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ABSTRACT

MORALES-PALOMO, F., A. MORENO-CABAÑAS, L. ALVAREZ-JIMENEZ, J. F. ORTEGA, and R. MORA-RODRIGUEZ. Effect of

Yearly Exercise onMedication Expense and Benefit–Cost Ratio in Individuals withMetabolic Syndrome: A Randomized Clinical Trial.Med.

Sci. Sports Exerc., Vol. 55, No. 2, pp. 158-166, 2023. Introduction: Lifestyle modification through incorporation of exercise training could

improve metabolic syndrome (MetS) clinical components (hypertension, dyslipidemia, hyperglycemia, and visceral abdominal obesity). We

aimed to assess if long-term exercise training could restrain the increased pharmacological cost of the clinical management of the MetS.

Methods: Medicine cost during a 5-yr-long randomized controlled exercise intervention trial was analyzed. After a per-protocol analysis, a

group of 64 individuals 53 ± 2 yr old, with overweight (body mass index, 33.4 ± 0.9 kg·m−2) and MetS (3.6 ± 0.2 factors) were randomized

to a training (4 months·yr−1 for 5 yr; EXERCISE, n = 25) or to a control group (CONTROL, n = 26). Subjects were studied on three occasions

during the 5-yr follow-up. Participants continued their routine medicationmanaged by their general practitioner. The main outcome is the 5-yr

evolution of medication cost to treat MetS (hyperglycemia, hypertension, and hyperlipidemia). A secondary outcome is the benefit–cost ratio

of the exercise intervention. Results: In CONTROL, medicine cost increased 160% from baseline (P < 0.001), whereas in EXERCISE, it re-

mained unchanged (33%; P = 0.25). After the 5-yr follow-up, medicine use was 60% and medicine cost 74% higher in CONTROL than EX-

ERCISE (P < 0.05 in both cases). However, MetS z score was similarly reduced over time in both groups (P = 0.244 for group–time inter-

action). The number of prescribed medications increased after 5 yr in CONTROL (89%; P < 0.001), whereas it remained stable with yearly

training (17%; P = 0.72 in EXERCISE). Ten-year atherosclerotic cardiovascular disease risk estimation increased only in CONTROL (15%;

P = 0.05 for group–time interaction). The benefit in medicine savings (€153 per year and patient) triplicated the estimated cost (€50.8 per year

and patient) of the exercise intervention.Conclusions:A 5-yr-long supervised exercise training program in middle-age individuals withMetS

prevents the need for increasing medicine use. The savings in pharmacological therapy outweighs the estimated costs of implementing the

exercise program. Key Words: LONG-TERM EXERCISE, METABOLIC SYNDROME, MEDICATION USE, LIFESTYLE MODIFICATION,

HEALTH CARE COST, EXERCISE IS MEDICINE
Themetabolic syndrome (MetS) is an insidious and pro-
gressive disorder in response to an adverse lifestyle, and
its prevalence has reached almost 34% of adults in the

United States (1). MetS treatment generally requires polyphar-
macy, but even after using several medicines, individual risk
factors are not always well controlled (2). In turn, polyphar-
macy leads to drug–drug interactions and inadequate treatment
adherence, resulting in poor management of the disease (3).
The first-line defense against MetS and other cardiometabolic
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diseases is lifestyle therapy, which most often will coexist with
the pharmacological treatment (4). Lifestyle modification
should be introduced early and aggressively and maintained
to improve clinical management of MetS (5).

The high prevalence, morbidity, and mortality associated
with the MetS have important social and may also have eco-
nomic consequences (6). The increasing prevalence of the
MetS could raise the medical costs associated with increasing
prevalence of diseases like diabetes and cardiovascular dis-
ease (CVD) (7). Hence, subjects with MetS may have a
higher utilization of inpatient, primary care, and pharmacy
services than persons without MetS factors, even after 2 yr
(8). Although the association between the prevalence of
MetS risk factors and adverse clinical outcomes is well estab-
lished, the health cost–benefit effects of different clinical ap-
proaches (nonpharmacological vs pharmacological) to treat
MetS are unclear.

Recently we reported that a 4-month training program re-
peated in five consecutive years prevented a twofold increase
. Unauthorized reproduction of this article is prohibited.
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in medication for MetS management while also preventing an
8% decline in cardiorespiratory fitness (as assessed by V̇O2max

[9]). A unique feature of the study was that all medications
used were carefully recorded throughout the intervention and
that all exercise sessions were supervised (i.e., through 5 yr).
Increases in medicine use raise health expenses and could be-
come a burden for public health systems (10). As the main
novelty, in this secondary analysis, we present the 5-yr analy-
sis of the cost–benefit of pharmacological therapy in MetS in-
dividuals who combined or not their pharmacological treat-
ment with exercise training.
MATERIALS AND METHODS

Participants. Fifty-one middle-age (mean age, 58 ± 8 yr),
overweight and obese, sedentary subjects (mean body
mass index (BMI), 33.4 ± 0.9 kg·m−2; <150 min·wk−1 of
moderate-intensity activity (11)) with MetS completed
the study. MetS was defined according to the updated Interna-
tional Diabetes Federation 2009 criteria (12). Exclusion
criteria included untreated cardiovascular or renal disease, or
any condition associated with exercise intolerance. All sub-
jects provided written, witnessed, informed consent of the
protocol approved by the local hospital’s ethics committee
in accordance with the World Medical Association Declara-
tion of Helsinki.

Experimental design and intervention. We followed
a randomized controlled trial design (9). Participants were re-
cruited, clinically screened, and tested in compliance with
CONSORT (i.e., Consolidated Standards of Reporting Trials
statement [13]; Fig. 1). Participants were stratified in blocks
by age, number of MetS factors, and BMI and were random-
ized to the exercise training (EXERCISE) or standard care
(CONTROL) groups. Subjects were studied on three occa-
sions on a 5-yr span always in early November to avoid sea-
sonal effects (14). All participants received attention from
the Spanish health care system that included medical counsel-
ing and lifestyle advice at least every 6 months. The CON-
TROL group (n = 26) did not participate in exercise training,
whereas the EXERCISE group (n = 25) underwent super-
vised high-intensity interval cycling (HIIT [15]) with a fre-
quency of three times per week for 4 months per year (end
of November to early April). Each session was supervised
by a member of the research team for compliance with the
training scheme. At testing times, subjects filled out a 3-d nu-
tritional diary analyzed for caloric intake and macronutrient
composition (CESNID v1.0; Barcelona, Spain) and wore a
wristband activity monitor (Polar Loop Electro, Kempele,
Finland) for 48 h to monitor steps per day, standing time,
and supine resting time (i.e., physical activity (PA)).

Assessments. We tested subjects in early November,
8 months after the last training bout in the EXERCISE group,
to assess the chronic rather than the acute effects of training.
Patients arrived at the laboratory in the morning after an over-
night fast. Nude body weight (Hawk; Metler, Toledo, OH),
height (Stadiometer; Secca 217, Hamburg, Germany), and
LONG-TERM EXERCISE AND METABOLIC SYNDROME
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waist circumference were measured using a nonelastic mea-
suring tape. Fat mass and fat-free mass were determined by
bioelectrical impedance analysis (Tanita BC-418; Tanita
Corp, Tokyo, Japan). After 10 min of supine rest, blood pres-
sure (BP) was measured in triplicate using a calibrated
ECG-gated electrosphygmomanometer (Tango; SuntechMedical,
Morrisville, NC).

Then, a 7-mL blood sample was collected to determine se-
rum glucose, insulin, and lipids concentration (i.e., triglycer-
ides, total cholesterol, HDL cholesterol (HDL-c), and LDL
cholesterol concentration calculated by Friedewald et al.
[16]). Insulin sensitivity was calculated using the homeostasis
model assessment (17). We calculated aMetS z score to assess
the continuous rather than dichotomous (have/not have MetS)
evolution of each MetS component into a compound score. Z
score was calculated as the difference between the subject’s
and threshold value divided by the group standard deviations
for each MetS criterion (15). Ten-year cardiovascular risk per-
centage was determined using the atherosclerotic cardiovascu-
lar disease (ASCVD) algorithm (18), which includes race, sex,
age, TC, HDL-c, systolic BP, treatment for hypertension, dia-
betes status, and smoking status as predicting factors.

Medication use and cost. The 51 patients were followed
by 38 different general practitioners. Practitioners followed
the Spanish Society of Family and Community Medicine
guidelines for the management of MetS (19). Guidelines indi-
cate treatment with lifestyle advice, blood analysis every
6 months, and pharmacological prescription adjusted to blood
chemistry, BP values, and body weight evolution. Physicians
were blinded to group allocation. Participants brought all pre-
scription medications to the laboratory at baseline and at 2-
and 5-yr visits to ensure recording accuracy. Only medicines
to control hyperglycemia, hypertension, and hyperlipidemia
(MetS factors) were computed. We used the Anatomical Ther-
apeutic Chemical (ATC)/defined daily dose (DDD) system
(20) to monitor the evolution in the number and dose of med-
ications as follows:

Medicine use score ¼ medicine 1 subject used dose=DDD indexð Þ½ �
þ medicine 2 subject used dose=DDD indexð Þ½ � þ…

þ medicine n subject used dose=ATC=DDD indexð Þ½ �

We used the DDD (21) as the international standard in drug
utilization research as recommended by the World Health Or-
ganization since 1996. The DDD is the assumed average
maintenance dose per day for a drug used for its main indica-
tion in adults. Only one DDD is assigned per ATC code.
DDDs provide a standard dose of drug use, independent of
manufacturer presentation, enabling the researcher to follow
up medication evolution in patients taking different brands of
the same drug.

Medication cost calculation for subject’s medicines was
based on the Spanish Ministry of Health official web page
(www.sanidad.gob.es/profesionales/nomenclator.do). We mul-
tiplied the cost of one pill by the number of pills per day by
365 d to calculate the yearly cost for each medication. Costs
Medicine & Science in Sports & Exercise® 159
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FIGURE 1—CONSORT schematic representation of the study procedures.
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include public payer and patient payment (drug retail price =
reimbursement + patient’s co-payment) and are reported in
euros (EUR).

The calculation of the costs of the supervised exercise pro-
gram included the following: a) the cost of the sport specialist
personnel, b) the cost of renting the sports facility, and c) the
160 Official Journal of the American College of Sports Medicine

Copyright © 2022 by the American College of Sports Medicine
cost of accident insurance for each patient. The yearly cost
of the whole program and the cost per participant were calcu-
lated in euros for the city of Toledo (Spain).

Statistical analysis.We used per protocol analysis, and only
patients who completed the treatment protocol were included
in the statistical analysis. Data are presented as mean ± SEM.
http://www.acsm-msse.org
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TABLE 1. Five-year evolution of anthropometric MetS factors and other clinical variables by group.

CONTROL (n = 26) EXERCISE (n = 25) P

Baseline 2 yr 5 yr Baseline 2 yr 5 yr Time Time–Group

BMI (kg·m−2) 34.0 ± 0.9 34.2 ± 1.0 33.6 ± 1.1 32.7 ± 1.0 31.9 ± 0.9 31.7 ± 0.9 0.139 0.094
Weight (kg) 91.9 ± 3.8 92.7 ± 4.2 90.9 ± 4.5 94.3 ± 3.1 91.7 ± 2.7 91.6 ± 2.6 0.156 0.074
Fat mass (kg) 34.8 ± 1.8 34.4 ± 2.0 33.9 ± 2.2 31.3 ± 1.7 29.1 ± 1.5 28.8 ± 1.6 0.097 0.331
Fat-free mass (kg) 57.1 ± 2.5 57.6 ± 2.5 57.0 ± 2.7 62.3 ± 2.1 61.7 ± 1.9 62.3 ± 1.9 0.989 0.314
Waist circumference (cm) 109.5 ± 2.4 111.6 ± 2.8 112.1.5 ± 2.9 107.7 ± 2.4 106.5 ± 2.1 107.2 ± 1.9 0.536 0.089
Glucose (mg·dL−1) 112.7 ± 4.3 120.3 ± 7.3 109.7 ± 4.7 114.4 ± 5.1 113.6 ± 6.2 112.6 ± 5.8 0.162 0.235
Triglycerides (mg·dL−1) 132.6 ± 17.1 139.2 ± 16.3 124.1 ± 13.9 124.7 ± 9.0 126.3 ± 8.0 116.9 ± 7.7 0.240 0.880
HDL-c (mg·dL−1) 43.2 ± 3.5 45.2 ± 2.7 44.0 ± 2.9 43.2 ± 2.2 47.1 ± 2.2 48.9 ± 2.7 0.022 0.121
Mean arterial pressure (mm Hg) 100.5 ± 2.6 97.9 ± 1.8 92.8 ± 1.7 98.9 ± 2.3 93.0 ± 1.7 91.7 ± 1.8 <0.001 0.190
MetS z score 0.43 ± 0.10 0.18 ± 0.11 0.00 ± 0.13 0.24 ± 0.11 0.01 ± 0.13 −0.04 ± 0.13 <0.001 0.451
10-yr ASCVD risk (%) 15.5 ± 1.7 17.0 ± 1.9 17.9 ± 1.9 16.5 ± 1.7 14.4 ± 1.6 16.4 ± 1.4 0.120 0.049

Data are presented as mean ± SEM for 51 MetS patients divided into the CONTROL (n = 26) and EXERCISE (n = 25) groups.
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Smirnov–Kolmogorov test revealed that data were normally
distributed. Preintervention differences between groups were
studied using Student t-test for independent samples. Mixed-design
ANOVA was used to analyze differences across time (re-
peated measures) and between experimental groups (CONTROL
vs EXERCISE) in all reported variables. When the time–group
interaction was significant, vertical multiple comparisons among
pairwise groups were performed using Bonferroni post hoc
testing. The 95% confidence intervals (CI) were also calcu-
lated. The difference in proportion within-and-between groups
in medication use (per type of drug) at 2- and 5-yr follow-up
compared with baseline was tested using a Cochrane Q test
and χ2 test, respectively. Changes within-and-between groups
in yearly medication cost from baseline to 2- and 5-yr follow-
up were assessed using the Friedman test and Mann–Whitney
U test, respectively. Statistical analyses were performed using
SPSS (IBM Corporation, Armonk, NY), version 28, and the
statistical significance level was set at α < 0.05 (two-tailed).
RESULTS

Baseline characteristics, PA, and diet. As designed,
no differences existed between CONTROL and EXERCISE
at preintervention baseline in age (54 ± 2 vs 52 ± 2 yr), number
TABLE 2. Five-year evolution of medication use by group.

CONTROL (n = 26)

Baseline 2 yr 5 yr

BP-lowering
Number of prescribed medications 0.7 ± 0.2 0.9 ± 0.2 1.4 ± 0.3
Medicine use score (DDD index) 0.8 ± 0.3 1.4 ± 0.4 1.7 ± 0.3

Cholesterol-lowering
Number of prescribed medications 0.4 ± 0.1 0.4 ± 0.1 0.5 ± 0.1
Medicine use score (DDD index) 0.7 ± 0.3 1.0 ± 0.4 1.0 ± 0.4

Glucose-lowering
Number of prescribed medications 0.3 ± 0.2 0.5 ± 0.2 0.6 ± 0.2
Medicine use score (DDD index) 0.3 ± 0.2 1.4 ± 0.4 1.7 ± 0.3

Triglyceride-lowering
Number of prescribed medications 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1
Medicine use score (DDD index) 0.2 ± 0.2 0.2 ± 0.2 0.2 ± 0.2

Total medications
Number of prescribed medications 1.4 ± 0.3 1.8 ± 0.3a 2.7 ± 0.4a,b

Medicine use score (DDD index) 2.0 ± 0.6 3.2 ± 0.8a 3.9 ± 0.7a,b

Data are presented as mean ± SEM for 51 MetS patients divided into the CONTROL (n = 26) and E
Significant P values for time or group–time interaction effects are in bold.
aSignificant change from baseline within each group.
bSignificant change from 2 yr within each group.

LONG-TERM EXERCISE AND METABOLIC SYNDROME
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of MetS factors (3.5 ± 0.2 vs 3.7 ± 0.2), or BMI (34.0 ± 0.9 vs
32.7 ± 1.0 kg·m−2). Participants were all Caucasians, with
71% men and 29% women (all of them postmenopausal).
There were no differences between groups in caloric intake
or PA at any time point (P > 0.05).

MetS and other health parameters. The effects of the
exercise intervention on the different MetS components and
health-related parameters are displayed in Table 1. MetS z
score and mean arterial pressure responded with reductions
over time (both P < 0.001). A significant time effect (P = 0.022)
was observed also for HDL. A significant group–time interaction
effects was found (P = 0.050), with 10-yr ASCVD risk increasing
from baseline to 5-yr follow-up only in the control group
(15%; 95% CI, 0.003–0.049).

Medication use and cost. The evolution in medicine
use score (DDD index) and the number of prescribed medica-
tions in each group during 5-yr are depicted in Table 2. A sig-
nificant time effect was observed for BP- and glucose-lowering
medications in the number of prescribed medications (P = 0.001
and P = 0.003, respectively). A time effect was also observed for
BP-loweringmedication in themedicine use score (P = 0.006). A
significant group–time interaction effect was found in the total
medicine use score (P = 0.005) and the total number of pre-
scribed medications per patient (P = 0.017). The medicine
EXERCISE (n = 25) P

Baseline 2 yr 5 yr Time Time–Group

0.8 ± 0.1 0.8 ± 0.1 1.0 ± 0.2 0.001 0.095
1.2 ± 0.2 1.3 ± 0.3 1.4 ± 0.3 0.006 0.186

0.3 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.172 0.382
0.5 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 0.061 0.571

0.4 ± 0.1 0.4 ± 0.1 0.5 ± 0.2 0.003 0.235
1.2 ± 0.2 1.3 ± 0.3 1.4 ± 0.3 0.069 0.192

0.2 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.583 0.105
0.3 ± 0.2 0.3 ± 0.2 0.1 ± 0.1 0.399 0.140

1.6 ± 0.3 1.8 ± 0.3 1.9 ± 0.3 <0.001 0.017
2.4 ± 0.4 2.7 ± 0.4 2.7 ± 0.4 <0.001 0.005

XERCISE (n = 25) groups.
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use score increased above baseline after 2 and 5 yr in the
CONTROL (1.15 [56% increase; 95% CI, 0.15–2.15] and
1.89 [93% increase; 95% CI, 1.03–2.75], respectively; both
P < 0.02) and from years 2 to 5 (0.75 [23% increase; 95%
CI, 0.01–1.48]; P = 0.046). Similarly, number of prescribed
medications per patient increased above baseline after 2 and
5 yr in the CONTROL (0.42 [30% increase; 95% CI,
0.10–0.74] and 1.27 [89% increase; 95% CI, 0.69–1.84], re-
spectively; both P < 0.006), and from years 2 to 5 (0.85
[46% increase; 95% CI, 0.36–1.32]; P < 0.001).

Table 3 shows the evolution of each type of medicine
(percent of subjects taking that drug) and its yearly cost.
The number of patients in the CONTROL group under
BP-lowering treatment and sum of total medication increased
from baseline after 5 yr (P = 0.014 and P = 0.025, respec-
tively). From baseline to 2-yr follow-up, the annual medica-
tion cost in the CONTROL group increased for glucose-lowering
(159%;P< 0.001) and total medication (73%;P= 0.005). This dif-
ference was observed also after 5 yr of follow-up for BP-
(76%; P = 0.01), cholesterol- (118%; P = 0.02), glucose-lowering
(333%; P = 0.05), and total medication (160%; P < 0.001). From
years 2 to 5, the increase was significant for BP-lowering
(43%; P = 0.002) and total medication (51%; P = 0.005).
In EXERCISE, the annual medication cost increased for BP
lowering (27%; P = 0.025) from baseline to 5 yr.
TABLE 3. Five-year evolution of medicine cost per drug type.

CONTROL (n = 26

Baseline 2 yr

BP-lowering
ACE inhibitorsa,b 3 (12) 4 (15)
ARBa,b 4 (15) 4 (15)
Calcium-channel blockera,b 2 (8) 0 (0)
Thiazide diureticsa,b 5 (19) 10 (38)
β-Blockersa,b 4 (15) 4 (15)
Subjects under pharmacological treatmenta,b 11 (42) 13 (50)
Yearly cost (€)c,d 53 (0) 65 (10)

Cholesterol-lowering
Statinsa,b 10 (38) 10 (38)
Ezetimibea,b 0 (0) 0 (0)
Subjects under pharmacological treatmenta,b 10 (38) 10 (38)
Yearly cost (€)c,d 39 (0) 58 (0)

Glucose-lowering
Biguanidesa,b 4 (15) 7 (27)
DDP-4a,b 3 (12) 4 (15)
Sulphonylureasa,b 1 (4) 1 (4)
SGLT-2a,b 0 (0) 1 (4)
Meglitinidesa,b 0 (0) 0 (0)
GLP-1a,b 0 (0) 0 (0)
Subjects under pharmacological treatmenta,b 4 (15) 7 (27)
Yearly cost (€)c,d 40 (0) 102 (0)e

Triglyceride-lowering
Fibratesa,b 1 (4) 2 (8)
Subjects under pharmacological treatmenta,b 1 (4) 2 (8)
Yearly cost (€)c,d 8 (0) 13 (0)

Total medications
Subjects under pharmacological treatmenta,b 17 (65) 19 (73)
Yearly cost (€)c,d 139 (36) 240 (82)e

Data are presented as number of subjects taking that drug (%) and yearly cost data (median) for 5
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; DDP-4, dipeptidyl peptida
aBetween-group difference using χ2 test.
bWithin-group difference using Cochran Q test.
cBetween-group difference using Mann–Whitney U test.
dWithin-group difference using Friedman test.
eSignificant change from baseline within each group.
fSignificant change from 24 months within each group.
gSignificant difference between CONTROL and EXERCISE groups at that time point (all P < 0.05).
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At baseline, annual medication cost per patient was similar
between the CONTROL and EXERCISE groups (i.e., €139 vs
€151; P = 0.32). However, after 5 yr, annual medication cost
was 74% higher in CONTROL than in EXERCISE (€361 vs
€208; P = 0.043; Fig. 2).

Yearly cost of the training programwas calculated for a group
of 25 individuals and per participant (Table 4). The exercise pro-
gram consisted of 48 exercise sessions per year, each one of 1-h
duration. The salary of the sports specialist amounted to €547.2
per year. The sports facility renting was calculated based on the
2021 published prices of the city council of Toledo (Spain). The
use of the facilities amounted to €422.4 per year. Each trainee
paid a compulsory fee of €12 for accident insurance per year.
Yearly costs of the exercise program were €1270.6. As a result,
the average cost per patient was €50.8 per year.
DISCUSSION

This study was specifically designed to examine the effi-
cacy of long-term yearly exercise training on the clinical man-
agement of MetS. The main finding was that the CONTROL
group needed a higher medication cost than the EXERCISE
group to manage their MetS. This happened because the
CONTROL group undertook a substantial increase in total
medication use, assessed bymedication use score based on DDD
) EXERCISE (n = 25)

5 yr Baseline 2 yr 5 yr

5 (19) 4 (16) 4 (16) 4 (16)
6 (23) 9 (36) 11 (44) 11 (44)
3 (12) 2 (8) 2 (8) 4 (16)
15 (58) 4 (16) 4 (16) 5 (20)
6 (23) 0 (0) 0 (0) 0 (0)
17 (65)e 15 (60) 16 (64) 16 (64)
93 (33)e, f 72 (43) 86 (63) 91 (54)e

13 (50) 8 (31) 8 (31) 8 (31)
1 (4) 0 (0) 1 (4) 1 (4)
13 (50) 8 (32) 8 (32) 9 (36)
84 (6)e 21 (0) 45 (0) 54 (0)

7 (27) 6 (23) 7 (27) 9 (35)
4 (15) 3 (12) 3 (12) 1 (4)
1 (4) 1 (4) 1 (4) 1 (4)
3 (12) 0 (0) 0 (0) 1 (4)
1 (4) 0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 0 (0) 1 (4)
7 (27) 6 (24) 6 (24) 9 (36)

171 (0)e 34 (0) 33 (0) 55 (0)

3 (12) 5 (19) 5 (19) 2 (8)
3 (12) 4 (16) 4 (16) 2 (8)
13 (0) 23 (0) 23 (0) 7 (0)

22 (85)e 18 (72) 19 (76) 20 (80)
361 (114)e,f 151 (108) 187 (144) 208 (145)g

1 MetS patients divided into the CONTROL (n = 26) and EXERCISE (n = 25) groups.
se-4 inhibitor; GLP-1, glucagon-like peptide 1; SGLT-2, sodium-glucose co-transporter-2.

http://www.acsm-msse.org
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FIGURE 2—Evolution of yearly pharmacological cost during the 5-yr follow-up. Data are presented as mean ± SEM for 51 MetS patients divided into
CONTROL and EXERCISE groups. †Significant change from baseline within each group. ‡Significant change from 2 yr within each group. *Significant
difference between groups at that time point (all P < 0.05).
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index, whereas the EXERCISE group avoided any significant in-
creases in total medicine cost. After 5 yr of follow-up, individuals
in the CONTROL group necessitated progressive increases in
medicine use to manage their MetS condition (Table 2). Specifi-
cally, the cost of their BP and glucose-lowering medications in-
creased over the 5-yr testing period.

We found that at baseline, participants were taking an aver-
age of 1.5 medications, with an estimated cost of €145 per year
for management of the hyperglycemia, hypertension, and hy-
perlipidemia of their MetS. After 5 yr of supervised exercise
training program, participants in the EXERCISE group had
significant improvements in MetS parameters (assessed by
MetS z score; Table 1), while at the same time maintaining
medication use and cost. The CONTROL group experienced
a similar improvement in MetS z score, but with increased
medication use and pharmacological cost. The total cost of di-
abetes, BP, and lipid prescription medications for CONTROL
participants at 5 yr was €361 per year compared with €208 per
year for EXERCISE participants. At 5 yr, CONTROL group
participants increased the number of medications to manage
their diabetes, hypertension, and hyperlipidemia by 89%
TABLE 4. Yearly training program cost and benefit–cost ratio (n = 25).

Parameter Unit Cost

Sports specialist salary €11.4 per hour
Sports facility renting €8.8 per hour
Insurance €12 per trainee
Cost per participant €50.8
Benefit in medicine expensesa €153
Benefit–cost ratio €3

aDifference in cost of medication at 5 yr between CONTROL and EXERCISE groups as shown at th

LONG-TERM EXERCISE AND METABOLIC SYNDROME
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(i.e., 1.4–2.7; Table 2) comparedwith only 17% in EXERCISE
participants.

Strong evidence for the economic burden of MetS comes
from large representative data sets such as the National Medical
Expenditure Survey (22) andMedical Expenditure Panel Survey
(23). Individuals diagnosed with MetS have a yearly extra
$2,000 in healthcare costs (8). Average annual total costs among
subjects with MetS were 60% ($2150) and 20% ($7863) higher
after 2 (8) and 10 (24) yr, respectively. In addition, total costs in-
creased by an average of 24% for each additional MetS compo-
nent (8,25). Medications to treat the complications of MetS are
estimated at 30% of the total medical expenses to treat the MetS
and account for $4 of every $10 spent on prescription drugs for
adults (7). Information on how to reduce health care costs in this
population is important. However, there are a limited number of
studies that analyze the cost-effectiveness of exercise programs
and its effects on the use of drugs to manage MetS.

Before the intervention, there was no difference in the annual
cost of medications between groups. However, after 5 yr of
treatment, the CONTROL group augmented medication use
and the associated cost increased by 160% (i.e., €139–€361;
Details

University graduate in sports sciences � 48 sessions of 1 h
Equipped training room in the city of Toledo (Spain) � 48 sessions of 1 h
25 participants completed the training program

e bottom of Table 3.
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Fig. 2). This resulted in €153 larger medicine expenses per sub-
ject and year in the CONTROL than in the EXERCISE group.
To the best of our knowledge, these are the first data assessing
MetS polypharmacy (routinely taking two or more medicines
daily [26]) cost evolution.Most of the studies reportingmedica-
tion use reduction with lifestyle intervention relate to patients
with type 2 diabetes mellitus (27,28). In the Look AHEAD
study, there was a reduction in the cost of total medication when
comparing lifestyle intervention with a standard care group.
The significant reduction was 17% after 1 yr ($360 per year
[29]) and 7% after 10 yr ($281 per year [27]). Lastly, a reduc-
tion of 8% in total medication cost (€113 per year (30)) was re-
ported in a study confining subjects into a controlled environ-
ment while applying a combination of a hypocaloric diet and
large training volume (15–20 h·wk−1).

Expenses on retail pharmaceuticals (i.e., excluding those
used during hospital treatment) represented the third largest
component of health spending in inpatient and outpatient care.
The Organization for Economic Cooperation and Develop-
ment countries (OECD [31]) reported that per-capita retail
pharmaceutical expenditure in 2019 averaged $571 (adjusted
for differences in purchasing power). Spending in the United
States was more than double the OECD average, whereas most
OECD countries fell within a relatively narrow 15% spending
range from the average. Taking as a reference the annual expen-
diture on retail pharmaceuticals per capita in Spain ($505) and the
expenditure per CONTROL participants at 5 yr (€361 ($404 in
the year 2019)), only the cost of the drugs to manage the MetS
components would account for 80% of the total expenditure.
Considering the growing prevalence of MetS (32) and its associ-
ated polypharmacy (4), the inclusion of yearly exercise programs
for MetS individuals could improve clinical management while
reducing the financial burden on the health care system.

Exercise therapy is a cost-effective intervention to both pre-
vent and mitigate the impact of the MetS, but it remains
underutilized (33). To our knowledge, there are no interven-
tion studies analyzing the impact of long-term exercise on
the cost of medications to manage MetS. In contrast, there is
plenty of epidemiological cross-sectional data examining the
association between physical inactivity and cardiometabolic
risk that suggest an increased risk of developing diabetes
mellitus and CVD (34,35). Country-specific estimate of the to-
tal annual health care expenditure attributable to physical inac-
tivity ranges from 1.2% to 2.5% (36). Recently, two reports
have described the relationship between poor levels of PA
and health costs. Using questionnaires, both studies observed
an association between higher PA levels and lower spending
on health care (37), with greater savings in the group of pa-
tients with higher CVD risk (38). Insufficient PA poses a huge
economic burden on economies and health systems (39).
Other study suggests that meeting PA guidelines is associated
with a 20% reduction in health care expenditures and resource
use among patients with CVD (38).

Data on the benefit–cost of treating a population with high
CVD risk (i.e., MetS individuals) with exercise training are
scarce. A benefit–cost analysis is usually defined as the ratio
164 Official Journal of the American College of Sports Medicine
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between the associated savings divided by the cost of the inter-
vention (36). We computed the yearly cost of the training pro-
gram including all the factors that contributed to the costs (per-
sonnel, facility use, and insurance; Table 4), which is likely
similar to many cities in the south of Europe. We divided the
yearly medicine saving with exercise training by the costs of
providing the training. Because yearly saving per patient in
medicine expenses amounted to €153 (benefit) and the cost
of the exercise program amounted to €50.8 (cost), the
benefit–cost ratio was roughly 3. Thus, for each euro spent
on a training program with the duration and characteristic here
described, there is a €3 benefit in lowering medicine expense.

TheMetS is associated with a twofold increase in the risk of
CVD and a 1.5-fold increase in the risk of all-cause mortality
(40). Pharmacological treatment of hyperglycemia, hyperten-
sion, and hyperlipidemia has been shown to reduce CVD risk
in people with MetS, and this triad is now the cornerstone of
optimal-care goals in the chronic disease management of
MetS (41). Clinical trials and clinical experience show that
polypharmacy is required to meet current optimal-care goals
(4). Unfortunately, polypharmacy comes at a price of in-
creased cost, side effects, risk of adverse drug interactions, de-
creased compliance, and decreased quality of life (42). After
5 yr, CONTROL participants in our study were taking, on av-
erage, almost three medications daily for the management of
MetS (89% increase for $361 per year). Their EXERCISE
counterparts were taking slightly less than two medications
daily (17% increase for $155 per year). Consistent with our
previous 3-yr follow-up study (43), we observed that 5 yr of
repeated exercise exposure prevented the increase in the
Framingham-predicted 10-yr ASCVD risk index (18), which,
however, rose in the CONTROL patients despite the increase
in the number of medications.

Several limitations of this study should be mentioned. First,
the analysis only includes spending on drugs for themanagement
of MetS (hyperglycemia, hypertension, and hyperlipidemia) and
does not include costs of other health goods and services like in-
patient and outpatient services and long-term care services (31).
Second, our study only included one type of exercise program
(i.e., high-intensity interval aerobic exercise), whereas some evi-
dence suggests that including strength training improves the
management of MetS, particularly insulin sensitivity (44) and
muscle adaptations (45). In contrast, amajor strength and novelty
of the study is that we performed a 5-yr follow-up supervised ex-
ercise training after a compensated randomization of MetS indi-
viduals, and that allow us to directly assess the effect of lifestyle
therapy (i.e., exercise training) on pharmacy expenses in compar-
ison to the control group.
CONCLUSIONS

In conclusion, 4 months of high-intensity aerobic exercise
in MetS individuals (i.e., EXERCISE group) prevented the
2.5-fold increase in the cost of their pharmacological treatment
that was observed in the nonexercising group (i.e., CONTROL
group). The estimated cost of the training program was only
http://www.acsm-msse.org
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one-third of the saving obtained in medicine treatment reduc-
tion. Furthermore, exercise training prevented an increase in
the rate of atherosclerotic cardiovascular risk in the next 10 yr.
The health and economic impact (benefit–cost) of incorporating
exercise training lifestyle to individuals with the MetS (20%–
40% of the adult population in many countries) is positive
and significant within 5 yr of implementation.
LONG-TERM EXERCISE AND METABOLIC SYNDROME
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