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Abstract 

Background: Hypertension represents a high burden of disease in different healthcare systems. Recent guideline 
published in 2017 by the American Heart Association and the American College of Cardiology has generated a 
debate between clinicians and policymakers due to the lowering of diagnosis threshold and the subsequent increase 
of the prevalence and healthcare costs. No empirical research exists addressing the question about the pressure on 
healthcare costs generated by new standards. This study aims to quantify the impact on the hypertension diagnosis 
and treatment costs for healthcare system using the new hypertension guideline.

Methods: We conducted a budget impact analysis from a Colombianhealthcare payer’s perspective with a 3‑year 
time horizon (2018–2020), in which we estimated the difference in total medical care costs between previous hyper‑
tension cut‑off points (140/90 mmHg) and new guideline cut‑off points (130/80 mmHg).

Results: Our results show that the impact of the adoption of the new hypertension guideline would represent a 
decrease close to 22% in total annual high blood pressure costs in Colombia. This reduction is mainly driven by a 
lower number of cardiovascular complications. It is worth noting that these results should be taken with caution due 
to local available data.

Conclusions: A high‑middle income country such as Colombia should carry out an exhaustive revision of the recom‑
mendations of the new hypertension guideline, due to its high probability of saving medical treatment costs for the 
healthcare system.
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Background
Hypertension represents a high burden of disease in dif-
ferent healthcare systems. The World Health Organi-
zation (WHO) attributes to hypertension at least 45% 
of deaths by cardiomyopathies, 51% of deaths by cer-
ebrovascular diseases and costs near 1.26 billion dollars 
in high-middle income countries [1]. A recent report 
quantified the hypertension costs for healthcare systems 
of Latin America, including Colombia, by USD 999 and 
USD 199 million respectively in 2015 [2].

Different clinical practice guidelines about hyperten-
sion have shown a tendency to make a timely diagnosis 

and strict control of the disease given the evidence of 
the impact that these strategies can have on morbidity 
and mortality. The recent guideline published in 2017 by 
the American Heart Association (AHA) and the Ameri-
can College of Cardiology (ACC) is not far from this 
tendency [3]. This guideline for the detection, preven-
tion, management and treatment of high blood pressure 
(HBP) redefined the cut-off points for systolic and dias-
tolic blood pressure, with hypertension now defined as 
blood pressure higher than 130/80  mmHg rather than 
140/90 mmHg.

However, it is estimated that lowering threshold to 
diagnose hypertension will raise the HBP prevalence by 
46% and 50% which has generated considerable debate 
among clinicians and policymakers. The formers con-
sider that the implementation of the new cut-off points 
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for hypertension will make even harder to accomplish the 
treatment goals proposed by previous guidelines [4–6]. 
Furthermore, it is unknown the effect of the new guide-
line on the already overloaded function of primary care 
physicians [4–6]. There is a tendency to prescribe anti-
hypertensive medication to the diagnosed hypertensive 
patients despite that management should be based on 
lifestyle changes [6, 7]. Thus, the new cut-off points for 
hypertension may lead to a higher rate of adverse effects 
derived from the treatment of newly diagnosed patients.

Regarding the healthcare system perspective, the adop-
tion of the new guideline may come along with higher 
hypertension diagnosis costs. The definition of stricter 
target values to the hypertension management would 
also have an impact on costs due to higher-intensity 
treatment [6, 7]. Nonetheless, supporters of the new 
guideline sustain that lower cut-off points to diagnose 
hypertension account for cardiovascular complications 
that can occur later and hence, allow for earlier treatment 
intervention [3].

According to the AHA/ACC’s guideline authors, there 
would not be a substantial increase in annual medical 
treatment costs since only a small proportion (between 2 
and 5%) of the patients diagnosed would require pharma-
cological treatment [3]. However, to our knowledge, no 
empirical research exists addressing the question about 
the economic pressure on healthcare system generated 
by the adoption of the new hypertension guideline.

This study aims to quantify the potential impact on the 
hypertension treatment costs for Colombian healthcare 
system by adopting the new cut-off points proposed by 
the new AHA/ACC’s guideline to both diagnosis and 
management of hypertension. Colombia is an interest-
ing case of study due to the increasing prevalence of 
hypertension (5.5% in 2011 to 7.2% in 2015), and the 
low treatment rates, despite the enormous efforts to 
improve hypertension management in a context of finan-
cial healthcare system challenges [1]. This disease group 
accounts for about 6.6% of total healthcare expendi-
ture in Colombia [2]. In addition, it accounts for a large 
percentage of non-fatal morbidity involving a 0.3% of 
national gross domestic product (GDP) because of sick-
ness and disability [2].

Methods
The budget impact model estimated the total medical 
care cost of adopting the new hypertension guideline 
based on the size of eligible patient population and the 
monotherapy treatment costs. Two hypothetical scenarios 
were defined according to cut-off points for hypertension 

diagnosis and treatment goals. The baseline scenario used 
the values of systolic or diastolic blood pressure higher 
than or equal to 140 or 90 mmHg respectively, as a cut-off 
point for hypertension diagnosis and, systolic blood pres-
sure less than 140  mmHg as a treatment goal. The new 
scenario considered diagnosing hypertension with systolic 
or diastolic blood pressure values higher than or equal to 
130 or 80 mmHg respectively and, systolic blood pressure 
less than 120  mmHg as a treatment goal. The potential 
budget impact was defined as the difference in total medi-
cal care costs between those two scenarios.

Regarding clinical and cost data of diagnosis and treat-
ment of hypertension, local and international databases 
(i.e. EMBASE, PUBMED, LILACS, IETS, Ministry of 
Health and Social Protection, AHA) were consulted for 
descriptive local studies to find data on complications 
and costs. The number of events was searched in the SIS-
PRO (The Integrated Information System of Social Pro-
tection of Colombia).

The analysis was conducted from a Colombian health-
care payer’s perspective with a 3-year time horizon 
(2018–2020), which is a relevant time horizon for the 
budget estimations according to local and international 
budgeting process and standards [8, 9]. In addition, 
3-year time horizon allows the model to analyse the dif-
ferences between different hypertension treatment goal 
effects and consequences in terms of costs associated 
with the adoption of the new guideline [10].

Improvements in quality of life or changes in clini-
cal variables were not included in the analysis. We also 
assume that the fact of doctors having stricter hyperten-
sion treatment goals will translate into a greater survival 
rate. Therefore, in our model, the hypertension preva-
lence will increase in the following year according to both 
estimated prevalence due to the adoption of new stand-
ards and surviving population resulted by early treatment 
of cardiovascular complications. The model was esti-
mated in Excel 2016 (Microsoft Corporation, Redmond, 
WA, USA) with the SimulAr simulation package.

Population
The estimated population over 20  years old from the 
National Administrative Department of Statistics of 
Colombia (DANE) was used to determine the popula-
tion for years 2018–2020. In baseline scenario, the num-
ber of patients with arterial hypertension was calculated 
according to the criteria of previous guidelines. The HBP 
prevalence under those parameters was 7.2% [1].

Given the limited availability of local data, the hyper-
tension prevalence with the new cut-off points was taken 
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from the data provided in the AHA’s clinical guideline [3]. 
We extrapolated the proportions of hypertensive patients 
in each age-group described in AHA’s guideline to 
Colombian population. This assumption might suppose 
a scenario with a relative higher proportion of hyperten-
sive patients for Colombia context, although the AHA/
ACC’s guideline is the only clinical study published so far 
providing HBP prevalence data on the potential effect of 
adopting the new treatment goals. As a result, in 2018, 
the hypertensive population in the baseline scenario 
is 8.675.154 and under the new scenario is 13.271.577 
which represents an increase of 52%.

After the HBP prevalence was estimated, the propor-
tion of patients who underwent diagnostic tests and 
received medication for each scenario were calculated 
taking into account the ratio of physicians adhering to 
guideline for hypertension management and the ratio 
of patients adhering to medical recommendations. The 
parameters used are presented in Table 1.

Subsequently, the proportion of patients presenting 
major cardiovascular events [Acute Myocardial Infarc-
tion (AMI), stroke, and heart failure (HF)] for each sce-
nario was obtained from SPRINT study [11]. Notice here 
that patients in SPRINT study were at least 50 years-old 
and in contrast, our study included a younger popula-
tion (younger than 50 years-old). However, we decided to 
use a population over-20 years old because observational 
studies have showed an increasing incidence of hyperten-
sion at younger ages. In an analysis of 1.132 white male 
medical students (mean age: close to 23 years at baseline) 
found that 0.3%, 6.5%, and 37% of the students developed 
hypertension at age 25, 45, and 65 years, respectively [12]. 
Other studies in Colombian students older than 18 years 
have found prevalence of high blood pressure oscillat-
ing between 12 and 43% [13, 14]. In the same line, other 
studies in the other countries have obtained similar con-
clusions [15–17]. Thus, we try to capture the potential 
increase of hypertension in younger population and the 
budgetary impact of this phenomenon under the adop-
tion of new hypertension diagnosis standards.

We assumed that population that survives each year 
is equal to those individuals who were diagnosed as 
hypertensive with the new cut-off points and followed 
physician prescriptions accordingly with medical guide 
recommendations (i.e. 0.52 and 0.2, respectively) [18, 19]. 
Figure  1 shows the estimated population by scenario in 
2018. The same procedure was carried out to estimate 
the HBP prevalence in 2019 and 2020.

Diagnosis and treatment costs
For each scenario, we calculated total average treatment 
costs that included medications, diagnostic aids and the 
acute and chronic management of complications (AMI, 

HF and Stroke) in patients of the target population. Costs 
for rehabilitation programs and outpatient treatment and 
follow-up were not included.

Blood sugar, complete blood count, creatinine, urinaly-
sis, conventional electrocardiogram, electrolytes, lipid 
profile, serum calcium and, thyroid stimulating hormone 
were included as diagnostic aids.

Regarding medication costs, the most frequently 
prescribed antihypertensive drugs in Colombia were 
identified. Machado et  al. [20] found that Losartan, 
Hydrochlorothiazide, Enalapril, and Metoprolol repre-
sent the four most frequent drugs prescribed in 20 cities 
of Colombia in 2013.

The Drug Price Information System of Colombia (SIS-
MED) along with the average of the frequency of pre-
scription were used to estimate the average daily cost of 
drugs, for the period of July–September of 2017. Regard-
ing prescription, the values provided by the SPRINT 
study were taken into account: 2.8 daily medications were 
estimated for the intensive control scenario and 1.8 daily 
medications for the standard control [11].

Furthermore, the cost per episode and the cardiovas-
cular complication costs associated with outpatient man-
agement (i.e. medications and non-surgical procedures) 
were taken from local studies (see Table 1).

The study aimed to quantify the average medical costs 
of myocardial infarction was performed in 213 patients 
admitted to a university hospital in Bogotá, Colombia 
with suspected acute coronary syndrome in 2010. In this 
study, the perspective of the provider was considered. 
This study found an average total cost of USD 2934 [21].

The cost study in stroke was performed in 166 patients 
older than 50  years who were admitted to a university 
hospital in Bogotá, Colombia between 2010 and 2013 
with clinical stroke associated or not to atrial fibrillation. 
A perspective from the provider was adopted. This study 
found an average total cost USD 3430 [22].

The cost for heart failure was obtained from a study 
performed in two hospitals in Bogota in the 2011 which 
included 158 patients with an average age of 62 years and 
diagnosis of heart failure. The study was conducted from 
the perspective of the payer and included direct costs of 
outpatient and hospital treatment. Costs was estimated 
per episode of decompensated heart failure in 1990 USD 
to cost average total of outpatient management of USD 
1131 [23].

Cost per cardiovascular episode were estimated in 
real values (i.e. deflated) by using Colombian Consumer 
Price Index (GDP equal to 3.95 in 2018, 4.35 in 2019 
and 3.95 in 2020) [24]. Costs are reported in US dollars 
(1 USD = COP $2877; 22 February 2018). All parameters 
and model inputs are shown and referenced in Table 1.
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Table 1 Model parameters

a Data calibrated from the source
b Not modeled as a probability distribution due to absence of variance data
c Costs derived from acute episode care
d Costs derived from hospital care for an episode of decompensated HF
e Costs derived from outpatient care of patients with chronic HF

Parameter Estimation Probabilistic sensitivity analysis References

Probability 
distribution

Distribution parameters

Physician’s prescription probability 0.52 β α: 29
β: 31

[18]

Patient’s probability of adherence to the medical recommendation (with 
BP > 140/90)

0.45 β α: 45
β: 55

[19]

Patient’s probability of adherence (with SBP: 130–139 or DBP: 80–89 mmHg) 0.2 β α: 20
β: 80

[35]

Annual probability of AMI in standard control (BP < 140/90 mmHg) 0.0078 β α: 116
β: 4562

[11]

Annual probability of stroke in standard control (BP < 140/90 mmHg) 0.0047 β α: 140
β: 4543

[11]

Annual probability of HF in standard control (BP < 140/90 mmHg) 0.0067 β α: 100
β: 4583

[11]

Annual probability of death due to cardiovascular disease in standard control 
(BP < 140/90 mmHg)

0.0043 β α: 65
β: 4618

[11]

Annual probability of AMI in intensive control (BP < 120/80 mmHg) 0.0065 β α: 97
β: 4586

[11]

Annual probability of stroke in intensive control (BP < 120/80 mmHg) 0.0041 β α: 62
β: 4616

[11]

Annual probability of HF in intensive control (BP < 120/80 mmHg) 0.0041 β α: 62
β: 4616

[11]

Annual probability of death due to cardiovascular disease in intensive control 
(BP < 120/80 mmHg)

0.0025 β α: 37
β: 4641

[11]

Annual probability of AMI in untreated  patientsa 0.047 β α: 47
β: 953

[36]

Annual probability of stroke in untreated  patientsa 0.1040 β α: 104
β: 896

[36]

Annual probability of HF in untreated  patientsa 0.0396 β α: 39
β: 961

[36]

Mean of daily tablets in patients with intensive control (BP < 120/80 mmHg) 2.8 Poisson λ: 2.8 [11]

Mean of daily tablets in patients with standard control (BP < 140/90 mmHg) 1.8 Poisson λ: 1.8 [11]

Mean of annual prescription of diagnostic aids 0.61 Poisson λ: 1.5 [37]

Mean of annual episodes decompensation of HF 2.2 Poisson λ: 2 [38]

Weighted average daily cost of antihypertensive medication 0.00556 – – [39]

Average total cost of diagnostic aids 57.91 – – [40]

Average total cost per AMI per episode in  2018b,c USD 2938 – – [21]

Average total cost per AMI per episode in 2019 USD 3235 – – [21]

Average total cost per AMI per episode in 2020 USD 2934 – – [21]

Average total cost of  strokec USD 3430 γ Alfa: 0,44604
β: 19360084

[22]

Average total cost per episode of decompensated  HFd USD 1990 γ Alfa: 0,44248
β: 14526853

[23]

Average total cost of HF chronic  managemente USD 1131 γ Alfa: 0,1599
β: 1902392

[23]
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Validation and calibration of the model
Two clinicians from the investigation group conducted 
the validity face; they evaluated the structure, outcomes 
and possible treatment routes for patients in each sce-
nario. The model’s internal validity was evaluated by per-
forming univariate sensitivity analysis, black box test and 
running the model using extreme values [25, 26]. These 
common tests used in model validation helped us to 
determine whether the model behaved as intended (i.e. 
number of cardiovascular episodes) and had been imple-
mented correctly. The model’s internal validity was evalu-
ated by performing exploratory testing such as extreme 
values [23, 24]. These common tests used in model 
validation helped us to determine whether the model 
behaved as intended (i.e. number of cardiovascular epi-
sodes), to verify the internal mathematical logic and it 
had been implemented correctly. For further details on 
these techniques see Dasbach et al. [25].

The outputs of the model correspond to the total 
number of major cardiovascular events and total medi-
cal costs for both scenarios. For external validation, the 
model’s ability to quantify the number of events was 
evaluated, and contrasted with the number of benefits 
reported by the SISPRO for years 2018–2020. Events 
were defined according to ICD-10 codes as I219- Acute 
Myocardial Infarction, unspecified; I509- heart failure, 
unspecified and, I64- stroke, not specified as hemorrhage 
or infarction.

The estimated number of events with their correspond-
ing 95% confidence interval was predicted by using a 

simple exponential smoothing method (alpha: 0.1) [27]. If 
the estimated number fell within the interval, it was con-
sidered that the model predicted adequately. Finally, the 
validation of the effect size of intensive versus standard 
treatment was performed by calculating the hazard ratio 
of the expected events for both scenarios. The estimated 
hazard ratios for AMI, stroke, and HF were equal to 0.86, 
0.85 and, 0.82 respectively. These ratios were validated 
with the confidence intervals reported by the SPRINT 
study.

Confidence intervals for estimated cardiovascular 
events are available in Additional file 1.

Sensitivity analysis
A probabilistic sensitivity analysis was performed by sec-
ond-order Monte Carlo simulation with 5000 iterations. 
Table 1 also shows the probability distributions and their 
respective parameters.

The probability distribution Beta was used to modeling 
probabilities. In this distribution, alpha values represent 
the number of patients who presented the event of inter-
est. Beta values represent the number of patients who did 
not show the event of interest. For modeling quantity of 
resources and number of episodes, a Poisson probability 
distribution was used. In this distribution, the lambda 
parameter represents the average number of events of 
interest. For modelling costs, we used a Gamma distribu-
tion, Beta parameter is the variance divided by expected 
value and alpha parameter is expected value divided by 
beta parameter.

Population over 20 years of age in
Colombia in 2018: 32,662,007

Non-hypertensive population
over 20 years of age:
30,300,544

Adherent to treatment
population: 552.582

Number of events:
AMI: 28,357
Stroke: 61,659
HF: 23,612

Number of events:
AMI: 4,310
Stroke: 2,597
HF: 3,702

Total number of events:
AMI: 32,667
Stroke: 64,256
HF: 27,314

Population over 20 years of age in
Colombia in 2018: 32,662,007

Non-hypertensive population
over 20 years of age:
29,049,441

Hypertensive population without
medical management: 1,709,009

Adherent to treatment
population: 687,702

Number of events:
AMI: 21,577
Stroke: 46,354
HF: 17,993

Number of events:
AMI: 3,592
Stroke: 2,266
HF: 2,266

Total number of events:
AMI: 25,169
Stroke: 48,620
HF: 20,259

a b

Hypertensive population under
medical management: 1,903,557

Hypertensive population under
medical management: 1,227.961

Non-adherent to treatment
population: 675,379

Hypertensive population without
medical management: 1,133,502

Non-adherent to treatment
population: 1,215,855

Hypertensive population over 20
years of age: 3,612,566

Hypertensive population over 20
years of age: 2,361,463

Fig. 1 Estimated population by scenario, according to hypertension and cardiovascular events prevalence. Year 2018. a Baseline scenario. b New 
scenario
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Results
The model shows that lowering the cut-off points from 
140/90 to 130/80  mmHg and the treatment goal (less 
than 120/80  mmHg) lead to a decrease in the total 
annual direct cost of approximately USD 108  million, 

which represents a reduction of more than 20% of total 
annual HBP costs in 2018 (see Fig.  2). Similar figures 
are obtained in 2019 and 2020. This decrease is mainly 
driven by the reduction of the acute and chronic compli-
cation management (total annual cost per episode passed 
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from USD 466 million to USD 352 million). The opposite 
result was observed for medication and diagnostic aids 
costs which increased by 31%. Under the new hyperten-
sive guideline, those direct costs of the HBP diagnosis 
and management represented approximately USD 28.2 
million in 2018.

The probabilistic sensitivity analysis shows that despite 
of expected increase in HBP prevalence, the economic 
impact of the adoption of the new hypertension guide-
line is positive. During the period 2018–2020, 84% of the 
Monte Carlo simulations suggested that the new guide-
line represent a saving compared with baseline scenario 
(84.5% in 2018, 83.9% in 2019 and 84.5% in 2020). Cost 
saving ranged from USD 9.5 million to USD 900 million 
(see Fig.  3). Overcosts for adopting the new standards, 
were also obtained in approximately 20% of the iterations 
and ranged from USD 102 million to more than USD 750 
million.

Figure 4 shows the estimated cardiovascular events by 
previous and new HBP cut-off points. Under the new 
cut-off points, the number of cardiovascular episodes 
would reduce by 22% and 33% compared with the previ-
ous guideline. The significant reductions are obtained for 
stroke. The estimated number of stroke using the previ-
ous guide is around 82 thousand episodes versus 55 thou-
sand episodes adopting new HBP guideline. This result 
was consistent with the idea of the early diagnosis and 
management of hypertension might result in a reduction 
of cardiovascular risk events.

Discussion
The potential budget impact model suggested that the 
adoption of the new HBP guideline by the AHA for diag-
nosis and treatment of hypertension has a high prob-
ability of saving costs in the short term for Colombian 
healthcare system. Under the baseline scenario, the 
annual direct costs of the hypertension diagnosis and 
management represent approximately USD 21 million 
(corresponds to 0.079% of health expenditure in 2014). 
Lowering cut-off points and target values would imply 
an increase of these costs by 31%, corresponding to USD 
6.6 million (approximately 0.024% of health expenditure 
in 2014) [28]. However, the estimated costs of cardiovas-
cular episodes decreased which translated into savings 
close to USD 115 million. Overall, despite the expected 
increase in HBP prevalence, savings would be around 
USD 108 million, which represents a decrease close to 
22% of total annual HBP costs.

To our knowledge, there are no budget impact evalu-
ations to compare these findings, although this “para-
doxical” pattern of cost savings followed by an increase in 
prevalence has been described in other studies [29, 30]. 
Several factors may explain this pattern.

Besides the apparent reduction in costs attributed to 
hypertension-related complications, it is interesting the 
indirect role that adherence to pharmacological treat-
ment would play. It is unlikely to attribute costs reduction 
to the choice of cost-effective therapies by the physician. 
Evidence has shown that they do not consider aspects 
related to costs or reimbursement measures to establish-
ment or choice of antihypertensive treatment since their 
incentives are mainly in line to achieve HBP target values 
and reduce complications [31].

Classifying a patient as hypertensive and establishing 
a lower BP target value would create incentives to initi-
ate intensive management, leading to a decrease in com-
plications risk. Sensitivity analysis supports this finding 
which suggested that the level of physician and patient 
adherence were the primary factor to reduce costs signif-
icantly. This relationship was also described by Koçkaya 
et  al. [32], who found that in a scenario of total adher-
ence: the number of cases and the treatment costs could 
be reduced by 32%, which represented savings of USD 8.5 
million and USD 72 billion respectively.

In contrast, side effects due to stricter HBP treat-
ment goals (120/70  mmHg) might result in overmedi-
cation and hence, increase costs. SPRINT study shows 
that there are no significant differences in some adverse 
effects between the group of patients with intensive and 
standard treatment: 38% of patients treated targeting 
less than 120  mmHg exhibit serious adverse events and 
37% of patients treated with a conventional target pre-
sented adverse events [11]. However, syncope, electrolyte 
abnormality, acute renal failure and hypotension were 
more common among patients in the intensive treat-
ment group than among those in the standard treatment 
group [11]. Because these adverse effects are managed by 
changes in the therapeutic agents, changes in administra-
tion schedules and, in some cases, by reducing the dose, 
it was considered that they do not substantially increase 
costs [33]. Further research needs to compare the adverse 
events and the benefits associated with intensive treat-
ment goals of HBP.

Nevertheless, some caveats of this study must be con-
sidered. The budget impact model did not consider thera-
peutic changes in lifestyle. It is well known that these 
changes contribute to a decrease in blood pressure and 
a lower requirement for medications [34]. Thus, it could 
represent an additional saving at the expense of smaller 
use of antihypertensive medication. Other significant 
complications (from the clinical and financial perspec-
tive) such as retinopathy, peripheral arterial disease, 
and especially hypertensive nephropathy are also not 
analyzed. Future research agenda should include the 
economic effect of adopting the new guideline on the 
mentioned complications.
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In addition, given the limited available local data, some 
parameters as was mentioned above, such as increas-
ing hypertension prevalence and the proportion of car-
diovascular events were taken from AHA/ACC guideline 
and SPRINT-study. The population used in these stud-
ies might differ from our population, which might result 
in an overestimation of the budget impact of the adop-
tion of stricter HBP treatment goals. Furthermore, sub-
group analysis by sex and age were not considered in the 
SPRINT study, which is why it was not possible to con-
sider the differences in cardiovascular event proportions 
by sex and age in the current study.

Despite of these data and methodological limitations, 
this study sheds the new lights of the economic impact 
of the recently published hypertension guideline in little-
research field, estimating the potential budget impact of 
the new treatment standards in a middle-income coun-
try. Hypertension and complications costs represented 
about 1.8% of total healthcare expenditure in Colombia 
in 2014. Our results suggest the importance of taking 
care of future cardiovascular complications by adopting 
the recommendations of the new hypertension guide-
line of the AHA/ACC. It would save costs in a high-
middle income country which faces a demographic trend 
towards population aging and significant financial sus-
tainability difficulties.

Conclusions
Despite the concern about the economic impact of 
increasing hypertension prevalence given lower high 
blood pressure standards, the potential budget impact 
related to the adoption of the new hypertension guideline 
is positive. Our results show that adequate and strict con-
trol of blood pressure earlier in life might decrease costs 
associated with complication management. This is rele-
vant for high-middle income countries such as Colombia 
that exhibits high chronic prevalence and faces signifi-
cant sustainability healthcare challenges at the same time. 
Strategies for guideline adherence by medical personnel 
should be reinforced to enhance the appropriate manage-
ment and adequate control of blood pressure figures.

Additional file

Additional file 1. Confidence intervals for estimated cardiovascular 
events, obtained from probabilistic sensitivity analysis.

Abbreviations
WHO: World Health Organization; AHA: American Heart Association; ACC : 
American College of Cardiology; BP: blood pressure; HBP: high blood pressure; 
GDP: gross domestic product; AMI: acute myocardial infarction; HF: heart 
failure; DANE: National Administrative Department of Statistics of Colombia; 

45960 45388 46114

34756 35327 35892

10000
20000
30000
40000
50000
60000
70000
80000
90000

2018 2019 2020

a

Previous New

37539 38156 38766

26153 26583 27008

10000

20000

30000

40000

50000

60000

70000

80000

90000

2018 2019 2020

b

Previous New

82104 83453 84787

54897 55799 56692

10000
20000
30000
40000
50000
60000
70000
80000
90000

2018 2019 2020

c

Previous New

35047 35467 36034

23827 24219 24606

10000
20000
30000
40000
50000
60000
70000
80000
90000

2018 2019 2020

d

Previous New

Fig. 4 Estimated cardiovascular events according to new and baseline (previous) scenarios during the period 2018–2020. a Acute Myocardial 
Infarction. b Heart failure. c Stroke. d Deaths attributed to other cardiovascular causes

https://doi.org/10.1186/s12962-018-0152-5


Page 10 of 11Guevara‑Cuellar et al. Cost Eff Resour Alloc  (2018) 16:32 

SISPRO: The Integrated Information System of Social Protection of Colombia; 
SISMED: The Drug Price Information System of Colombia.

Authors’ contributions
CG analyzed, interpreted data, and was major contributor in writing the 
manuscript. VS and MM contributed analyzing and interpreting the results 
and helped editing the manuscript. MM performed the data mining and 
constructed the databases for analysis. All authors read and approved the final 
manuscript.

Author details
1 Facultad de Ciencias de la Salud, Universidad Icesi, Calle 18 #122‑135, Cali, 
Valle del Cauca, Colombia. 2 PROESA, Universidad Icesi, Calle 18 #122‑135, Cali, 
Valle del Cauca, Colombia. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets analyzed during the current study are available from the cor‑
responding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 23 April 2018   Accepted: 17 September 2018

References
 1. Ministerio de Salud y Protección Social. Día Mundial de la Hipertensión 

Arterial ‑ Ficha técnica. Minist. Salud y Protección Soc. 2017. https ://www.
minsa lud.gov.co/sites /rid/Lists /Bibli oteca Digit al/RIDE/VS/PP/ENT/dia‑
mundi al‑hiper tensi on‑2017.pdf. Accessed 2 Feb 2018.

 2. Stevens B, Verdian L, Pezzullo L, Tomlinson J, Zegenhagen S. The 
economic burden of hypertension in Latin America. Value Health. 
2016;19:647–8.

 3. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Dennison Him‑
melfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA guideline for the prevention, detection, evaluation, and 
management of high blood pressure in adults: a report of the American 
College of Cardiology/American Heart Association Task Force on Clinical 
Pr. Hypertension. American Heart Association, Inc. 2017.

 4. Wander GS, Ram CVS. Global impact of 2017 American Heart Association/
American College of Cardiology hypertension guidelines: a perspective 
from India. Circulation. 2018;137:549–50.

 5. Kario K. Global impact of 2017 American Heart Association/American 
College of Cardiology hypertension guidelines: a perspective from Japan. 
Circulation. 2018;137:543–5.

 6. Wang J‑G, Liu L. Global impact of 2017 American College of Cardiology/
American Heart Association hypertension guidelines: a perspective from 
China. Circulation. 2018;137:546–8.

 7. Bakris G, Sorrentino M. Redefining hypertension—assessing the new 
blood‑pressure guidelines. N Engl J Med. 2018;378:497–9. https ://doi.
org/10.1056/NEJMp 17161 93.

 8. Instituto de Evaluación Tecnológica en Salud (IETS). Manual para la elabo‑
ración de evaluaciones económicas en salud [Internet]. 2014. http://
www.iets.org.co.

 9. Sullivan SD, Mauskopf JA, Augustovski F, Jaime Caro J, Lee KM, Minchin 
M, et al. Budget impact analysis‑principles of good practice: report 
of the ISPOR 2012 Budget impact analysis good practice II task force 
introduction definition and intended use. Value Heal. 2013. http://dx.doi.
org/10.1016/j.jval.2013.08.2291.

 10. Instituto de Evaluación Tecnológica en Salud. Manual para la elaboración 
de análisis de impacto presupuestal [Internet]. Bogotá; 2014. http://www.
iets.org.co.

 11. Group TSR. A randomized trial of intensive versus standard blood‑pres‑
sure control. N Engl J Med. 2015;373:2103–16. https ://doi.org/10.1056/
NEJMo a1511 939.

 12. Shihab HM, Meoni LA, Chu AY, Wang N‑Y, Ford DE, Liang K‑Y, et al. Body 
mass index and risk of incident hypertension over the life course: the 
Johns Hopkins Precursors Study. Circulation. 2012;126:2983–9.

 13. Ramos Torres JA. Prevalencia de Hipertensión y Prehipertensión en 
jóvenes. Univ y Salud. 2011;2:68–78. http://www.sciel o.org.co/sciel 
o.php?scrip t=sci_artte xt&pid=S0124 ‑71072 01100 02000 08.

 14. Cardona‑Arias JA, Arrroyave‑Martínez EY. Prevalencia de hipertensión 
arterial en universitarios. Medellín. Curare. 2014;1:17. http://revis tas.ucc.
edu.co/index .php/cu/artic le/view/304.

 15. Mangena P, Saban S, Hlabyago K, Rayner B. An approach to the young 
hypertensive patient. South African Med J. 2015;106:36. http://www.
samj.org.za/index .php/samj/artic le/view/10329 .

 16. De Venecia T, Lu M, Figueredo VM. Hypertension in young adults. 
Postgrad Med. 2016;128:201–7. https ://doi.org/10.1080/00325 
481.2016.11479 27.

 17. Battistoni A, Canichella F, Pignatelli G, Ferrucci A, Tocci G, Volpe M. 
Hypertension in young people: epidemiology, diagnostic assess‑
ment and therapeutic approach. High Blood Press Cardiovasc Prev. 
2015;22:381–8. https ://doi.org/10.1007/s4029 2‑015‑0114‑3.

 18. Setia S, Subramaniam K, Tay JC, Teo BW. Hypertension and blood pres‑
sure variability management practices among physicians in Singapore. 
Vasc Health Risk Manag. 2017;13:275–85.

 19. Casas Piedrahita MC, Chavarro Olarte LM, Cardona Rivas D. Adhesión al 
tratamiento de la hipertensión arterial en dos municipios de Colombia. 
2010–2011. Hacia la Promoción la Salud. 2013;18:81–96. http://vip.
ucald as.edu.co/promo cions alud/index .php/compo nent/conte nt/categ 
ory/95‑vol‑18‑n‑1‑espan ol.

 20. Machado‑Duque ME, Ramírez‑Valencia DM, Medina‑Morales DA, 
Machado‑Alba JE. Effectiveness and clinical inertia in the manage‑
ment of hypertension in patients in Colombia. J Am Soc Hypertens. 
2015;9:878–84.

 21. Castellanos Ramírez JC. Proyección de costos en Colombia de la 
atención inicial del síndrome coronario agudo. Univ Médica. Pontificia 
Universidad Javeriana. 2005;52:36–43. http://revis tas.javer iana.edu.co/
index .php/vnime dica/artic le/view/16035 .

 22. Castañeda‑Cardona C, Coral‑Casas J, Rueda JD, Díaz CE, Rueda MC, 
Rosselli D. Análisis de costos de atención de infarto cerebral agudo con 
o sin fibrilación auricular. Acta Neurológica Colomb. 2014;30:78–82. 
http://www.sciel o.org.co/pdf/anco/v30n2 /v30n2 a03.pdf.

 23. Tamayo DC, Rodríguez VA, Rojas MX, Rincón M, Franco C, Ibarra MT, 
et al. Costos ambulatorios y hospitalarios de la falla cardiaca en dos 
hospitales de Bogotá. Acta Médica Colomb. 2013;38:208–12. http://
www.sciel o.org.co/sciel o.php?scrip t=sci_artte xt&pid=S0120 ‑24482 
01300 04000 05.

 24. Departamento Administrativo Nacional de Estadística (DANE). Índice 
de Precios al Consumidor (IPC) Base 2008. 2018. https ://www.dane.gov.
co/index .php/estad istic as‑por‑tema/preci os‑y‑costo s/indic e‑de‑preci 
os‑al‑consu midor ‑ipc.

 25. Dasbach EJ, Elbasha EH. Verification of decision‑analytic models for 
health economic evaluations: an overview. Pharmacoeconomics. 
2017;35:673–83.

 26. Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, Wong 
JB, et al. Model transparency and validation: a report of the ISPOR‑
SMDM Modeling Good Research Practices Task Force‑7. Value Health. 
2012;15:843–50.

 27. Ozcan YA. Quantitative methods in health care management: techniques 
and applications. New York: Wiley; 2009.

https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ENT/dia-mundial-hipertension-2017.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ENT/dia-mundial-hipertension-2017.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ENT/dia-mundial-hipertension-2017.pdf
https://doi.org/10.1056/NEJMp1716193
https://doi.org/10.1056/NEJMp1716193
http://www.iets.org.co
http://www.iets.org.co
http://dx.doi.org/10.1016/j.jval.2013.08.2291
http://dx.doi.org/10.1016/j.jval.2013.08.2291
http://www.iets.org.co
http://www.iets.org.co
https://doi.org/10.1056/NEJMoa1511939
https://doi.org/10.1056/NEJMoa1511939
http://www.scielo.org.co/scielo.php%3fscript%3dsci_arttext%26pid%3dS0124-71072011000200008
http://www.scielo.org.co/scielo.php%3fscript%3dsci_arttext%26pid%3dS0124-71072011000200008
http://revistas.ucc.edu.co/index.php/cu/article/view/304
http://revistas.ucc.edu.co/index.php/cu/article/view/304
http://www.samj.org.za/index.php/samj/article/view/10329
http://www.samj.org.za/index.php/samj/article/view/10329
https://doi.org/10.1080/00325481.2016.1147927
https://doi.org/10.1080/00325481.2016.1147927
https://doi.org/10.1007/s40292-015-0114-3
http://vip.ucaldas.edu.co/promocionsalud/index.php/component/content/category/95-vol-18-n-1-espanol
http://vip.ucaldas.edu.co/promocionsalud/index.php/component/content/category/95-vol-18-n-1-espanol
http://vip.ucaldas.edu.co/promocionsalud/index.php/component/content/category/95-vol-18-n-1-espanol
http://revistas.javeriana.edu.co/index.php/vnimedica/article/view/16035
http://revistas.javeriana.edu.co/index.php/vnimedica/article/view/16035
http://www.scielo.org.co/pdf/anco/v30n2/v30n2a03.pdf
http://www.scielo.org.co/scielo.php%3fscript%3dsci_arttext%26pid%3dS0120-24482013000400005
http://www.scielo.org.co/scielo.php%3fscript%3dsci_arttext%26pid%3dS0120-24482013000400005
http://www.scielo.org.co/scielo.php%3fscript%3dsci_arttext%26pid%3dS0120-24482013000400005
https://www.dane.gov.co/index.php/estadisticas-por-tema/precios-y-costos/indice-de-precios-al-consumidor-ipc
https://www.dane.gov.co/index.php/estadisticas-por-tema/precios-y-costos/indice-de-precios-al-consumidor-ipc
https://www.dane.gov.co/index.php/estadisticas-por-tema/precios-y-costos/indice-de-precios-al-consumidor-ipc


Page 11 of 11Guevara‑Cuellar et al. Cost Eff Resour Alloc  (2018) 16:32 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 28. The World Bank. Health expenditure per capita (current US$)|Data. World 
Bank. https ://data.world bank.org/indic ator/SH.XPD.PCAP. Accessed 8 Mar 
2018.

 29. Nelson MR, McNeil JJ, Peeters A, Reid CM, Krum H. PBS/RPBS cost implica‑
tions of trends and guideline recommendations in the pharmacologi‑
cal management of hypertension in Australia, 1994–1998. Med J Aust. 
2001;174:565–8.

 30. Sun P, Chang J, Zhang J, Kahler KH. Evolutionary cost analysis of valsartan 
initiation among patients with hypertension: a time series approach. J 
Med Econ. 2012;15:8–18.

 31. Volpe M, Machado E. Treatment priorities and current prescribing pat‑
terns in hypertension: results of GRASP, an international physician survey. 
Curr Med Res Opin. 2004;20:1151–60.

 32. Koçkaya G, Wertheimer A. Can we reduce the cost of illness with more 
compliant patients? An estimation of the effect of 100% compliance with 
hypertension treatment. J Pharm Pract. 2011;24:345–50.

 33. Aellig WH. Adverse reactions to antihypertensive therapy. Cardiovasc 
Drugs Ther. 1998;12:189–96.

 34. Burke V, Beilin LJ, Cutt HE, Mansour J, Wilson A, Mori TA. Effects of a 
lifestyle programme on ambulatory blood pressure and drug dosage in 
treated hypertensive patients: a randomized controlled trial. J Hypertens. 
2005;23:1241–9.

 35. Gupta R, Deedwania PC, Achari V, Bhansali A, Gupta BK, Gupta A, et al. 
Normotension, prehypertension, and hypertension in urban middle‑class 

subjects in India: prevalence, awareness, treatment, and control. Am J 
Hypertens. 2013;26:83–94. https ://doi.org/10.1093/ajh/hps01 3.

 36. Rapsomaniki E, Timmis A, George J, Pujades‑Rodriguez M, Shah AD, 
Denaxas S, et al. Blood pressure and incidence of twelve cardiovas‑
cular diseases: lifetime risks, healthy life‑years lost, and age‑specific 
associations in 1·25 million people. Lancet (London, England). 
2014;383:1899–911.

 37. Avila JC, Bareño A, Castro J, Rojas C. Evaluación de la aplicación de las 
guías de hipertensión y diabetes en un programa de crónicos. Rev Med. 
2014;22:58–67. http://www.sciel o.org.co/sciel o.php?pid=S0121 ‑52562 
01400 02000 07&scrip t=sci_abstr act&tlng=es.

 38. Palmieri V, Pezzullo S, Lubrano V, Bettella S, Olandese M, Sorrentino C, 
et al. Home‑based telemonitoring of simple vital signs to reduce hos‑
pitalization in heart failure patients: real‑world data from a community‑
based hospital. G Ital Cardiol. 2011;12:829–36.

 39. Ministerio de Salud y Protección Social. Sistema de Información de Pre‑
cios de Medicamentos ‑ SISMED. Sist. Integr. Inf. la Protección Soc. http://
www.sispr o.gov.co/recur sosap p/app/Pages /SISME D.aspx. Accessed 7 Feb 
2018.

 40. Instituto de Seguros Sociales. Acuerdo No.256 de 2001 ‑ Manual de 
Tarifas. 2001. http://www.hrd.gov.co/docum entos /factu racio n/MANUA 
LDEFA CTURA CION2 013/TARIF ASISS ‑01AC2 56.pdf. Accessed 15 Feb 2018.

https://data.worldbank.org/indicator/SH.XPD.PCAP
https://doi.org/10.1093/ajh/hps013
http://www.scielo.org.co/scielo.php%3fpid%3dS0121-52562014000200007%26script%3dsci_abstract%26tlng%3des
http://www.scielo.org.co/scielo.php%3fpid%3dS0121-52562014000200007%26script%3dsci_abstract%26tlng%3des
http://www.sispro.gov.co/recursosapp/app/Pages/SISMED.aspx
http://www.sispro.gov.co/recursosapp/app/Pages/SISMED.aspx
http://www.hrd.gov.co/documentos/facturacion/MANUALDEFACTURACION2013/TARIFASISS-01AC256.pdf
http://www.hrd.gov.co/documentos/facturacion/MANUALDEFACTURACION2013/TARIFASISS-01AC256.pdf



