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Abstract

Objectives To analyze the association between physical
inactivity in different domains and direct public healthcare
expenditures in adults and to identify whether the cluster-
ing of physical inactivity in different domains would
contribute to increased public healthcare.

Methods The sample composed of 963 adults randomly
selected in a middle-size Brazilian city. Annual healthcare
expenditure was estimated including all items registered in
the medical records in the last 12 months prior to the in-
terview. Habitual physical activity was estimated using
Baecke questionnaire, which considers three components of
physical activity (work, sports and leisure-time activities).
Results Higher healthcare expenditures of medicines
were associated with lower physical activity at work
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(OR 1.58 [1.06-2.35]), sport (OR 1.57 [1.12-2.18]) and
physical inactivity in three domains (OR 2.12 [1.18-3.78]).
Expenditures related to medicine (r = 0.109 [95 % CI
0.046-0.171]) and overall expenditures (r = 0.092 [95 %
CI 0.029-0.155]) were related to physical inactivity, in-
dependently of age, sex, smoking, blood pressure and
obesity.

Conclusions Physically inactive subjects in different do-
mains of physical activity have increased likelihood to be
inserted at groups of higher healthcare expenditure.

Keywords Cost control - Motor activity -
Health expenditures - Public health - Adults

Introduction

There is a high prevalence of physical inactivity among
adults worldwide (Fernandes and Zanesco 2010; Imbeault
et al. 2013). This is a great concern because physical in-
activity is a relevant risk factor related to chronic diseases
and early mortality (Admiraal et al. 2011; Arsenault et al.
2010; Beunza et al. 2007, WHO 2006). Parallel to this
there is increasing literature, identifying that chronic dis-
eases have a significant burden over health care costs in
both developed and developing countries (Arredondo et al.
2005; Bahia et al. 2012; Hogan et al. 2003). Chronic dis-
eases have been associated to higher expenditures and
health care services, specially related to diabetes. In
Mexican health system, the increase in health care costs
associated with chronic diseases has been higher than ex-
pected in a period of 2 years (Arredondo et al. 2005). In
Brazil, in a recent study (Bahia et al. 2012) estimated the
total yearly costs with all the diseases related to overweight
and obesity around US$ 2.1 billion, which represents
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approximately 10 % of entire outpatient costs. In the
United States of America, Hogan et al. (2003) found that
the direct and indirect costs related to medicines for dia-
betes control expenditures were US$ 132 billion.

With this in mind, strategies to combat this increasing
demand on public health expenditures have been formu-
lated and, in turn, the promotion of physical activity (PA)
has been pointed out as relevant investment in the
mitigation of health care expenditures (Davis et al. 2014);
mainly because higher habitual PA has been linked to
lower medicine use and health care costs, even in people
with chronic diseases (Bertoldi et al. 2006; Codogno et al.
2011). On the other hand, recent document identified that
there are methodological challenges to be overcome, such
as difficult in the assessment of the outcomes (in this case,
health care expenditures) (Davis et al. 2014).

Moreover, PA is a behavioral variable, which is
manifested in different settings (e.g. occupational activity,
sporting activities and leisure-time activity) (Mann et al.
2013; de Sa et al. 2014) and these components seem to be
independent of each other (Christofaro et al. 2013; Fer-
nandes et al. 2008). Abu-Omar and Riitten (2008) identified
that PA performed in different components can affect dif-
ferently related-health variables, but the actual burden of
the PA performed in different components over health care
costs is still unclear. Probably, the main difficulties on the
assessment of strategies targeting promotion of PA (Davis
et al. 2014) are related to specific characteristics, like
adequate definition of terms.

Therefore, the aims of this study were (1) to analyze the
association between physical inactivity in different com-
ponents and direct public health care expenditures in adults
and, (2) to identify whether the clustering of physical in-
activity in different components would contribute to
increased public health care expenditures independently of
obesity, aging, smoking and blood pressure.

Methods
Sample and sampling

This cross-sectional study with retrospective design was
carried out in the city of Bauru (central region of Sao Paulo
State and ~ 300,000 inhabitants), Brazil. Prior to imple-
mentation, the study was approved by the Ethics
Committee Group from Universidade Estadual Paulista—
UNESP (Bauru campus) (Protocol number 1046/46/01/10)
and all subjects signed a standard written consent form.
The sample size was composed of adults over 50-year-
old (age range associated with development of chronic
diseases) of both sexes, randomly selected in five Basic
Health care Units (BHU); each one located in a different
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region of the city (north, south, east, west and center re-
gions). In Brazil, BHU constitutes a primary health care
center, which hosts a wide variety of health professionals
(e.g. general practitioner, gynecologist, obstetrician, psy-
chiatry, dentistry and nursing) and offers health services to
the population of a specific region of the city (Codogno
et al. 2011). BHU are administered by local municipality
government (buy of medical devices/products and payment
of health professional staff), which receives resources by
the federal government.

The patients attended in a specific BHU have a perma-
nent clinical record in this BHU, in which all medical
service related to the patient are obligatorily registered.
The main activities of a BHU are related to preven-
tive/palliative actions (e.g. medical consultations, exams’
schedule [performed in hospitals and clinical laboratories
outside the BHU], medicine delivery [mainly related to the
treatment of chronic diseases] and vaccination) and more
complex cases (e.g. surgeries, bone fractures and victims of
car accidents) are directed to hospital centers.

Sample size was estimated based on the percentage of
Brazilian population that is attended exclusively by the
Brazilian public health care system (60 %) (Kilsztajn et al.
2003) and using as parameters a 3.8 % error (arbitrary
because there are no other similar studies), 5 % sig-
nificance (z = 1.96) and design effect of 50 % (using
cluster sampling including BHU), reaching a final sample
size of at least 958 participants (minimum of 192 in each
BHU). After fieldwork, carried out during 2010, the final
sample was composed of 963 adults of both genders. In this
study, three researchers performed all measurements and,
of these, just two researchers, with previous experience in
this kind of research, performed the assessment of the an-
nual health care expenditures of the patients.

Annual health care expenditures

There is absence of widely accepted methodologies to es-
timate health care expenditures and the lack of
communication between local municipality and federal
government becomes hard to estimate accurately the ex-
penditures. Therefore, the adopted methodology to
assessment of annual health care expenditures was ac-
cording to descripted by Codogno et al. (2011). Briefly,
after permission of the local municipality health secretariat,
BHU offices provided standard tables related to the reim-
bursement of the services and health professionals staff.
For example, the amount of money paid by a specific
medication was divided by the dosage of the medication
delivered to the patient, as well it was computed the
amount of money paid by the medical consultation, in
which the health professional prescribed the medicine. The
adopted methodology provides the exact amount of money
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paid by the federal government with each patient. Finally,
the health care expenditures were divided into: medication
dispensed, laboratory tests performed, medical consulta-
tions and overall expenditures.

Annual health care expenditure of each subject was es-
timated including all items registered in the medical records
in the last 12 months prior to the interview conducted in this
study. After that, all expenditures were computed in the
Brazilian currency (Real) and converted to US dollar using
the average value of the dollar against the Brazilian cur-
rency in the 12 months of 2009 (Codogno et al. 2011).
Additionally, inflation observed in the Brazilian economy
during 2011 (6.50 %), 2012 (5.84 %) and 2013 (5.91 %)
were used to adjust the monetary values.

For statistical procedures involving categorical data,
overall and specific indicators of expenditures were ranked
and stratified into quartiles and the highest quartile of ex-
penditures (>P75) was adopted as dependent variable.

Components of physical activity

Habitual PA can be divided into three different components
such as work, sport practice and leisure-time. The ques-
tionnaire developed by Baecke et al. (1982) is composed of
16 questions scored on a 5-points Likert scale ranging from
never to always/very often. The PA level is calculated by
specific equations and is expressed as scores for each PA
component (higher score denotes higher PA). The sample
was divided into quartiles according to the PA score and
participants were classified as followed: bottom quartile
(<P25), middle quartiles (>P25 and <P75) or high quartile
(=P75) within each component of PA (work, sports practice
and leisure-time). After that, it was analyzed in how many
components of PA the participant was inserted in the bottom
quartile (<P25), ranging from none (presence in none of the
bottom quartiles of the PA components) to three (presence in
the bottom quartile of the three components).

Structured interview, anthropometry and blood pressure

A structured face-to-face interview and anthropometric
measures were carried out by three trained researcher at the
BHU. In this moment of assessment, some variables po-
tentially related to the health care expenditures in Brazilian
population were analyzed and treated as potential con-
founders in this study.

The following data were obtained through interviews
and confirmed in medical records: (1) socio-demographic
variables (sex, chronological age [structured as categorical
variable: <65 year-old and >65 year-old]); (2) smoking
habits (categorized as “yes” [current smokers indepen-
dently of number of cigarettes per day] and “no”: former
smokers or never smoked; (3) formal education and

economic status were assessed by a specific and previously
validated Brazilian questionnaire (ABEP 2010), which
estimates the family income and includes the level of
formal education.

Through anthropometry measurements, body mass in-
dex (BMI) was calculated using measurements of weight
(digital scale with maximum weight of 150 kg) and height
(wall mounted stadiometer with maximum height of 2 m)
(Lohman et al. 1988) and obtained dividing weight by
squared height (kg/m?). In this study, obesity was defined
as BMI >30 kg/m”.

The measurements of systolic (SBP) and diastolic
(DBP) blood pressure at rest (seat position per at least
10 min) were performed according to protocol of the VI
Brazilian Guidelines of Hypertension (2010) and using
auscultatory method (only two previously trained re-
searchers performed the blood pressure measurements).

Statistical procedures

Numerical variables of health care expenditures had non-
parametric distributions and thus these variables were ana-
lyzed under logarithm transformation. Analysis of
covariance (ANCOVA) compared economic variables ac-
cording to physical inactivity, controlled by sex (categorical),
age (numerical), blood pressure (numerical), BMI (nu-
merical) and smoking (categorical). For this specific analysis,
descriptive statistic was composed by estimated mean and
95 % confidence interval (95 % CI) provided by ANCOVA.
Bonferroni post hoc test was applied when necessary and
measures of effect size were provided by eta-square (ES-r)
values. Kruskal-Wallis’s test compared numerical variables
with non-parametric distributions and, when necessary,
Mann—Whitney’s was applied as post hoc test. Bivariate and
partial (controlled by sex, age, blood pressure, BMI and
smoking) correlations were calculated, using Pearson’s cor-
relation. Categorical variables were presented as rates and
Chi square test analyzed the association between economic
outcomes and independent variables. Binary logistic regres-
sion was used to estimate the magnitude of the association
between cluster of physical inactivity and economic variables
(expressed as odds ratio [OR] and 95 % confidence intervals
[95 %CI]). The Hosmer and Lemeshow’s test was used to
describe how fit were the multivariate models (p value >0.05
denotes an adequately fit model). Statistical significance was
set at a p value <0.05 and the software BioEstat (version 5.0)
performed all analyzes.

Results

Overall sample was composed mainly of women and 707
(73.4 %) and 45 % (n = 433) of the subjects presented
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were >65-year-old. Regarding components of PA, 6.5 %
of the sample (n = 63) were in the lowest quartile simul-
taneously in three components, while 12.1 % (n = 117)
and 30.2 % (n = 291) of the sample were in two and one
component, respectively. There was a significant asso-
ciation between higher age (=65 year-old
[p value = 0.001]), arterial hypertension (p value = 0.004)
and higher number of sedentary PA components (Table 1).

Higher health care expenditures of medicines were
positively associated with lower PA at work (p val-
ue = 0.029), sport (p value = 0.022) and clustering of
components of PA (p value = 0.003). In the same way,
higher overall health care expenditures were associated with
lower PA at leisure-time (p value = 0.021) and clustering of
components of PA (p value = 0.017) (Table 2).

In the multivariate model, independently of other po-
tential confounders (Fig. 1, panels a and b), lower PA at
work (OR 1.58 [1.06-2.35]) and sport (OR 1.57
[1.12-2.18]) remain still associated with higher health care
expenditures related to medicines discharge. Similarly,
lower physical activities in two (OR 1.75 [1.09-2.82]) and
three (OR 2.12 [1.18-3.78]) components were still asso-
ciated with higher expenditures too. Overall expenditures
were still associated with lower physical at leisure-time
(OR 1.53 [1.08-2.15]), likewise, only subjects with lower
PA in all components had higher overall expenditures
(OR 2.28 [1.27-4.11]).

ANCOVA identified that, after control by sex, age,
blood pressure, BMI and smoking, the number of

physically inactive components explained little, but sig-
nificant variance in the outcomes (small effect size for
both: 1.0 % to medicine and 0.7 % to overall expendi-
tures). Moreover, expenditures related to medicine
(r = 0.077 [95 % CI 0.014-0.139]) and overall expendi-
tures (r = 0.067 [95 % CI 0.004-0.130]) were related to
physical inactivity, independently of control of the above
mentioned variables (Table 3).

Complementally, by analyzing the relationship between
different components of PA it was found that the leisure-
time component was related with sport (p = 0.28; p val-
ue = 0.001) and work (p = 0.14; p value = 0.001), while
work and sport did were not (p = —0.03; p val-
ue = 0.266). Finally, overall PA score (sum of the PA
scores of all three components) was significantly and
negatively related to overall expenditures (r = —0.127
[95 % CI —0.189 to —0.064]).

Discussion

The present study found association between higher health
care expenditure and physically inactive behavior in dif-
ferent components of PA among adults; and this leads to
believe that accumulation of sedentary lifestyle in different
PA components increases the risk of presenting higher
expenditures.

In this study, physical inactivity was responsible by
approximately 1 % of the variance observed in overall

Table 1 General characteristics of the sample stratified by sedentary habits in different physical activity components (Brazil, 2010 [n = 963])

Independent variables None One Two Three p value
(n = 492) (n=1291) n=117) (n=063)
Median (IR) Median (IR) Median (IR) Median (IR)
Numerical
Age (years) 62.5 (11.6) 64.1 (13.7) 67.1 (15.4) 70.1 (20.1)* 0.001
BMI (kg/m?) 28.6 (7.1) 28.8 (7.2) 28.2 (6.5) 28.7 (8.3) 0.699
SBP (mmHg) 120 (30) 130 (30) 130 (30) 125 (30) 0.305
DBP (mmHg) 81 (10) 80 (10) 82 (10) 70 (10) 0.175
Expenditures (US$)
Exams 10.1 (23.7) 9.1 (26.2) 1.05 (22.3) 1.05 (25.7) 0.466
Consultations 39.7 (26.6) 40.8 (27.2) 36.3 (25.2) 39.1 (28.3) 0.487
Medicines 9.9 (22.9) 12.4 (23.9) 12.8 (30.7) 17.7 (28.5)* 0.003
Overall 70.8 (52.5) 68.9 (57.7) 71.4 (65.5) 74.9 (70.5) 0.341
Categorical (%)
Elderly :esyrs 39 46.7 57.3 60.3 0.001
Smoking habit 10.8 15.8 17.9 11.1 0.120
Obesity 41.7 40.5 37.6 36.5 0.307
AH 73.6 78.4 81.2 87.3 0.004

IR interquartile range, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, AH arterial hypertension

 Significant different (Mann—Whitney’s test with p value <0.05) of “none”
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Table 2 Associations between different physical activity components and higher health care expenditures in adults (Brazil, 2010 [n = 963])

Physical activity components

Highest health care expenditures (>P75)

Medicines Exams Consultations Overall
n (%) p value n (%) p value n (%) p value n (%) p value
Work 0.029 0.889 0.385 0.288
Mid/high quartile 168 (23.3) 182 (25.2) 187 (25.9) 174 (24.1)
Bottom quartile 73 (30.3) 59 (24.5) 55 (22.8) 67 (27.8)
Sport 0.022 0.923 0.320 0.149
Mid/high quartile 166 (23.1) 181 (25.2) 187 (26) 171 (23.8)
Bottom quartile 75 (30.7) 60 (24.6) 55 (22.5) 70 (28.7)
Leisure-time 0.108 0.623 0.225 0.021
Mid/high quartile 174 (23.7) 187 (25.5) 177 (24.1) 170 (23.2)
Bottom quartile 67 (29.3) 54 (23.6) 65 (28.4) 71 (31)
Clustering of bottom quartile 0.003 0.642 0.718 0.017
None 108 (22) 123 (25) 124 (25.2) 110 (22.4)
One 73 (25.1) 79 (27.1) 78 (26.8) 76 (26.1)
Two 38 (32.5) 23 (19.7) 23 (19.7) 33 (28.2)
All 22 (34.9) 16 (25.4) 17 27) 22 (34.9)
A Medicine Expenditures (=P75) B Overall Expenditures (=P75)
4+ 5-
4- -
34
:\ —
S S 3
NS N
n 24 4 o
S ) 2
=4 ¢ 2-
o L o
1{-@-hee S S 1
e T [SEUY SR
O T T T T T T T T 0 T T T T T L)
Mid/High Bottom Mid/High Bottom None One Two Three Mid/High Bottom None One Two Three
Quartile Quartile Quartile Quanrtile 1 1 1 1 Quartile Quartile 1 1 1 1
L J [ J Clustering of | I Clustering of Bottom
Work Sport Bottom Quartile Leisure-time Quartile

Fig. 1 Multivariate associations between physical activity compo-
nents and highest health care expenditures in adults (Brazil, 2010
[n = 963]). OR odds ratio, 95 % CI 95 % confidence interval; Model
adjusted by sex, age, formal education, smoking habit, basic
healthcare unit, body mass index, systolic and diastolic blood

expenditures. Katzmarzyk et al. (2000) identified that in
1999 approximately 2.5 % of all health care costs in
Canada were attributed to physical inactivity. Our find-
ings are similar to previous data reporting that 1-4 % of
the total health care costs related can be attributed to
physical inactivity (Davis et al. 2014). Therefore, re-
garding to health care costs, reducing physical inactivity
would be a relevant action on the mitigation of primary
health care expenditures. These data are particularly

pressure; All adjusted models presented non-significant p value for
Hosmer—Lemeshow’s test (work x medicines p value = 0.806;
sport x medicines p value = 0.692; clustering x overall p val-
ue = 0.542), except the model Leisure-time x Overall
(p value = 0.011)

relevant because if primary health care is effective, there
is cost saving in the secondary and tertiary health care
(Saha et al. 2013).

Another noteworthy finding in our study was the more
relevant effect of the physical inactivity in the expenditures
related to medicine. Recent literature has shown an asso-
ciation between overall PA level and lower health care
expenditure (Bertoldi, Hallal and Barros 2006; Codogno
et al. 2011) especially from medication (Codogno et al.
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Partial**

Bivariate

Mean (95 % CI) Levene’s test p value  ES-r

Mean (95 % CI)

Mean (95 % CI)

r (95 % CI)

r (95 % CI)

—0.033 (—0.096; 0.030)
—0.002 (—0.065; 0.061)

0.001
0.001

0.680 (0.506-0.854) 0.271 0.751
1.581 (1.520-1.641)

1.163 (0.942-1.385)*
1.921 (1.844-1.999)*

0.748 (0.678-0.819)

0.750 (0.686-0.814)

Exams”

0.576

0.308

1.569 (1.545-1.594)
0.899 (0.809-0.988)

1.554 (1.532-1.577)
0.805 (0.723-0.886)

Consultations”

Medicine®

0.077 (0.014; 0.139)

0.109 (0.046; 0.171)

0.010

0.009

0.310

0.067 (0.004; 0.130)

0.068 (0.005; 0.131)

0.007

0.029

0.141

1.847 (1.816-1.879)

1.815 (1.786-1.843)

Overall”*

ANCOVA analysis of covariance, 95 % CI 95 % confidence interval, ES-r eta-squared

# Numerical variable under logarithm transformation

¥ Presence none of the bottom quartiles of the physical activity components

* Number of components physically inactive (numerical variable ranging from 0 to 3)

** Partial correlation adjusted by sex, age, body mass index, smoking, systolic and diastolic blood pressure

***% Covariates sex, age, body mass index, smoking, systolic and diastolic blood pressure

* Significant different (p value <0.05) of “none”

2011). However, the impact of physical activity in different
components of PA on health care expenditures is unclear.
According to these findings, to analyze the long-term im-
pact of a corporate health and wellness program on health
utilization and expenditures among employees of a big
company, an USA study indicated a large reduction in
medical care expenditure over the 4-year program period
(approximately $224.66 per employee per year). These
benefits came from reduced inpatient use, fewer mental
health visits, and fewer outpatient visits compared with the
baseline period, showing that benefits may have substantial
health and economic benefits in later years (Ozminkowski
et al. 2002). However, despite the importance of pro-
nounced relationships of different components of PA to
health indicators, research evolving to economic impact of
these interactions is up till now not published.

The initial hypothesis of our study to explain the rela-
tionship between physical inactivity and increased
expenditures was based in its positive relation with body
adiposity. Other research shows that men engaged in either
sport activities or walking during leisure-time have lower
prevalence of obesity. Moreover, increased sedentary be-
havior during leisure-time (watching TV) is associated
with obesity also (Fernandes et al. 2010). In fact, in the
analyzed dataset, the ANCOVA measures identified that
BMI was responsible by 3.6 % and 2.5 % of the variance in
medicine and overall expenditures, but this effect size was
independent of the physical inactivity (which was sig-
nificantly too). These findings identify that PA promotion
could affect health care expenditures by its effect in weight
loss (e.g. through effect in inflammatory variables without
weight loss) (Balducci et al. 2010; Lima et al. 2014) and,
therefore, the expenditures saving could be higher in pa-
tients who become physically active and experienced
weight loss (Williams et al. 2014).

Another result that requires attention is the significant
relationship between the different components of PA. It
was found that practice of PA in leisure-time was associ-
ated with work and sport activities. Thus, although some
components may be independent of each other especially
among adolescents (Fernandes et al. 2008), these results
indicate that being physically active in the leisure-time
components can affect activity in other areas and, there-
fore, overall PA would be increased in other components
too. In fact, higher leisure-time PA is positively associated
with better self-rated health (Abu-Omar and Riitten 2008)
and, therefore, physically active people would be more
motivated to engage in other non-sedentary activities, as
well less likely to visit doctor (Kolbe-Alexander, Conradie
and Lambert 2013). Moreover, effectiveness of the pro-
motion of physical exercise in cost saving in primary health
care setting is usually measured through measures of the
burden of the disease in the life of the patient (e.g. quality-
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adjusted life-year), an outcome strictly related to percep-
tion of quality of life (Saha et al. 2013).

This study has strengths, such as the random selection of
the sample and the quality in the measurement of the direct
health care expenditures. On the other hand, limitations
should be considered too. Even with plausible biological
pathways to support our findings, the cross-sectional study
does not allow conclude about causality. In fact, a cohort
study has been conducted with this sample and, in the fu-
ture, it will be possible ratify or not our findings in a
longitudinal design. Our estimation could have been be
underestimated, because this study analyzed only direct
expenditures related to patient treatment/attendance and
was not computed the money paid in the maintenance of
the BHU facility (e.g. water services, electric energy and
cleaning services). Finally, economic losses related to ab-
senteeism and hospitalizations were not computed because
and, thus, should be considered in future studies.

In conclusion, physically inactive subjects in different
components of PA have increased likelihood to be inserted
at groups of higher health care expenditure. Increase of PA
in different components of PA seems to be effective in the
mitigation of health care expenditures even without weight
loss.
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