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Introduction: Regular exercise has long been shown to positively impact the immune
system responsiveness and improve mental well-being (MWB). However, the putative
links between biomarkers of mental health and immune efficiency in exercising subjects
have been scarcely investigated. The aim of this study was to verify the effect of a 14-
week combined chair-based exercise program (CEP) on salivary steroid hormones and
anti-microbial proteins, functional fitness, and MWB indexes in pre-frail older women.

Methods: The participant women (82.8 4.6 years old; n = 32) were randomly divided
into the exercising group (CEP, n = 17) and the non-exercising control group (CG, n
= 15). The pre/post assessment included: (1) salivary anti-microbial proteins lysozyme;
(Lys) and immunoglobulin-A (IgA); (2) salivary steroid hormones of testosterone (TT) and
cortisol (COR); (3) functional fitness (gait speed, hand grip strength, and static balance);
(4) MWB questionnaires (happiness, depression state, satisfaction with life, and stress).

Results: Significant differences with large Cohen’s (d) effect sizes were found on
increased salivary TT (p < 0.05; d = 0.60) after exercise intervention. The results revealed
a decrease in IgA levels after CEP (p < 0.01, d = 0.30). The increase in subjective
happiness levels (p < 0.05, d = 0.30) and decrease of stress perception (p < 0.01,
d = 2.60) and depressive state (p < 0.05, d = 0.30) were found after intervention in the
CEP group. Robust statistical differences in gait speed (p < 0.05; d = 0.60) and balance
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tests (p < 0.05; d = 0.80) were also found in the CEP group. In control, COR increased
moderately (p < 0.05; d = 0.65) while no changes were found for the other indicators.
Correlation analyses showed inter-dependence between pre–post variations of MWB,
biochemical indexes, and fitness function (e.g., COR inverse correlation with hand grip
strength and balance tests).

Conclusion: The CEP program was able to improve functional-fitness performance,
decrease feelings of stress, and increase happiness. The CEP also induced clinically
relevant hormonal and immune responses, which suggests that chair exercises that
combine muscular strength, balance, and gait speed training are promising interventions
to improve physical and mental health of older pre-frail adults.

Keywords: frailty, subjective well-being, aging, health, cortisol, testosterone, immune system

INTRODUCTION

Aging is a natural progressive process of morphologic
and physiologic alterations that innately predisposes older
populations to a gradual poor health regression (Clegg et al.,
2013). Despite the natural decline of some cognitive and
physiological functions with aging (Gruver et al., 2007),
concomitant harmful factors, such as malnutrition, lack
of physical activity, social isolation, depression, etc., could
exacerbate these dysfunctions, aggravating the mental and
physical adverse health conditions of older adults (Artaza-Artabe
et al., 2016). This dysfunctional cognitive-physical state is
called cognitive frailty, which is also recognized by the general
vulnerability in offering a prompt homoeostatic response after a
stressor episode, and are thought to be the result of cumulative
weakening of many cognitive and psychophysiological functions
throughout a lifecycle (Ruan et al., 2015).

Regarding the mechanisms of physiological responses to
stress, it is well known that the hypothalamic–pituitary–adrenal
(HPA) axis is highly responsive to emotional and environmental
stress, displaying cortisol (COR) and testosterone (TT) as main
protagonists of the psychosomatic effects of stress, especially via
the autonomic nervous system (Hek et al., 2013). The exposure
to chronic stressors, and consequently the hyperactivation of
physiological stress systems, will increase heart rate and basal
oxygen uptake, elevate COR, TT, and other steroid hormone
levels (to induce endocrine imbalances) (Rhebergen et al., 2015),
interfere in energy metabolism (with putative induction of
metabolic disorders, such as obesity and related diabetes), hinder
immune responses, and inhibit organism defensive systems
(Baylis et al., 2013). Altogether, these factors will contribute
to accelerate biological aging, often associated with severe
comorbidities and frailty (Révész et al., 2014).

Among several non-pharmacological strategies to treat frailty,
combined muscle strength and aerobic exercises–although still
dependent on an adequate nutrition (Artaza-Artabe et al.,
2016)–have been shown as the easiest and most cost-effective
intervention to delay or reverse frailty to implement in primary
care (Travers et al., 2019). Timely diagnosis and interventions
to address frailty is essential for older individuals to build
resilience and live independently, but also help health systems

use resources more efficiently in the context of growing life
expectancy worldwide (Park and Lee, 2010; Clegg et al., 2012;
Jadczak et al., 2018).

The positive effects of regular exercise are extended
throughout many biological levels in the practitioners, including
metabolic adaptations (Barbosa et al., 2009), such as e.g.,
induction of muscle lactate dehydrogenase and tricarboxylic acid
cycle enzymes, hepatic gluconeogenesis, more efficient protein
turnover, etc., physiological gains (especially skeletal-contractile,
cardiovascular, and respiratory capacities), adjustment of
hormonal balance (glycemic glucagon/insulin ratio, TT and
COR levels, etc.), and cognitive-psychological benefits, such as
good mood, higher well-being perception, anxiolytic and anti-
depressive effects, and others (Travers et al., 2019). Regarding
older adults, all these benefits are strongly recommended
to promote a safe, independent and physically–mentally
healthy life (Walsh et al., 2011; Hogervorst and Clifford, 2012;
Hatta et al., 2013).

Taking the physical limitations of frail (and pre-frail) older
individuals, exercise adaptations and special training protocols
have been suggested (Doody et al., 2019; Grimmer et al., 2019).
Among many adapted protocols, chair-seated exercises have
gained much interest nowadays since it imposes an autonomous
resistance effort concomitantly avoiding risks of injuries and high
impact on the articulations of practitioners (Rathleff et al., 2017;
Furtado et al., 2020). Thus, the aim of this study is to verify
the effect of a chair-based combined exercise program (CEP)
on salivary COR, TT, and biomarkers of anti-microbial activity
[immunoglobulin-A (IgA) and lysozyme (Lys), respectively],
their link to functional status, and positive and negative mental
well-being (MWB) in pre-frail older women.

MATERIALS AND METHODS

Initial Procedures
Older adult women (≥65 years) were recruited to participate
in this study. The participants were residents of social and
health care support centers from Coimbra, Portugal, and were
part of a more comprehensive study protocol recently carried
out by our group (Teixeira et al., 2016). Participants and their
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FIGURE 1 | Graphical scheme of intervention study design.

guardians were required to give a full informed written consent
before beginning the research. This study was approved by
the Faculty of Sport Sciences and Physical Education Ethical
Committee–University of Coimbra reference code CE/FCDEF-
UC/000202013; it respects the Portuguese Resolution (Art.◦ 4st;
Law n. 12/2005, 1st series) on ethics in research with humans
(Braga, 2013), follows the guidelines for ethics in scientific
experiments in exercise science research (Shephard, 2002), and
complies with the guidelines for research with human beings
of the Helsinki Declaration (Petrini, 2014). This clinical trial
is officially registered at ClinicalTrials.gov with the registration
ID: NCT04435899.

Study Design
This is an interventional pre–post randomized (controlled)
trial study that investigated the effects of a 14-week combined
chair-based exercise program (CEP) on salivary immune
biomarkers, functional fitness, and happiness–well-being
perception in institutionalized pre-frail older women. Our
hypothesis is that combined chair-based exercises will result
in both physical (immunological and functional fitness) and
mental improvements in pre-frail women, to bring them more
autonomy and increase their quality of life. The physical and
psychological tests were applied to all groups before and after
(pre/post) the exercise intervention (Figure 1).

Sample Selection Criteria
Inclusion criteria were as follows: (i) women should be aged over
65 years; (ii) if dependent of drug therapy, it should be controlled
and updated; (iii) if the participant presented a clinical condition
or comorbidity, it must be stable and medicated (as shown in
item ii); and (iv) they should be physically able to participate in
exercise classes, based on local medical diagnosis. The Exclusion
Criteria were (i) participating in other structured exercise
programs; (ii) presenting severe cardiomyopathy, asthmatic
bronchitis or uncontrolled hypertension, musculoskeletal
disorders that limit physical tests (i.e., osteoarthritis, recent
fractures), psychiatric disorder or dementia (e.g., diagnosed
severe cognitive impairment or Alzheimer), hearing and vision
impairment, morbid obesity or the use of medications that
significantly affect attention; and (iii) adherence to the exercise
program≤60%. In addition, biosocial, social interactive behavior,
and overall health status, evidenced by the local clinical staff

reports, were also included as a post-inclusion criteria to finalize
the selected group of participants.

Participants
The initial sample was composed of 60 institutionalized women,
who were mainly sedentary from two social and health care
institutions. We also recruited 18 additional participants to
avoid an estimated loss of 30% of the participants during the
study, based on previous studies from our group (Rieping et al.,
2019). Accordingly, we counted 47 participants at the end of
the intervention (age = 82.8 ± 4.6 years) who were randomly
assigned to one of two groups using software (Randomizer
App, V-team ESRB): the combined CEP (n = 17) and the non-
exercising control group (CG) (n = 15) who received care as
usual. The sample size was calculated using G∗Power (version
3.1.9.2). Alpha was adjusted at 0.05 and power at 0.85 to allow for
repeated measures ANOVA. A 14-week period was applied for
the CEP intervention. The CG group did not participate in any
type of supervised exercise intervention, but was encouraged to
engage in complementary activities provided by the institutions,
like outside tours, art education, and cultural activities, as well
as maintaining their regular daily activities during the 14-week
period (see Figure 1).

Comorbidities
The Charlson Comorbidity index (CCI) was used to identify
possible comorbidities. This method predicts the levels of
comorbidities and mortality by classifying (or weighting)
comorbid conditions. This instrument has been widely used
by health researchers to evaluate burden of disease and has a
weighted index based on 17 comorbid conditions, which has been
shown to predict 1- and 10-year mortality (Quan et al., 2011).

Combined Chair-Based Exercises
To create a progressive CEP to improve the walking capability,
balance, and muscle strength and resistance, specific numbers
of exercises (7–10) were performed with a determined number
of repetitions (6–10), sets (2–3), cadence of execution (1:2), and
rest between sets (45–60 s), following a circuit training protocol
(Giné-Garriga et al., 2014). In addition, the CEB method was
integrated in this program. The CEB consists of systematized
and gradual exercises performed with a chair for support that
guarantees the individual’s stability during the session, respecting
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individual limitations without discouraging individuals to reach
beyond their limits (Kevin et al., 2011). However, the goal is to
decrease the time of using the chair support, aiming to increase
the standing position during the sessions. Intensity was indirectly
calculated using Karvonen’s formula to predict target heart rate
(HR). The maximum HR (HRmax) was calculated using a specific
formula for older population (Tanaka et al., 2001): [Target Heart
Rate = [(HRmax – resting HR) × %Intensity] + resting HR]. The
HRmax was monitored using heart rate monitors (Polar, RCX5)
randomly distributed among participants. A low to moderate
intensity effort, around 50–75% of maximum heart rate zone
(HRzmax), was attained as recommended by the ACSM (Nelson
et al., 2007). In addition, intensity was measured by the modified
BORG scale of perceived exertion (PSE), that consists of an
arbitrary scale ranging from 0 to 10 points (pts), with identical
intervals and with reference to the quality of effort: (0) nothing at
all; (1) very weak; (2) weak; (3) moderate; (4) somewhat strong;
(5–6) strong; (7–9) very strong; (10) very, very strong (almost
maximal). Each session was divided into five parts: 7 min of
warm-up and body mobilization (PSE = 1–3, HRzmax = 50–
55%); 15 min of low/upper body elastic-band exercises, 15 min
of static and dynamic balance exercises, 15 min of sequential
exercises improving gait speed (PSE 3–4, HRzmax = 56–70%) and
finally, 7 min of stretching exercises as a “cool down” strategy
(PSE 1–2, HRzmax = 45–50%). The frequency of classes was 2–
3 times/week, for 14 weeks, to totalize 32 sessions and attendance
was documented daily.

Assessments
The experimental approach collected information on the global
health and biosocial status of the participants, applied the
validated Portuguese version of psychometric rate scales for
screening MWB, assessed the functional fitness of participants,
measured the anthropometric indexes, and determined the
salivary steroid hormones and anti-microbial protein levels. All
data were collected and processed by expert technicians and
trained researchers.

Frailty Status
Physical frailty (PF) was assessed using the hand grip strength test
(HGT), following the criteria of the Fried protocol (Fried et al.,
2001). Recent findings demonstrate that HGT is a useful single
marker for frailty status screen (Syddall et al., 2003). The HGT
test uses a hand-held dynamometer (HD), and strength kilograms
is a unit of measure (Lafayette Dynamometer, model 78010,
United States). The participants hold the HD in the dominant
hand to be tested, with their elbow by the side of the body. When
ready, the participant squeezes the HD with the highest isometric
effort, which is sustained for 5 s. The best score of three trials
was used for scoring purposes. The selected score was adjusted by
gender and body mass index. In the case of this study, the cut-off
value of BMI 23–28 (HGT scores 15–18 kg) was used for screen
pre-frail individuals.

Salivary Biomarkers
Saliva collection was carried out in the morning (between
9:00 and 11:30 a.m.), at least 30 min after the first diurnal

food intake. The participants remained seated, with their head
slightly tilted down, eyes open, and oriented to perform a
minimum of orofacial movements. Saliva samples were collected
in polypropylene tubes, then sealed, and immediately refrigerated
at −20◦C. The levels of COR and TT in saliva were measured
by competitive ELISA (kit #1-3002 and #1-2402, respectively;
Salimetrics, United Kingdom). The concentrations of Lys and
IgA in saliva were also determined by ELISA (respectively, kit
ab108880, Abcam, United Kingdom; and #1-1602, Salimetrics,
United Kingdom). The determination of salivary markers
followed the manufacturer instructions and were described in a
previous study (Allgrove et al., 2008). The sensitivity and range
of detection limits for COR (<0.007 and 0.012–3.000 µg/dl),
TT (1.0 and 6.1–300 pg/ml), Lys (0.1 and 0–300 µg/dl), and
IgA (2.5 and 2.5–100 µg/dl) were reported by the manufacturer
(Miller et al., 2013).

Global Health and Biosocial Status
Clinical and sociodemographic information was also collected:
age, sex, marital status, and education. In addition, the
comorbidity index was applied to screen the clinical history
related to chronic diseases and cognition profile of the
participants with the help of the institutional medical staff.

Anthropometric Measurements
The anthropometric measurements were performed following
standardized procedures (Baumgartner et al., 1989). Body mass
was measured (kg) using a portable scale (Seca, model 770,
Germany) with a precision of 0.1 kg. Waist circumference
was measured using a retractable glass fiber tape measure
(Hoechstmass-Rollfix, Germany) with a precision of 0.1 cm.
Stature was determined using a portable stadiometer (Seca
Bodymeter, model 208, Germany) with a precision of 0.1 cm.

Nutritional Status
The nutritional status of participants was assessed using the
Mini-Nutritional Assessment questionnaire (MNA). This is an
18-item questionnaire that includes four domains, namely,
anthropometric, general health, dietary, and self-assessment of
health and nutritional status. The maximum score of MNA is
30 pts, and classifies subjects as well-nourished (24–30 pts),
having risk of malnutrition (17–23.5 pts), or as malnourished,
score ≤17 pts (Guigoz, 2006).

Mental Well-Being
The Satisfaction with Life Scale (SWLS) was used to assess
the subjective well-being perspective of the participants. SWLS
measures global cognitive judgments of satisfaction with one’s
life. This scale is recommended as a complement to other
instruments that focus on psychopathology or emotional well-
being because it assesses an individual’s conscious evaluative
judgment of his or her life by using the person’s own criteria. The
five-item scale results in scores between 1 and 35 pts, with higher
values representing higher levels of life’s satisfaction (Laranjeira,
2009). The Happiness Face Scale (HFS) is a pictorial scale used
for measuring global subjective happiness related to well-being.

Frontiers in Psychology | www.frontiersin.org 4 March 2021 | Volume 12 | Article 564490

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-564490 March 19, 2021 Time: 16:20 # 5

Furtado et al. Combined Exercise Benefits Frail Individuals

The HFS consists of a graphical scheme containing seven faces
with different expressions, using a progression of faces from “very
happy” to “very sad,” to address the question “How happy are you
most of the time?” For each face is assigned one letter (A–G), in
which letter A is considered the maximum happiness quotation
(with 7 pts) and letter G the minimum value (with 1 pts). The
participant will have to identify with one of the faces, depending
on their state of happiness (Andrews and Withey, 1976). The
Perceived Stress Scale (PSS) is the most widely used instrument
for assessing the perception of stress. It is a measure of the level
to which situations in one’s life are appraised as stressful. Items
were designed to tap how unpredictable, uncontrollable, and
overloaded respondents find their lives. The scale also includes
a number of direct queries about current levels of experienced
stress. Seven out of the 14 items are considered negative and seven
as positive. Final scores can vary from 14 to 70 pts, a higher score
indicating greater feelings of stress (Trigo et al., 2010). The Centre
of Epidemiologic Studies for Depression scale, called CES-D, was
also applied. CES-D includes 20 items comprising six sub-scales
reflecting major facets of depression: depressed mood, feelings of
guilt and worthlessness, feelings of helplessness and hopelessness,
psychomotor retardation, loss of appetite, and sleep disturbance
(Gonçalves et al., 2014). Responses to each item are given on a
four-point Likert scale (0–3) corresponding to the frequency with
each symptom was experienced in the past week. Every answer
is assigned a score from 0 to 3, respectively. The 20 items total
an overall score between 0 and 60, in which the highest scores
correlate with more depressive symptoms due to the occurrence
frequency of the last week (Ros et al., 2011).

Functional Fitness
Muscle strength (kg) was measured by HGT using a HD,
following the criteria described previously. Gait speed was
determined using the 4.6 meters test (GST), which is expressed in
seconds. This test consists of the participant walking this distance
as quickly as possible. Two trials were performed and the lowest
time was used for final scoring (Fried et al., 2001). To assess static
balance, the Tandem Stance Balance Test (TSBT) was applied.
The TSBT consists of the participant maintaining the standing
position with open eyes and one foot in front of the opposite foot
for a maximum of 30 s (Cho et al., 2004).

Exercise Engagement
The exercise adherence was calculated individually (as %)
through the total sum of participation. After two consecutive
absences, the participant was directly contacted by nursing home
to return to the group classes. The minimum adherence accepted
for the participant to take part in the study was 60% (exclusion
criterion) to minimize bias evidence and in accordance with
previous studies (Picorelli et al., 2014). To reduce disparity in
data collection, the same evaluators performed the data collection
both at baseline and follow-up assessments. The instructor of the
sessions did not take part in the data collection processes.

Data Analysis
The Kolmogorov–Smirnov and visual inspection was done to
check the distribution of data. For an older adult population,

it should be noted that the intra-individual variability of
the data becomes a major research challenge, with regard to
homogeneity (Callisaya et al., 2010). Descriptive statistics were
summarized as median and standard deviation (M ± SD).
Comparisons between groups were performed using t-tests for
two independent samples. The paired t-test accessed differences
between variables pre- and post-exercise and percentage-based
changes were calculated (1%). Linear correlations between all
indexes were tested by calculating Spearman’s rho factor. The
between-subject mean and SD for each dependent variable was
used to convert the changes of all indicators into standardized
Cohen effect size (ES). The magnitude of ES was classified
following the standards: trivial [r≤ 0.3]; moderate [0.3 < r≤ 0.5];
strong [0.5 < r ≤ 0.7], and robust [r ≥ 0.7] (Hopkins et al.,
2009). The statistical analysis was made with SPSS 20.0 (Statistical
Package for Social Sciences, IBM) and p ≤ 0.05 used as the level
of significance.

RESULTS

A total of 60 potential participants were initially screened for
study admissibility (see flowchart; Figure 2). First, 13 participants
were excluded by low interest in taking part of the study
(personal decision after the study intervention was explained).
Then, 47 older women who matched the inclusion criteria were
assigned to the experimental group random division. In total, 13
participants withdrew for several reasons in the follow-up phase
and two participants were excluded by low exercise engagement
(exclusion criterium 60% adherence). A total of 32 participants
(CEP, n = 17 and CG, n = 15) completed the 14-week study
(see Figure 1). No adverse effects were detected as a result of
participating in the intervention program. Table 1 shows the
baseline characterization of the sample. No statistically significant
differences between groups were found. In other words, they were
homogeneous for all variables at the beginning of the study.

Table 2 shows the pre- and post-exercise values of the salivary
levels of steroid hormones and anti-microbial proteins, MWB,
functional fitness, and health status of CEP and CG groups.
Significant differences with strong ES were found for levels of
salivary TT (p < 0.05; d = 0.56). The levels of COR showed a
statistical tendency to increase in both CEP (p = 0.06; d = 0.54)
and GC groups (p = 0.07; d = 0.65), with moderate ES. The
levels of IgA decreased in the CEP group (p < 0.01, d = 0.68)
with no changes in the CG. No changes were observed for Lys
levels in both groups. In the MWB psychometric test of the HFS,
significant differences with moderate ES were found for CEP
(p < 0.05; d = 0.30), together with statistical significance with
robust ES for the PSS (p < 0.01; d = 2.60). Significant differences
with moderate ES were found for levels of depressive state
(p < 0.05; d = 0.45). Regarding physical fitness tests, statistical
differences with robust ES on GST (p < 0.05; d = 0.60) and TSBT
(p < 0.05; d = 0.80) were observed in the CEP group, whereas no
significant alterations were observed in all markers for the GC,
except for COR (p < 0.05; d = 0.65), which showed a significant
and moderate increase.
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FIGURE 2 | CONSORT flowchart of the study design.

Results were also expressed as %pre–post variation (1%) for
all variables after 14 weeks of exercise intervention for CEP group
(Figure 3). The TT values decreased 14.6% in the CG, while an
increase of 26.8% was observed in the CEP group. On the other
hand, higher COR levels were both observed in CEP (+28.6%)
and CG groups (+55%). Values of IgA decreased 26% in the CEP
and 11% in the CG. Regarding Lys, the values also decreased
46% in the CEP group and 11% in the CG. MWB scores (PSS)
presented a slight reduction in the CEP group PSS (−8.6%).
Increases of HFS scores were also shown in CEP group (+35.2%),
in contrast with the observed decrease of 16.2% in the CG group.
Finally, lower GST times (−20.5%) and higher performance from
the TSBT test (+123.8%) were found in the CEP group in this
pre–post analysis.

Table 3 shows the correlation indexes between the 1% of
all variables analyzed in this study. Salivary COR showed (i)
significant (but negative) and moderate correlation with HGT
(r = −0.48; p = 0.00), (ii) a moderate and negative association
with TSB (r = −0.36; p = 0.04), and (iii) a moderately positive
association with IgA (r = 0.49; p = 0.01). The CES-D scale
showed a negative and moderate correlation with HFS (r =−0.36;
p = 0.05) and Lys (r = −0.42; p = 0.02) on the application of
the exercise intervention. A negative and moderate association
between SWLS and PSS was also found (r = −0.35; p = 0.05).
Moderate and positive correlations between the GST score and
HGT (r = 0.35; p = 0.05), and salivary Lys (r = 0.39; p = 0.03)
scores were observed. In CG, no correlations were significantly
observed between any of the 1% values tested here.
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TABLE 1 | Anthropometric, nutritional, and clinical characteristics of exercised
(CEP) and control (CG) groups at the baseline of a 14-week program of
chair-based exercises.

Variables CEP (n = 17) CG (n = 15) f value p value

M ± SD M ± SD

Chronological age (years) 81.1 ± 7.5 83.3 ± 8.2 0.63 0.43

Height (m) 1.52 ± 0.06 1.51 ± 0.08 1.18 0.29

Weight (kg) 63.2 ± 10.7 68.7 ± 17.3 0.16 0.69

Body mass index (kg/m2) 27.3 ± 4.5 30.2 ± 7.3 1.80 0.19

Charlson Comorbidity Index
(score 0–20 points)

7.7 ± 1.9 8.7 ± 2.3 1.90 0.18

Mini Nutritional Assessment
(score, 0–30 points)

23.7 ± 2.8 23.8 ± 2.9 0.00 0.92

Mini-Mental State Examination
(score, 0–30 points)

19.2 ± 4.3 19.3 ± 5.0 0.00 0.98

Polypharmacy use 6.1 ± 1.2 5.1 ± 2.0 0.12 0.76

Comparison using t-test for independent samples.
M, mean; SD, Standard deviation; CEP, combined chair-based exercise program;
CG, control group non-exercising.

DISCUSSION

The goals of this study were to verify the effects of CEP in the
aging-related health dimensions of functional fitness, subjective
well-being, and immune/anti-microbial activity of pre-frail older
women. Our main findings indicate that the CEP was capable
of improving performance in static balance and gait speed,
decreasing feelings of stress, and increasing the state of happiness.
The CEP program also showed a clinically relevant immune
and anti-microbial response by changing levels of salivary TT,
COR, IgA, and Lys. Although the older women participating
in this study were properly characterized as pre-frail, it is
tempting to suggest that the applied CEP described here, based on
salivary biomarkers and well-being/happiness indexes, could also
ameliorate physical and mental health of frail older individuals.

However, more studies are necessary to address the efficiency of
CEP related to the frail stage, when it should be applied, and the
physically and mentally progression of the frailty status.

Salivary-Based Markers
Salivary COR levels are related to psychophysiological systems
and they respond to stress stimuli, although the relationship
established between COR levels, stress, and well-being is
notoriously complex (Kudielka et al., 2009). Therefore, a decrease
in salivary levels of COR could reflect a decrease in feelings of
stress and, thereby, increased feelings of happiness. However,
our results did not show significant correlations between the
differences in cortisol levels and the scores from mental health
questionnaires. In fact, COR levels increased after the 14-week
CEP and this can probably be due to the effect of chronic
exercise on the activation of the adrenal glands and stimulation
of COR production (Furtado et al., 2016; Ahn and Kim, 2018).
Interestingly, CEP participants did show a clear decrease in the
stress scale levels together with an increase in the SWLS (see
Table 2). COR is also known to stimulate degradation and inhibit
synthesis of muscle proteins, contributing to reduced muscle
strength, which is therefore associated with loss of physical
function (van Schoor et al., 2007). As shown in Table 2, the
performance in CEP group was improved in terms of static
balance and gait speed. Also, negative correlations between
changes (1%) in COR and both hand grip strength and static
balance were indeed found, which reinforces the conclusion that
COR increased levels in CEP are not due to increased stress levels,
but represent an adaptation to physical exercise (Hatta et al.,
2013). On the other hand, the moderate effect seen on cortisol
levels in the CG could point to a poor mental health state because
no improvements in those variables were seen.

It is known that a decrease in the concentration of circulating
TT in older men is a natural process and possibly serves
as a contributing factor to health problems (Harman et al.,

TABLE 2 | Statistical and effect size scores of pre- and post-intervention comparison of salivary hormones and anti-microbial proteins, mental well-being, functional
fitness, and health status of older women.

CEP (n = 17) Cohen’s d
effect size

CG (n = 15) Cohen’s d
effect size

Pre Post 1% Pre Post 1%

M ± SD M ± SD M ± SD M ± SD

Testosterone (µg/ml) 52.4 ± 26.3 66.5 ± 23.6* +26.8 0.56 61.2 ± 28.1 52.2 ± 26.3 −14.7 0.33

Cortisol (µg/ml) 0.20 ± 0.11 0.26 ± 0.09 +28.6 0.54 0.20 ± 0.13 0.31 ± 0.20* +55 0.65

Immunoglobulin-A (µg/ml) 262.1 ± 98.2 151.1 ± 93.1* −42.3 0.68 365.2 ± 92.6 369.1 ± 85.6 +1 −0.01

Lysozyme (µg/ml) 2.57 ± 3.98 1.38 ± 1.60 −46.3 0.39 4.19 ± 3.44 4.07 ± 4.77 −2.8 0.01

State of Depression Scale 44.4 ± 9.1 40.4 ± 8.3 −9 0.45 37.2 ± 10.7 35.6 ± 7.8 −4.3 0.17

Perceived Stress Scale 27.9 ± 8.0 25.5 ± 7.7* −8.6 0.30 28.4 ± 6.5 28.6 ± 4.9 +0.7 0.12

Happiness Face Scale 2.5 ± 1.0 3.4 ± 0.8** +36 2.60 3.5 ± 1.8 2.9 ± 1.2 −17.1 0.17

Satisfaction with Life Scale 24.9 ± 5.8 25.5 ± 6.2 +2.5 0.10 21.7 ± 7.0 21.1 ± 6.2 −2.7 0.10

Hand grip strength test 19.6 ± 11.6 20.4 ± 10.0 +4 0.07 14.6 ± 4.4 14.5 ± 5.0 −0.6 0.01

4.6 meters gait speed test 12.8 ± 5.2 10.2 ± 3.2* −20.3 0.60 18.7 ± 7.6 17.4 ± 6.4 −6.9 0.10

Tandem Stance Balance Test 2.6 ± 7.1 5.9 ± 9.0* +123.8 0.80 2.8 ± 4.9 2.1 ± 2.0 −25 0.16

**p < 0.01; *p < 0.05.
M, mean; CEP, combined chair-based exercise program; CG, control group non-exercising; 1%, percent of variations.
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FIGURE 3 | Graphical representation of the pre–post variations (1%) of
salivary hormones and anti-microbial proteins, MWB, functional fitness, and
health status scores of older women after 14 weeks of CEP and
non-exercising control group (n = 32). COR, cortisol; TT, testosterone; IgA,
immunoglobulin-A; Lys, lysozyme; CES-D, Center of Epidemiology Studies for
Depression scale; HFS, Happiness Face Scale; PSS, Perceived Stress Scale;
SWLS, Satisfaction with Life Scale; TSBT, Tandem Stance Balance Test; HGT,
Hand Grip Strength Test; delta percentage scores = [post-value/pre-value]–1.

2001). Low circulating TT concentration has been associated
with cardiovascular disease, reduced cognition, fracture risk,
and anemia (Yeap et al., 2018). However, the regular practice
of physical exercise can attenuate this process by stimulating
TT production and secretion in men and women (Kraemer
et al., 2016). In our study, an increase in salivary TT levels was
observed in the exercising CEP group (p < 0.05; d = 0.56),
while a trend to decreasing levels was seen in the CG
(Table 2). TT can be converted to estradiol and this can
benefit many organ systems in female participants, but also
directly beneficial effects of TT on female physiology and
MWB has been found.

When it comes to the increase of TT after a training
period, it is known that an acute hormonal effect (hormone
increase) occurs when strength training is performed. However,
it appears that the acute response is more pronounced
for tissue remodeling than chronic changes, with several
studies failing to show a significant variation during muscle
strength (hypertrophy) training in the older adults (Kraemer
and Ratamess, 2005; Kraemer et al., 2016). Regarding CEP,
there are few studies that have evaluated the chronic and
acute responses of this type of exercise to TT levels in
physically frail elderly (Cadore et al., 2014). Previous studies
from our group have shown that both aerobic-like and
strength chair-based exercises, applied separately, also brought
physical benefits to pre-frail older women, such as agility-
dynamic balance, autonomy, lower fear of falling, etc. (Marques
et al., 2017). Although not included in that experimental
design, we suggest that similar hormonal adjustments to
those observed here (TT and COR, Table 2) could have

mediated the physical gains observed in a similar study
(Rieping et al., 2019).

In addition to the known benefits of increased TT
concentration for muscle strength and mass (Paunksnis
et al., 2018), a neuroprotective effect is also believed to occur
that may affect cognition via androgen and estrogen receptors
in the hippocampus, decreasing the neuronal damage caused by
oxidative stress and neuronal apoptosis (Yalamanchi and Dobs,
2017). However, the relationship found between endogenous
TT and cognitive domains of the main global function such as
memory, visuospatial performance, visuo-perceptual, attention,
and executive function in healthy older men and women is
still conflicting and more studies within this area need to be
performed (Hogervorst and Clifford, 2012).

In the last years, few exercise intervention studies have
examined salivary antimicrobial proteins, such as IgA and Lys
(Allgrove et al., 2008; da Silva et al., 2009; Shibuya et al., 2015).
In the study of Akimoto et al. (2003), 12 weeks of regular,
moderate, and combined exercises apparently enhanced IgA in
older individuals. However, his sample had a much younger
average age (almost 20 years younger) and, for this reason, the
authors may have observed different results. In another recent
long-term intervention study, no changes but a trend toward a
moderate increase in IgA secretion was observed after 28 weeks
of low-intensity yoga exercises, whereas a trend toward a decrease
of IgA secretion was found in the CG (Marques et al., 2017).
Intensity of exercise does seem to be an important factor when
IgA levels are concerned (Papacosta and Nassis, 2011).

Despite the lack of information regarding the chronic
effects of exercise on Lys, some studies showed that Lys, IgA,
and other salivary markers, such as alpha-amylase, seem to
respond in a similar way during and after physical exercise
(Allgrove et al., 2008). These markers share the same control
and activation that are regulated by the autonomic nervous
system, and are influenced by psychosocial stress (Nater
et al., 2006). A negative correlation between the changes
in Lys concentration and the CES-D scale did emerge in
our study. There are, however, little data available regarding
the changes in Lys levels with long-term exercise programs
in older frail individuals. A recent study described that
Lys secretion increased after moderate-intensity exercise and
increased further after high-intensity exercise, which implies
that Lys levels may be also related with exercise intensity
(Papacosta and Nassis, 2011), and shows the same effects
as found for IgA.

Mental Well-Being
The hypothetical premise that exercise behavior has benefits for
subjective psychological well-being still takes place in current
scientific discussions (Biedenweg et al., 2014). Many studies have
defined subjective well-being as the absence of depressive and
anxious symptoms. However, some authors added to this by using
subjective perception of happiness and satisfaction with life as a
marker of positive well-being (Stubbe et al., 2007).

The results of our study corroborate the recent meta-analysis
that indicated that exercise was effective in improving the
MWB of older people and that MWB in later life is modifiable
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TABLE 3 | Spearman correlations between pre–post variations (1%) in the CEP group of salivary hormones and anti-microbial proteins, mental well-being, functional
fitness, and health status scores of older women after 14 weeks of intervention.

Delta percentage score# 1 2 3 4 5 6 7 8 9 10

1. Cortisol

2. Testosterone r 0.303

p 0.092

3. State of Depression Scale r −0.151 −0.008

p 0.410 0.965

4. Perceived Stress Scale r 0.237 0.055 0.169

p 0.191 0.764 0.355

5. Happiness Face Scale r −0.137 0.111 −0.356* −0.069

p 0.454 0.544 0.046 0.708

6. Satisfaction with Life Scale r −0.244 −0.107 −0.189 −0.347 −0.025

p 0.179 0.561 0.300 0.050 0.891

7. Hand grip strength test r −0.483** −0.205 0.338 0.006 0.078 0.165

p 0.005 0.261 0.058 0.975 0.671 0.367

8. 4.6 meters gait speed test r 0.177 0.022 −0.193 −0.014 −0.030 −0.095 −0.349*

p 0.334 0.904 0.291 0.939 0.870 0.605 0.050

9. Tandem Stance Balance Test r −0.358* −0.068 −0.123 −0.090 0.300 0.218 0.198 −0.051

p 0.044 0.712 0.502 0.624 0.095 0.231 0.278 0.781

10. Lysozyme r 0.219 0.042 −0.423* −0.135 0.083 0.045 −0.390* −0.043 −0.116

p 0.229 0.821 0.016 0.460 0.652 0.805 0.027 0.816 0.528

11. Immunoglobulin-A r 0.449* −0.064 −0.219 0.243 −0.192 −0.190 −0.275 0.342 −0.027 −0.021

p 0.010 0.730 0.228 0.181 0.292 0.297 0.127 0.050 0.883 0.907

**p < 0.01; *p < 0.05.
#delta percentage scores = [post-value/pre-value]-1. Bold values represent statistically significant correlations.

through exercise and PA (Windle et al., 2010). In our study,
participants exposed to exercise showed increasing levels of
positive feelings (happiness and satisfaction with life) and
decreased negative feelings (depression and stress). On the other
hand, the non-exercise CG showed worse results with a tendency
to a decrease in SWLS.

Positive effects of exercise participation have been reported
suggesting increases on older adults’ physical self-efficacy that
might increase more positive perceptions of subjective well-being
and effectively enhancing health-related quality of life (Atlantis
et al., 2004; Elavsky et al., 2005; McAuley et al., 2006). The
increase in physical functionality in our study may partly justify
the results on the psychological side. However, we cannot rule out
the influence of the effect of altering the context provided by the
exercise program because all participants in the study had never
participated in a systematic exercise with specialist teachers and
regularity of practice.

Other studies show that systematic PA plays a key role
in improving mood states (Oken et al., 2006), self-esteem
(Opdenacker et al., 2009; Gothe et al., 2011), and life
satisfaction in older adults (Fisher and Li, 2004; Elavsky
et al., 2005), all relevant indicators of mental health and
well-being. Further evidence for these positive effects of
exercise on mental health and well-being in older people
have recently been provided as a guideline for PA, and
health policies in the United States, offering a strong evidence
base for both preventive and therapeutic benefits of regular

exercise in improving adult and elderly subjective well-being
(National Institute of Aging - U.S, 2018). In European
population, a research carried out in 15 countries for the
Eurobarometer Study found a strong positive relationship
between PA and mental health, revealing the need to implement
strategic policies for active, healthy, and participative aging
(Abu-Omar et al., 2004).

Functional Fitness
Our results suggest that CEP attenuated the decrease
in functional fitness, even in very aged persons, which
can be interpreted as a very positive result, because the
physical abilities tested here have a direct connection
with their daily life activities. Several studies that assessed
multimodal, combined (or multicomponent) exercise-
based interventions reported significant improvements in
gait speed compared with CGs without exercise (Cadore
et al., 2014; Eggenberger et al., 2015). Our results are in
accordance with a previous study that concluded that
physical exercise, especially when multiple conditioning
components are used, is a key factor for the maintenance
of the functionality of institutionalized older adults
(Cadore et al., 2014).

Emerging evidence suggests that CEP seems to be the most
helpful intervention for the prevention of functional decline in
people living in social and health care institutions, especially

Frontiers in Psychology | www.frontiersin.org 9 March 2021 | Volume 12 | Article 564490

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-564490 March 19, 2021 Time: 16:20 # 10

Furtado et al. Combined Exercise Benefits Frail Individuals

for the preservation or increase of gait speed ability (Giné-
Garriga et al., 2010). Recent studies show that low to moderate
intensity exercise programs could be enough to develop several
functional fitness capacities consistently (Tarazona-Santabalbina
et al., 2016). The dose–response relationship between the
intensity of the exercises and functional fitness performance
was the trademark of the satisfactory results obtained in this
study because intensity progression was applied over the 14-
week program course.

Correlations of 1% Scores
The results of the statistical analysis on correlations confirmed
the hypothesis that COR has an association with physical
performance. In the study carried out recently, lower levels
of diurnal COR were associated with lower levels of global
functional fitness, and the opposite was also found regarding
highly active subjects (Sousa et al., 2017). That feature led us
to raise the hypothesis–also supported by a study from our
group (Furtado et al., 2016)–that increasing the levels of COR,
to clinically acceptable levels, can benefit the physical–functional
performance of older adults.

On the other hand, the negative correlation between the
increase of COR and the decrease in IgA promoted by exercise
here was in agreement with similar studies already published,
including those analyzing 1% correlations of hormonal markers
(Ahn and Kim, 2018). Also, some studies have reported
that biological stress can lead to a stressor response at the
biological level, causing an immune suppressive effect (Aw
et al., 2007). However, many other behavioral factors may have
influenced this change.

Other salivary markers, like Lys, also demonstrated significant
correlation with psychological (CES-D) and functional physical
performance markers (HGT), which may reveal clues about
associations between these dimensions. Also, the identified
correlations between negative and positive dimensions of MWB
and exercise programs suggest that CEP can trigger beneficial
psychological effects even in pre-frail old institutionalized
populations (Stubbe et al., 2007).

Limitations
Participants cannot be blinded to group allocation, and we
cannot confirm that local and social aspects did not influence
the participants’ perception of happiness, well-being, and other
psychological status. Our discussion was carried out based on a
study with older populations with similar characteristics because
comparable previous studies with pre-frail individuals (focusing
on the same variables) are still scarce. Other limitations are the
number of participants (could be higher) and the fact that only
women participated in this study.

Practical Applications
This study shows that combined CEPs can be safely and
easily implemented in older adult populations. The results
here (and other similarities) can be extended to a more
contemporary approach, through the elaboration of practical
application manuals, aimed to inform the benefits of this type
of exercises. A good percentage of exercise engagement and

significant effects in all dimensions reveal that combined chair-
based exercises have high effectiveness in improving the well-
being of these populations.

CONCLUSION

In conclusion, this study showed that the 14-week CEP program
improved functional fitness, subjective well-being, and salivary
TT levels in institutionalized older women. Therefore, CEPs
could strongly contribute to trigger active behaviors, which could
prevent an exponential and early increase of frail individuals
in the population.
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