described by the six adminis-

tered fitness tests, was a strong predictor both of perceived physical and perceived mental

health in the sample of elderly. Physical activity level was as predictor of the perceived phys-

ical component, but not of the mental health, while score of metabolic equivalent task did not

result a predictor, as well as the sociodemographic factors and adherence to MD. The pres-

ent findings suggest that it would be strongly recommended for elderly subjects to engage in

physical activity specifically targeted to aged populations, in order to enhance their fitness

abilities and enable them to improve the perception of their own health status.
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Introduction

Over the past 50 years, globally, socioeconomic development has led to a reduction in new

births and an increase of life expectancy [1]. This trend has inevitably caused changes in popu-

lation demographics by favoring an increase in the elderly population over the young. So, the

World Health Organization (WHO) has estimated that by 2050 the world’s population of peo-

ple aged 60 years and older will double, and the number of persons over 80 years old is

expected to triple between 2020 and 2050 to reach 426 million [2]. For these reasons, WHO

over the past few years has been thinking of intervention policies in order to ensure a better

life perspective and healthy aging for older people [3, 4].

Aging is a natural and irreversible process involving a reduction in the physical and cog-

nitive functions of the human body and the probability of the onset of age-related diseases

[5]. The decline in physical abilities is strongly related to the phenomenon of aging and can

impair even normal daily activities such as climbing or descending stairs, getting up from a

chair, or simply walking independently. For many elderly individuals, a minimal loss of

functional demand to perform normal daily activities can evolve into a drastic decrease in

quality of life and loss of autonomy [6]. Functional fitness, in fact, is defined as the physiolog-

ical ability to perform normal daily activities safely, independently, and without excessive

fatigue [7].

Aging in the elderly is often characterized by a decrease in cognitive function sometimes

correlated with the presence of anxiety and depression disorders [8, 9]. It is equally important

for healthy aging, therefore, to consider not only the physical component but also the mental

component and the relationship between these two.

Several studies have also shown that there is a strong association between physical and men-

tal health [10, 11], between physical and psychological health [12], and between physical and

cognitive function [13]. Ohrenberger’s study [10] have seen how physical and mental health

depend on each other; in fact, a better past mental health significantly increases current physi-

cal health and better past physical health has a greater effect on current mental health. Similar

is the study by Sha Luo et al. [11], which showed how physical health was closely related to

changes in mental health and vice versa.

Healthy aging is a multidimensional concept closely related to a healthy lifestyle character-

ized by the performance of regular physical activity and healthy eating habits in order to pre-

serve physical, social, mental health and well-being and quality of life [14]. Regular physical

activity has been widely shown to be a protective factor in the prevention and treatment of the

most common diseases that affect the elderly such as heart disease, stroke, diabetes, and some

types of cancer [15]. In addition, the role of physical activity is also closely linked to the pre-

vention of other important risk factors such as hypertension, overweight and obesity, and to

improved mental health by delaying the onset of dementia and improving quality of life and

general well-being [16, 17].

Promoting healthy aging may also depend on dietary modification, which can help prevent

the onset of age-related diseases and effectively influence their development, thereby improv-

ing quality of life [18]. Specifically, it was noted that among various dietary patterns, high

adherence to the Mediterranean Diet (MD) was associated with physical performance and cog-

nitive function in the elderly [19, 20].

In the literature, the perception of the physical and mental state of the elderly can be influ-

enced by several factors such as the absence of chronic diseases, but also by the degree of func-

tional impairment, personality factors, stress level, and various psychosocial factors, as shown

in the study of Knapik [21].
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Although the determinants of healthy lifestyle are well known, little is known in the litera-

ture about how they interact with each other in order to predict physical and mental health in

older people [22, 23].

The aim of this study was to explore the associations between perceived physical and mental

health of older adults and a variety of determinants, such as demographic factors, physical func-

tional fitness, physical activity level, adherence to the MD and anthropometric indices, through

a Structural Equation Modeling (SEM). This statistical technique is widely used in the literature

to modeling the interactions between variables by combining factor analysis and multiple

regression analysis, while simultaneously accounting for measurement error [24]. The theoreti-

cal framework of the SEM is based on the path relationship between variables, with the abstract

latent variables measured indirectly by the observed variables. This analysis tests first the mea-

surement theory to confirm the reliability and validity of the measurement models; and after

the measurement models are confirmed, the structural theory is tested to show how the latent

variables are related to one another. Thus, SEM was used in the present study to provide a flexi-

ble framework for developing and clarifying the relationships among multiple observed and

latent healthy lifestyle variables and perceived physical and mental health. To confirm the

hypothesis of the relationship between the set of considered observed variables and their under-

lying latent constructs, a Confirmatory Factor Analysis (CFA) was performed before the SEM.

Even though it is generally recommended to conduct an Exploratory Factor Analysis (EFA)

before CFA, in the present study the researchers retained not necessary to use it, since already

having a plausible hypothesis regarding the factor structure, i.e. the observed variables of the fit-

ness tests likely explained a latent construct such as the “physical fitness” [25].

The advantages to the use of SEM are several: it allows observing complex and multidimen-

sional models; the tested relations among factors are theoretically free of measurement error

because the error has been estimated and removed, leaving only common variance; the mea-

surement reliability can be accounted for explicitly within the analysis by estimating and

removing the measurement error [24].

Materials and methods

Study design and participants

A cross-sectional observational study was conducted from November 2022 to January 2023, as

part of an intervention evaluation within the Physical Activity Promotion & Domestic Acci-

dents Prevention (PAP & DAP) Project, in collaboration with the Azienda Sanitaria Provin-

ciale (ASP) of Palermo.

This study involved 208 elderly (24 men and 184 women) over the age of 60, fully indepen-

dent and autonomous, with no physical and/or mental disabilities and cognitive disorders,

from the city of Palermo and its Province. Participants were recruited from September to

November 2022 through the ASP contact persons in the various districts of Palermo using

posters with adherence on a voluntary basis.

Initially, there were 208 participants in the study, but due to various reasons (COVID-19,

inability to perform some senior fitness tests or incorrect compilation of the questionnaires)

we had fewer participants who completed the questionnaires or performed the Senior Fitness

Test (SFT). SFT was performed by 154 participants, while SF-12, MEDAS, and IPAQ question-

naires were carried out by 126, 110, and 98 subjects respectively.

All participants gave their informed consent for the participation to the study, which was

approved by the Ethical Board of the University of Palermo (N. 111/2022) and conformed to

criteria for the use of persons in research as defined in the Declaration of Helsinki. All older

adults participated voluntarily and could withdraw from the study at any time.
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Variables and measurements

Participants’ demographic information, i.e. age, gender, living area (city center, residential sub-

urban, popular suburban), and anthropometric measures of weight and height were collected

through the completion of a medical history card. BMI calculation is based on the following for-

mula: weight in kilograms divided by height in meters squared. BMI was calculated to classify

subjects according to weight status in underweight (below 18.5), normal weight (18.5–24.9),

overweight (25.0–29.9), obese (30.0 and above) [26]. Several both qualitative and quantitative

variables were then assessed through the administration of different questionnaires. Authors

had access to information that could identify individual participants during data collection.

The Short Form 12 (SF-12) [27–29] is a questionnaire consisting of 12 items, taken from

the 36 items in the original SF-36 questionnaire, that produce two measures related to two dif-

ferent aspects of health: perceived physical component and perceived mental component. The

SF-12 consists of 4 scales: physical functioning, role and physical health, role and emotional

state, and mental health. SF-12 questionnaire allows the description of health status through

two summary indices calculated from the twelve questions: the index called Physical Compo-

nent Summary (PCS) which concerns the physical health of the group, and the Mental Com-

ponent Summary (MCS) which measures mental health. The results of the two indices PCS

and MCS were evaluated through the algorithms in the spreadsheet for the Microsoft Excel soft-
ware [30] (retrieved from http://amsacta.unibo.it/5751/). These two indices were taken as the

dependent variables in our modeling study.

Participants’ functional fitness was assessed through the Senior Fitness Test (SFT) [31–33],

a battery consisting of the following motor tests targeted to the population aged over 60: 1)

Chair stand test, to test leg strength and endurance; 2) Arm curl in 30s, to test upper body

strength; 3) 6 Minute Walking Test, to test aerobic capacity and endurance; 4) 2-minute step

test, to test aerobic capacity and endurance; 5) Chair sit and reach, to measure the flexibility of

the lower back and hamstring muscles; 6) Back stretch test, to assess flexibility in the shoulder

joint and shoulder arch on the right and on the left side; 7) Timed up and go test, to assess

mobility, balance, walking ability, and fall risk in older adults. The 6 Minute Walking Test was

not administered because it is not always feasible in such aged population, as suggested by Lan-

ghammer et al. [34]; thus, aerobic capacity and endurance were evaluated only through the

2-minute step, which is better affordable by elderly people.

The physical activity (PA) level of the participants was assessed through the International

Physical Activity Questionnaire (IPAQ) that consists of 7 items used to estimate the amount of

physical activity performed in the past seven days by the subjects [35]. Participants are

requested to report how many days and minutes of intense, moderate and walking activities

they practice and how long they stay sedentary, in order to calculate a score corresponding to

the metabolic equivalence task in minutes per week (MET min/week). It represents the

amount of energy expended in performing physical activity. 1 MET is what you consume

when you are at rest. For each type of physical activity, a different MET is obtained given by

the multiplication between minutes engaged in physical activity, days, and a MET value arbi-

trarily assigned to each physical activity; walking is considered as 3.3 METs, moderate physical

activity as 4 METs, and vigorous physical activity as 8 METs [36]. Thus, the final result is

obtained through the sum of METs consumed for each type of physical activity (intense, mod-

erate or walking). The patient will be classified as inactive if the total METs are less than 700,

sufficiently active if the total is between 700 and 2519 and active or very active if the total is

above 2520 METs [37, 38].

Mediterranean Diet Adherence Screener (MEDAS) is a 14-item questionnaire assessing

adherence to the MD and major eating habits [39, 40]. Each response gives a score of 0 or 1
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point, depending on whether or not the given response meets the criteria for adherence to the

MD. As a result, the final MEDAS questionnaire score can range from 0 to 14. The higher the

score, the better the adherence to the MD, which is considered acceptable when the score is

greater than or equal to 9 [41, 42].

Statistical analysis

The software STATA/MP 12.1 (Stata Corp, College Station, Texas) was used to analyse all

data.

Quantitative variables used for the analyses included the following: the perceived physical

health and perceived mental health measured as scores derived from the SF-12, which repre-

sented the dependent variables used in the structural model; BMI (expressed as Kg/m2), total

MET min/week, MD adherence score, scores of the 6 tests of the SFT to evaluate functional fit-

ness (upper and lower limb strength, flexibility of the lumbar and ischio-crural musculature,

flexibility of the scapulohumeral joint, agility and dynamic balance, aerobic resistance). Quali-

tative variables were weight status (normal weight, overweight and obese), PA level (active or

very active; fairly active; non active), MD adherence (yes/no), gender (M, F), living area (city

center, residential suburban, popular suburban).

Normality of the distributions was tested through the Shapiro-Wilk test for normality.

Initially, bivariate correlation was performed to explore the associations between the vari-

ables and a correlation matrix was created to show them; Pearson’s coefficients were used for

quantitative and normally distributed variables, while Spearman’s coefficients were used for

categorical and not-normally distributed variables. Afterwards, confirmatory factor analysis

(CFA) to modelling latent variables and their indicators was conducted.

Third, a structural equation model (SEM) was launched to examine predictors of physical

and mental health. Both observed and latent variables were included in the model.

The following indices and cut-off were used to evaluate the goodness of the model: compar-

ative fit index (CFI) and Tucker-Lewis Index (TLI), with values> = 0.9; root-mean square

error of approximation (RMSEA), which tests the fit of the model to the covariance matrix,

with value < = 0.06; the standardised root mean squared residual (SRMR), which is the square

root of the discrepancy between the sample covariance matrix and the model covariance

matrix, with an acceptable fit value of 0.08 or less. Akaike information criteria (AIC) and

Bayesian information criteria (BIC) were also reported to compare the different models and

choose the one with the smaller AIC and BIC (which is more likely to be replicated, has fewer

parameter, and fits better) [43].

The examination of the standardized beta coefficients for hypothesized relationships was

performed together with the standard errors. Statistical significance was set at p<0.05.

Results

Descriptive statistics

The descriptive analysis of quantitative variables (Table 1) shows that participants have a mean

age of 71.2 (SD 5.63); they are generally slightly overweight (BMI >24.9), even though they are

on average physically active with mean total MET >2591 (3503.4). They are not adherent to

the MD on average, as their MD score is<9 (8.4).

The results of the fitness tests are showed both as scores (Table 1) and categories below

average, on average and above average in Table 2.

More than half participants have lower and upper limb strength in the average (54.6% and

59.3% respectively). The rest of the sample has lower limb strength below average (44.7%),
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while just one participant is above the average; for the upper limb strength, similar percentages

are found both for values above the average (21.4%) and below (19.3%).

The flexibility of the lumbar and ischio-crural musculature estimated with the sit and reach

test is below average for most participants (56.6%); the rest of the sample has it in the average.

The flexibility of the scapulohumeral joint is also below average for most participants

(45.5%), but there is a small percentage (13.8%) of persons above the average.

The agility and dynamic balance revealed by the timed up-and-go test is for almost all sam-

ple (89.6%) above the average.

Finally, the aerobic capacity is above the average for most participants (66.9%), while only

2.6% is below the average.

Table 3 shows the frequencies of the considered qualitative variables. The sample is mostly

represented by women (88.5%), coming mainly from residential suburban areas (54.5%). A

total of 62.9% of participants is overweight/obese. The physical activity level is active/very

active for a high percentage (49.0%). More than half sample (51.8%) does not show MD

adherence.

Bivariate correlation

The bivariate correlation between the study variables is shown in Table 4.

The perceived physical health is significantly correlated to the agility and dynamic balance

measured through the timed up-and-go test (r = -0.34, p<0.01), to the leg strength and endur-

ance measured through the chair stand test (r = 0.22, p<0.05) and to the total MET and to the

Table 1. Quantitative characteristics of the sample.

N Mean SD*
Age (year) 208 71.2 5.63

BMI (Kg/m2) 140 26.5 3.69

Perceived physical health score 126 43.6 8.30

Perceived mental health score 126 46.4 9.02

Chair stand test 152 10.5 2.56

Arm curl test 145 15.0 4.14

Sit and reach test 152 -7.8 9.37

Back scratch test 145 -10.2 15.25

Timed up-and-go test 154 8.3 2.18

2-minute step test 154 122.6 41.90

Total MET 98 3503.4 5062.36

MD§ score 110 8.4 2.01

*Standard Deviation
§Mediterranean Diet

https://doi.org/10.1371/journal.pone.0290258.t001

Table 2. Fitness tests scoring of the sample by categories below average/average/above average.

Chair stand test Arm curl test Sit and reach test Back scratch test Timed up-and-go test 2-minute step test

N % N % N % N % N % N %

Below average 68 44.7 28 19.3 86 56.6 66 45.5 0 0 4 2.6

Average 83 54.6 86 59.3 66 43.4 59 40.7 16 10.4 47 30.5

Above average 1 0.7 31 21.4 0 0 20 13.8 138 89.6 103 66.9

Tot 152 145 152 145 154 154

https://doi.org/10.1371/journal.pone.0290258.t002
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physical activity level (r = 0.24, p<0.05 and -0.37, p<0.01 respectively); a trend exists for the

correlation with the upper limb strength and with the flexibility of the lumbar and ischio-cru-

ral muscles (r = 0.20, p<0.10 in both arm curl test and sit and reach test).

Perceived mental health is correlated to all tests of functional fitness (p<0.01), except sit

and reach and back scratch; a trend was identified with Total MET (rho = 0.21, p<0.10).

Other correlations are evident for total MET with upper limb strength (r = 0.23, p<0.05)

and aerobic resistance (r = 0.29, p<0.05); physical activity level with flexibility of the lumbar

and ischio-crural musculature (r = 0.26, p<0.05), agility and dynamic balance (r = -0.39,

p<0.01) and aerobic resistance (r = 0.43, p<0.001); weight status and MD adherence (rho =

-0.28, p<0.05), with those adherents to the MD being less overweight or obese; physical activ-

ity level and MD adherence (rho = 0.27, p<0.05), with those adherents to the MD having a

higher level of PA. A trend has been identified for Total MET and weight status (rho = -0.24,

p<0.10), with people overweight/obese having a lower total MET.

SEM model

A first model with three latent variables (i.e. functional fitness, physical condition, demo-

graphic factors) did not fit well and wasn’t considered. A second model was analyzed including

two latent variables, i.e. functional fitness and physical general status, which was considered

better but did not satisfied the cut-points of the indices (RMSEA 0.091, AIC 3905.414, BIC

3931.479, CFI 0.771, TLI 0.793, SRMR 0.152) [43].

Table 3. Qualitative characteristics of the sample.

Gender N F
M 24 11.5

F 184 88.5

Tot 208

Weight status
Normal weight 52 37.1

Overweight 63 45.0

Obese 25 17.9

Tot 140

Physical activity level
Active or very active 48 49.0

Fairly active 27 27.6

Non active 23 23.4

Tot 98

MD§ adherence
Yes 53 48.2

No 57 51.8

Tot 110

Living area
City center 44 28.2

Residential suburban 85 54.5

Popular suburban 27 17.3

Tot 156

§Mediterranean Diet

https://doi.org/10.1371/journal.pone.0290258.t003
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The final model revealing the best fit (shown in Fig 1) included one latent variable, the func-

tional fitness, and was described by the following indices: RMSA 0.028, AIC 3842.615, BIC

3866.942, CFI 0.958, TLI 0.963, SRMR 0.08.

Both physical and mental health are positively and significantly predicted by functional fit-

ness. Structural and measurement models are also shown in Table 5, where non standardized

beta-coefficients are showed. Those with better performances in the fitness tests have a physi-

cal status perception 0.2 points higher than those having worse performances; people showing

higher functional fitness also have perception of their mental status 0.35 points higher.

The physical activity level is only related to physical status: active people have a higher and

better perception of their physical status of 0.3 points more compared to inactive people.

All the other considered variables were not predictors of perceived physical and mental

health.

Discussion

This study explored the relationship between perceived physical and mental health in older

adults and several determinants, such as demographic factors, functional fitness, physical

activity level, anthropometric indices and adherence to the Mediterranean diet. Correlations

between the considered variables were described by an initial bivariate analysis, followed by a

structural equation modeling that explained the predictors of perceived physical and mental

health.

The final obtained model revealed one latent variable, the functional fitness, which was

described by the six fitness abilities measured through the SFT and this was confirmed by the

highly significant coefficients (Table 5) showed in the measurement model. This latent variable

was significantly associated both with perceived physical and mental health, showing standard-

ized coefficients respectively of 0.19 and 1.6.

Regarding the performances at the fitness tests, our sample generally showed quite good

results (in the average or above the average) for the upper body strength, agility/dynamic bal-

ance and aerobic capacity/endurance. These values were significantly correlated in the bivari-

ate analysis with the physical activity level, and this result is consistent with the study by

Buchman et al. [44] who showed that physical activity was modestly associated with global

Fig 1. Final model predicting perceived physical and mental health in the considered sample. Relations are showed as standardized beta-

coefficients. Thick lines represent significant relationships (p<0.05), two sided arrows represent covariances. Model fit indices: RMSA 0.028, AIC

3842.615, BIC 3866.942, CFI 0.958, TLI 0.963, SRMR 0.08.

https://doi.org/10.1371/journal.pone.0290258.g001
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motor function, motor performance and muscle strength in older people. Buchman also

showed that people with a high level of physical activity had a slower rate of decline in motor

function by more than 35% compared with those who did not engage in any form of physical

activity and that there was no sex difference in the association between physical activity and

change in motor function. This last finding mitigates the limitation of our sample which con-

sisted mostly of women. Agility and dynamic balance, detected by timed up and go test, were

for almost the entire sample above average, as well as aerobic capacity, assessed through the

2-minute step test, for most participants. This result is consistent because most of the partici-

pants’ self-reported physical activity through the IPAQ questionnaire was related to walking,

which is the usual activity for performing most daily tasks.

With concern to the other fitness abilities, most of our sample showed that the flexibility of

the lumbar and ischio-crural muscles estimated with the sit-and-reach test, as well as the flexi-

bility of the scapulo-humeral joint were below average. This result could be attributed to the

Table 5. Structural and measurement models of the relationships between dependent variables (perceived physi-

cal and mental health) and different examined predictors included in the SEM analysis. Values are expressed as

unstandardized beta-coefficients.

Structural model Beta coefficient (raw) SE p Lower CI (95%) Upper CI (95%)

Perceived physical health

Gender (ref.male) 0.02 0.088 0.870 -0.16 0.188

Age -0.10 0.094 0.313 -0.28 0.09

Residence area (ref. central) 0.03 0.099 0.732 -0.16 0.23

BMI -0.19 0.138 0.154 -0.45 0.07

Weight status (ref.normal weight) 0.10 0.138 0.440 -0.16 0.38

MD adherence score -0.32 0.167 0.055 -0.65 0.01

MD adherence (ref.non adherent) 0.13 0.179 0.454 -0.22 0.48

Total MET 0.08 0.117 0.498 -0.15 0.31

Physical activity status (ref.non active) 0.27 0.127 0.036 0.02 0.52

Functional fitness 0.21 0.099 0.037 0.01 0.40

Perceived mental health

Gender (ref.male) -1.28 0.088 0.145 -0.30 0.04

Age 0.02 0.135 0.882 -0.24 0.29

Residence area 0.12 0.098 0.227 -0.07 0.31

BMI -0.24 0.147 0.106 -0.53 0.05

Weight status (ref.normal weight) 0.21 0.136 0.131 -0.06 0.47

MD adherence score -3.35 2.757 0.224 -8.75 2.05

MD adherence (ref.non adherent) 2.81 2.802 0.315 -2.68 8.31

Total MET 0.12 0.114 0.275 -0.10 0.35

Physical activity status (ref.non active) -0.04 0.136 0.756 -0.31 0.22

Functional fitness 0.35 0.090 0.000 0.18 0.53

Measurement model

Functional fitness

Chair stand test 0.82 0.04 0.000 0.74 0.89

Arm curl test 0.70 0.05 0.000 0.60 0.80

Sit and reach dx test 0.33 0.08 0.000 0.18 0.49

Back scratch dx test 0.26 0.09 0.003 0.09 0.44

Timed up-and-go test -0.83 0.04 0.000 -0.90 -0.76

2-minute step test 0.71 0.05 0.000 0.61 0.81

https://doi.org/10.1371/journal.pone.0290258.t005
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chronic use of these joints, which are the most stressed in the activities of daily living [45] and

not to the participants’ physical activity levels. Stathokostas’ study also showed that there is no

relationship between self-reported physical activity levels and upper or lower body flexibility.

The study by Walker et al. [46] also reported no differences in ranges of motion of some body

joints in a sample of 60 elderly men and women classified into high and low physical activity

categories based on self-assessment. Miotto et al. [47] found no difference comparing flexibil-

ity of the posterior thigh muscles in a sample of active versus sedentary adults with an average

age of 68 years. Physical activity level, therefore, did not explain a significant amount of the

variance in flexibility measures, and flexibility was not associated with functional ability.

At the bivariate analysis we also found that perceived physical health was significantly cor-

related with agility and dynamic balance and total MET/physical activity level; for this reason,

there is a trend (p<0.10) for correlation with lower and upper limb strength and with flexibil-

ity of lumbar and ischio-crural muscles.

On the other hand, a study by Pucci et al. showed that there is a positive association

between physical activity and Short Form-36 questionnaire domains including "physical func-

tioning", "vitality", "mental health", "role-physical", "role-emotional", "general health" and

"physical and mental components". In particular, the domains "physical functioning", "vitality"

and "mental health" showed a greater association of these domains with physical activity [48].

The structural model showed the perceived mental health being highly correlated with all

tests of functional fitness. To our knowledge, there are not studies in the literature assessing

this relationship, but our results can suggest that old people should gradually and constantly

build and maintain adequate levels of fitness abilities (such as strength of upper and lower

body, flexibility, agility, dynamic balance and aerobic capacity) in order to perceive a better

health status. The bivariate analysis showed this correlation for all tests except the sit and reach

and back scratch tests. This is consistent with the work of Hemmeter et al. that physical fitness

counteracts the development of depression; in fact, physical fitness is associated with better

mental health in the elderly [49]. Physical activity induces changes in brain neurotransmitters

and endogenous opioids associated with depression, anxiety, and other mental health prob-

lems, improving the relationship between physical activity and quality of life [50]. A study by

Byeon et al. found that elderly people who did flexibility exercises between 1 and 4 days had an

approximately 81% lower risk of suffering from depression than those who did not [51].

The structural model in our study confirmed an important role of the physical activity level

as predictor of the perceived physical health, but not of the mental health, while MET mea-

sured as score did not result a predictor.

Despite most participants were overweight/obese, they showed on average a good physical

activity level with mean total MET over the average cut-off. This can be considered a good

result since higher levels of physical activity have been shown to be linked to lower motor

decline in the elderly, while sedentary behavior was associated with impaired physical function

[52]. Moreover, BMI or weight status did not influence overall performances negatively in the

fitness tests; only a slight significance was found in the bivariate correlation between BMI and

back scratch test results, with each increasing unit of BMI determining a score of 0.21 points

lower. BMI and weight status weren’t even predictors of both physical and mental health, and

this was also confirmed in the structural model.

Other correlations were evident for physical activity level and all fitness abilities, with the

exception of back scratch test. This result could be explained by the type of physical activity

that was performed by the study participants. In fact, most of them were engaged in walking or

daily activity work such as gardening that did not involve the scapulohumeral joint.

Total MET score significantly predicted the upper limb strength and aerobic resistance,

while a significant trend was showed for flexibility of the lumbar and ischio-crural
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musculature, agility and dynamic balance. A review by Lam et al. partially confirmed our

results stating that higher levels of physical activity were correlated with higher levels of flexi-

bility and balance [53].

Correlations for age in the bivariate model showed that perceived physical health decreased

with aging, and this relationship is mediated by the abilities in some fitness tests. For example,

we found that participants’ age was correlated with timed up and go test and arm curl test. In

fact, a higher age corresponded to more time to perform the timed up and go test, and a higher

age was correlated with lower strength as the repetitions of the arm curl were lower. These

findings are consistent with studies by Cadore et al. [54] who show that as age increases there

is a decrease in balance and gait speed. Other studies, confirming our findings, show that as

age increases there is a decrease in balance, gait speed and a decrease in strength ratings [55,

56]. Age, however, wasn’t a predictor of the perceived physical and mental health in the struc-

tural model, and this is confirmed in another study where regression models were applied in a

sample of European older adults [57].

Gender was correlated to sit and reach test, back scratch and minute step tests, with females

performing overall better than males. A trend of significance was also found out for females

perceiving a worst mental health status than males [58]. In the structural model, anyway, gen-

der didn’t result to be a mere predictor of the perceived physical and mental health.

Our results showed even no correlation between perceived physical and mental health and

adherence to the MD. This result appears opposite to the results found by Zaragoza Marti et al.

[59] who found that adherence to the MD is directly associated with self-perceived physical

and mental function. Our result, on the other hand, can be justified since on average the adher-

ence of our group was below the limit of acceptability (MD score 8.4).

Since different papers confirm the lack of associations between mental health and variables

such as age, gender, weight status and diet, focusing more on the psychological aspects such as

depression or loneliness that predict mental health, the authors can suppose that the role of

these psychological aspects could be stronger and there could be other psychological mediation

mechanisms or neuro-metabolic explanations, that are age- and gender-independent or diet-

independent, for these relationships.

Limits and strengths

The study has some limitations. Firstly, our sample consisted almost entirely of women (88%)

compared to men, so it was difficult to identify differences between genders. Therefore, it is

worthwhile to undertake further research that includes a fair number of older men through

effective recruitment methods targeted specifically at men.

Another limitation could be the use of the IPAQ questionnaire as the only method of mea-

suring physical activity level in the elderly. Although the IPAQ is an internationally recognized

questionnaire, whose validity and reliability were assessed in comparison to accelerometer,

there are some studies that show some limitations of its use in the elderly population. The

study by Tomioka et al. [60] conducted in elderly people over 65 shows that reliability was

insufficient, while validity was adequate. Other studies indicate that the elderly underestimated

both physical activity levels (moderate to vigorous physical activities and total physical activity)

and sedentary behavior [61, 62]. A recent Italian study [63] proposed a modified version for

the elderly population with acceptable consistency and reliability. But since it has not yet been

published during our work, this is proposed to be used in future studies.

Our study has various strength points. Firstly, the fitness tests administered were well estab-

lished and recognized, with the battery in the short form being valid and reliable for older pop-

ulations. In addition, our sample was recruited from different living areas in the province of
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Palermo, these allowing comparisons based also on the urban or rural geographical character-

istics of the sample.

The results of our research can also be applied to the individual because the selection crite-

ria for participants and the evaluation methods used have been defined in detail. Finally, our

study provides an important and original contribution to the knowledge of the relationship

between perceived mental health and functional fitness in older adults, since there is a lack of

this matter in the scientific literature.

Conclusion

Referring to our results, the designed structural model was robust to describe predictors of

perceived physical and mental health in older adults, which were recognized in the functional

fitness both for the physical and mental health, and in the physical activity level for the per-

ceived physical health.

Therefore, it would be strongly recommended for elderly subjects to engage in physical

activity specifically targeted to older age, in order to improve fitness abilities.

Our results may be useful to clinicians and healthcare services for detecting and treating

disease or its complications at an early stage, before symptoms or functional losses occur,

thereby minimizing morbidity and mortality. In addition, they may be used to plan targeted

strategies for promoting healthy lifestyle in elderly.
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