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Abstract 

Objective: To perform a cost-effectiveness analysis (CEA) of two programs designed to 

increase the physical activity (PA) of hypertensive patients at the primary-care level: the first 

based on the Reference Scheme (RS) and the second on the Brief Counseling (BC) approach, 

both within the context of a Mexican social security institution: The Mexican Social Security 

Institute (IMSS). 

Material and Methods: A CEA was undertaken from the perspective of service providers, 

with a time horizon of 24 weeks. Effectiveness was estimated in two ways: an increase in the 

minutes of moderate-vigorous PA (MVPA) and the percentage of patients engaging in ≥150 

weekly minutes of MVPA at the end of each program. 

Results: RS patients performed 8.1 additional minutes of PA (week 24 = 169.29 minutes; 

week zero = 161.23). RS program proved approximately 1% more expensive and more 

effective and had an incremental cost-effectiveness ratio of 299 US$ per increased percentage 

point of patients engaging in ≥150 weekly minutes of MVPA at the end of each program. 

The sensitivity analysis yielded an up to 56% probability that the RS program would be cost-

effective in increasing the percentage of patients performing the targeted MVPA per week. 

Conclusions: Our results indicate that in the context of a social security institution such as 

the IMSS, it is not cost-effective to implement an RS-based program to increase physical 

activity levels in hypertensive patients. Further evidence is required on the cost-effectiveness 

of both programs regarding other effectiveness measures such as biochemical and physical 

condition parameters, as well as to other types of population, given that this was the first CEA 

of PA programs in Mexico.

Keywords: Physical activity; Arterial pressure; Cost and cost analysis; Adults.

Resumen 

Objetivo: Realizar un análisis de costo-efectividad (ACE) de dos programas diseñados 

para incrementar la actividad física (AF) de pacientes hipertensos: el primero basado en el 

Esquema de Referencia (ER) y el segundo con un enfoque de Asesoramiento o Consejería 

Breve (CB), ambos en el contexto de primer nivel de atención en una institución de seguridad 

social de México: El Instituto Mexicano del Seguro Social (IMSS). 

Material y métodos: Se realizó un ACE desde la perspectiva de los proveedores de servicios, 

con un horizonte temporal de 24 semanas. La efectividad se midió con dos indicadores: 

aumento en los minutos de AF moderada-vigorosa (AFMV) y en el porcentaje de pacientes 

que participaron en ≥150 minutos de AFMV semanales al final de cada programa. 

Resultados: Los pacientes con ER realizaron 8.1 minutos adicionales de AF (semana 24 = 

169.29 minutos; semana cero = 161.23). El programa ER demostró ser aproximadamente 1% 

más costoso y efectivo, y tuvo una relación costo-efectividad incremental de 299 dólares por 

cada punto porcentual de incremento de pacientes que cumplían con ≥150 minutos de MVPA 

semanales al final de cada programa. El análisis de sensibilidad arrojó una probabilidad 

de hasta 56% de que el programa ER fuera costo-efectivo para aumentar el porcentaje de 

pacientes que cumplen con las recomendaciones de AF semanales. 

Conclusiones: Nuestros resultados indican que en el contexto de una institución de seguridad 

social como el IMSS, no es costo-efectivo implementar un programa basado en ER para 

aumentar los niveles de actividad física en pacientes hipertensos.Se requiere mayor evidencia 

sobre la relación costo-efectividad de ambos programas con respecto a otras medidas de 

efectividad como parámetros bioquímicos y de condición física, así como a otro tipo de 

población, dado que este fue el primer ACE de programas de AF en México.

Palabras clave: Actividad física; Presión arterial; Costos y análisis de costo; Adultos. 
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Introduction

With physical inactivity classified as a global pandemic 
since 2012, the World Health Organization (WHO) has 
established that increasing physical activity (PA) is of 
primary importance as a pathway to achieving health benefits 
and reducing risk factors, particularly chronic diseases such 
as arterial hypertension1. The main recommendations of the 
WHO for increasing the PA levels of the population include 
150 minutes of moderate PA, 75 minutes of vigorous PA or an 
equivalent combination of both per week. Previous studies2 
have concluded that PA effectively reduces blood pressure up 
to 5-7mmHg in hypertensive and 3-5mmHg in normotensive 
patients. Given this, clinical practice guidelines prescribe 
increasing PA either as part of the non-pharmacological 
treatment3 or alongside the pharmacological treatment of 
arterial hypertension2.

While physical inactivity is more prevalent in high-income 
countries, the burden of disease and related costs is higher in 
low- and middle-income countries, including Mexico4. This 
situation –coupled with the limited availability of resources 
that health systems require to manage the highly diversified 
phenomena to which they must respond– demands an 
efficient allocation of available resources in programs that 
reduce the burden of physical inactivity in the population. 
However, according to the National Institute for Health and 
Care Excellence (NICE)5, over 60% of the world’s population 
has yet to reach the minimum PA time recommended6. In 
Mexico, only 42.4% of the population aged 18 years and 
over played a sport for leisure in 2017, scarcely more than in 
2016 (41%)7 and 14.4% of adults failed to comply with the 
PA recommendations of the WHO8. During that same year, 
insufficient PA cost healthcare systems around the world 
53.8 billion international dollars and the Mexican healthcare 
system 885,614 international dollars4. It was also responsible 
for 13.4 million disability-adjusted life years (DALYs) 
worldwide, 41.5% and 33.3% of which were attributable 
to low- and middle-income countries, respectively. Latin 
America accounted for 8.6% of the global estimate, with 2.4 
DALYs per capita.

Coupled with limitations in the health system, achieving 
changes in lifestyles as it is physical activity among the 
healthy population and even more in population with 
chronic health conditions requires a theoretical approach 
to understand underlying characteristics that determine a 
person’s behavioral change. Therefore, the challenge for 
physical activity promotion is to increase the engagement in 
PA programs addressing both the adherence and behavior-
change barriers, incorporating psychological theories 
through behavioral models9, and adapting the intensity and 
variety of the programs to match the preferences of the 
individuals. Considering these main challenges, one of our 

PA programs was developed based on the Transtheoretical 
Model10 and Social Cognitive Theory11. On the other hand, 
the Brief Counseling PA program includes an approach 
tailored to health services12. In addition, and to reinforce the 
approach on which PA programs are based, we compared 
the Brief Counseling and Reference Scheme initiatives for 
achieving the WHO PA target at the primary level of care.

The need to make decisions in an environment marked by 
uncertainty, scarcity and competitive priorities renders 
cost-effective analysis (CEA) an attractive instrument for 
public health policy planning13. It allows for comparing the 
costs and benefits of health interventions, thus providing 
a valuable economic evaluation technique and a tool for 
developing maximum efficiency in allocating scarce health 
sector resources14. The economic evaluation programs 
designed by high-income countries to promote PA have not 
been adopted by low- and middle-income countries13,15,16,17. 
It is first necessary to generate conclusive evidence for 
decision-making in contexts where the population’s health 
behaviours and the structure of health systems are different.

The Mexican Social Security Institute (IMSS), which 
serves approximately 58 million affiliates18, faces a 
complex financial situation owing to the demographic and 
epidemiological transitions of the Mexican population18. 
Salient among its financial challenges are the high costs of 
health services required for chronic-degenerative diseases 
such as arterial hypertension18. Therefore, the IMSS 
emphasized prevention, mainly promoting healthy lifestyle 
changes as a pathway to positive health outcomes among its 
affiliates. The IMSS  has its own resources to provide PA 
programs, which includes facilities designed to develop PA 
programs (sports fields, gyms, pools and outdoor spaces 
for PA) called Social Security Centers (SCC). The SCC 
have specialized staff to guide and assist on promotion and 
practice PA to the affiliated population interested in carrying 
out physical activity programs. In addition, physicians 
working at the primary care level should have knowledge 
and willingness to identify potential candidates for these PA 
programs. However, an effective link between the medical 
area and resources and staff working in the SCC is missing.
Therefore, this study is part of a research project joining the 
efforts in the institution to address the physical inactivity 
of the hypertensive population through the assessment 
of two different PA programs proposing its organization 
and implementation using the resources available at the 
institution.

In light of the situation described above, the objective of 
this study was to perform a CEA of two programs designed 
to increase the PA of hypertensive patients at the primary-
care level: the first based on the Reference Scheme (RS) and 
the second on the Brief Counseling (BC) approach, both 
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within the context of a social security institution having the 
necessary infrastructure and personnel to implement them.

Material and Methods

We performed a CEA of two programs aimed at increasing 
the PA of hypertensive patients in IMSS primary-care 
facilities. The analysis was conducted from the perspective 
of service providers, with a time horizon of 24 weeks. We 
included direct costs only. Costs were adjusted with the 
2018 Consumer Price Index19 and converted to US dollars 
(1 US$=19.65 Mexican pesos)20. Neither the costs nor the 
effectiveness of the programs was discounted given our brief 
one-year time horizon.

A detailed description of the programs can be found 
elsewhere21. Basically, under the RS intervention, patients 
were instructed to perform one hour of PA, adapted to their 
specific conditions and guided by a PA instructor at the 
Social Security Center (SSC), a sports facility within the 
IMSS service network. The Brief Counseling intervention 
(a 15-minute talk by a nurse on the benefits of PA) was 
implemented with patients exiting their regular medical 
consultations.

The programs were carried out in four randomly selected 
primary-care facilities (PCFs): two for the RS and two for 
the BC intervention. Patients assigned to the first received 
PA recommendations at their respective PCFs and executed 
the indications at the SSC. Our sample included 232 
patients (RS= 117, BC= 115). None were compliant with 
the PA recommendations of the WHO, and all met the study 
inclusion criteria22.

We estimated two effectiveness metrics between the 
commencement (week zero) and the conclusion (week 24) 
of each program: minutes of moderate-vigorous PA (MVPA) 
and the percentage-point difference in patients performing 
MVPA for ≥150 minutes weekly22. We estimated both 
measures of effectiveness from primary data collected during 
the study mentioned above.

Based on the micro-costing technique, we counted, monetized 
and integrated the resources required for all intervention 
activities to estimate their total costs (TC)23. To calculate the 
cost of RS implementation, we applied the following formula:  

We used primary and secondary data to calculate the costs 
of personnel, supplies, utilities (e.g., water, electricity), and 
fixed assets (e.g., equipment, buildings) related to SSCA, 
MTA examinations, PAS and BCS. The MC and Labs unit 
costs were obtained from secondary data available at IMSS24. 
To estimate the cost of personnel, we multiplied the fraction 
of time spent on each program activity by earned wages, 
assuming an eight-hour working day journey and 20 working 
days a month. To estimate multiple salary categories, we 
used averages. We ascertained the time dedicated to the 
interventions through interviews with personnel. The 
fraction of salary earned was calculated according to the 
salary structure in force at IMSS during the study25.

We estimated the supply costs by multiplying the amounts 
used for each patient by their acquisition prices. Similarly to 
the time spent on intervention activities, the type and amount 
of each input were determined through interviews with the 
corresponding service providers. Input prices were obtained 
from the official 2017 procurement catalogs24. In the case of 
utilities, we prorated the annual expenditure on electricity, 
telephone, and drinking water among the different IMSS 
departments and patients using the SSC and PCFs. The 
IMSS administration department24 provided this information. 
To estimate the cost of the fixed assets, we calculated their 
equivalent annual cost23,26, gathering information on their 
categories, acquisition prices/year, useful lives, and resale 
values from the IMSS administrative files24.

After estimating the total costs and effectiveness for both 
programs, we calculated their average cost-effectiveness and 
incremental cost-effectiveness ratios (ICER). Uncertainty 
in the ICER –due to the multiple sources employed for its 
calculation– was propagated with a probabilistic sensitivity 
analysis using a Monte Carlo simulation with 5000 
iterations27. In each iteration, the ICER was calculated based 
on the values taken by our parameters of interest, randomly 
sampled from a probability density function (pdf). This 
procedure was performed simultaneously for all parameters 
while recording the ICER results.

The effectiveness of the programs was represented with 
beta pdfs. These functions were empirically estimated using 
nonparametric resampling (i.e., bootstrapping) based on 
primary data28,29 collected from patients during the study 
mentioned above22. The SSCA, MTA, PAS and BCS costs 
were represented by normal distributions30. We assumed 
fixed costs for MC and Lab; this is, we did not use pdfs 
to represent them. The results were presented graphically 
on a cost-effectiveness plane and a cost-effectiveness 
acceptability curve23,31,32.

We added the unit costs (UC) of four medical consultations 
(MC), the SSC admissions (SSCA) and examinations 
by a medical technical advisor (MTA), 48 PA sessions 
(PAS) and the collection of three blood samples for 
clinical laboratory tests (Labs). To estimate the TC of 
the BC intervention, we applied the following formula: 

                                                            ; we added the unit cost 
of four MC, four BC sessions (BCS) and three Labs.
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Results

Costs

Table 1 shows the total costs of both programs. The unit cost 
(UC) of the RS was estimated at 456.50 US$, with the UC 
of the PA sessions being proportionally the most important 
(62.3%; 284.2 US$), followed by the medical consultations 
(31.7%; 144.6 US$). The BC program had a UC of 172.20 
US$, with the UC of the medical consultations being the 
most important (84%). The UC of the counseling session 
represented 7% (12.10 US$) of the total. The TC of the RS 
was 2.7 times greater than that of the BC program.

Table 1. Unit costs of the Reference Scheme and Brief 
Counseling programs to increase physical activity of 
hypertensive patients.

Activity
Unit cost*

RS % BC %

Medical consultation 144.6 31.7 144.6 84

Admission to the Social Security Center 5.3 1.2 NA NA

Examination by a medical technical 
advisor

6.8 1.5 NA NA

Physical activity sessions 284.2 62.3 NA NA

Clinical laboratory tests 15.5 3.4 15.5 9

Brief counseling sessions NA NA 12.1 7

Total^ 456.5 100 172.2 100

*In 2018 US dollars (1 USD=19.65 MXN)
^The figures for individual activities may differ from the 
totals because they were rounded.
NA: Not applicable; RS: Reference Scheme; BC: Brief 
Counseling
Source: Compiled and designed by authors

Effectiveness

On average, RS patients performed 14 minutes less of PA 
than BC patients by the end of the programs. That is, while 
RS patients performed 8.1 additional minutes of PA (week 
24 = 169.29 minutes; week zero = 161.23), BC patients 
performed 22.1 additional minutes (week 24 = 154.12 
minutes; week zero = 131.98). In analyzing the percentages 
of patients who performed ≥150 minutes of MVPA a week, 
we found that the percentage in the RS program was 45.29%, 
while those in the BC program were 44.3%. This implies 
that, on average, 0.95% more RS than BC patients completed 
≥150 minutes of PA per week (see Table 2).

Cost-effectiveness

The ratios for average and incremental cost-effectiveness 
are shown in Table 2. The BC program surpassed the RS 
program, i.e., it was more expensive (284.20 US$) and less 
effective (-14 minutes) in increasing the average number of 
minutes of PA among patients. On the other hand, given that 
the RS was slightly higher than the BC intervention in terms 
of the percentage of patients performing ≥150 minutes of 
MVPA (0.95%), we estimated the ICER at 299.20 US$ for 
each percentage point increase of patients complying with 
recommendations for PA.

Sensitivity analysis

After propagating the uncertainty associated with the cost 
and effectiveness parameters presented in Table 3, we 
generated the diagrams shown in Figures 1 and 2. Figure. 1 
illustrates the ICER dispersion after 5000 iterations from the 
Monte Carlo simulation. Of the total, 56% (n=2,834) were 
in the northeast quadrant of the plane, meaning RS is a more 
effective and expensive program than BC. We found that 
the RS had a maximum probability of ≈55% of being cost-
effective relative to BC (Fig. 2), which was reached at 247 
US$ per percentage-point increase of patients performing 
≥150 minutes of PA weekly.

Discussion

The Reference Scheme program proved more expensive 
than the Brief Counseling program. This is consistent with 
studies conducted in other settings, such as the United 
Kingdom16, where the Reference Scheme program was 
more costly than brief counseling for hypertensive patients 
after a year. Additionally, the Reference Scheme program 
did not increase the minutes of physical activity compared 
to the Brief Counseling program. Finally, we estimated a 
maximum probability of around 55% that the Reference 
Scheme program would be cost-effective in increasing the 
percentage of patients performing ≥150 minutes of MVPA 
per week.

Although we were able to identify some differences between 
the RS and BC programs, there is a need to obtain further 
evidence on both strategies to complement these results, 
especially as in other contexts, RS was found to be more 
cost-effective than BC33. Moreover, evidence indicates that 
RS is cost-effective regarding alternative outcomes such as 
lessening depression and anxiety; accordingly, social contact 
and the support patients enjoy in the assistance offered by 
this scheme may be its beneficial features as opposed to an 
increase in PA per se33.
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Table 2. Average and incremental cost-effectiveness ratios of PA promotion through the Reference Scheme programs

Program
Total cost 

(TC)*
Incremental cost 
(TCRS - TCBC)*

Effectiveness 
(Ef)^

Incremental 
effectiveness 
(EfRS -EfBC)^

ACER (TC 
/ Ef)

ICER (TCRS - TCBC) / 
(EfRS - EfBC)

1. Increase in total minutes of PA

RS 456.5 - 8.1 - 56.4

BC 172.2 284.2 22.1 -14 7.8 Dominated

2. Increase in patients performing ≥150 minutes of PA/week

RS 456.5 - 45.29 - 10.1 -

BC 172.2 284.2 44.34 0.95 3.9 299.2

*In 2018 US dollars (1 USD=19.65 MXN)
^Effectiveness units: (1. Increase in total minutes of PA) minutes; (2. Increase in patients performing ≥ 150 
minutes of PA/week) percentage points
PA. Physical activity; RS: Reference Scheme; BC: Brief Counseling; ACER: average cost-effectiveness ratio; 
ICER: incremental cost-effectiveness ratio

Source: Compiled and designed by authors

Table 3. Parameters included in the sensitivity analysis

Parameter
Point 

estimate
Distribution

SD / 
α, β

Source

Costs*

Medical consultations 144.59 Fixed value NA IMSS, 2017

Clinical laboratory tests 15.53 Fixed value NA IMSS, 2017

Admission to the Social Security Center 5.34 Normal 0.4 Assumed¬

Examination by a medical technical advisor 6.82 Normal 3.01 Assumed¬

Physical activity sessions 284.08 Normal 27.75 Assumed¬

Brief counseling sessions 12.09 Normal 0.81 Assumed¬

Effectiveness Patients performing ≥150 minutes of PA/week after 24 weeks (%)^

Reference Scheme 45.29 Beta
α= 
52.87; 
β= 63.87

Empirical estimates based on primary 
data from Gallegos-Carrillo et al. 2017

Brief Counseling 44.3 Beta
α= 
66.04; 
β= 82.91

Empirical estimates based on primary 
data from Gallegos-Carrillo et al. 2017

 *In 2018 US dollars (1 USD=19.65 MXN)
^This value was taken only at week 24 of the programs given that, at week 0, the patients did not comply with 
≥150 minutes of PA per week.
--Briggs, 2002
°Standard deviation (SD) was used to simulate a normal distribution of costs; alpha and beta values were used to 
simulate beta distributions, as can be seen in the table.

Source: Compiled and designed by authors
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The cost-effectiveness estimate in RS is sensitive to small 
changes in its components, namely effectiveness and cost 
measures. Consequently, it is subject to a certain degree of 
uncertainty, mainly due to the limited evidence of effectiveness 
found in the present study17. The RS program ensures that 
patients comply with the recommended WHO guidelines. 
However, it does not increase the minutes of PA they perform. 
This discrepancy is not rare in cost-effectiveness analyses of 
physical activity programs, given the variety of outcomes 
used to obtain cost-effectiveness ratios. A particular strength 
of the present study is to account for uncertainty in all the 
parameters used in the ICER estimation probabilistically. 
By calculating empirical probabilistic functions for physical 
activity programs, our study also presents evidence to 
inform model-based economic evaluations on the long term 
consequences of implementing such programs. Nevertheless, 
future efforts might benefit by including clinical outcomes 
such as blood pressure lowering, more relatable to decision-
makers in healthcare contexts.

Another strength of our study pertains to data acquisition. 
In previous studies33, participants have self-reported their 
physical activity levels using the International Physical 
Activity Questionnaire (IPAQ)34. In turn, we measured 
physical activity objectively, using accelerometry35,36. It has 
been previously shown that data collection relying on self-
reporting may overestimate participants’ physical activity 
levels compared to more objective measures37. What is more, 
evidence also indicates that interventions using subjective 
data collection methods typically appear to be more effective 
than those relying on objective collection methodologies38, 
given that adults tend to over-report their physical activity 

levels on the IPAQ as compared with measurements from 
accelerometers39,40,41. Groups such as the Public Health 
Advisory Committee at NICE have highlighted the value 
of collecting more accurate data to inform their investment 
decision-making.

The duration of a physical activity program might influence 
its effectiveness38. Some authors42 have noted that PA levels 
show no significant gains in the short term and that the 
costs of these programs are higher than for programs with a 
longer timeframe. Our results indicate that the RS program 
is not cost-effective compared to BC, which adds to the 
mixed evidence on the cost-effectiveness of RS programs, 
albeit gathered through studies conducted in high-income 
countries43. This could be probably due to the various 
methodological designs of these studies, which have used 
different populations, outcome measures, and timeframes. 
These differences imply the necessity of obtaining further 
evidence from studies of both programs in low- and middle-
income countries as they concern healthcare institutions in 
these contexts.

The present study offers information on the efficiency of 
using RS to foster PA in recently diagnosed hypertensive 
patients in a middle-income country. The environment in 
which people are embedded might determine whether they 
will undertake physical activity. For instance, evidence 
shows that low or decreasing physical activity levels are 
usually related to a high or growing gross national product6. 
Hence, beyond individual characteristics, consideration of 
institutional and contextual factors in the prevention and 
control of non-communicable diseases is crucial44.

Figure 1. Percentage of patients complying with the WHO 
physical activity recommendation

Costs in 2018 US dollars (1 USD=19.65 MXN)
MVPA: moderate to vigorous physical activity
Note: The black dot indicates the point estimate of the ICER. 
The gray dots represent the simulated ICERs (in Monte 
Carlo simulations) after 5000 iterations

Source: Compiled and designed by authors

Figure 2. CE acceptability curve for RS vs. BC as regards 
the percentage of patients performing 150 minutes of 
moderate-vigorous PA per week

RS: Referral Scheme 
BC: Brief Counseling
CE: cost-effectiveness
US$: 2018 US dollars (1 USD=19.65 MXN)

Source: Compiled and designed by authors
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The present study has some limitations. To the best of our 
knowledge, this is the first cost-effectiveness analysis of 
programs promoting physical activity among patients with 
a chronic illness in the primary level of care of a social 
security institution in a middle-income country. A crucial 
element of our evaluation was the analysis of costs using a 
highly accurate methodology based on micro-costing, which 
provides detailed quantification of resources for every stage 
in each program and includes the perspective of service 
providers. While the literature on economic evaluation 
recommends conducting analyses from a societal perspective, 
we had no data to estimate indirect costs for participants (i.e., 
productivity losses) in this study. Nevertheless, conducting 
an analysis from the third payer perspective is helpful as it 
contributes direct evidence for undertaking formal decision-
making processes at the institution level. The leverage 
provided by the study might help IMSS and other similar 
institutions accounting for the resources needed to provide 
their affiliate base with interventions that address their 
organizational circumstance.

Secondly, baseline physical activity levels were self-
reported by patients during the selection process and differed 
from the initial readings obtained via accelerometry. That 
is, in completing the IPAQ and an additional questionnaire 
administered to them by their attending physicians at the 
beginning of the program, patients reported not having 
complied with PA recommendations. However, upon 
performing the initial measurements using accelerometry, it 
was found that the selected patients who self-reported being 
sedentary had complied with the physical activity criteria. 
Previous studies of PA have established that the more active 
patients are at the beginning of a PA program, the less they 
will be found to have benefited from it at the end45. However, 
according to the Transtheoretical Change Model, patients 
who self-identified as physically inactive should not be 
excluded from PA programs.

Conclusions

Our results indicate that in the context of a social security 
institution such as the IMSS, it is not cost-effective to 
implement an RS-based program to increase physical 
activity levels in hypertensive patients. Given that physical 
activity has positive effects in reducing high blood pressure, 
we analyzed a population of patients recently diagnosed with 
hypertension (5 years or less), hoping that they would be 
more committed to increasing their physical activity levels 
than other individuals, and considering that the challenge for 
physical activity promotion is to increase the engagement in 
PA programs addressing both the adherence and behavior-
change barriers. However our results cannot be extrapolated 
to a different type of population, given the nature of our 
sample. Although there is some uncertainty on the allocative 

efficiency of the Referral Scheme, it is crucial to continue 
analyzing physical activity programs to offset the economic 
burden imposed by physical inactivity on healthcare 
institutions in all contexts. Additionally, it is important to 
generate evidence from this type of analysis, addressing 
diverse measures of effectiveness in both improving the 
physical conditions of individuals and tackling disease. It is 
necessary to evaluate public health programs to keep balance 
between the spent resources and benefits obtained, to provide 
maximum health benefits for the population.

Conflict of interest

We declare that we have no conflict of interest

Acknowledgements 

We thank the Mexican Social Security Institute (IMSS) for 
its funding to translate the manuscript. Special thanks to staff 
of the four primary health centers and the social security 
center from MSSI for their collaboration. This research is 
supported by a grant from MSSI’s, Health Research Council 
(CIS). FIS/IMSS/PROT/G10/10/841.

Authors’ contribution    

Conceptualization and design, G.E.O.,I.H.P.,N.G.B., K.G.C.; 
Methodology, G.E.O.,I.H.P.,N.G.B.; Data Acquisition 
and Software, G.E.O.,K.G.C.,N.G.B.; Data analysis and 
interpretation, G.E.O.,I.H.P.,N.G.B.; Principal investigator, 
G.E.O., Investigation, G.E.O.,I.H.P.,N.G.B.; Drafting the 
manuscript — Preparation of the original draft, G.E.O.,I.H.P.; 
Drafting, revision and editing of the manuscript, 
G.E.O.,I.H.P.,N.G.B., K.G.C.; Display, G.E.O.,N.G.B.; 
Supervision, I.H.P., N.G.B., K.G.C.; Acquisition of funds, 
K.G.C. 

References

1. World Health Organization. |Physical Activity [Internet]. 
WHO. [Updated 2020 Nov 26; cited 2017 Apr. 27]. Available 
from: https://www.who.int/news-room/fact-sheets/detail/
physical-activity 

2. Börjesson M, Onerup A, Lundqvist S, Dahlöf B. Physical 
activity and exercise lower blood pressure in individuals with 
hypertension: narrative review of 27 RCTs. Br J Sports Med. 
2016 Mar;50(6):356-61. doi: 10.1136/bjsports-2015-095786. 
Epub 2016 Jan 19. PMID: 26787705. 

3. MEDS: Clínica de Medicina Deportiva [Internet]. Chile: 
MEDS; 1992 [cited 2017 Aug. 15]. Available from: https://
www.meds.cl/actividad-fisica-e-hipertension/ 

Research article Cost-effectiveness analysis of interventions to increase physical activity in AHT patients 

https://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.linguee.es/ingles-espanol/traduccion/acknowledgement.html


Horizonte sanitario  /  vol. 21, no. 3, septiembre - diciembre 2022
http://revistas.ujat.mx/index.php/horizonte

Licencia CC BY-NC-SA 4.0362 Horizonte sanitario  /  vol. 21, no. 3, september - december 2022
http://revistas.ujat.mx/index.php/horizonte

4. Ding D, Kolbe-Alexander T, Nguyen B, et al. The 
economic burden of physical inactivity: a systematic 
review and critical appraisal. British Journal of Sports 
Medicine. 2017 Oct;51(19):1392-1409. DOI: 10.1136/
bjsports-2016-097385. PMID: 28446455. 

5. NICE: National Institute for Health and Care Excellence 
[Internet]. United Kingdom: NICE; [cited 2017 June 27]. 
Physical activity: exercise referral schemes. Available from: 
https://www.nice.org.uk/guidance/ph54/resources/physical-
activity-exercise-referral-schemes-pdf-1996418406085 

6. World Health Organization: Global recommendations on 
physical activity for health [Internet]. Ginebra, Switzerland: 
WHO; 2010. [cited 2017 June 27] Available from: http://apps.
who.int/iris/bitstream/10665/44441/1/9789243599977_spa.
pdf 

7. INEGI. Instituto Nacional de Estadística y Geografía. 
Módulo de práctica deportiva y ejercicio [Internet]. 
Aguascalientes City, México: INEGI; 2018.  [cited 2017 
June 27] Módulo de Práctica Deportiva y Ejercicio Físico 
(MOPRADEF) 2017. Available from: https://www.inegi.
org.mx/rnm/index.php/catalog/426/related-materials 

8. Medina C, Jáuregui A, Campos-Nonato I, Barquera 
S. Prevalencia y tendencias de actividad física en 
niños y adolescentes: resultados de Ensanut 2012 y 
Ensanut MC 2016. Salud Publica Mex [Internet]. 2018 
June [cited 2021 Nov 01]; 60(3): 263-271. Available 
from: http://www.scielo.org.mx/scielo.php?script=sci_
arttext&pid=S0036-36342018000300007&lng=es.  https://
doi.org/10.21149/8819.

9. Karim Abu-Omar, Alfred Rütten, Ionuţ Burlacu, Valentin 
Schätzlein, Sven Messing, Marc Suhrcke, The cost-
effectiveness of physical activity interventions: A systematic 
review of reviews, Preventive Medicine Reports. 2017; 8: 
72-78, https://doi.org/10.1016/j.pmedr.2017.08.006.

10. Prochaska JO, DiClemente CC. Stages and processes 
of self-change of smoking: toward an integrative model of 
change. J Consult Clin Psychol 1983, 51:390–395. https://
doi.org/10.1037/0022-006X.51.3.390

11. Bandura A. Social Foundations of Thought and Action: 
A Social-Cognitive Theory. Englewood Cliffs, NJ: Prentice-
Hall; 1986.

12. Lin JS, O’Connor E, Whitlock EP, et al. Behavioral 
Counseling to Promote Physical Activity and a Healthful 
Diet to Prevent Cardiovascular Disease in Adults: Update 
of the Evidence for the U.S. Preventive Services Task Force 
[Internet]. Rockville (MD): Agency for Healthcare Research 
and Quality (US); 2010 Dec. (Evidence Syntheses, No. 
79.) Available from: https://www.ncbi.nlm.nih.gov/books/
NBK51030/

13. Frew EJ, Bhatti M, Win K, Sitch A, Lyon A, Pallan 
M, Adab P. Cost-effectiveness of a community-based 
physical activity programme for adults (Be Active) in the 
UK: an economic analysis within a natural experiment. 
Br J Sports Med. 2014 Feb;48(3):207-12. doi: 10.1136/
bjsports-2012-091202. Epub 2012 Jul 13. PMID: 22797421.

14. Hutubessy R, Chisholm D, Tan-Torres Edejer T, OMS-
CHOICE. Análisis de costo-efectividad generalizado para 
el establecimiento de prioridades del sector salud en el 
ámbito nacional. Costo-efectividad y asignación de recursos 
[Internet] 2003 Dec. [cited 2017 June 27];1(8):1-13. 
Available from: https://xdoc.mx/preview/costo-efectividad-
y-asignacion-de-recursos-5cabaaea70532  

15. Anokye NK, Lord J, Fox-Rushby J. Is brief advice in 
primary care a cost-effective way to promote physical 
activity? Br J Sports Med. 2014 Feb;48(3):202-6. doi: 
10.1136/bjsports-2013-092897. Epub 2013 Dec 18. PMID: 
24352807; PMCID: PMC3913207.

16. Edwards RT, Linck P, Hounsome N, Raisanen L, Williams 
N, Moore L, et al. Cost-effectiveness of a national exercise 
referral programme for primary care patients in Wales: 
results of a randomised controlled trial. BMC Public Health 
2013; 13:1021. https://doi.org/10.1186/1471-2458-13-1021

17. Abu-Omar K, Rütten A, Burlacu I, Schätzlein V, Messing 
S, Suhrcke M. The cost-effectiveness of physical activity 
interventions: A systematic review of reviews. Prev Med Rep. 
2017 Aug 15;8: 72-78. doi: 10.1016/j.pmedr.2017.08.006. 
PMID: 28856084; PMCID: PMC5573782. 

18. IMSS. Instituto Mexicano del Seguro Social. Programa 
Institucional del Instituto Mexicano del Seguro Social 2014-
2018. [Internet]. IMSS, México; 2014-2018. [cited 2017 
June 27] Available from:  http://www.imss.gob.mx/sites/all/
statics/pdf/PIIMSS_2014-2018_FINAL_230414.pdf  

19. INEGI. Instituto Nacional de Estadística y Geografía. 
Calculadora de inflación [Internet]. INEGI 2017 [cited 2017 
Oct. 18]. Available from: https://www.inegi.org.mx/app/
indicesdeprecios/CalculadoraInflacion.aspx  

Research articleCost-effectiveness analysis of interventions to increase physical activity in AHT patients 

https://creativecommons.org/licenses/by-nc-sa/4.0/


Horizonte sanitario  /  vol. 21, no. 3, septiembre - diciembre 2022
http://revistas.ujat.mx/index.php/horizonte

Licencia CC BY-NC-SA 4.0 363Horizonte sanitario  /  vol. 21, no. 3, september - december 2022
http://revistas.ujat.mx/index.php/horizonte

20. Banco de México. Sistema de Información Económica.  
Mercado cambiario [Internet]. Banco de México 2019 [cited 
2019 Mar. 5]. Available from: http://www.banxico.org.mx/
tipcamb/main.do?page=tip&idioma=sp

21. Gallegos-Carrillo K, García-Peña C, Salmerón J, 
Salgado-de-Snyder VN, Vázquez-Cabrera G, Lobelo F. 
Exercise-referral scheme to promote physical activity among 
hypertensive patients: design of a cluster randomized trial in 
the Primary Health Care Units of Mexico’s Social Security 
System. BMC Public Health 2014; 14:706. https://doi.
org/10.1186/1471-2458-14-706

22. Gallegos-Carrillo K, García-Peña C, Salmerón J, 
Salgado-de-Snyder N, Lobelo F. Brief Counseling and 
Exercise Referral Scheme: A Pragmatic Trial in Mexico. Am 
J Prev Med. 2017;52(2):249–59.  https://doi.org/10.1016/j.
amepre.2016.10.021

23. Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, 
Torrance GW. Methods for the Economic Evaluation of 
Health Care Programmes. 4th ed Oxford: Oxford: Oxford 
University Press, 2015.

24. Instituto Mexicano del Seguro Social. Portal de Compras 
del IMSS. Catálogo de Productos 2017. [Internet]. IMSS, 
México; 2017. [cited 2017 Oct. 18] Available from: http://
compras.imss.gob.mx/?P=search_alt

25. Instituto Mexicano del Seguro Social Contrato 
Colectivo de Trabajo (2017-2019). [Internet]. IMSS, 
México; 2014-2018. [cited 2017 Oct. 18] Available from:  
http://sntssnayarit.org/wp-content/uploads/2018/01/
CCT%E2%80%93SNTSS.pdf 

26. Organización para la Excelencia de la Salud. Finanzas y 
Costos 2 Edición Un Acercamiento a la Gestión Financiera 
de las Organizaciones de la Salud. (2005). Colombia: 
Organización para la Excelencia de la Salud – OES [Internet]. 
[cited 2018 June 2]. Available from: https://oes.org.co/
producto/finanzas-y-costos-un-acercamiento-a-la-gestion-
financiera-de-las-organizaciones-de-salud-segunda-edicion/

27. Andronis L, Barton P, Bryan S. Sensitivity analysis in 
economic evaluation: an audit of NICE current practice and 
a review of its use and value in decision-making. Health 
Technol Assess. 2009 Jun;13(29):iii, ix-xi, 1-61. doi: 
10.3310/hta13290. PMID: 19500484. 

28. Baltussen RM, Hutubessy RC, Evans DB, Murray CJ. 
Uncertainty in cost-effectiveness analysis. Probabilistic 
uncertainty analysis and stochastic league tables. Int J 
Technol Assess Health Care. 2002 Winter;18(1):112-9. 
PMID: 11987434. 

29. Lord J. and Asante MA. Estimating uncertainty ranges for 
costs by the bootstrap procedure combined with probabilistic 
sensitivity analysis. Health Economics 1999, 8 (4), 323-333. 
(doi:10.1002/(SICI)1099-1050(199906)8:4<323: AID-
HEC431>3.0.CO;2-0). (PMID:10398525)

30. Briggs AH, Goeree R, Blackhouse G, O’Brien BJ. 
Probabilistic analysis of cost-effectiveness models: choosing 
between treatment strategies for gastroesophageal reflux 
disease. Med Decis Making. 2002 Jul-Aug;22(4):290-308. 
doi: 10.1177/0272989X0202200408. PMID: 12150595. 

31. Arnold RJG. Pharmacoeconomics. From Theory to 
Practice. 2nd Edition. New York. CRC Press. 2020 

32. Coyle, D. Richard Edlin, Christopher McCabe, Claire 
Hulme, Peter Hall, Judy Wright: Cost Effectiveness 
Modelling for Health Technology Assessment: A Practical 
Course. Farmacoeconomía 34, 331–332 (2016). https://doi.
org/10.1007/s40273-015-0379-3

33. Murphy SM, Edwards RT, Williams N, et alAn evaluation 
of the effectiveness and cost effectiveness of the National 
Exercise Referral Scheme in Wales, UK: a randomized 
controlled trial of a public health policy initiativeJ Epidemiol 
Community Health 2012;66:745-753. http://dx.doi.
org/10.1136/jech-2011-200689 

34. Skender S, Ose J, Chang-Claude J, Paskow M, Brühmann 
B, Siegel EM et al. Accelerometry and physical activity 
questionnaires - A systematic review. BMC public health. 
2016 Jun 16;16(1). 515. https://doi.org/10.1186/s12889-016-
3172-0 

35. Bull FC, Armstrong TP, Dixon TD, Ham S, Neiman A, 
Pratt M. Physical inactivity. In: Ezzati M, Lopez A, Rodgers 
A, Murray CJL, eds. Comparative quantification of health 
risks: global and regional burden of disease attributable to 
selected major risk factors. Geneva, World Health Organiza-
tion, 2004. Available at: https://apps.who.int/iris/bitstream/
handle/10665/42792/9241580348_eng_Volume1.pdf;jses-
sionid=12CB1566D2AAA4AAB371ED1321345357?se-
quence=1

36. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Til-
ert T, McDowell M. Physical activity in the United States 
measured by accelerometer. Med Sci Sports Exerc. 2008 
Jan;40(1):181-8. doi: 10.1249/mss.0b013e31815a51b3. 
PMID: 18091006. 

Research article Cost-effectiveness analysis of interventions to increase physical activity in AHT patients 

https://creativecommons.org/licenses/by-nc-sa/4.0/


Horizonte sanitario  /  vol. 21, no. 3, septiembre - diciembre 2022
http://revistas.ujat.mx/index.php/horizonte

Licencia CC BY-NC-SA 4.0

37. Igelström H, Emtner M, Lindberg E, Asenlöf P. Level 
of agreement between methods for measuring moderate 
to vigorous physical activity and sedentary time in people 
with obstructive sleep apnea and obesity. Phys Ther. 2013 
Jan;93(1):50-9. doi: 10.2522/ptj.20120123. Epub 2012 Sep 
6. PMID: 22956426. 

38. Wu S, Cohen D, Shi Y, Pearson M, Sturm R. Economic 
analysis of physical activity interventions. Am J Prev Med. 
2011;40(2):149–58.  doi.org/10.1016/j.amepre.2010.10.029

39. Boon RM, Hamlin MJ, Steel GD, Ross JJ. Validation of 
the New Zealand Physical Activity Questionnaire (NZPAQ-
LF) and the International Physical Activity Questionnaire 
(IPAQ-LF) with accelerometry. British Journal of Sports 
Medicine 2010; 44, 741–746. doi:10.1136/bjsm.2008.052167 

40. Rodríguez-León DL, Garzón-Molina NM. Comparación 
de las intervenciones en actividad física en Brasil y Colombia, 
desde la promoción de la salud. Rev. Fac. Med. [Internet] 
2013; 61:449-458. Available from: http://www.scielo.org.co/
pdf/rfmun/v61n4/v61n4a15.pdf

41. Rääsk T, Mäestu J, Lätt E, Jürimäe J, Jürimäe T, Vainik 
U, Konstabel K. Comparison of IPAQ-SF and Two Other 
Physical Activity Questionnaires with Accelerometer in 
Adolescent Boys. PLoS ONE 2017;12(1): e0169527. doi: 
10.1371/journal.pone.0169527. PMID: 28056080; PMCID: 
PMC5215940.

42. Pavey TG, Anokye N, Taylor AH, Trueman P, Moxham 
T, Fox KR, Hillsdon M, Green C, Campbell JL, Foster C, 
Mutrie N, Searle J, Taylor RS. The clinical effectiveness and 
cost-effectiveness of exercise referral schemes: a systematic 
review and economic evaluation. Health Technol Assess. 
2011 Dec;15(44):i-xii, 1-254. doi: 10.3310/hta15440. PMID: 
22182828; PMCID: PMC4781450. 

43. Werbrouck A, Schmidt M, Putman K, Seghers J, 
Simoens S, Verhaeghe N, Annemans L. Cost-effectiveness 
of exercise referral schemes: a systematic review of health 
economic studies. Eur J Public Health. 2021 Dec 4:ckab189. 
doi: 10.1093/eurpub/ckab189. Epub ahead of print. PMID: 
34864937.

44. Muñoz-Rodríguez DI, Arango-Alzate CM, Segura-
Cardona AM. Entornos y actividad física en enfermedades 
crónicas: Más allá de factores asociados. Univ. Salud [Internet]. 
2018 Aug [cited 2021 Nov 01]; 20(2): 183-199. Available 
from: http://www.scielo.org.co/scielo.php?script=sci_
arttext&pid=S0124-71072018000200183&lng=en.  https://
doi.org/10.22267/rus.182002.122.

45. Mills A. Reflections on the development of health 
economics in low- and middle-income countries. Proc Biol 
Sci. 2014;281(1789):20140451. doi:10.1098/rspb.2014.0451 

364

Research articleCost-effectiveness analysis of interventions to increase physical activity in AHT patients 

Horizonte sanitario  /  vol. 21, no. 3, september - december 2022
http://revistas.ujat.mx/index.php/horizonte

https://creativecommons.org/licenses/by-nc-sa/4.0/

