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Abstract: This study aimed (1) to investigate the association between body mass index (BMI),
physical activity (PA), and physical function (PF) with health-related quality of life (HRQoL), and
(2) to examine in-depth whether PA and PF mediate the relationship between BMI and HRQoL
in older adults. We investigated 802 individuals (mean age 69.8 + 5.6 years), residents of the
Autonomous Region of Madeira, Portugal. Harmol and PA were assessed using the SF-36 and
Baecke questionnaires, respectively, and PF by the Senior Fitness Test. The prevalence of overweight
was 71.3%, 26.5% for normal weight, and 2.1% for underweight. We verified a small correlation
between age and sex with BMI, PA, PF, and medium borderline with HRQoL. After adjusting for
covariates (i.e., sex, age, comorbidities), the multivariate regression analysis indicated a 93.1% chance
of improvement in HRQoL for low BMI, while PA and PF revealed a chance of increasing HRQoL
by 91.8% and 60.0%, respectively. According to the serial mediation pathway, PA and PF partially
mediated the association between BMI and HRQoL by 32.3% and 81.5%, respectively. The total
variance of the model was 90%. It was concluded that BMI can negatively affect HRQoL. On the
other hand, PA and PF are able to increase HRQoL levels during the aging process.

Keywords: obesity; body mass index; quality of life; physical activity; physical function; aging;
vulnerability
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1. Introduction

The prevalence of obesity in the older adult population is a growing global public
health problem worldwide [1,2]. Thus, the World Health Organization (WHO) has pre-
dicted for this century the “globesity” epidemic [3]. Obesity is a disease with multifactorial
causes that seriously impact physical function and quality of life in the population of all
age groups [4,5]. By 2030, a proportionate increase in the number of overweight and obese
individuals is estimated for developing nations [6]. The main cause of this was attributed
to the set of changes in sociodemographic characteristics and sedentary lifestyle habits [7].
For these reasons, there is great interest in understanding the negative mechanisms of
obesity. Among the reasons, we highlight the recognition of obesity as a vulnerability risk
factor capable of negatively affecting health-related quality of life (HRQoL) [8,9]. HRQoL is
defined as the personal perception/sensation of well-being in mental, physical, and social
domains of life [10].

Obesity is usually indicated by body mass index (BMI), and is associated with an
increased risk of noncommunicable diseases [10,11]. Although BMl is a widely used relative
weight measure, it has limitations because it does not consider important information, such
as age, gender, bone structure, fat distribution or muscle mass [12]. It is noteworthy that
older adults tend to undergo sequential changes in body composition, as well as a decline
in stature, and these changes cannot be explained by BMI [13]. For this reason, when it
comes to the estimation of nutritional status, it is suggested to associate with BMI measures
of central adiposity, such as waist circumference (WC) and waist/hip ratio (WHR) [14].

Overweight and obesity are hot topics of interest in the health area, as their values
allow us to better understand the mechanisms of different factors associated with the risk
of developing a series of medical conditions [15], such as type 2 diabetes, linked to the
metabolic syndrome [16], which in turn is associated with a constellation of symptom:s,
including hypertension [17] and coronary artery disease [18]. Moreover, obesity is also
related to certain types of cancer [19]. Obesity is also capable of affecting the mobility
of older adults, due to musculoskeletal problems [20], hindering their ability to remain
independent and accident-free [21,22]. It is important to highlight that the association of
vulnerable physiological aging with the aggravation of metabolic and genetic factors such
as overweight and obesity facilitates the development of health problems [23,24]. Thus,
obesity can not only increase the risk of morbidity, but also lead to premature death [22].

Over the years, sedentary behavior (SB) presents itself as one of the main factors
responsible for overweight and obesity, determined by physical inactivity [25]. In contrast,
adequate levels of physical activity (PA) can benefit the general physical and mental health
state. For this reason, in 2020, the the World Health Organization (WHO) published
Guidelines on PA and SB for all age groups [26]. This document recommended evidence-
based health strategies, such as adequate levels of frequency, intensity, and duration of
physical activity. In old age, maintaining PA levels is important because physiological
aging, in addition to reducing metabolic functions, alters body composition and increases
body weight [27]. It is known that daily PA levels tend to decrease [28], impairing physical
function (PF) (i.e., aerobic resistance, muscle strength, flexibility, balance, gait speed) [29],
consequently limiting older adults in performing their activities of daily living (ADLSs) [30].

Low levels of PA and PF, as well as overweight and obesity can negatively affect the
HRQoL of older adults [5,31]. The role that biological and psychological factors play in the
etiology of quality of life were previously reported [9,32]. Thus, it is known that HRQoL is
strongly related to perceived health, including symptoms of disease [33,34]. An admittedly
effective measure to promote HRQoL consists of reducing body weight by the association
between diet and increasing daily PA [35] levels, in addition to the weekly practice of
physical exercise [36,37]. Proper levels of PA and PF are positively associated with a series
of HRQoL aspects [38]. On the other hand, a high BMI value was negatively associated
with HRQoL [39,40]. Studies with large populations sought to understand the relationship
between overweight, obesity, and HRQoL [41]. However, so far, no study has examined
the mediating role of PA and PF in the relationship between IMC and HRQoL of the older
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adult population resident in the autonomous region of Madeira, Funchal, Portugal. Health
information of individuals living in areas far from large urban centers or unique cultural
characteristics are essential for health surveillance services, as well as disease analysis and
management [42].

Thus, we aimed (1) to investigate the association between BMI, PA, and PF with
HRQoL, and (2) to examine in-depth whether PA and PF mediate the relationship between
BMI and HRQoL in community-dwelling older adults. Our hypotheses were that (1) the
higher the value of the BMI, the lower the participants’ HRQoL scores, and high levels of
PA and PF will be able to enhance HRQoL scores; and (2) PA and PF variables will be able
to partially mediate the relationship between BMI and HRQoL

2. Materials and Methods
2.1. Study Project and Participants

This was a cross-sectional analytical observational study. The analysis included
802 people, divided into 401 men and 401 women (69.8 & 5.6 years). All participants
resided in different districts of the Autonomous Region of Madeira, Funchal, Portugal.
Recruitment was carried out between January and August 2007 through direct contact with
the older adult population in public places (i.e., street markets, municipal gardens and
churches), cultural and sports associations, clubs, day care centers, and nursing homes.
Moreover, the study was also broadcast on local television, newspapers, and radio stations.
The following inclusion criteria were considered: age between 60 and 85 years, living in the
community, and being able to walk independently. The following exclusion criteria were
also adopted: (1) some limitation in understanding or following the evaluation protocol,
(2) pre-existing diseases such as cancer, Alzheimer’s, dementia, Parkinson’s, and (3) medical
contraindications for submaximal physical exercises [43]. The study was approved by the
Scientific Committee of the Department of Physical Education and Sport of the University
of Madeira (UMa), and by the Regional Secretariat of Social Affairs Committees. Before
starting the evaluations, all participants were informed about the procedures. Then, all
participants received a consent form to sign. This study adhered to the Declaration of
Helsinki. The set of assessments was carried out at the Laboratory of Human Physical
Growth and Motor Development at UMa by a team of researchers previously trained to
apply the assessment protocols.

2.2. Data Collection
2.2.1. Demographics and Health Profile

Information regarding the number of falls in the last 12 months, daily medication con-
sumption, sociodemographic data (gender, age), and comorbidities (self-reported history)
were obtained through face-to-face interviews.

2.2.2. Anthropometry

Using an anthropometric scale and a Welmy® stadiometer calibrated to 0.1 cm and
0.1 kg [44], the participants’ body mass and height (H) were evaluated. BMI was defined
as (weight [kilograms])/ (height [m]?). BMI was classified into three categories, according
to the cutoff points proposed by Lipschitz [45]: (i) low weight for BMI < 22.0 kg/m?;
(ii) normal weight for BMI between 22.0-27.0 kg /m?, (iii) overweight for BMI > 27.0 kg/m?.
A glass fiber metric tape with a 200 cm maximum length and a precision of 1 mm was
used for waist circumference (WC) and hip circumference (HC) measurements. WC was
measured in the minimal circumference of the abdomen in the zone between the inferior
border of the last rib and the iliac crest. HC was measured by the greatest circumference
between the iliac crest and the thighs, more specifically, at the level of maximum protrusion
of the gluteal muscles. WC and HC measurements were taken twice and averaged. WC
cutoff recommendations for overweight or obesity, and consequent association with disease
risk, were calculated by the following cutoff points for men (WC > 102 cm) and women
(WC > 88 cm) [46]. Moreover, waist-to-hip ratio (WHR) was estimated by WC (cm) divided
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by HC (cm). The interpretation of the WHR measurement was established using the sex-
specific cutoff points recommended by the WHO [47], as follows: men (WC > 0.90 m) and
women (WC > 0.85 m).

2.2.3. Physical Activity

With the Baecke questionnaire [48], the PA of the participants was evaluated; for
validation, see, for example, Ono et al. [49]. This instrument investigates participants’ PA
levels based on the last 12 months, according to three specific domains: (1) work/domestic
work (PA-work); (2) sports activities (PA-sport)—in this domain, only regular activities,
carried out with a minimum duration of 1 h per week are evaluated; and (3) leisure time
activities (PA-leisure). In the present study, the total score of the Baecke questionnaire
(PA-total) was considered, calculated by the sum of (PA-work + PA-sport + PA-leisure)/3.

2.2.4. Physical Function

PF was assessed with the Senior Fitness Test (SFT) [50]. The test battery includes
five components (muscle strength, aerobic endurance, flexibility, agility /dynamic balance,
and body-mass index (BMI)) and seven tests (chair stand (CST), arm curl (ACT), 6 min
walk (MWT6), 2 min step test (2-mST), chair sit-and-reach (CSAR), back scratch (BST), and
8 ft up-and-go (FUG)). Other details on specificities of the evaluation procedures, namely,
equipment, procedures, scoring, and safety precautions, can be found in the SFT manual.
For the analyses, initially, the results of each of the seven tests were standardized by z-scores
to obtain the same weight (total PF = CST + ACT + CSAR + BST + FUG + MWT6 + 2-mST).
Afterwards, we calculated the sum of the scores of the seven indicators provided by the
SFT, and used the PF of the study participants as a general indicator [51].

2.2.5. Health-Related Quality of Life

To access the HRQoL, the Portuguese version [52] of the 36-item Short-Form Health
Survey (SF-36 [53]) was used. This questionnaire is composed of a total of eight dimen-
sions, categorized into physical and mental components, arranged as follows: (1) Physical:
physical functioning (PF), physical role (PR), bodily pain (BP), and general state of health
(GH); (2) Mental: vitality (VT), social functioning (SF), emotional role (ER), and mental
health (MH). The SF-36 has scores that range from 0 to 100. Therefore, for interpretation,
scores close to zero were assumed as a low perception of quality of life, while scores close
to 100 represented a high perception of quality of life. In the present study, we used the
SF-36 total score for the analyses, which was computed by the sum of the eight components
of the questionnaire.

2.2.6. Covariates

In this study, age, sex, hypertension, and diabetes were considered potentially con-
founding factors, and thus controlled for in the main analyses.

Although these variables were not of interest to the investigation, they may be directly
associated with BMI (i.e., overweight and obesity); therefore, they could affect our response
variables (PA, PF, HRQoL).

2.3. Statistical Analysis

Data distribution was verified using the Kolmogorov-Smirnov test. Thus, continuous
variables were reported by means of mean and standard deviation (SD), and categorical
variables by frequencies and percentages (%). The main characteristics of the participants
were compared by three groups according to the IMC classification [45]. Statistical differ-
ences were determined by the chi-square test (categorical variables), and ANOVA (metric
variables). Pairwise comparisons were performed by the Mann-Whitney U test, with Bon-
ferroni corrections. First, we tested the strength and direction of the association between
anthropometric variables (BMI, WC, WHR) with self-reported variables (gender, age, PA,
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HRQoL) and the objectively collected variable (PF). The analyses were performed by the
Pearson correlation test, with interpretation by the following correlation coefficients.

In a second step, to verify effects, we performed a multivariate analysis. Thus, we
estimate the associations between BMI, PA and PF (independent variables) with HRQoL
(independent variable). All independent variables were included simultaneously in the
regression model (enter method). Two models were tested: Model 1 unadjusted, and
Model 2 adjusted for confounding factors (i.e., sex, age, comorbidities). In this analysis,
residue independence and multicollinearity were verified by the Durbin Watson and
Variance Inflation Factor statistics, respectively. Finally, a serial mediation analysis was
performed to investigate whether PA and PF mediated the relationship between BMI and
HRQoL (see Figure 1 for a general illustration). In recent decades, mediation analysis has
developed considerably [54], as it allows the assessment of effects (different pathways
and mechanisms). Unlike the multiple regression analysis, the mediation method was
performed to investigate how the effect of BMI on HRQoL occurred, and more specifically,
how one variable affected the other when the mediation variables (PA and PF) were entered
into the model. Thus, it was possible to verify whether the relationship occurred due to
the influence of the mediators, or if there was a legitimate relationship between BMI and
HRQoL. Moreover, analysis of mediation can be useful for creating and testing theoretical
models, as well as helping researchers to reflect initial propositions [55].

d21 PF
/ (1) B =40.03* (m2)
a:l
_ - b2
=030
s B=224%
a? bt \
B=-4.95% peia1m
‘ BMI — < f=-028"x HRQoL

c f=-0.61%"* @)

age, sex, height,
comorbidities,
waist and hip
circumference

Figure 1. Analysis of parallel mediation of the effects of body mass index (BMI) on health-related
quality of life (HRQoL) through physical activity (PA) and physical function (PF). The analysis was
based on 5000 bootstrap samples. Results of the simultaneous regression analyses were presented
by beta values (B), using the bootstrap method with bias correction for 5000 samples, followed by
confidence intervals (95%). Path al and a? = association of the BMI with PA and PF, respectively; Path
d21 = association between PA and PF mediators; Path b! and b? = association of PA and PF mediators
with HRQoL, respectively; Path ¢’ = direct effect (BMI—HRQoL), Path ¢ = indirect effect: association
of BMI with HRQoL through PA and PF mediators. ** p < 0.01, *** p < 0.001.

For the analyses, we assumed an indirect mediator effect when the causal effect of BMI
(independent variable) was able to predict HRQoL (dependent variable) mediated by PA
and PF [56]. We considered a mediation complete if, after the concomitant inclusion of PA
and PF, the association between BMI and HRQoL was non-significant (when the confidence
interval included zero). On the other hand, we assumed as partial mediation if, after the
simultaneous inclusion of PA and PF, the association between BMI and HRQoL became
weaker. The estimates of the mediation hypotheses were determined by the confidence
interval (95%), with bias correction and acceleration (BCa) by the bootstrapping method
with bias correction (5000 resamplings). All analyses were performed using the SPSS
program. Mediation analyses were processed by PROCESS v4.0 [57], which is an add-on to
the SPSS program. The results of the multiple regression analysis were presented by values
of the odds ratio (OR), while the results illustrated in Figure 1 (mediation) corresponded to
the standardized parameter . In all analyses, a significance level of a < 0.05 was adopted.
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3. Results
3.1. Main Characteristics of Participants

The characteristics of the 802 participants are presented in Table 1. The average age of
both sexes showed that participants were in their sixties (women, 69.75 & 5.64 years, and
men, 69.87 & 5.55 years) (p > 0.050). Regarding BMI classifications, the highest prevalence
verified was for overweight (71.3%), followed by normal weight (26.5%) and underweight
(2.1%). The average daily consumption of types of medication was 3.57 &= 2.56 (p = 0.018).
Among the set of evaluated comorbidities, the most prevalent were hypertension, diabetes,
visual impairment, hearing and musculoarticular problems (p < 0.050). According to
the self-reports, the most common comorbidities found were visual impairment (61%),
hypertension (50.9%), and hearing problems (24.7%). Regarding BMI, there was a mean
of 29.51 £ 4.34, with a high prevalence of overweight in 42.5% and obesity in 43.8%. The
WC average was 97.18 £ 11.27, and the WHR was 0.47 + 0.71. Regarding PA, the mean
observed was 7.30 £ 1.23, the mean PF score was 581.68 £ 144.20, while for HRQoL it was
68.57 & 17.96. Regarding anthropometric variables, with the exception of height, all others
indicated different results (p < 0.001). In general, the three BMI groups pointed to nearby
PA levels (p > 0.050). Comparatively, older adults classified with normal weight had higher
PF levels (602.44 + 149.72) than those with underweight (589.80 £ 181.41) and overweight
(573.55 + 140.20) (p < 0001). Similarly, higher levels of HRQoL were found for normal
weight participants (70.91 £ 18.17), followed by those with underweight (71.96 & 10.09)
and overweight (67.60 £ 17.96) (p < 0.001).

Table 1. Main characteristics of the sample.

Full Sample Underweight Normal Weight Overweight

Variable (n = 802) (n=17) (n = 213) (n =572) p-Value
Age (years) 69.81 £+ 5.60 71.64 £ 6.00 69.80 £ 5.90 69.76 £+ 5.46 0.396
60-69 364 (45.4) 8 (47.1) 102 (47.9) 254 (44.4)
70-79 408 (50.9) 8 (47.1) 101 (47.4) 299 (52.3)
>80 30 (3.7) 1(5.9) 10 (4.7) 19 (3.3)
Sex n (%) 0.011
Male 401 (100.0) 11 (64.7) 123 (57.7) 267 (46.7)
Female 401 (100.0) 6(35.3) 90 (42.3) 305 (53.3)
Falls (n) 1.74 + 0.80 1.65 + 0.86 1.71 £ 0.81 1.75 + 0.80 0.735
Medication (1) 4.66 + 0.98 5.35 4+ 0.86 4.89 +0.94 4.55 +0.98 0.018*
Comorbidities (%)
Hypertension 408 (50.9) 13 (76.4) b< 136 (23.7) < 259 (45.2) &P 0.038
Diabetes 188 (23.4) 6 (35.2) be 72 (33.8) 2¢ 110 (19.2) b 0.028
Visual impairment 489 (61.0) 17 (100.0) b< 181 (85.0) ¢ 291 (50.9) &b 0.018
Hearing problems 198 (24.7) 6 (35.2) P< 91 (42.7) ¢ 101 (17.6) @b 0.024
Musculoarticular problems 46 (5.7) 9(53.0)¢ 12 (5.6) © 25 (4.4) @b 0.044
Anthropometry
Height (kg) 159.05 + 8.69 159.14 + 7.34 159.60 + 8.16 158.84 +8.91 0.553 *
Weight (cm) 74.77 £ 13.06 50.85 + 5.68 b 63.88 + 7.75 ¢ 79.54 + 11.50 @b <0.001 *
BMI (kg/mz) 29.51 £4.34 20.01 4+ 1.02 be 25.00 £+ 1.48 @< 31.47 4+ 3.39 2b <0.001 *
WC (cm) 97.19 £ 11.27 76.30 & 5.38 b< 87.67 £ 7.26 3¢ 101.35 + 9.68 &P <0.001 *
Men > 102 cm (f) 197 (49.1) — 6 (3.0) 191 (97.0) b <0.001 *
Women > 88 cm (f) 358 (89.3) — 22(7.5) 272 (92.5) b <0.001 *
HC (cm) 101.47 £9.04 85.52 + 3.92 b< 93.97 £ 4.61 ¢ 104.47 + 8.20 &b <0.001 *
WHR (cm) 0.95 £ 0.08 0.89 4 0.69 be 0.93 £ (07 2¢ 097 £0.952 <0.001 *
Men > 90 cm (f) 392 (97.8) 10 (2.6) 116 (29.6) € 266 (67.9) 2P 0.036 *
Women > 85 cm (f) — — — — —
PA (n) 7.30 +£1.23 733 +£1.12 742 +1.28 726 +£1.21 0.122
PF (n) 581.58 + 144.21 589.80 + 181.41 602.44 + 149.72 ¢ 573.55 + 140.20 b 0.031 *
HRQoL (n) 68.57 £ 17.96 71.96 £ 10.09 7291 £ 18.17 67.60 £ 17.96 0.036 *

BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR = waist-to-hip ratio; HRQoL:
health-related quality of life; PA: physical activity; PF: physical function; Kg: kilogram; cm: centimeter; Kg/m?:
kilogram divided by meter squared. * ANOVA p < 0.050; U Mann-Whitney < p < 0.050.
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3.2. Correlations between the Main Variables of Interest in the Study

Table 2 presents the results of the correlation matrix. The findings revealed a positive
and large association between BMI and WC (r = 0.760; p < 0.001), and positive and small
correlation between BMI and sex (r = 0.170; p < 0.001), negative and medium correlation
between BMI and PA (v = —0.380; p < 0.001) and also PF (r = —0.320; p < 0.001) and HRQoL
(r=—0.462; p < 0.001). WHR indicated a positive and large association with measures of
central adiposity BMI (r = 0.760; p < 0.001) and WC (r = 0.850; p < 0.001). On the other hand,
WHR showed a negative and small association with all other variables: sex (r = —0.105;
p <0.010), PA (r = 0.—0.098; p < 0.001), PF (r = —0.096; p < 0.001), and HRQoL (r = —0.082;
p <0.001). Sex showed a positive and small association with PA (r = 0.250; p < 0.001) and
a negative and small association with WC (r = —0.274; p < 0.001) and also PF (r = —0.284;
p <0.001). Consequently, sex pointed to a negative and borderline medium association
with HRQoL (r = —0.301; p < 0.001). Age indicated a negative and small association with
BMI (r = —0.033; p < 0.001), WHR (r = —0.085; p < 0.001), PA (r = —0.148; p < 0.001), and
HRQoL (r = —0.191; p < 0.001), in addition to a negative and not significant association
with WC (r = —0.066; p = 0.063) and gender (r = —0.010; p = 0.772). On the other hand, age
showed a medium and negative association with PF (r = —0.406; p < 0.001). In turn, PA
showed a positive and large association with PF (r = 0.511; p < 0.001) and HRQoL (r = 0.536;
p < 0.001). Finally, a positive and large association was verified between PF and HRQoL
(r=0.591; p < 0.001).

Table 2. Correlation matrix coefficients between the studied variables.

Variable 1 2 3 4 5 6 7

1. BMI 1.00

2. WC 0.760 ** 1.00

3. WHR 0.930 ** 0.850 ** 1

4. Sex 0.170 ** —0.274 ** —0.105 * 1.00

5. Age —0.033 s —0.066 M —0.085 * —0.010 ™ 1

6. PA —0.380 ** —0.288 ** —0.098 ** 0.250 ** —0.148 ** 1.00

7. PF —0.320 ** —0.254 ** —0.096 ** —0.284 ** —0.406 ** 0.511 ** 1

8. HRQoL —0.462 ** —0.321 ** —0.082 ** —0.301 ** —0.191 ** 0.536 ** 0.591 **

BMI = body mass index; WC = waist circumference; WHR = waist-to-hip ratio; PA = physical activity;
PF = physical function; HRQoL = health-related quality of life; ns = not significant; * p < 0.010; ** p < 0.001.

3.3. Associations between BMI and HRQoL

Table 3 presents the associations and odds ratios between BMI and HRQoL. Our
analysis resulted in a statistically significant model [F(3746) = 83,866; p < 0.001; R? = 284].
BMI was negatively associated with HRQoL (OR = —0. 091, t = —5.48, p < 0.001). Therefore,
a low BMI value represented a chance of increasing HRQoL by up to 90.9%. In turn, PA
(OR = 0.055, t = 1.61, p = 0.038) and PF (OR = 0.453, t = 12,980, p < 0.001) indicated a
positive association with HRQoL. Thus, having high levels of PA and PF represented a
chance of promoting HRQoL by up to 94.5% and 54.7%, respectively. After adjusting for
confounding factors (i.e., sex, age, hypertension, diabetes), the model remained significant
[F(5744) = 13,379; p < 0.001, R? = 312]. Thus, the association between BMI and HRQoL
remained negative, showing that older adults with high BMI scores were more likely to
have a lower level of HRQoL (OR = —0.069, t = —2.154, p < 0.001). This finding attested to
the protective role that a low BMI value has for HRQoL, with a chance of improvement
of up to0 93.1%. In turn, PA and PF were positively associated with HRQoL (OR = —0.082,
t =2.440, p = 0.015 and OR = 0.400, t = 10.556, p < 0.001, respectively). In proportional terms,
PA and PF indicated the chance of increasing HRQoL by 91.8% and 60.0%, respectively.
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Table 3. Results of linear regression analysis models for BMI and HRQoL.

) Model 1 Model 2
Variable OR 95% CI Value OR 95% CI p-Value
BMI 0091  —0630-0.114  <0.001  —0.069  —0.534-0.025 0.032
PA 0.055 0.864-1762  0.038 0.082 0.231-2.129 0.015
PF 0.453 0.047-0.063  <0.001 0.400 0.039-0.057 <0.001

BMI: body mass index; PA: physical activity; PF: physical function; Model 1: unadjusted; Model 2: adjusted by
sex, age, comorbidities.

3.4. Mediation Analysis

Figure 1 presents the results of the serial mediation analysis. The model obtained was
significant, predicting the two variables F(4.745) = 5.8742, p < 0.001, R? = 0.18. Model 1 was
controlled for potential confounders (i.e., sex, age, height, waist and hip circumference)
and showed that BMI (independent variable) had a negative and significant association
with the PA mediator (8 = —0.03, ¢ (745) = —2.656, p = 0.008) and negative and significant
association with the PF mediator (§ = —4.95, t (744) = —4.875, p < 0.001). According
to our analysis, the proportion of the total effect of BMI on HRQoL, when PA and PF
mediators were inserted, was approximately 32.3% and 81.5%, respectively, while the total
variance of the model was 90%. Therefore, the estimated degree of association between
PA and PF mediators was positive and significant (8 = 40.03, ¢ (744) = 11.226, p < 0.001).
Model 2 showed significant and positive associations between PA and HRQol (8 = 1.21,
t (743) = 2.481, p = 0.013), as well as a positive and significant association between PF and
HRQoL (B = 2.24, t (743) = 10.420, p < 0.001). In terms of the direct effect estimated by
the model (BMI-HRQoL), it showed a negative and significant relationship (8 = —0.28,
t(743) = —2.181, p < 0.029). Likewise, the total effect (BMI-HRQoL) revealed a negative and
significant association (8 = —0.61, t (745) = —4.344, p < 0.001). Our statistical procedures
tested three effects: (1) indirect path BMI-PA-HRQoL, which showed a negative and
significant association (B = —0.03, SE (0.0183), 95% CI BCa = —0.0745-0.0033); (2) indirect
pathway BMI-PF-HRQoL with negative and significant association (8 = —0.24, SE (0.0563),
95% CI BCa = —0.3486-0.1300); and (3) total indirect pathway between BMI and HRQoL
through PA and PF, which indicated a negative and significant partial mediation effect
(B = —0.05, SE (0.0220), 95% CI BCa = —0.0983-0.0128).

4. Discussion

Our study aimed to investigate the association between the variables BMI, PA, and
HR with HRQoL, and to examine in depth whether PA and PF mediate the relationship
between BMI and HRQoL in community-dwelling older adults. The findings showed that
71.3% of older adults were overweight, which indicates potential for the aggravation of
noncommunicable diseases [10,11]. Therefore, 26.5% of the participants indicated normal
weight, and only 2.1% underweight. Correlation analyses showed that anthropometric
variables (BMI, WC, WHR) were positively and largely related to each other, and negative
and small with PA, PF and HRQoL. On the other hand, WHR indicated a negative and
medium correlation with HRQoL. An interesting finding of the present study was that the
variables age and sex showed small, and in some cases, non-significant, levels of correlation
with the other variables. These results were not in agreement with previous studies; in
general, age and sex are considered to influence the levels of PA [58,59], PF [60,61], and
body weight [14,62] and, in turn, affect HRQoL levels [39,40].

Our first hypothesis was confirmed by multivariate analysis. When controlled for
confounding factors (i.e., sex, age, hypertension, diabetes), it was found that a low BMI
value presented a chance of up to 93.1% for participants to have a high HRQoL. The finding
is in agreement with previous studies that highlighted the negative effects that high weight
has on the health perception of the older adult population [63,64]. Moreover, we also
confirmed that high levels of PA and PF increased the chances of older adults to have a high
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HRQoL by approximately 91.8% and 60.0%, respectively. These results are in agreement
with previous studies carried out with the older adult population [65,66]. Regarding the
mediation analysis, when PA and PF were inserted into the equation, the model revealed a
negative and significant relationship between BMI and HRQoL. Thus, PA and PF were able
to partially mediate these relationships by approximately 32.3% and 81.5%, respectively.
Moreover, the total variance in HRQoL explained by the entire model was 90%. To our
knowledge, this is the first study that has estimated in detail the mediation exerted by PA
and PF in the association between BMI and HRQoL in the older adult population of the
Autonomous Region of Madeira, Funchal, Portugal.

The literature highlights that obese older adults tend to have lower HRQoL compared
to those with normal weight [5,21]. Our findings are in agreement with previous studies
that found negative and significant associations between BMI (overweight and obesity) and
HRQoL in the older adult population [39,40]. One of them was a cohort type carried out in
England in two waves [40]. The authors confirmed that there is a clear inverse relationship
between weight gain and HRQoL decrease, highlighting that among obese individuals,
the time variable has a significant mediating role in the reduction of HRQoL. Furthermore,
a high BMI remained independently related to HRQoL, denoting that obese but healthy
individuals may be in transition to vulnerability and a worse future health status. This
supposed independent relationship between obesity and HRQoL is consistent with the
“healthy obesity” hypothesis [67], which reflects a subset of the older adult population
that is transitioning to unhealthy obesity. In this context, a possible additional underlying
process of the transition from a healthy to an unhealthy state may occur through the
metabolic syndrome [68].

In the older adult population, overweight and obesity are responsible for an increased
risk of chronic diseases, including cardiovascular diseases, arthritis, diabetes, and lung
diseases [10,69]. All of these diseases potentiate the development of physical disability [22],
resulting from an intolerance to exercise, which can also be associated with frailty and
social or psychological problems [70]. Furthermore, considering the age-related etiology of
PF, changes in body composition, especially sarcopenia, also play a strong role [71,72]. In a
cohort study, it was found that in over 7 years of follow-up, participants without disability
(IADL scale) but with sarcopenic obesity were 2.5 times more likely to report a disability in
their IADL than those without sarcopenic obesity [73].

Our mediation analysis showed that for each 0.1 kg/m? increase in the standard
deviation (SD) of the BMI, the PF was reduced by 4.95 times. The findings are in agreement
with previous evidence on obese older adults residing in the community, which pointed
to the existence of a positive association between PF and factors related to physical and
mental health (HRQoL). Notably, low PF levels result in a marginal perception of quality
of life [63,71]. Moreover, we found that for every 0.1 kg/m? increase in the standard
deviation (SD) of BMI, PA was reduced by 0.30 times. The finding confirms that over-
weight/obesity potentiates the individual’s intolerance to increased mobility and daily
energy expenditure, which is also directly associated with intolerance to regularly practice
physical exercises [71,74]. Therefore, it is important that older adults are encouraged to
engage in daily tasks that require body movement [37,75]. Consequently, there will be
an increase in caloric expenditure, benefiting their health status as a whole. Both the
WHO [26], and systematic review studies [7,76] advocated that high/medium levels of
PA are essential for the consolidation of healthy aging, with a lower risk of cardiovascular
diseases, accompanied by physical and mental well-being.

Controlling for confounding factors (i.e., sex, age, height, comorbidities, waist and
hip circumference), it was found that for every 0.1 kg/m? increase in standard deviation
(SD), HRQoL increased by 1.21 times. Regarding the PF, it was observed that for each
increase of 0.1 kg/ m? in the standard deviation (SD), the HRQoL increased 2.24 times.
These results can expand the understanding of how PA and PF act on the components
of the HRQoL of the older adult population. Previous studies have highlighted the role
of different vigorous and non-vigorous leisure activities in treating and preventing the
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worsening of obesity [36,77]. Thus, increasing PA levels, both in the practice of weekly
physical exercises, as well as in leisure and domestic activities, is an effective strategy to
control and/or reduce body weight and, consequently, reduce other risk factors associated
with obesity [77].

An increase in PA levels can improve PF, presumably benefiting variables associated
with mobility such as muscle strength, balance, and cardiovascular endurance [75,78].
In advanced age, the interdependence between PA and PF is considered a determining
factor for the individual’s autonomy and, therefore, crucial for the safe performance of
IADL [79]. Thus, different types of physical exercises have been suggested to promote PA,
PF and HRQoL, and consequently combat overweight/obesity [7,22]. Multicomponent
exercise, for example, was suggested due to the breadth of training, which comprises
flexibility, balance, and aerobic and resistance exercise in a single session [24]. Regarding
the volume and intensity of physical training, the WHO recommends for adults, including
those aged >64 years [26]: (1) at least 150 to 300 min of moderate-intensity aerobic PA, (2) at
least 75-150 min of vigorous-intensity aerobic PA, or (3) to substantially benefit general
health (physical and mental) with an equivalent weekly combination of moderate and
vigorous-intensity activity.

Among the strengths of this study, we can mention the use of a large cohort, the inclu-
sion of anthropometric variables objectively measured through standardized protocols, as
well as an assessment of HRQoL, obtained through a validated instrument. In addition, the
mediation analysis was adjusted for potential confounders (i.e., sex, age, height, comorbidi-
ties, waist and hip circumference). However, our study has some limitations that should be
highlighted. First, the cross-sectional design does not allow for causal conclusions. Thus,
we cannot determine when the observed PA and PF levels were established in relation to
the verified BMI. Moreover, a low level of PF can limit mobility, which in turn can lead the
individual to reduce their PA levels, increasing body weight [80]. Second, it is known that
BMI is not a measure capable of providing complete information about the distribution
of body fat [13]. Therefore, depending on the population evaluated, other factors such
as sociodemographic factors, living conditions, and access to health information must be
considered. Third, issues such as diet, sleep quality and/or daytime sleepiness, which are
associated with obesity and WC, were not investigated. Fourth, the present study did not
include variables related to functional capacity, such as dynapenia, sarcopenia and frailty,
which are associated with age-related health changes and problems caused by body fat.
Thus, we suggest that future studies include these variables and that investigations adopt
longitudinal follow-up. Possible topics for investigation would be to observe the mediating
role of PA and PF in the relationship between BMI and HRQoL, including moderators such
as sociodemographic factors (i.e., income, race, sex, education), dietary habits, types of
physical exercise, as well as weekly training frequency.

5. Conclusions

Our results provide insights into the mechanisms of vulnerability in a large sample of
older adults with unique cultural, biological and psychosocial characteristics, residing in
the Autonomous Region of Madeira, Funchal, Portugal. Therefore, the analyses showed
the important mediating role of PA and PF in the relationship between BMI and HRQoL.
Overall, high body weight was found to be negatively related to HRQoL. Therefore, in
the case of the older adult population, increasing daily caloric expenditure, either through
physical exercise or by intensifying leisure and domestic activities, can be a strategy capable
of controlling and/or reducing body weight. Moreover, considering that we are in a post-
pandemic period (COVID-19), that older adults were the main risk group for this serious
disease worldwide, and that obesity was a potentiating factor in the risk of death from the
virus, the detailed information in this study may be useful for monitoring and treating
obesity, reducing vulnerability and promoting HRQoL.



Int. |. Environ. Res. Public Health 2022, 19, 13718 11 of 14

Author Contributions: Conceptualization, M.d.M.N., ERG., AM.and AL; methodology, M.d.M.N.
and E.R.G.; software, E.R.G. and K.P; validation, M.d.M.N., ER.G., PC., J.G.-M., AM. and B.R.G;;
formal analysis, M.d.M.N.; investigation, M.d.M.N., E.R.G., PC., B.R.G. and A.L; resources, E.R.G.,
B.R.G. and A.L; data curation, M.d. M.N., K.P, ].G.-M. and ER.G.; writing—original draft prepara-
tion, M.d.M.N., ER.G. and AL; writing—review and editing, B.R.G., P.C., K.P,, ].G.-M. and A.M.;
visualization, M.d.M.N., ER.G., P.C., K.P, ].G.-M. and A.M; supervision, ER.G., BR.G., AM., K.P.
and A.L; project administration, M.d. M.N., ERG. BRG.and AL; funding acquisition, ERG., BRG.
and A.L. All authors have read and agreed to the published version of the manuscript.

Funding: We acknowledge support from the Swiss National Centre of Competence in Research
LIVES—Overcoming vulnerability: life course perspectives, which is funded by the Swiss National
Science Foundation (grant number: 51NF40-185901). Moreover, Al acknowledges support from
the Swiss National Science Foundation (grant number: 10001C_189407). E.R.G., P.C. and B.R.G.
acknowledge support from LARSyS—Portuguese national funding agency for science, research and
technology (FCT) pluriannual funding 20202023 (Reference: UIDB/50009/2020).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki. The Scientific Commission scientifically and ethically approved the study of
the Department of Physical Education and Sports of the University of Madeira, the Regional Secretary
of Social Affairs Committees, and received support from FCT (SFRH/BD29300/2006).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study before participation.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors are grateful to Duarte L. Freitas for his help in setting up the study
and to Ercilia Fena, Joana Castro, and Leticia Sousa for technical assistance in data collection and
management. We are especially grateful to the older people for their participation and interest.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. Flegal, KM.; Kruszon-Moran, D.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Trends in Obesity among Adults in the United States,
2005 to 2014. JAMA 2016, 315, 2284. [CrossRef] [PubMed]

2. Hansen, J.C.; Gilman, A.P,; Odland, ].@. Is thermogenesis a significant causal factor in preventing the “globesity” epidemic? Med.
Hypotheses 2010, 75, 250-256. [CrossRef]

3. WHO-World Health Organization Controlling the Global Obesity Epidemic. Available online: https://www.who.int/activities/
controlling-the-global-obesity-epidemic (accessed on 25 July 2022).

4. Corica, F; Corsonello, A.; Apolone, G.; Mannucci, E.; Lucchetti, M.; Bonfiglio, C.; Melchionda, N.; Marchesini, G. Metabolic
syndrome, psychological status and quality of life in obesity: The QUOVADIS Study. Int. J. Obes. 2008, 32, 185-191. [CrossRef]

5. Giuli, C; Papa, R.; Bevilacqua, R.; Felici, E.; Gagliardi, C.; Marcellini, F.; Boscaro, M.; De Robertis, M.; Mocchegiani, E.; Faloia, E.;
et al. Correlates of perceived health related quality of life in obese, overweight and normal weight older adults: An observational
study. BMC Public Health 2014, 14, 35. [CrossRef]

6.  Kelly, M.E.; Loughrey, D.; Lawlor, B.A.; Robertson, I.H.; Walsh, C.; Brennan, S. The impact of exercise on the cognitive functioning
of healthy older adults: A systematic review and meta-analysis. Ageing Res. Rev. 2014, 16, 12-31. [CrossRef] [PubMed]

7. Elagizi, A.; Kachur, S.; Carbone, S.; Lavie, C.J.; Blair, S.N. A Review of Obesity, Physical Activity, and Cardiovascular Disease.
Curr. Obes. Rep. 2020, 9, 571-581. [CrossRef]

8.  Jia, H.; Lubetkin, E.I. The impact of obesity on health-related quality-of-life in the general adult US population. J. Public Health
2005, 27, 156-164. [CrossRef] [PubMed]

9.  Latner, ].D.; Barile, J.P; Durso, L.E.; O’'Brien, K.S. Weight and health-related quality of life: The moderating role of weight
discrimination and internalized weight bias. Eat. Behav. 2014, 15, 586-590. [CrossRef] [PubMed]

10. Dhawan, D.; Sharma, S. Abdominal Obesity, Adipokines and Non-communicable Diseases. |. Steroid Biochem. Mol. Biol. 2020, 203,
105737. [CrossRef] [PubMed]

11. Kilpi, F; Webber, L.; Musaigner, A.; Aitsi-Selmi, A.; Marsh, T.; Rtveladze, K.; McPherson, K.; Brown, M. Alarming predictions for
obesity and non-communicable diseases in the Middle East. Public Health Nutr. 2014, 17, 1078-1086. [CrossRef]

12. Lau, D.C.W.; Douketis, D.J.; Morrison, K.M.; Hramiak, I.M.; Sharma, A.M.; Ur, E. Canadian Guidelines for obesity. Can. Med.

Assoc. J. 2007, 176, S1-513. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2016.6458
http://www.ncbi.nlm.nih.gov/pubmed/27272580
http://doi.org/10.1016/j.mehy.2010.02.033
https://www.who.int/activities/controlling-the-global-obesity-epidemic
https://www.who.int/activities/controlling-the-global-obesity-epidemic
http://doi.org/10.1038/sj.ijo.0803687
http://doi.org/10.1186/1471-2458-14-35
http://doi.org/10.1016/j.arr.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24862109
http://doi.org/10.1007/s13679-020-00403-z
http://doi.org/10.1093/pubmed/fdi025
http://www.ncbi.nlm.nih.gov/pubmed/15820993
http://doi.org/10.1016/j.eatbeh.2014.08.014
http://www.ncbi.nlm.nih.gov/pubmed/25215477
http://doi.org/10.1016/j.jsbmb.2020.105737
http://www.ncbi.nlm.nih.gov/pubmed/32818561
http://doi.org/10.1017/S1368980013000840
http://doi.org/10.1503/cmaj.061409
http://www.ncbi.nlm.nih.gov/pubmed/17420481

Int. |. Environ. Res. Public Health 2022, 19, 13718 12 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rothman, K.J. BMI-related errors in the measurement of obesity. Int. J. Obes. 2008, 32, S56-559. [CrossRef] [PubMed]
Andreacchi, A.T,; Griffith, L.E.; Guindon, G.E.; Mayhew, A_; Bassim, C.; Pigeyre, M.; Stranges, S.; Anderson, L.N. Body mass
index, waist circumference, waist-to-hip ratio, and body fat in relation to health care use in the Canadian Longitudinal Study on
Aging. Int. ]. Obes. 2021, 45, 666—676. [CrossRef] [PubMed]

Guh, D.P; Zhang, W.; Bansback, N.; Amarsi, Z.; Birmingham, C.L.; Anis, A.H. The incidence of co-morbidities related to obesity
and overweight: A systematic review and meta-analysis. BMC Public Health 2009, 9, 88. [CrossRef]

Piché, M.-E.; Tchernof, A.; Després, ].-P. Obesity Phenotypes, Diabetes, and Cardiovascular Diseases. Circ. Res. 2020, 126,
1477-1500. [CrossRef]

Mathieu, P; Poirier, P; Pibarot, P.; Lemieux, I.; Després, ].-P. Visceral Obesity: The Link among Inflammation, Hypertension, and
Cardiovascular Disease. Hypertension 2009, 53, 577-584. [CrossRef] [PubMed]

Katta, N.; Loethen, T.; Lavie, C.J.; Alpert, M.A. Obesity and Coronary Heart Disease: Epidemiology, Pathology, and Coronary
Artery Imaging. Curr. Probl. Cardiol. 2021, 46, 100655. [CrossRef]

Avgerinos, K.I; Spyrou, N.; Mantzoros, C.S.; Dalamaga, M. Obesity and cancer risk: Emerging biological mechanisms and
perspectives. Metabolism 2019, 92, 121-135. [CrossRef]

Wearing, S.C.; Hennig, E.M.; Byrne, N.M.; Steele, ].R.; Hills, A.P. Musculoskeletal disorders associated with obesity: A biomechan-
ical perspective. Obes. Rev. 2006, 7, 239-250. [CrossRef]

DeCaria, J.E.; Sharp, C.; Petrella, R.J. Scoping review report: Obesity in older adults. Int. ]. Obes. 2012, 36, 1141-1150. [CrossRef]
Vincent, HK.; Vincent, K.R.; Lamb, K.M. Obesity and mobility disability in the older adult. Obes. Rev. 2010, 11, 568-579.
[CrossRef] [PubMed]

Rillamas-Sun, E.; LaCroix, A.Z.; Waring, M.E.; Kroenke, C.H.; LaMonte, M.].; Vitolins, M.Z.; Seguin, R.; Bell, C.L.; Gass, M.;
Manini, T.M; et al. Obesity and Late-Age Survival without Major Disease or Disability in Older Women. JAMA Intern. Med.
2014, 174, 98. [CrossRef] [PubMed]

Mathus-Vliegen, E.M.H. Obesity and the Elderly. |. Clin. Gastroenterol. 2012, 46, 533-544. [CrossRef] [PubMed]

Sardinha, L.B.; Santos, D.A; Silva, A.M.; Baptista, F.; Owen, N. Breaking-up Sedentary Time Is Associated with Physical Function
in Older Adults. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2015, 70, 119-124. [CrossRef] [PubMed]

WHO-World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour; World Health Organization:
Geneva, Switzerland, 2020; ISBN 9781134470006.

S5t-Onge, M.-P.; Gallagher, D. Body composition changes with aging: The cause or the result of alterations in metabolic rate and
macronutrient oxidation? Nutrition 2010, 26, 152-155. [CrossRef] [PubMed]

Daskalopoulou, C.; Stubbs, B.; Kralj, C.; Koukounari, A.; Prince, M.; Prina, A.M. Physical activity and healthy ageing: A systematic
review and meta-analysis of longitudinal cohort studies. Ageing Res. Rev. 2017, 38, 6-17. [CrossRef]

Garcia Meneguci, C.A.; Meneguci, J.; Sasaki, ].E.; Tribess, S.; Junior, ].S.V. Physical activity, sedentary behavior and functionality
in older adults: A cross-sectional path analysis. PLoS ONE 2021, 16, €0246275. [CrossRef]

Chen, H.; Guo, X. Obesity and Functional Disability in Elderly Americans. J. Am. Geriatr. Soc. 2008, 56, 689—694. [CrossRef]
Park, S. Pathways linking obesity to health-related quality of life. Qual. Life Res. 2017, 26, 2209-2218. [CrossRef]

Lopez-Garcia, E.; Guallar-Castillén, P.; Garcia-Esquinas, E.; Rodriguez-Artalejo, F. Metabolically healthy obesity and health-related
quality of life: A prospective cohort study. Clin. Nutr. 2017, 36, 853-860. [CrossRef]

Henning, R.J. Obesity and obesity-induced inflammatory disease contribute to atherosclerosis: A review of the pathophysiology
and treatment of obesity. Am. J. Cardiovasc. Dis. 2021, 11, 504-529. [PubMed]

Truthmann, J.; Mensink, G.B.M.; Bosy-Westphal, A.; Hapke, U.; Scheidt-Nave, C.; Schienkiewitz, A. Physical health-related quality
of life in relation to metabolic health and obesity among men and women in Germany. Health Qual. Life Outcomes 2017, 15, 122.
[CrossRef] [PubMed]

He, X.Z.; Baker, D.W. Body mass index, physical activity, and the risk of decline in overall health and physical functioning in late
middle age. Am. |. Public Health 2004, 94, 1567-1573. [CrossRef] [PubMed]

Shaw, K.A.; Gennat, H.C.; O’'Rourke, P.; Del Mar, C. Exercise for overweight or obesity. Cochrane Database Syst. Rev. 2006, 2006,
CD003817. [CrossRef]

Manini, T.M.; Pahor, M. Physical activity and maintaining physical function in older adults. Br. J. Sports Med. 2008, 43, 28-31.
[CrossRef]

Horder, H.; Skoog, I.; Frandin, K. Health-related quality of life in relation to walking habits and fitness: A population-based study
of 75-year-olds. Qual. Life Res. 2013, 22, 1213-1223. [CrossRef]

Song, H.]J.; Lee, E.K.; Kwon, ].W. Gender Differences in the Impact of Obesity on Health-Related Quality of Life. Asia-Pacific .
Public Health 2016, 28, 146-156. [CrossRef]

Zhang, J.; Xu, L.; Li, J.; Sun, L.; Qin, W.; Ding, G.; Wang, Q.; Zhu, J.; Yu, Z.; Xie, S.; et al. Gender differences in the association
between body mass index and health-related quality of life among adults:a cross-sectional study in Shandong, China. BMC Public
Health 2019, 19, 1021. [CrossRef]

Seltoft, F.; Hammer, M.; Kragh, N. The association of body mass index and health-related quality of life in the general population:
Data from the 2003 Health Survey of England. Qual. Life Res. 2009, 18, 1293-1299. [CrossRef]

Fradelos, E.; Papathanasiou, L; Mitsi, D.; Tsaras, K.; Kleisiaris, C.; Kourkouta, L. Health Based Geographic Information Systems
(GIS) and their Applications. Acta Inform. Medica 2014, 22, 402. [CrossRef]


http://doi.org/10.1038/ijo.2008.87
http://www.ncbi.nlm.nih.gov/pubmed/18695655
http://doi.org/10.1038/s41366-020-00731-z
http://www.ncbi.nlm.nih.gov/pubmed/33432110
http://doi.org/10.1186/1471-2458-9-88
http://doi.org/10.1161/CIRCRESAHA.120.316101
http://doi.org/10.1161/HYPERTENSIONAHA.108.110320
http://www.ncbi.nlm.nih.gov/pubmed/19237685
http://doi.org/10.1016/j.cpcardiol.2020.100655
http://doi.org/10.1016/j.metabol.2018.11.001
http://doi.org/10.1111/j.1467-789X.2006.00251.x
http://doi.org/10.1038/ijo.2012.29
http://doi.org/10.1111/j.1467-789X.2009.00703.x
http://www.ncbi.nlm.nih.gov/pubmed/20059707
http://doi.org/10.1001/jamainternmed.2013.12051
http://www.ncbi.nlm.nih.gov/pubmed/24217806
http://doi.org/10.1097/MCG.0b013e31825692ce
http://www.ncbi.nlm.nih.gov/pubmed/22772735
http://doi.org/10.1093/gerona/glu193
http://www.ncbi.nlm.nih.gov/pubmed/25324221
http://doi.org/10.1016/j.nut.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/20004080
http://doi.org/10.1016/j.arr.2017.06.003
http://doi.org/10.1371/journal.pone.0246275
http://doi.org/10.1111/j.1532-5415.2007.01624.x
http://doi.org/10.1007/s11136-017-1565-x
http://doi.org/10.1016/j.clnu.2016.04.028
http://www.ncbi.nlm.nih.gov/pubmed/34548951
http://doi.org/10.1186/s12955-017-0688-7
http://www.ncbi.nlm.nih.gov/pubmed/28601090
http://doi.org/10.2105/AJPH.94.9.1567
http://www.ncbi.nlm.nih.gov/pubmed/15333316
http://doi.org/10.1002/14651858.CD003817.pub3
http://doi.org/10.1136/bjsm.2008.053736
http://doi.org/10.1007/s11136-012-0267-7
http://doi.org/10.1177/1010539515626267
http://doi.org/10.1186/s12889-019-7351-7
http://doi.org/10.1007/s11136-009-9541-8
http://doi.org/10.5455/aim.2014.22.402-405

Int. |. Environ. Res. Public Health 2022, 19, 13718 13 of 14

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.
53.
54.
55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription, 10th ed.; Lippincott Williams Wilkins:
Philadelphia, PA, USA, 2018.

Marfell-Jones, M.; Olds, T.; Stew, A.; Carter, L. International Standards for Anthropometric Assessment; International Society for the
Advancement of Kinanthropometry: Wellington, New Zealand, 2012.

Lipschitz, D.A. Screening for nutritional status in the elderly. Prim Care 1994, 21, 55-67. [CrossRef]

WHO-World Health Organization. Obesity: Preventing and Managing the Global Epidemic. Report of a WHO Consultation; World
Health Organization: Geneva, Switzerland, 2000; Volume 894.

World Health Organisation (WHO). WHO: Waist Circumference and Waist—Hip Ratio. Report of a WHO Expert Consultation. Geneva,
8-11 December 2008.; World Health Organization: Geneva, Switzerland, 2011.

Baecke, ].A.H.; Burema, J.; Frijters, J.E.R. A short questionnaire for the measurement of habitual physical activity in epidemiologi-
cal studies. Am. J. Clin. Nutr. 1982, 36, 936-942. [CrossRef] [PubMed]

Ono, R; Hirata, S.; Yamada, M.; Nishiyama, T.; Kurosaka, M.; Tamura, Y. Reliability and validity of the Baecke physical activity
questionnaire in adult women with hip disorders. BMC Musculoskelet. Disord. 2007, 8, 61. [CrossRef] [PubMed]

Rikli, R.E.; Jones, C.J. Development and Validation of Criterion-Referenced Clinically Relevant Fitness Standards for Maintaining
Physical Independence in Later Years. Gerontologist 2013, 53, 255-267. [CrossRef]

Buchman, A.S,; Leurgans, S.E.; Boyle, P.A.; Schneider, ].A.; Arnold, S.E.; Bennett, D.A. Combinations of motor measures more
strongly predict adverse health outcomes in old age: The rush memory and aging project, a community-based cohort study. BMC
Med. 2011, 9, 42. [CrossRef]

Ribeiro, J.L.P. O Importante € a Saiide: Estudo de Adaptagio de Uma Técnica de Técnica de Avaliagdo do Estado de Saiide SF-36; Fundacao
Merck Sharp & Dohme: Lisboa, Portugal, 2005.

Ware, J.E.; Sherbourne, C.D. The MOS 36-ltem Short-Form Health Survey (SF-36). Med. Care 1992, 30, 473-483. [CrossRef]
[PubMed]

VanderWeele, T.J. Mediation Analysis: A Practitioner’s Guide. Annu. Rev. Public Health 2016, 37, 17-32. [CrossRef] [PubMed]
MacKinnon, D.P; Fairchild, A J.; Fritz, M.S. Mediation Analysis. Annu. Rev. Psychol. 2007, 58, 593-614. [CrossRef] [PubMed]
Preacher, K.J.; Rucker, D.D.; Hayes, A .F. Addressing Moderated Mediation Hypotheses: Theory, Methods, and Prescriptions.
Multivariate Behav. Res. 2007, 42, 185-227. [CrossRef]

Hayes, A.F,; Rockwood, N.J. Regression-based statistical mediation and moderation analysis in clinical research: Observations,
recommendations, and implementation. Behav. Res. Ther. 2017, 98, 39-57. [CrossRef]

Gomez-Bruton, A.; Navarrete-Villanueva, D.; Pérez-Gémez, J.; Vila-Maldonado, S.; Gesteiro, E.; Gusi, N.; Villa-Vicente, J.G.;
Espino, L.; Gonzalez-Gross, M.; Casajus, ].A.; et al. The Effects of Age, Organized Physical Activity and Sedentarism on Fitness in
Older Adults: An 8-Year Longitudinal Study. Int. |. Environ. Res. Public Health 2020, 17, 4312. [CrossRef] [PubMed]

Yatsugi, H.; Chen, T.; Chen, S.; Liu, X.; Kishimoto, H. The Associations between Objectively Measured Physical Activity and
Physical Function in Community-Dwelling Older Japanese Men and Women. Int. |. Environ. Res. Public Health 2021, 19, 369.
[CrossRef] [PubMed]

Mayhew, A.].; Griffith, L.E.; Gilsing, A.; Beauchamp, M.K,; Kuspinar, A.; Raina, P. The Association between Self-Reported and
Performance-Based Physical Function with Activities of Daily Living Disability in the Canadian Longitudinal Study on Aging. J.
Gerontol. Ser. A 2020, 75, 147-154. [CrossRef] [PubMed]

Resnick, B.; Boltz, M.; Galik, E.; Holmes, S.; Fix, S.; Zhu, S. Gender Differences in Function, Physical Activity, Falls, Medication
Use, and Life Satisfaction Among Residents in Assisted Living Settings. Res. Gerontol. Nurs. 2020, 13, 31-40. [CrossRef] [PubMed]
Chang, E.; Varghese, M.; Singer, K. Gender and Sex Differences in Adipose Tissue. Curr. Diab. Rep. 2018, 18, 69. [CrossRef]
[PubMed]

Yan, L.L.; Daviglus, M.L.; Liu, K,; Pirzada, A.; Garside, D.B.; Schiffer, L.; Dyer, A.R.; Greenland, P. BMI and Health-Related
Quality of Life in Adults 65 Years and Older. Obes. Res. 2004, 12, 69-76. [CrossRef]

Stephenson, J.; Smith, C.M.; Kearns, B.; Haywood, A.; Bissell, P. The association between obesity and quality of life: A retrospective
analysis of a large-scale population-based cohort study. BMC Public Health 2021, 21, 1990. [CrossRef]

Cunningham, C.; O’ Sullivan, R.; Caserotti, P.; Tully, M.A. Consequences of physical inactivity in older adults: A systematic
review of reviews and meta-analyses. Scand. ]. Med. Sci. Sports 2020, 30, 816-827. [CrossRef]

Li, P-S.; Hsieh, C.-J.; Miao, N.-F. A Study of Physical Activity, Frailty, and Health-Related Quality of Life among Community-
Dwelling Older Adults in Taiwan. J. Nurs. Res. 2020, 28, e124. [CrossRef]

Zhou, Z.; Macpherson, J.; Gray, S.R.; Gill, ].M.R.; Welsh, P.; Celis-Morales, C.; Sattar, N.; Pell, ].P.; Ho, EK. Are people with
metabolically healthy obesity really healthy? A prospective cohort study of 381,363 UK Biobank participants. Diabetologia 2021,
64, 1963-1972. [CrossRef]

Smith, G.I.; Mittendorfer, B.; Klein, S. Metabolically healthy obesity: Facts and fantasies. J. Clin. Investig. 2019, 129, 3978-3989.
[CrossRef] [PubMed]

Stavropoulos-Kalinoglou, A.; Metsios, G.S.; Koutedakis, Y.; Kitas, G.D. Obesity in rheumatoid arthritis. Rheumatology 2011, 50,
450-462. [CrossRef]

Garber, C.E.; Greaney, M.L.; Riebe, D.; Nigg, C.R.; Burbank, P.A_; Clark, P.G. Physical and mental health-related correlates of
physical function in community dwelling older adults: A cross sectional study. BMC Geriatr. 2010, 10, 6. [CrossRef] [PubMed]
Choi, K.M. Sarcopenia and sarcopenic obesity. Korean |. Intern. Med. 2016, 31, 1054-1060. [CrossRef] [PubMed]


http://doi.org/10.1016/S0095-4543(21)00452-8
http://doi.org/10.1093/ajcn/36.5.936
http://www.ncbi.nlm.nih.gov/pubmed/7137077
http://doi.org/10.1186/1471-2474-8-61
http://www.ncbi.nlm.nih.gov/pubmed/17610746
http://doi.org/10.1093/geront/gns071
http://doi.org/10.1186/1741-7015-9-42
http://doi.org/10.1097/00005650-199206000-00002
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://doi.org/10.1146/annurev-publhealth-032315-021402
http://www.ncbi.nlm.nih.gov/pubmed/26653405
http://doi.org/10.1146/annurev.psych.58.110405.085542
http://www.ncbi.nlm.nih.gov/pubmed/16968208
http://doi.org/10.1080/00273170701341316
http://doi.org/10.1016/j.brat.2016.11.001
http://doi.org/10.3390/ijerph17124312
http://www.ncbi.nlm.nih.gov/pubmed/32560257
http://doi.org/10.3390/ijerph19010369
http://www.ncbi.nlm.nih.gov/pubmed/35010628
http://doi.org/10.1093/gerona/glz122
http://www.ncbi.nlm.nih.gov/pubmed/31081885
http://doi.org/10.3928/19404921-20190930-02
http://www.ncbi.nlm.nih.gov/pubmed/31584687
http://doi.org/10.1007/s11892-018-1031-3
http://www.ncbi.nlm.nih.gov/pubmed/30058013
http://doi.org/10.1038/oby.2004.10
http://doi.org/10.1186/s12889-021-12009-8
http://doi.org/10.1111/sms.13616
http://doi.org/10.1097/JNR.0000000000000402
http://doi.org/10.1007/s00125-021-05484-6
http://doi.org/10.1172/JCI129186
http://www.ncbi.nlm.nih.gov/pubmed/31524630
http://doi.org/10.1093/rheumatology/keq266
http://doi.org/10.1186/1471-2318-10-6
http://www.ncbi.nlm.nih.gov/pubmed/20128902
http://doi.org/10.3904/kjim.2016.193
http://www.ncbi.nlm.nih.gov/pubmed/27809450

Int. |. Environ. Res. Public Health 2022, 19, 13718 14 of 14

72.

73.

74.

75.

76.

77.

78.

79.

80.

Batsis, J.A.; Villareal, D.T. Sarcopenic obesity in older adults: Aetiology, epidemiology and treatment strategies. Nat. Rev.
Endocrinol. 2018, 14, 513-537. [CrossRef]

Baumgartner, R.N.; Wayne, S.J.; Waters, D.L.; Janssen, I.; Gallagher, D.; Morley, J.E. Sarcopenic Obesity Predicts Instrumental
Activities of Daily Living Disability in the Elderly. Obes. Res. 2004, 12, 1995-2004. [CrossRef]

Pietildinen, K.H.; Kaprio, J.; Borg, P.; Plasqui, G.; Yki-Jarvinen, H.; Kujala, U.M.; Rose, R.J.; Westerterp, K.R; Rissanen, A. Physical
Inactivity and Obesity: A Vicious Circle. Obesity 2008, 16, 409—414. [CrossRef]

Dugan, S.A.; Gabriel, K.P; Lange-Maia, B.S.; Karvonen-Gutierrez, C. Physical Activity and Physical Function. Obstet. Gynecol.
Clin. North Am. 2018, 45, 723-736. [CrossRef]

Kadariya, S.; Gautam, R.; Aro, A.R. Physical Activity, Mental Health, and Wellbeing among Older Adults in South and Southeast
Asia: A Scoping Review. Biomed Res. Int. 2019, 2019, 6752182. [CrossRef]

Swift, D.L.; McGee, ].E.; Earnest, C.P,; Catrlisle, E.; Nygard, M.; Johannsen, N.M. The Effects of Exercise and Physical Activity on
Weight Loss and Maintenance. Prog. Cardiovasc. Dis. 2018, 61, 206-213. [CrossRef]

Ferreira, M.L.; Sherrington, C.; Smith, K.; Carswell, P.; Bell, R.; Bell, M.; Nascimento, D.P.; Méximo Pereira, L.S.; Vardon, P.
Physical activity improves strength, balance and endurance in adults aged 40-65 years: A systematic review. J. Physiother. 2012,
58,145-156. [CrossRef]

Amaral Gomes, E.S.; Ramsey, K.A.; Rojer, A.G.M.; Reijnierse, E.M.; Maier, A.B. The Association of Objectively Measured Physical
Activity and Sedentary Behavior with (Instrumental) Activities of Daily Living in Community-Dwelling Older Adults: A
Systematic Review. Clin. Interv. Aging 2021, 16, 1877-1915. [CrossRef] [PubMed]

Ling, C.H.Y.; Meskers, C.G.M.; Maier, A.B. Can anthropometric measures be used as proxies for body composition and physical
function in geriatric outpatients? Arch. Gerontol. Geriatr. 2021, 94, 104379.


http://doi.org/10.1038/s41574-018-0062-9
http://doi.org/10.1038/oby.2004.250
http://doi.org/10.1038/oby.2007.72
http://doi.org/10.1016/j.ogc.2018.07.009
http://doi.org/10.1155/2019/6752182
http://doi.org/10.1016/j.pcad.2018.07.014
http://doi.org/10.1016/S1836-9553(12)70105-4
http://doi.org/10.2147/CIA.S326686
http://www.ncbi.nlm.nih.gov/pubmed/34737555

	Introduction 
	Materials and Methods 
	Study Project and Participants 
	Data Collection 
	Demographics and Health Profile 
	Anthropometry 
	Physical Activity 
	Physical Function 
	Health-Related Quality of Life 
	Covariates 

	Statistical Analysis 

	Results 
	Main Characteristics of Participants 
	Correlations between the Main Variables of Interest in the Study 
	Associations between BMI and HRQoL 
	Mediation Analysis 

	Discussion 
	Conclusions 
	References

