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Abstract: Background: Physical fitness levels and the amount of accumulated adipose tissue (fatness)
relate to current and future individuals’ heath status. Nevertheless, the interrelationships of their
combined patterns with polypharmacy and the types of medications consumed have not been
sufficiently investigated. Methods: This cross-sectional study was carried out in six Spanish regions
between 2008 and 2009 with a sample of older community-dwelling adults (≥65 years old) without
dementia or cancer. Fitness was measured with one-leg balance and senior fitness tests, as well as by
measuring weight and fat mass with a bioelectrical impedance analyzer. Polypharmacy was defined
as the use of five or more medications. An analysis of variance was performed for comparisons
between the physical fitness and fatness patterns and the medication consumed. Results: A total of
1709 elders were included in the study (72.1 ± 5.2 years). The two unfit patterns were those with the
highest drug consumption. The High-Fat–Unfit pattern was the one that had the most significant
consumption and had the highest percentage of polymedicated subjects. The Low-Fat–Fit pattern
had a significantly lower percentage of people that did not consume any medications. The highest
percentages of drug consumption in 7 of the 10 groups that were included were concentrated in the
two unfit patterns. Conclusions: This study highlights the importance of fitness in older adults, as it
is at least as important as the avoidance of accumulation of excess fat with respect to the consumption
of a smaller number of medicines.
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1. Introduction

The physical fitness level and the amount of accumulated adipose tissue (fatness) are
both sensitive and specific biomarkers of physiological decline in older adults [1]. Low
fitness and high or very low fatness conditions are independently associated with adverse
health outcomes in older adults, such as functional impairment, hospitalization, falls, and
morbidity [2–4].

On the other hand, aging is also associated with an increased risk of experiencing
more than one chronic condition at the same time [5,6]. The impacts of multimorbidity on
an older person’s capacities, healthcare utilization, and cost of care are often significantly
greater than what might be expected from the summed effects of each condition [7]. In
relation to this, older people usually take more medications than younger people, and they
often take several medications at the same time, which is known as ‘polypharmacy’ [5].

Drug consumption not only implies protective effects, but also negative ones that are
derived from drug–drug, drug–food, and drug–disease interactions, side effects, and/or
inappropriate dosages of medications [8]. In this sense, polypharmacy—defined as co-
prescribing more than five medications [9]—negatively affects patient care by potentially
increasing both healthcare costs and the risk of health-related issues, including falls, hospi-
tal readmission, longer hospital admissions, adverse drug reactions, and mortality [9–11].

Polypharmacy is, in fact, a common health concern among older adults. It ranges from
around 4% to about 96.5% depending on the age group, definition, healthcare setting, and
region [12]. A cross-sectional analysis from database of “wave 6” of the Survey of Health,
Ageing, and Retirement in Europe, which included data from 34,232 older people, revealed
that the prevalence of polypharmacy ranged from 26.3% to 39.9% across 17 European
countries [13].

In this specific area of pharmacology, there is clear evidence of bidirectional asso-
ciations of low physical fitness and high fatness with polypharmacy and medication
consumption [14,15]. Although it is widely known that obesity and overweight (present in
84% of the older population), as well as low physical fitness, have a profound impact on
health [3,15,16], not many studies have investigated their interaction with negative health
outcomes.

In this regard, the popularly conceptualized “fat-but-fit” theory, which is explained by
the idea of it being “better to be fat and fit than low-weight and unfit”, is being increasingly
studied [1]. There is emerging evidence suggesting that improved physical fitness might
counteract the negative consequences of high adiposity with respect to mortality risk [17,18].
However, little is known about the interactions of fitness, fatness, and drug consumption.

To improve the understanding of the association of the cooccurrence of low fitness
and fatness in older adults with drug consumption, it is necessary to identify Fat–Fit
patterns and to explore their relationships with polypharmacy and the types of medication
consumed. To the best of our knowledge, there are no studies that have addressed this
relationship among older adults by using cluster analysis and including both physical
fitness tests and adiposity measures.

Therefore, the first aim of the present study was to determine the association between
Fat–Fit patterns in the elderly and polypharmacy, the number of medications, and the lack
of drug consumption. The second aim was to explore the relationship between Fat–Fit
patterns and the types of medication consumed.

2. Materials and Methods
2.1. Study Design and Participants

This cross-sectional study was part of the EXERNET Multi-Center Study; it was
carried out in six Spanish regions between 2008 and 2009. The overall project was aimed at
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developing reference values for physical fitness and body composition in a representative
sample of older Spanish community-dwelling adults and determining their associations
with several health outcomes. The complete methodology of this project was published
previously [16].

A representative sample of community-dwelling older adults was used; participants
were eligible for enrollment if they fulfilled the following criteria: (1) They were aged over
65 years; (2) they were non-institutionalized people; and (3) they were not suffering from
dementia or cancer.

Of an initial total sample of 3093 participants, 2299 performed all of the physical fitness
assessments. Of these, 1709 answered the medication questionnaire and were selected for
the present study.

2.2. Ethics

The study protocol received ethical approval from the Clinical Research Ethics Com-
mittee of Aragón (Spain) (18/2008), and it adhered to the Helsinki Declaration of 1964
(revision of Edinburgh (2000) and further amendments). All participants provided written
informed consent before they were enrolled in the study.

2.3. Measurements
2.3.1. Physical Fitness and Body Composition

Anthropometric and physical fitness measures were performed by trained researchers
according to standardized protocols after a workshop training session in order to standard-
ize and harmonize the assessments [19].

In order to assess body composition, height was measured by using a portable sta-
diometer (Seca, Hamburg, Germany) with a maximum capacity of 2.10 m and a an error
margin of 0.001 m. Participants stood barefoot with their scapula, buttocks, and heels
resting against a wall; the neck was held in a natural, non-stretched position, the heels were
touching each other with the tips of the toes spread to form a 45◦ angle, and the head was
held straight with the inferior orbital border in the same horizontal plane as the external
auditory tube (Frankfort’s plane) [20]. Body weight and body fat percentage (%BF) were
measured with a portable bioelectrical impedance analyzer (Tanita BC 418-MA (Tanita
Corp., Tokyo, Japan)) with a maximum capacity of 200 kg and an error margin of ±100 g
without shoes, socks, or heavy clothes. Body mass index (BMI) was calculated as weight
(in kilograms) divided by the square of the height (in meters). Before the examinations, the
study subjects received the following recommendations: (1) no alcohol less than 12 h prior
to measurement, (2) no vigorous exercise less than 12 h prior to measurement, (3) no excess
food or drink on the day before measurement, (4) no food or drink less than 3 h prior to
measurement, and (5) urination immediately before measurement.

The physical fitness measurements included the senior fitness test battery designed
by Rickly and Jones [21] with the following physical fitness components: lower- and
upper-body strength measured with the chair-stand test and arm-curl test, respectively,
agility/dynamic balance measured with the eight-foot up-and-go test, and cardiorespira-
tory fitness (CRF) measured with the 6-min walk test. In addition, the static balance was
assessed with the one-leg test [22]. All of the tests were performed twice, except for the
chair-stand test and the 6-min walk test, which were performed once [23].

2.3.2. Fat–Fit Patterns

The Fat–Fit patterns, which were developed with the cluster methodology and pub-
lished elsewhere [24], were used to classify the study subjects into four groups according to
their fatness and physical fitness levels, taking age and sex into account. The four Fat–Fit
patterns created (Figure 1) were the following:

- Low-Fat–Fit pattern (LFat-Fit), which was characterized by high levels of fitness,
especially for the balance test, and the lowest levels of BMI and %BF.
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- Medium-Fat–Fit pattern (MFat-Fit), which included the subjects with the highest
values for strength, high levels of dynamic balance and CRF, and the presence of
medium values for both of the body composition variables studied.

- High Fat–Unfit pattern (HFat-Unfit), which included subjects with the lowest values
for physical fitness and the highest values for BMI and %BF.

- Low-Fat–Unfit pattern (LFat-Unfit), which included subjects with low values for the
physical fitness variables and low values for both the BMI and %BF in comparison
with the other groups.
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2.3.3. Demographic Characteristics

Individual interviews were performed by trained researchers to register sociode-
mographic questionnaires. The physical activity (PA) levels and sedentary behaviors of
participants were assessed with the validated Elderly EXERNET Physical Activity Ques-
tionnaire (EEPAQ) [25]. These questions identified two types of activities: walking and
sitting time. Organized physical activity (OPA) was also registered with the following
question: “Are you currently engaged in organized physical activity?” This question regis-
tered any OPAs, which were understood as collective, guided, and supervised activities
provided by an instructor. To measure smoking habits, the question “Do you currently
smoke?” (no/yes) was used to classify the subjects as smokers or non-smokers.

2.3.4. Polypharmacy and Medicine Consumption

The names of medications, frequency of consumption, and ingested doses were
collected in telephone calls by trained researchers after the fieldwork. For the purpose of
drug analysis, we included the 10 most consumed drug groups in Spain in the statistical
analysis (Table 1); these were classified by the Anatomical Therapeutic Chemical (ATC)
classification system, which discriminates among medicines according to composition,
mechanism of action, and main applicability [26,27]. Polypharmacy was defined by the
concomitant consumption of ≥5 medications within the 30 days prior to the interview [9].
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Table 1. The 10 most consumed drug groups in older Spanish adults.

First-Level Group Second-Level Group

1

A. Alimentary tract and metabolism

A02. Drugs for acid-related disorders

2 A10. Drugs used in diabetes

3 A12. Mineral supplements

4 B. Blood and blood-forming organs B01. Antithrombotic agents

5

C. Cardiovascular system

C03. Diuretics

6 C09. Agents acting on the renin–angiotensin system

7 C10. Blood-lipid-modifying agents

8 M. Musculoskeletal system M01. Anti-inflammatory and antirheumatic products

9
N. Nervous system

N05. Psycholeptics

10 N06. Psychoanaleptics

2.4. Statistical Analyses

Descriptive data were reported as means (SD) for continuous variables and frequen-
cies (percentages) for categorical data. The four Fat–Fit patterns included in this study
were previously created with a cluster analysis; a detailed description of the process was
published elsewhere [24]. Clustering techniques are a form of unsupervised learning that
gathers elements in homogeneous groups based on the similarities between them. A z-test
for proportions was performed in order to verify the statistical significance of the types of
drugs consumed for each Fat–Fit pattern. An analysis of variance (ANOVA) with Bonfer-
roni correction was performed for comparisons between multiple patterns and the numbers
of medications consumed. Statistical significance was set at p-value < 0.05. The IBM SPSS (SPSS
Inc., Chicago, IL, USA) software (version 26) was used for the statistical analysis.

3. Results
3.1. Participants’ Characteristics

The descriptive characteristics according to the Fat–Fit patterns are presented in
Table 2 and in the Electronic Supplementary Material. A total of 1709 older adults were
included in the study, with a mean baseline age of 72.1 ± 5.2 years.

3.2. Relationships between Fat–Fit Patterns, Number of Medications Consumed, and
Polypharmacy

Polypharmacy concerned 19.5% of the study population (n = 334). Figure 2 illustrates
the proportions of polypharmacy in each Fat–Fit pattern. The rate of polypharmacy was
significantly higher in the HFat-Unfit pattern than in the fit patterns (p < 0.05, Figure 2).
In addition, the proportion of polypharmacy was significantly greater for the LFat-Unfit
pattern for the LFat-Fit pattern (p < 0.05, Figure 2). On the other hand, 15.2% of the
sample did not consume any medications. The LFat-Fit pattern had a significantly lower
percentage of people that did not consume any medications compared to the two unfit
patterns (p < 0.05, Figure 2).

Regarding the total number of medications, the average was 2.75 ± 2.13. As shown in
Table 2, older adults belonging to the HFat-Unfit pattern took significantly more medicines
than those that belonged to the MFat-Fit and the LFat-Fit patterns (both p < 0.001), as well
as the LFat-Unfit pattern (p = 0.036). Similarly, people belonging to the LFat-Unfit pattern
took significantly more medicines than those belonging to the LFat-Fit pattern (p < 0.001).
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Table 2. Summary of the descriptive characteristics according to the baseline Fat–Fit patterns.

TOTAL Low-Fat–Fit
Pattern

Medium-Fat–Fit
Pattern

High-Fat–Unfit
Pattern

Low-Fat–Unfit
Pattern p.overall

N = 1709 N = 431 N = 470 N = 407 N = 401

Age (year) (mean (SD)) 72.1 (5.20) 71.1 (4.87) 72.7 (5.39) 72.1 (5.04) 72.4 (5.35) 0.001
Sex (female) 1300 (76.1%) 317 (73.5%) 361 (76.8%) 310 (76.2%) 312 (77.8%) 0.5
OPA (yes) 1487 (88.2%) 385 (90.6%) 424 (92.0%) 352 (88.0%) 326 (81.7%) 0.001

Walking hours per day 0.004
<1 506 (30.5%) 97 (23.1%) 132 (29.1%) 147 (37.7%) 130 (32.8%)
1–2 882 (53.2%) 240 (57.1%) 243 (53.6%) 191 (49.0%) 208 (52.5%)
2–3 216 (13.0%) 68 (16.2%) 60 (13.2%) 43 (11.0%) 45 (11.4%)
3–4 34 (2.05%) 10 (2.4%) 11 (2.4%) 6 (1.5%) 7 (1.8%)
4–5 10 (0.6%) 2 (0.5%) 4 (0.9%) 2 (0.5%) 2 (0.5%)
>5 11 (0.7%) 3 (0.7%) 3 (0.7%) 1 (0.3%) 4 (1.0%)

Sitting hours per day 0.004
<1 40 (2.5%) 12 (2.9%) 7 (1.6%) 10 (2.6%) 11 (2.9%)
1–2 154 (9.6%) 49 (12.0%) 40 (9.7%) 24 (6.3%) 41 (10.8%)
2–3 449 (28.0%) 136 (33.3%) 108 (25.0%) 95 (24.9%) 110 (28.9%)
3–4 417 (26.0%) 94 (23.0%) 110 (25.5%) 106 (27.8%) 107 (28.2%)
4–5 272 (17.0%) 64 (15.7%) 89 (20.6%) 68 (17.8%) 51 (13.4%)
>5 269 (16.8%) 53 (13.0%) 78 (18.1%) 78 (20.5%) 60 (15.8%)

Smoking (%yes) 55 (3.3%) 18 (4.3%) 8 (1.8%) 12 (3.1%) 17 (4.3%) 0.07
Fat Mass (%) 37.1 (6.87) 33.6 (6.4) 37.9 (5.9) 42.5 (5.6) 34.6 (5.9) <0.001
BMI (kg/m2) 29.2 (4.1) 26.5 (2.8) 29.2 (2.9) 33.9 (3.5) 26.9 (2.6) <0.001

Number of Medicines (mean (SD)) 2.75 (2.1) 2.23 (1.9) 2.61 (2.1) 3.27 (2.2) a,b,d 2.96 (2.2) a <0.001

Note: Values bearing different superscript letters differ significantly (p < 0.05). OPA: Organized Physical Activity; N Med: Number of
medications; BMI: Body Mass Index; SD: Standard deviation
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3.3. Relationships between Fat–Fit Patterns and Drug Groups
3.3.1. Fat–Fit Patterns and Drugs Related to the Alimentary Tract and Metabolism

According to the ATC classification system, within the group of drugs classified being
related to the “alimentary tract and metabolism” (Group A), there were three subgroups
with a high prevalence of use in the elderly population studied: drugs for acid-related
disorders (A02), drugs used in diabetes (A10), and mineral supplements (A12), which were
taken by 21.3%, 9.42%, and 13.5% of the sample, respectively. Their distributions across the
Fat–Fit patterns were also different (p < 0.05, Figure 3).
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Considering the Fat–Fit patterns, the use of drugs for acid-related disorders was
significantly higher in the HFat-Unfit pattern compared with both of the fit patterns.
Similarly, there was a significantly higher proportion of consumption of drugs from group
A10 for both unfit patterns in comparison with the LFat-Fit pattern. Regarding the mineral
supplement group, there was a significantly higher proportion of use in the LFat-Fit pattern
than in the MFat-Fit and HFat-Unfit pattern (all p < 0.05, Figure 3).

3.3.2. Fat–Fit Patterns and Drugs Related to the Cardiovascular System and Blood

Figure 4 shows that there was a significantly higher proportion of use of diuretics
(C03) and agents acting on the renin–angiotensin system (C09) in the fat pattern (MFat-Fit
and HFat-Unfit) in comparison with the LFat-Fit pattern (p < 0.05). Additionally, the
subjects belonging to the Low-Fat–Unfit pattern consumed more drugs in the C9 group
than the subjects belonging to the Low-Fat–Unfit one (p < 0.05, Figure 4). No significant
differences between groups were observed for the consumption of blood-lipid-modifying
agents (group C10).

Regarding the B1 group of drugs (antithrombotic agents), on average, the unfit groups
had the highest intake, and this intake differed significantly from that of the LFat-Fit pattern
(p < 0.05, Figure 4).
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statistical significance of the proportions between groups can be observed in the columns. The letters in superscript indicate
the bilateral comparisons that are significantly different (p < 0.05).

3.3.3. Fat–Fit Patterns and Drugs Related to the Musculoskeletal and Nervous Systems

Regarding drugs related to the nervous system, there were differences between groups
in the consumption of psycholeptics (N05) and psychoanaleptics (N06) (both p < 0.05,
Figure 5). The highest proportion of consumption of psycholeptics was observed in the
LFat-Unfit pattern, which differed significantly from the LFat-Fit pattern (p < 0.05, Figure 5).
Nevertheless, the proportion of people who consumed psychoanaleptic drugs was higher in
the HFat-Unfit pattern, which differed significantly from the two fit patterns (both p < 0.05,
Figure 5). As with group C10, there were no significant differences in the consumption of
anti-inflammatory and antirheumatic products (M01) between patterns (Figure 5).
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4. Discussion

The present study was designed to analyze the relationship of fatness and physical
fitness with the consumption of medication in older adults. To the best of our knowledge,
this is the first study to consider physical fitness and fatness as unified parameters for the
study of consumption of medications in older people.

The initial objective of this study was to identify the associations of the Fat–Fit pat-
terns with the number of medications consumed, polypharmacy, and the lack of drug
consumption. In this regard, the two unfit patterns (HFat-Unfit and LFat-Unfit), which
were characterized in a previous study as those with the highest risk of mortality (HR:1.68
and HR:2.01, respectively) [24], were the two patterns with the greatest drug consump-
tion. HFat-Unfit was found to significant the most (with significance) and had the highest
percentage of polymedicated subjects (≥5 medicines) in comparison with the fit patterns.

These findings further support the results of previous studies that observed a bidirec-
tional association between polypharmacy and physical fitness in older adults, especially in
some components of physical performance, such as walking speed [28,29], strength [29,30],
or static balance [30]. However, Volaklis et al. [31] found no differences in muscular strength
between persons with and without polypharmacy, unlike Rawle et al. [30] and Sganga
et al. [29]. It is likely that these differences could be explained by the high prevalence
(25.3%) of joint diseases in the sample used by Volakilis et al. (patients with arthritis or
rheumatism can exhibit less handgrip strength). Likewise, Verde et al. [32] found that
agility (dynamic balance) was associated with risk of several potential drug interactions in
polymedicated octogenarians, which may result in drug toxicity, reduced pharmacological
effects, and adverse drug reactions.

Another significant aspect was that the findings for the MFat-Fit pattern were in
line with other authors’ descriptions of the “fit-but-fat” paradigm [24]. This pattern was
characterized by the highest values for strength, high levels of dynamic balance and CRF,
and medium values for both body composition measures, which, on average, would
be classified as overweight. The older adults that belonged to this pattern consumed
significantly less medication than subjects included in the other fat pattern (HFat-Unfit) or
did not take any medications at all (Figure 2). However, the difference between the two
fat patterns was not only in the physical fitness level, but also in the fatness level, as the
HFat-Unfit pattern had a significantly higher %BF value than the MFat-Fit group, as it is,
on average, characterized as an obese pattern. In the same way, Assari et al. [14] found an
association between obesity and polypharmacy, but very few studies have focused on the
relationship between the co-prescription of multiple medications and body composition
measurements.

It is interesting to note that subjects in the LFat-Fit pattern consumed significantly
less medication. This group was the one with the lowest proportion of polypharmacy and
included the highest percentage of subjects who did not take any medications. The mixture
of low fatness and high fitness continues to be the most strongly linked with having fewer
health risks [33,34]; this fact contrasts with the reality of the aging process, in which most
people gain weight [35] and become less fit [36]. It is therefore urgent and important to
incorporate all strategies that enable active and healthy aging.

Moving on to consider the type of drug consumption, the two unfit patterns were
found to have the highest percentages of drug consumption for 7 of the 10 groups of drugs
included in the study. The prescription of antiacids (A02) is probably due to the association
of obesity with gastroesophageal reflux [37], while the use of psychotropics (N05 and
N06), antidiabetics (A10), and antithrombotics (B01) may be linked to the development of
pathologies related to low PA. Specifically, it is encouraging to compare our results with
those of Loggia et al. [38], who found an independent association between psychotropic
use and physical fitness (measured with the Timed Up and Go test).

The consumption of diuretic drugs (C03) and antihypertensive drugs (C09) was also
more frequent in the older MFat-Fit and HFat-Unfit adults, as well as in LFat-Unfit group—
specifically with respect to group C9—in comparison with the LFat-Fit pattern (Figure 4).
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This finding broadly supports the work of other authors in this area who linked obesity
with consumption of both types of cardiac drugs, which is basically because obesity and
overweight are common risk factors for heart disease [39–41]. A possible explanation for
this might be that the MFat-Fit pattern had significantly lower CRF results and a higher
proportion of people who consumed drugs from the C03 and C09 groups.

One unanticipated finding was that there were no differences between patterns re-
garding lipid-modifying agents (group C10) and anti-inflammatory and antirheumatic
medicines (group M01), as both groups of drugs showed very homogeneous consumption
levels at this age. This result may be explained by the fact that these groups are two of the
most commonly consumed medicines in Spain [42]. There is evidence supporting that the
use of the lipid-modifying agents in older people produces significant reductions in major
vascular events, irrespective of age [43], which could lead to the very lax requirements for
prescription of these drugs. Regarding the group of anti-inflammatory drugs, which are
mainly used to manage pain, the abusive use of these drugs—without differences between
groups—may be associated with the ability to buy them in pharmacies without the need
for a doctor’s prescription.

Finally, another unexpected finding was that of the significantly high consumption of
mineral supplements (A12) by the subjects belonging to the LFat-Fit pattern. A possible
explanation for this result may be that the LFat-Fit group was associated with healthier
habits, which would explain the higher consumption of mineral supplements. This finding
is consistent with that of Aparicio-Ugarriza et al. [44] who found that the high-physical-
fitness group showed a better micronutrient intake profile than those of other physical
fitness groups, and the low-physical-fitness group showed an inadequate intake of some
micronutrients, such as potassium, vitamin D, and vitamin E.

The limitations of the current study include the loss of participants due to the in-
completeness of the data. Also, the cross-sectional design of the study does not allow the
establishment of a cause–effect relationship between the Fat-fit patterns and medication
consumption variables, so it is possible that those with comorbidity (and higher preva-
lence of drug use) may have reduced their PA level due to their disease status. Another
limitation was the non-registration of the pathologies in the EXERNET multicenter study
subjects; therefore, it is not possible to analyze which group has more pathologies, nor the
prevalence of each of them in each group. There are also several strengths to report, such
as the strict and validated protocol of the fieldwork and the assessment of physical fitness
through different and specific physical fitness tests.

5. Conclusions

The present study highlighted the importance of physical fitness in older adults; it
is at least as important as the avoidance of accumulation of excess fat with respect to the
consumption of a smaller number of medicines and the potential negative interactions that
these medicines could have in older community-dwelling adults.

The promotion of a high physical fitness level with specific exercise programs in
this population could provide a better health status and, thus, reduce the need for the
co-prescription of several drugs, therefore preventing the side effects of polypharmacy and
promoting healthier and more sustainable aging at the individual and societal level.
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tion of sex in the four Fat-Fit patterns, Figure S3: Distribution of fat percentage in the four Fat-Fit
patterns, Figure S4: Distribution of BMI in the four Fat-Fit patterns.

Author Contributions: Conceptualization, A.G.-C., J.-G.V.-V., N.G., M.G.-G., I.A., G.V.-R. and J.A.C.;
Methodology, A.G.-C., J.-G.V.-V., N.G., M.G.-G., I.A., G.V.-R. and J.A.C.; Validation, A.G.-C., J.-G.V.-V.,
N.G., M.G.-G., I.A., G.V.-R. and J.A.C.; Formal analysis, D.N.-V., E.G. and A.G.-C.; Investigation, E.G.,
A.G.-C., A.M., R.P.O., J.-G.V.-V. and M.G.-G.; Resources, J.-G.V.-V., N.G., M.G.-G., I.A., G.V.-R. and
J.A.C.; Data curation, D.N.-V., E.G., A.G.-C. and R.P.O.; Writing—original draft preparation, D.N.-V.;
Writing—review and editing, E.G., A.G.-C., N.G., M.G.-G., I.A., G.V.-R. and J.A.C.; Visualization,

https://www.mdpi.com/article/10.3390/nu13082872/s1
https://www.mdpi.com/article/10.3390/nu13082872/s1


Nutrients 2021, 13, 2872 11 of 13

D.N.-V.; Supervision, M.G.-G., I.A., G.V.-R. and J.A.C.; Project administration, J.-G.V.-V., N.G., M.G.-
G., I.A., G.V.-R. and J.A.C.; Funding acquisition, N.G., M.G.-G., I.A., G.V.-R. and J.A.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministerio de Trabajo y Asuntos Sociales—IMSERSO
(104/07), University of Zaragoza (UZ 2008-BIO-01), Ministerio de Sanidad, Servicios Sociales e
Igualdad—IMSERSO (147/11), Centro Universitario de la Defensa de Zaragoza (UZCUD2016-BIO-
01 and UZCUD2017-BIO-01), Ministerio de Educación y Ciencia (Red EXERNET DEP2005-00046),
Biomedical Research Networking Center on Frailty and Healthy Aging (CIBERFES), Biomedical
Research Networking Center on Pathophysiology of Obesity and Nutrition (CIBEROBN), FEDER
funds from the European Union (CB16/10/00477), and the 4IE+ project (0499_4IE_PLUS_4_E) funded
by the Interreg V-A España-Portugal (POCTEP) 2014–2020 program. In addition, D. N. received a
grant from “Gobierno de Aragón” (DGAIIU/1/20).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Clinical Research Ethics Committee of Aragón
(Spain) (18/2008).

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

Data Availability Statement: The data are not publicly available due to privacy.

Acknowledgments: The authors are grateful to all of the collaborators, nursing homes, health and
sports centers, and participants, whose cooperation and dedication made this study possible.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ortega, F.B.; Cadenas-Sanchez, C.; Lee, D.-C.; Ruiz, J.R.; Blair, S.N.; Sui, X. Fitness and Fatness as Health Markers through the

Lifespan: An Overview of Current Knowledge. Prog. Prev. Med. 2018, 3, e0013. [CrossRef] [PubMed]
2. Wagner, K.-H.; Cameron-Smith, D.; Wessner, B.; Franzke, B. Biomarkers of Aging: From Function to Molecular Biology. Nutrients

2016, 8, 338. [CrossRef] [PubMed]
3. Veronese, N.; Stubbs, B.; Fontana, L.; Trevisan, C.; Bolzetta, F.; De Rui, M.; Sartori, L.; Musacchio, E.; Zambon, S.; Maggi, S.; et al.

A Comparison of Objective Physical Performance Tests and Future Mortality in the Elderly People. J. Gerontol. Ser. A Boil. Sci.
Med. Sci. 2016, 72, 362–368. [CrossRef] [PubMed]

4. Mertz, K.J.; Lee, D.-C.; Sui, X.; Powell, K.E.; Blair, S.N. Falls among Adults: The Association of Cardiorespiratory Fitness and
Physical Activity with Walking-Related Falls. Am. J. Prev. Med. 2010, 39, 15–24. [CrossRef]

5. World Health Organization (WHO). World Report on Ageing and Health; WHO Library Cataloguing-in-Publication Data: Luxem-
bourg, 2015.

6. Barnett, K.; Mercer, S.; Norbury, M.; Watt, G.; Wyke, S.; Guthrie, B. Epidemiology of multimorbidity and implications for health
care, research, and medical education: A cross-sectional study. Lancet 2012, 380, 37–43. [CrossRef]

7. Marengoni, A.; Angleman, S.; Melis, R.; Mangialasche, F.; Karp, A.; Garmen, A.; Meinow, B.; Fratiglioni, L. Aging with
multimorbidity: A systematic review of the literature. Ageing Res. Rev. 2011, 10, 430–439. [CrossRef]

8. Katsimpris, A.; Linseisen, J.; Meisinger, C.; Volaklis, K. The Association Between Polypharmacy and Physical Function in Older
Adults: A Systematic Review. J. Gen. Intern. Med. 2019, 34, 1865–1873. [CrossRef]

9. Masnoon, N.; Shakib, S.; Kalisch-Ellett, L.; Caughey, G.E. What is polypharmacy? A systematic review of definitions. BMC Geriatr.
2017, 17, 1–10. [CrossRef]

10. Nguyen, T.; Wong, E.; Ciummo, F. Polypharmacy in Older Adults: Practical Applications alongside a Patient Case. J. Nurse Pract.
2020, 16, 205–209. [CrossRef]

11. Fried, T.R.; O’Leary, J.; Towle, V.; Goldstein, M.K.; Trentalange, M.; Martin, D.K. Health Outcomes Associated with Polypharmacy
in Community-Dwelling Older Adults: A Systematic Review. J. Am. Geriatr. Soc. 2014, 62, 2261–2272. [CrossRef] [PubMed]

12. Pazan, F.; Wehling, M. Polypharmacy in older adults: A narrative review of definitions, epidemiology and consequences. Eur.
Geriatr. Med. 2021, 12, 443–452. [CrossRef]

13. Midão, L.; Giardini, A.; Menditto, E.; Kardas, P.; Costa, E. Polypharmacy prevalence among older adults based on the survey of
health, ageing and retirement in Europe. Arch. Gerontol. Geriatr. 2018, 78, 213–220. [CrossRef]

14. Assari, S.; Wisseh, C.; Bazargan, M. Obesity and Polypharmacy among African American Older Adults: Gender as the Moderator
and Multimorbidity as the Mediator. Int. J. Environ. Res. Public Health 2019, 16, 2181. [CrossRef]

15. Laureano, M.L.M.; Martins, R.A.; Sousa, N.M.; Machado-Rodrigues, A.M.; Valente-Santos, J.; Coelho-E-Silva, M. Relationship
between functional fitness, medication costs and mood in elderly people. Rev. Assoc. Méd. Bras. 2014, 60, 200–207. [CrossRef]

http://doi.org/10.1097/pp9.0000000000000013
http://www.ncbi.nlm.nih.gov/pubmed/32671316
http://doi.org/10.3390/nu8060338
http://www.ncbi.nlm.nih.gov/pubmed/27271660
http://doi.org/10.1093/gerona/glw139
http://www.ncbi.nlm.nih.gov/pubmed/27470299
http://doi.org/10.1016/j.amepre.2010.03.013
http://doi.org/10.1016/S0140-6736(12)60240-2
http://doi.org/10.1016/j.arr.2011.03.003
http://doi.org/10.1007/s11606-019-05106-3
http://doi.org/10.1186/s12877-017-0621-2
http://doi.org/10.1016/j.nurpra.2019.11.017
http://doi.org/10.1111/jgs.13153
http://www.ncbi.nlm.nih.gov/pubmed/25516023
http://doi.org/10.1007/s41999-021-00479-3
http://doi.org/10.1016/j.archger.2018.06.018
http://doi.org/10.3390/ijerph16122181
http://doi.org/10.1590/1806-9282.60.03.007


Nutrients 2021, 13, 2872 12 of 13

16. Gomez-Cabello, A.; Pedrero-Chamizo, R.; Olivares, P.R.; Luzardo, L.; Juez-Bengoechea, A.; Mata, E.; Albers, U.; Aznar, S.; Villa,
G.; Espino, L.; et al. Prevalence of overweight and obesity in non-institutionalized people aged 65 or over from Spain: The elderly
EXERNET multi-centre study. Obes. Rev. 2011, 12, 583–592. [CrossRef]

17. Sui, X.; LaMonte, M.J.; Laditka, J.N.; Hardin, J.W.; Chase, N.; Hooker, S.P.; Blair, S.N. Cardiorespiratory Fitness and Adiposity as
Mortality Predictors in Older Adults. JAMA 2007, 298, 2507–2516. [CrossRef] [PubMed]

18. Ortega, F.B.; Ruiz, J.R.; Labayen, I.; Lavie, C.J.; Blair, S.N. The Fat but Fit paradox: What we know and don’t know about it. Br. J.
Sports Med. 2017, 52, 151–153. [CrossRef] [PubMed]

19. Gómez-Cabello, A.; Vicente-Rodríguez, G.; Albers, U.; Mata, E.; Royo, I.A.; Olivares, P.R.; Gusi, N.; Villa, G.; Aznar, S.; Gonzalez-
Gross, M.; et al. Harmonization Process and Reliability Assessment of Anthropometric Measurements in the Elderly EXERNET
Multi-Centre Study. PLoS ONE 2012, 7, e41752. [CrossRef] [PubMed]

20. Stewat, A.; Marfell-Jones, M.J.; Olds, T.; de Ridder, H. Protocolo Internacional para la Valoración Antropométrica. ISAK; Sociedad
Internacional para el Avance de la Cineantropometría: Portsmouth, UK, 2011.

21. 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]

22. Johnson, B.L.; Nelson, J.K. Practical Measurements for Evaluation in Physical Education, 2nd ed.; Burgess Publishing Company:
Minneapolis, MN, USA, 1969.

23. Pedrero-Chamizo, R.; Gómez-Cabello, A.; Delgado, S.; Rodríguez-Llarena, S.; Royo, I.A.; Cabanillas, E.; Meléndez, A.; Vicente-
Rodríguez, G.; Aznar, S.; Villa, G.; et al. Physical fitness levels among independent non-institutionalized Spanish elderly: The
elderly EXERNET multi-center study. Arch. Gerontol. Geriatr. 2012, 55, 406–416. [CrossRef] [PubMed]

24. Navarrete-Villanueva, D.; Gómez-Cabello, A.; Gómez-Bruton, A.; Gesteiro, E.; Rodríguez-Gómez, I.; Pérez-Gómez, J.; Villa-
Vicente, J.G.; Espino-Toron, L.; Gusi, N.; González-Gross, M.; et al. Fitness vs. fatness as determinants of survival in non-
institutionalized older adults: The EXERNET multi-center study. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2021, glab179. [CrossRef]

25. López-Rodríguez, C.; Laguna, M.; Gómez-Cabello, A.; Gusi, N.; Espino, L.; Villa, G.; Pedrero-Chamizo, R.; Casajus, J.; Ara, I.;
Aznar, S. Validation of the self-report EXERNET questionnaire for measuring physical activity and sedentary behavior in elderly.
Arch. Gerontol. Geriatr. 2017, 69, 156–161. [CrossRef] [PubMed]

26. WHO Collaborating Centre for Drug Statistics Methodology. Available online: https://www.whocc.no/ (accessed on 7 July
2021).

27. Albers, U.; Palacios, G.; Pedrero-Chamizo, R.; Meléndez, A.; Pietrzik, K.; González-Gross, M. Polymedication in institutionalized
elderly and its effect on vitamin B12, folate, and homocysteine levels. Nutr. Hosp. 2012, 27, 298–302. [PubMed]

28. George, C.; Verghese, J. Polypharmacy and Gait Performance in Community-dwelling Older Adults. J. Am. Geriatr. Soc. 2017, 65,
2082–2087. [CrossRef]

29. Sganga, F.; Vetrano, D.L.; Volpato, S.; Cherubini, A.; Ruggiero, C.; Corsonello, A.; Fabbietti, P.; Lattanzio, F.; Bernabei, R.; Onder,
G. Physical performance measures and polypharmacy among hospitalized older adults: Results from the crime study. J. Nutr.
Health Aging 2014, 18, 616–621. [CrossRef] [PubMed]

30. Rawle, M.J.; Cooper, R.; Kuh, D.; Richards, M. Associations between Polypharmacy and Cognitive and Physical Capability: A
British Birth Cohort Study. J. Am. Geriatr. Soc. 2018, 66, 916–923. [CrossRef]

31. Volaklis, K.A.; Thorand, B.; Peters, A.; Halle, M.; Heier, M.; Strasser, B.; Amann, U.; Ladwig, K.H.; Schulz, H.; Koenig, W.; et al.
Physical activity, muscular strength, and polypharmacy among older multimorbid persons: Results from the KORA-Age study.
Scand. J. Med. Sci. Sports 2017, 28, 604–612. [CrossRef]

32. Verde, Z.; De Diego, L.G.; Chicharro, L.M.; Bandrés, F.; Velasco, V.; Mingo, T.; Fernández-Araque, A.; De Diego, G.; Araque,
F.-. Physical Performance and Quality of Life in Older Adults: Is There Any Association between Them and Potential Drug
Interactions in Polymedicated Octogenarians. Int. J. Environ. Res. Public Health 2019, 16, 4190. [CrossRef]

33. Frith, E.; Loprinzi, P.D. The protective effects of a novel fitness-fatness index on all-cause mortality among adults with cardiovas-
cular disease. Clin. Cardiol. 2017, 40, 469–473. [CrossRef]

34. Frith, E.; Loprinzi, P.D. Fitness Fatness Index and Alzheimer-specific mortality. Eur. J. Intern. Med. 2017, 42, 51–53. [CrossRef]
[PubMed]

35. Gómez-Cabello, A.; Rodríguez, G.V.; Vila-Maldonado, S.; Casajús, J.A.; Ara, I. Aging and body composition: The sarcopenic
obesity in Spain. Nutr. Hosp. 2012, 27, 22–30. [CrossRef]

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

37. Lee, Y.Y.; McColl, K.E.L. Disruption of the gastroesophageal junction by central obesity and waist belt: Role of raised intra-
abdominal pressure. Dis. Esophagus 2014, 28, 318–325. [CrossRef]

38. Loggia, G.; Attoh-Mensah, E.; Pothier, K.; Morello, R.; Lescure, P.; Bocca, M.-L.; Marcelli, C.; Chavoix, C. Psychotropic Polyphar-
macy in Adults 55 Years or Older: A Risk for Impaired Global Cognition, Executive Function, and Mobility. Front. Pharmacol.
2020, 10, 1659. [CrossRef]

39. Baena-Díez, J.M.; Byram, A.O.; Grau, M.; Gómez-Fernández, C.; Vidal-Solsona, M.; Ledesma-Ulloa, G.; González-Casafont, I.;
Vasquez-Lazo, J.; Subirana, I.; Schroder, H. Obesity Is an Independent Risk Factor for Heart Failure: Zona Franca Cohort Study.
Clin. Cardiol. 2010, 33, 760–764. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1467-789X.2011.00878.x
http://doi.org/10.1001/jama.298.21.2507
http://www.ncbi.nlm.nih.gov/pubmed/18056904
http://doi.org/10.1136/bjsports-2016-097400
http://www.ncbi.nlm.nih.gov/pubmed/28583992
http://doi.org/10.1371/journal.pone.0041752
http://www.ncbi.nlm.nih.gov/pubmed/22860013
http://doi.org/10.1093/geront/gns071
http://doi.org/10.1016/j.archger.2012.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22424779
http://doi.org/10.1093/gerona/glab179
http://doi.org/10.1016/j.archger.2016.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27978491
https://www.whocc.no/
http://www.ncbi.nlm.nih.gov/pubmed/22566337
http://doi.org/10.1111/jgs.14957
http://doi.org/10.1007/s12603-014-0029-z
http://www.ncbi.nlm.nih.gov/pubmed/24950153
http://doi.org/10.1111/jgs.15317
http://doi.org/10.1111/sms.12884
http://doi.org/10.3390/ijerph16214190
http://doi.org/10.1002/clc.22679
http://doi.org/10.1016/j.ejim.2017.04.015
http://www.ncbi.nlm.nih.gov/pubmed/28442284
http://doi.org/10.1590/S0212-16112012000100004
http://doi.org/10.3390/ijerph17124312
http://doi.org/10.1111/dote.12202
http://doi.org/10.3389/fphar.2019.01659
http://doi.org/10.1002/clc.20837
http://www.ncbi.nlm.nih.gov/pubmed/21184560


Nutrients 2021, 13, 2872 13 of 13

40. Ponce, S.; Allison, M.A.; Swett, K.; Cai, J.; Desai, A.; Hurwitz, B.E.; Ni, A.; Schneiderman, N.; Shah, S.J.; Spevack, D.M.; et al. The
associations between anthropometric measurements and left ventricular structure and function: The Echo-SOL Study. Obes. Sci.
Pract. 2018, 4, 387–395. [CrossRef] [PubMed]

41. Russo, C.; Sera, F.; Jin, Z.; Palmieri, V.; Homma, S.; Rundek, T.; Elkind, M.S.; Sacco, R.L.; Di Tullio, M.R. Abdominal adiposity,
general obesity, and subclinical systolic dysfunction in the elderly: A population-based cohort study. Eur. J. Hear. Fail. 2016, 18,
537–544. [CrossRef] [PubMed]

42. INE (Instituto Nacional de Estadística). Estudio de Consumo de Medicamentos en España. 2012. Available online: https:
//www.ine.es/jaxi/tabla.do?path=/t15/p419/p03/a2003/l1/&file=03001.px&type=pcaxis&L=1 (accessed on 7 July 2021).

43. Ferri, N.; Corsini, A. Clinical Pharmacology of Statins: An Update. Curr. Atheroscler. Rep. 2020, 22, 1–9. [CrossRef] [PubMed]
44. Aparicio-Ugarriza, R.; Luzardo-Socorro, R.; Palácios, G.; Bibiloni, M.M.; Argelich, E.; Tur, J.A.; González-Gross, M. What is the

relationship between physical fitness level and macro- and micronutrient intake in Spanish older adults? Eur. J. Nutr. 2018, 58,
1579–1590. [CrossRef]

http://doi.org/10.1002/osp4.279
http://www.ncbi.nlm.nih.gov/pubmed/30151233
http://doi.org/10.1002/ejhf.521
http://www.ncbi.nlm.nih.gov/pubmed/27109744
https://www.ine.es/jaxi/tabla.do?path=/t15/p419/p03/a2003/l1/&file=03001.px&type=pcaxis&L=1
https://www.ine.es/jaxi/tabla.do?path=/t15/p419/p03/a2003/l1/&file=03001.px&type=pcaxis&L=1
http://doi.org/10.1007/s11883-020-00844-w
http://www.ncbi.nlm.nih.gov/pubmed/32494971
http://doi.org/10.1007/s00394-018-1696-z

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Ethics 
	Measurements 
	Physical Fitness and Body Composition 
	Fat–Fit Patterns 
	Demographic Characteristics 
	Polypharmacy and Medicine Consumption 

	Statistical Analyses 

	Results 
	Participants’ Characteristics 
	Relationships between Fat–Fit Patterns, Number of Medications Consumed, and Polypharmacy 
	Relationships between Fat–Fit Patterns and Drug Groups 
	Fat–Fit Patterns and Drugs Related to the Alimentary Tract and Metabolism 
	Fat–Fit Patterns and Drugs Related to the Cardiovascular System and Blood 
	Fat–Fit Patterns and Drugs Related to the Musculoskeletal and Nervous Systems 


	Discussion 
	Conclusions 
	References

