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Abstract

Ageing is associated with declines in cognitive functions and physical fitness (PF). Physical

exercise training and physical activity (PA) have been shown to have positive effects on cog-

nitive functions and brain plasticity. This study aims to establish a practical equation for eval-

uating cognitive functions using PF parameters in healthy older adults. One-hundred and

two older subjects were physically and clinically evaluated. Participants performed the Short

Physical Performance Battery (SPPB) and handgrip test (HG); general cognitive functions

were examined using the Mini Mental State Examination (MMSE). For all of them, a multiple

regression analysis was used to predict MMSE from age, SPPB and HG variables. The new

equation was cross validated to determine its prediction accuracy. Considering that SPPB

and MMSE reference score are not different between genders, only one equation was

developed for females and males. Age, SPPB and HG correlated significantly (p<0.01) with

the MMSE score. The developed equation was MMSE = 19.479 + (1.548 x SPPB)–(0.130 x

age) (R2 = 0.72 and root mean square errors of 3.6). The results of PF are useful for exercise

specialists to achieve the best physical exercise training and PA in older adults. In conclu-

sion, this study showed for the first time that our new equation can be used to predict sub-

jects’ cognitive functions based on SPPB results and subject age. We suggest its use when

patients’ cognitive functions or more appropriate clinical tests cannot be pursued.

Introduction

Between 2015 and 2050, the number of people over 60 will almost double from 12% to 22%

[1]. As a result, the population structure will be changing in developed countries, with fewer

children and more elderly people. Because of this change, the pace of population aging around

the world is also increasing [1]. A longer life might bring new opportunities or disabilities

depending on whether people can experience these additional years of life in a healthy or non-

healthy condition. Indeed, if these added years are dominated by declines in physical and
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mental capacity the prevalence of many chronic conditions is expected to increase. Healthy

ageing is defined as the process of developing and maintaining the functional ability that

enables well-being in old age [1]. With increased longevity it is very important to prevent the

age-related impairment of cognitive functions such as mild cognitive impairment (MCI) and

dementia. Dementia, the end stage of brain diseases and Alzheimer disease (AD), is the most

common one, while MCI is a heterogeneous state between normal ageing and early dementia.

There are different methods to assess subjects’ cognition state, however, the most common

one, employed in 80% of studies, is the Mini-Mental State Examination (MMSE) or its modi-

fied version [2]. A healthy lifestyle, including correct diet, abstinence from cigarette smoking

and regular physical activity (PA) has a pivot role for healthy aging. Through the manuscript

we use the term “physical activity” to indicate any bodily movements, “exercise” to indicate a

subset of physical activity characterized by a planned and purposeful training, and “physical

fitness” (PF) to indicate a set of attributes that are health related [3]. Many studies support the

idea that PA might be considered as non-invasive therapy for physical and mental health

improvements [4–6]. For instance, Blair et al. (1989) showed that high level of PF appears to

delay all-cause mortality decreasing the rates of cardiovascular diseases and cancer [7]. It has

been recognized that healthy lifestyle might counteract physical and cognitive decline in sub-

jects affected by illness or impairment. PA has been recognized as the stronger factor to coun-

teract the development of AD [8]. PA might maintain or improve cognitive functions in

ageing and reduce the risk of AD in subjects older than 35 years old [9]. Moreover, physical

active behaviors and PE might produce benefit in executive functions, and memory counter-

acting cognitive aging [10,11]. However, to reach these positive health effects, volume, inten-

sity, frequency, and the type of exercise should be planned to achieve the best clinical results.

When, these exercise parameters are not planned correctly, it could be possible that exercise

might induce health complications or the training goals will not be achieved. Recent data sug-

gest that functional mobility impairment in cognitive dual task is correlated to cognitive

decline in patients with AD [12]. Dual-task actions require simultaneous motor and cognitive

tasks and they are frequently used during daily living activity. Scientific research has been

focused on the effects of dual-task training in older adults with [13] and without [14,15] mild-

to moderate dementia and with Parkinson’s disease [16] showing an enhanced cognitive and

physical functions after training. Moreover, Vaccaro et al. (2019) showed that dancing practice

might increase fitness performance, memory functions and anxiety in older adults [17]. As

previously reported, a decline in physical functions has been associated with cognitive decline

[18]. Indeed, slow gait speed and weaker grip strength are strongly associated with worse cog-

nitive performance [18]. Given that the evaluation of subjects’ physical functions is usually a

non-invasive and well tolerated procedure, it could be useful to consider it as an additional

marker for the assessment of MCI to validated expensive instrumental tests, i.e. positron emis-

sion tomography and functional magnetic resonance imaging. Moreover, whether it could be

possible to estimate the global cognitive functions from physical fitness tests, sport science spe-

cialist could optimize the training program (e.g. choosing the most appropriate type of exer-

cise) in order to counteract the subjects’ cognitive decline, using as example a dual-task

training program. Therefore, the aim of this study was to establish a practical equation for eval-

uating cognitive functions using PF parameters in healthy older adults.

Materials and methods

Participants

One hundred and two older adults (65 females; 37 males) (age = 74.3±6.7 years, BMI = 28.3

±4.0 kg/m2) were recruited in this study from patients admitted to Geriatric Evaluation Unit
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for Cognitive Disorders—Azienda Sanitaria Provinciale Catanzaro and Endocrinology Unit—

Department of Experimental and Clinical Medicine, University Magna Graecia, Catanzaro.

Inclusion criteria consisted of older age (> 65 years). The exclusion criteria were: physical

impairment, severe psycho-cognitive diseases (major depressive disorder or psychosis), any

neuropathy or autonomic dysfunction, significant renal or liver disease, uncontrolled cardio-

vascular disease, i.e., myocardial infarction/myocardial ischemia or ventricular tachycardia/

obstructive valvular heart disease during the previous 6 months, uncontrolled hypertension

(blood pressure values exceeding 140 mm Hg systolic or 90 mm Hg diastolic), uncontrolled

hyperglycaemia, thyroid disease including autoimmunity, or any treatment with thyroid hor-

mone preparations or amiodarone, methimazole or propylthiouracil in the prior 3 months. All

participants underwent clinical examination to exclude any contraindications to PA and were

recruited according to their willingness to participate to the study protocol and signature of

informed consent. Moreover, independent samples of forty-five subjects (26 females; 19

males) (age = 78.4±6.4 years, BMI = 28.1±4.7 kg/m2) were selected for cross-validation analy-

sis. These subjects were recruited using the same inclusion/exclusion criteria and from the

same Centers. All tests were performed in the morning from 9:00 AM to 2:00 PM and MMSE

was assessed with face-to-face interview by a trained physician. After that, subjects performed

the Short Physical Performance Battery and Handgrip test in order to evaluate subjects’ physi-

cal fitness. Each participant provided a written informed consent before entering the study.

This study was conducted according to the Declaration of Helsinki and was approved by the

Ethical Committee of the Magna Graecia University, (approval number 149, 2017) as an

amendment to baseline screening evaluation included in Eudract protocol n. 2016-005198-11.

General cognitive functions, anthropometric and physical fitness

assessment

Subjects’ general cognitive impairment were assessed by using the standardized neuropsycho-

logical Mini Mental State Examination (MMSE) test [19]. Height (to nearest 0.01 cm) and

weight (to nearest 0.1 kg) were measured using a stadiometer with weighting station. Body

mass index (BMI) was calculated dividing body weight in kilograms by height in meters

squared (kg/m2). After a familiarization session, subjects performed the Short Physical Perfor-

mance Battery (SPPB) [20] and Hangrip test (HG) [21]. The individual score of SPPB was

derived from three functional tests that evaluate balance (Bal), lower body strength (CST) and

gait speed (GS). The procedure is described in detail elsewhere [20]. Grip strength was mea-

sured using a JAMAR handheld dynamometer (BK-7498, Fred Sammons, Inc.) with partici-

pants seated, with their elbow by their side and flexed to right angles. The participants’ hand

grip strength data were evaluated as left or right according to the dominant hand (the hand

used in performing heavy tasks or using heavy tools). Subjects performed three trials and the

average of the three attempts was used for data analysis. To minimize the effects of fatigue 45

seconds of recovery time was allowed between each trial.

Statistical analysis

The Kolmogorov-Smirnov test was used to ensure normally distributed data. All data are pre-

sented as mean values ± standard deviation (SD). Differences between males and females were

evaluated with an unpaired t-test. Correlation analysis was used to explore the relationships

between MMSE and the physical fitness variables. Stepwise regression analysis was performed

to identify which combination of significantly related variables would best predict MMSE

measured by the interview. The coefficient of determination (R2) and the SEE were estimated.

The criterion for inclusion (addition and retention) of predictors was the highest R2 model
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and the lowest SEE. Statistical significance was assumed at the conventional level of p� 0.05.

In the current study, cross-validation of predicted equations was performed by using the root

mean squared error (RMSE) methods [22] to an independent sample. RMSE is a measure of

the performance of prediction equation when applied to an independent sample. It is calcu-

lated as the square root of the sum of squared differences between the observed and the pre-

dicted values divided by the number of subjects in the cross-validation sample. All statistical

analyses were performed with the SPSS statistical package (Version 24.0 for Windows; SPSS

Inc., Chicago, IL, USA).

Results

This section was divided by subheadings to provide a concise and precise description of the

experimental results, their interpretation as well as the experimental conclusions that can be

drawn.

Cognitive functions, anthropometric and physical fitness results

Subjects’ cognitive functions, anthropometric characteristics and physical fitness results are

shown in Table 1. As expected, height, weight, and HG were significantly higher (P< 0.01) in

male than in female subjects. No differences were observed for age, body mass index (BMI),

SPPB and MMSE variables between males and females (Table 1).

Stepwise and multiple regression analyses between MMSE and independent

variables

Considering that SPPB and MMSE reference score are not different between genders, we

decided to develop only one equation for both female and male subjects. MMSE showed signif-

icant (p<0.001) negative correlation with age (R = -0.532) (Fig 1a) and significant (p<0.001)

positive correlation with SPPB (R = 0.841) (Fig 1b) and HG (R = 0.558) (Fig 1c).

The results of the stepwise multiple regressions showed that age, and SPPB data can give

the best predictive model (R = 0.85, R2 = 0.72) as shown in Table 2.

Table 1. Subjects’ anthropometrics characteristics, physical fitness and cognitive functions results. Data are presented as mean ± SD.

Parameters Female (N = 65) Male (N = 37) Pooled (N = 102) P value

Age (years) 73.4 ± 6.9 75.7 ± 6.1 74.3 ± 6.7 P = 0.10

Height (m) 1.52 ± 0.08 1.66 ± 0.07�� 1.57 ± 0.09 P<0.01

Weight (kg) 66.5 ± 11.5 76.5 ± 11.1�� 68.9 ± 12.7 P<0.01

BMI (kg/m) 28.6 ± 4.4 27.7 ± 3.2 28.3 ± 4.0 P = 0.27

CST (score) 2.9 ± 1.5 3.2 ± 1.1 3.0 ± 1.4 P = 0.28

GS (score) 2.8 ± 1.1 3.2 ± 1.0 3.0 ± 1.1 P = 0.10

Balance (score) 3.5 ± 0.9 3.5 ± 0.8 3.5 ± 0.9 P = 0.86

SPPB (score) 9.2 ± 3.1 9.9 ± 2.5 9.4 ± 2.9 P = 0.24

HG (score) 19.5 ± 6.8 26.4 ± 9.3�� 22.0 ± 8.4 P<0.01

MMSE (score) 24.1 ± 6.4 25.1 ± 4.6 24.5 ± 5.8 P = 0.44

BMI = body mass index; CST = lower body strength; GS = gait speed; SPPB = Short Physical Performance Battery; HG = handgrip test; MMSE = Mini Mental State

Examination;

�� Statistically significant vs female (P < 0.01)

https://doi.org/10.1371/journal.pone.0232894.t001
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Fig 1. Correlation between Mini Mental State Examination (MMSE) score and age (a), Short Physical

Performance Battery (SPPB) score (b) and Handgrip (HG) (c) in one hundred and two older adults (age range: 65

to 92 years).

https://doi.org/10.1371/journal.pone.0232894.g001

Table 2. Stepwise regression analysis results.

Title 1 Coefficient SE R SEE P

Constant 19.479 4.812

SPPB 1.548 0.127

Age -0.130 0.055

Total model 0.850 3.1 <0.01

1 SPPB = Short Physical Performance Battery

https://doi.org/10.1371/journal.pone.0232894.t002
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From the result of multiple regression analysis, the prediction equations to estimate MMSE

is:

MMSE ¼ 19:479þ ð1:548� SPPBÞ � ð0:130� ageÞ

For cross-validation analysis, prediction equations were used on forty-five subjects

(age = 78.4 ± 6.4 years, SPPB = 9.0 ± 2.9 score. Subjects’ MMSE was 24.2 ± 5.6 score and pre-

dicted mean MMSE was 23.3 ± 4.9 score. The MMSE values for the RMSE were 3.0 score,

therefore, RMSE was 13% of the range of target property value.

Discussion

In this study we evaluated the correlation between PF parameters and MMSE score to establish

a simple and practical equation that may help to predict cognitive functions in older adults.

The results showed for the first time that, age and SPPB could be used as predictive variables of

MMSE in older adults of both genders. It is worthy to mention that the subjects enrolled in

our study were physically healthy, without any severe physical acute problem and severe psy-

chological diseases that could negatively influence the results of PF tests. Moreover, we should

point out the attention to the claim of our study that was not to establish a new method for

MCI diagnosis; rather, we aimed to estimate subjects’ cognitive functions to prescribe the best

PE protocols in older adults. In fact, more appropriate and validated methods are available for

the evaluation of subjects’ cognitive functions, i.e. positron emission tomography and func-

tional magnetic resonance imaging. With the increasing of population aging, it is important to

apply any tool that could lead to a healthy aging such as be involved in PE practice. However,

different PE parameters such as intensity, frequency and the type of exercise might influence

the training effects. Therefore, the use of our practical equation might give to the sport science

specialist more details in order to choose the most appropriate type of physical exercise (e.g.

dual task exercise instead of strength exercise). Physical inactivity is associated with increased

risk of cardiovascular and metabolic diseases that in turn are associated with increased risk of

dementia [23]. Increased level of PA and PF result in a 20% lower mortality rate [24]. More-

over, Hu and colleagues (2004) showed that physically inactive middle-aged women have a

52% increase of all cause of mortality when compared with physically active subjects [25]. Kor-

pelainen and co-workers (2016) reported that exercise capacity is the strongest predictor of

cardiovascular diseases and all-causes of mortality in both genders especially for cardiovascular

deaths in women [26]. Moreover, Myers et al. (2002) showed that each one metabolic equiva-

lent (1 MET = 3.5 ml/kg/min) increase in exercise capacity conferred a 12% survival improve-

ment in men [27]. Lower extremity muscle efficiency is also important in delaying the onset of

disability since it correlates with gait and balance [28]. Falls are one of the causes of morbidity

and mortality in older adults and gait and balance are also strongly associated with the risk of

falls [28]. Once again, it has been shown that PE might prevent falls in community-dwelling

older people [28]. However, PA and exercise do not have only positive effects on physical

health but also on psychological well-being and cognitive functions, decreasing symptoms of

anxiety and depression [5,29]. Indeed, it has well known that PA and PE may have a positive

effect on cognition in multiple sclerosis [30], depression [31], stress disorders [32], and Parkin-

son’s disease [33]. The PE-related improvement in cognitive functions and psychological state

seem to be associated with an increased expression of brain-derived neurotrophic factor

(BDNF), glial cell-derived neurotrophic factor (GDNF) in some brain areas and insulin growth

factor-1 (IGF-1) [34; 4]. BDNF is a growth factor expressed in the brain and throughout the

rest of the central nervous system [35] and enhances the survival and differentiation of neu-

rons, even dendritic arborization and synaptic plasticity [36]. Moreover, like BDNF, IGF-1
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plays a fundamental role in many exercise-induced adaptations in the brain. The positive

effects of PA on psychological state is also due to the increase of β-endorphin in peripheral

blood resulted after exercise and it depends on the exercise intensity performed [37].

Low level of PF is linked to low cognitive performance and this relation could be explained

by changes in the neurotrophic factors in the brain. Scientific literature showed that decreased

physical performance is associated with poor cognitive functions [38]. Veronese and col-

leagues (2016) showed that slow walking speed precedes the onset of poor cognitive functions

and that poor SPPB score is significantly associated with the onset of cognitive impairment in

both genders. Moreover, chair standing time predicts the onset of cognitive impairment in

females [38]. The authors [38], elucidated that one reason of the relation between gait speed

and cognitive impairment should be that gait speed is closely associated with an impaired bal-

ance and fear of falling which has been associated with grey matter volume loss. Our results

are in agreement with those reported by Veronese and co-workers; indeed, muscle strength

and SPPB are positively correlated to MMSE showing that muscle strength and PF are corre-

lated to subjects’ cognitive functions. However, to reach these positive health and physiological

effects, volume, intensity, frequency and the type of exercise should be planned to achieve the

best clinical results.

Scientific evidence showed that both endurance and resistance training may lead to positive

results on subjects’ physical health by decreasing the risk of fall and by increasing the cardio-

vascular capacity and cognitive functions in older people [13,28,39]. Indeed, it is known that

resistance-exercise training improves cognitive functions in healthy older adults [40] and that

the types of PA might influence differently the structural and functional brain [41]. Recently,

the number of studies on the effects of physical-cognitive dual task training on cognitive func-

tions has increased [14,42]. Dual-task exercise requires a multitasking ability since subjects

must simultaneously perform two tasks (physical and cognitive). For instance, subjects might

walk while processing a cognitive task (e.g. counting backwards) simultaneously. As previously

reported by Falbo and colleagues (2016) the addition of dual-task exercise to physical training

enhance gait performance in general, suggesting to include dual-task exercise into physical

training. To date, no equation allowing estimation of MMSE from SPPB and age in older

adults has been published. The possibility to estimate the subjects’ cognitive level in older

adults might lead the physical exerciser specialists to choose the best training protocol to reach

the greatest clinical positive effects. Our regression model might be useful and suitable to all

professionals that work in interdisciplinary teams to realize and optimize PE intervention. Our

results have shown that SPPB was the highest predictor of MMSE whit a correlation coefficient

equal to 0.841. The second predictor was people age with a correlation coefficient of 0.532. As

expected, PF (SPPB) and age variables are strongly correlated with MMSE. In fact, a high level

of PF resulted in a positive while age in a negative relationship with MMSE, respectively. A

lower SPPB score and higher age will result in a low MMSE, on the contrary, higher SPPB

score and younger age will result in a high MMSE score. The standard error of our predicted

equation was 3.1. As described by Alexander and co-workers (2015) [22], the coefficient of

determination (R2), the value of the root mean squared error (RMSE), and the use of an inde-

pendent test set are recommended to characterize the external predictively of the model. In

detail, values of R2 > 0,6 and MRSE < 10% are suggested [22]. In our equation, R2 value was

0.72 and RMSE value from the cross-validation results was 13% of the range of target property

values. Although the well-known and more invasive (positron emission tomography) and

expensive test (functional magnetic resonance imaging) remain the gold standard method for

the assessment of cognitive impairments, this study suggests a valid alternative and an easier

method to estimate MMSE when these methods are not available.
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Nevertheless, when using this equation researchers and exercise professionals should be

cautious to exclude older adult with physical and psychological diseases that might influence

the SPPB results. We are aware of some important study limitations. For instance, different

physical tests including other variables may be used for future studies to establish a new equa-

tion to estimate MMSE with RMSE lower than 10%. In addition, in our study the evaluation of

subjects’ cognitive level was not supported with diagnostic imaging tests. Moreover, our cohort

was made up of physical healthy subjects without severe psychological disease that could influ-

ence the PF tests and that could be able to attend an exercise training program. For all these

reasons, future studies may implement the current equation with new parameters and different

healthy subjects’ variables to achieve the highest correlation.

Conclusions

This is the first study aimed to establish a practical reference equation to estimate the MMSE

in healthy older adults. SPPB and age might be used to predict MMSE in both genders. This

practical reference equation may a valid and alternative method to evaluate the cognitive func-

tions in elderly when gold standard methods are not applicable or available in clinical practice

and it could be useful to the sport science specialist in order to choose the most appropriate

type of exercise training.

Finally, this design suggests several clinical research perspectives. In the next studies it will

be interesting to evaluate if there are different levels of oxidative stress [43] capable of interfer-

ing on the validation of this equation and contextually evaluate the correlation with the quality

of sexual activity [44], as well as compare aerobic exercise patterns vs other types of exercise.
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