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Resumen 
 
Impacto de la reorganización de la red pública de prestación de servicios de salud de 
Bogotá, D.C. entre 2016 y 2017 sobre desenlaces clínicos y económicos en afiliados al 
régimen subsidiado. 
 
Introducción: Para el año 2015, el sistema de salud de Bogotá enfrentaba desafíos 
relacionados con el financiamiento, la sobreocupación de servicios y la falta de 
comunicación entre los actores involucrados. En un intento por abordar estos problemas, 
se llevó a cabo la reorganización de la prestación en el distrito a finales del 2016 y 2017. 
Este estudio evalúa el impacto de dicha reorganización en pacientes con patologías 
crónicas, específicamente pacientes con hipertensión arterial, afiliados a Capital Salud EPS 
del régimen subsidiado. 
 
Métodos: Por medio de un análisis de diferencias en diferencias, se evaluó el impacto de 
la reorganización sobre resultados clínicos, consumo de servicios, costos y mortalidad de 
pacientes con hipertensión entre los años 2015 y 2018. Para esto, se construyó una 
cohorte cerrada con el fin de evaluar eventos no absorbentes (consumo de servicios, 
resultados clínicos y costos de atención médica) y utilizando efectos fijos. De igual manera, 
se construyó una cohorte dinámica para evaluar la mortalidad en la población. 
 
Resultados: Los resultados muestran un aumento significativo en el consumo de servicios 
de atención ambulatoria y una reducción en servicios de hospitalización, realización de 
revascularizaciones miocárdicas, diálisis y costos totales de atención médica para la 
población subsidiada con hipertensión. También se identificó una reducción en la 
mortalidad estos pacientes como efecto de la reorganización. 
 
Conclusión: La reorganización del sistema de salud de Bogotá tuvo un impacto positivo en 
los resultados clínicos, consumo de servicios y  costos de atención médica en pacientes 
con hipertensión afiliados a Capital Salud EPS del régimen subsidiado. Estos hallazgos 
sugieren que reorganizaciones del sistema de salud enfocadas a atención primaria del 
pueden mejorar los resultados de las enfermedades crónicas como la hipertensión en 
entornos con recursos limitados. Se necesitan más estudios para identificar el impacto 
específico de cada intervención dentro de la reorganización en los desenlaces evaluados. 
Además, este estudio puede ser replicados en otras condiciones para evaluar el impacto 
de la reorganización en otras poblaciones. 
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Abstract 

 
Impact of the reorganisation of the public healthcare service delivery network in Bogotá, 
D.C. between 2016 and 2017 on clinical and economic outcomes among affiliates to the 
Subsidised Regime. 
 
Introduction: By 2015, Bogotá health system faced challenges in healthcare related to 
financing, overcrowding of services, and a lack of communication among the involved 
stakeholders. In an attempt to address these issues, healthcare services in the subsidised 
scheme were reorganised at the end of 2016 and 2017. This study evaluates the impact of 
that reorganisation on patients with chronic conditions, specifically patients with 
hypertension, affiliated to Capital Salud under the subsidised scheme. 
 
Methods: Using a difference-in-differences analysis, the impact of the reorganisation on 
clinical outcomes, service consumption, costs, and mortality was assessed between 2015 
and 2018. A closed cohort was constructed to evaluate non-absorbent events (service 
consumption, clinical outcomes, and healthcare costs) using fixed effects. A dynamic 
cohort was constructed to evaluate mortality in the population. 
 
Results: The results showed a significant increase in outpatient care services and reduced 
hospitalisations, myocardial revascularisations, dialysis rates, and total healthcare costs for 
the subsidised population. Mortality rates in the subsidised group also showed a reduction 
compared to the contributory group as an effect of the reorganisation. 
 
Conclusion: The Bogotá health reorganisation positively impacted clinical outcomes, 
service consumption and healthcare costs in patients with hypertension affiliated to 
Capital Salud EPS subsidised. These findings suggest that health system reorganisations 
focused on primary health care can improve outcomes for chronic conditions like 
hypertension in resource-constrained settings. More studies are needed to identify the 
specific impact of each intervention within the reorganisation on outcomes. Additionally, 
this study approach can be applied to other conditions and outcomes to evaluate the 
effects of the reorganisation further. 
 

 
Keywords: Health system, hypertension, difference-in-differences, primary care.  
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1. Introduction 
 
The World Health Organization (WHO) defines a health and care system as “all organisations, 

people and actions whose primary intent is to promote, restore or maintain health” (1). The main 

objectives of the health system are to improve health outcomes, ensure responsiveness, promote 

equity, and achieve universal health coverage in a financially sustainable manner while making 

efficient use of available resources (1). The specific characteristics of each health system will 

depend on each country's history and political and socioeconomic conditions, as well as the degree 

of influence exerted by various interest groups and the interplay of political forces (1). Still, even 

with a clear definition of these functions, the production of health remains a complex process 

influenced by genetic, environmental, societal factors, and individual circumstances (1,2).  

In Latin America, health systems traditionally exhibit a fragmented structure consisting of non-

integrated subsystems that serve specific population groups, leading to segmentation and 

inefficiencies (3,4). In Colombia, the General Social Security Health System (Sistema General de 

Seguridad Social en Salud, SGSSS) is particularly vulnerable to fragmentation due to 

decentralisation in both vertical (state-insurer-provider) and horizontal (among the various 

entities) structures (5). An example is that there are more than 1,011 territorial entities in the 

country, 11,466 healthcare institutions and 31 insurance companies, which coexist autonomously 

and have little coordination (6–8). Although insurance funds cannot typically deny access to 

anyone, they might distort the quality and opportunity of the services (2).  

These issues have been key drivers of health reorganisations in Colombia. In 2016, the Bogotá 

health system faced significant challenges in financing, including delays in payments between 

insurers and providers, high administrative costs, and financial instability within Capital Salud EPS, 

the main insurer of the subsidised scheme. Additionally, there were physical infrastructure 

problems, such as overcrowding in emergency departments and stalled construction projects, 

along with issues in service delivery, including long waiting times for outpatient attention, 

laboratory services and poor coordination between the Specific Protection and Early Detection 

(P&E) programme and the Collective Intervention Plan (PIC) (9,10).  
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To address these challenges, Bogotá undertook a significant reorganisation of its health sector. 

The reorganisation aimed to improve comprehensive care, enhance individual and collective 

health outcomes, and ensure better service access. The goal was to optimise service availability 

and utilisation, reduce adverse clinical outcomes, promote quality of care, and increase resource 

use efficiency within the Bogotá Health System (9,10).  

A survey conducted by the Colombian Ministry of Health in 2019 assessed user satisfaction with 

the healthcare system, ranking Capital Salud EPS as one of the best insurers in the national 

subsidised scheme regarding access, timeliness, and user satisfaction (11). Additionally, the High-

Cost Account (CAC, for its name in Spanish) data places Capital Salud EPS among the top 20 

Colombian insurers in managing cardio-cerebrovascular risk (CCV) in patients with hypertension 

(HT) (12). HT is a comorbidity of public health interest due to its high prevalence and disease 

burden in Colombia's adult population and worldwide (13–17). The HEARTS initiative, the Integral 

Health Care Pathways (Rutas Integrales de Atención Integral, RIAS for its name in Spanish), and 

the District Guidelines for the population at cardiovascular risk (CCV) are part of the international, 

national, and regional interventions implemented to mitigate adverse outcomes in this population 

(17–19). Evaluating the reorganisation in terms of its impact is essential, and starting with HT, a 

condition with a high burden of disease in Colombia, provides a valuable first step. Thus, this study 

aims to assess and identify the impact of the reorganisation on clinical outcomes, healthcare 

utilization, and costs for patients diagnosed with HT affiliated with Capital Salud EPS subsidised. 
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2. Conceptual Framework 

2.1. Colombia Health System 

SGSSS follows a structure close to the managed care model, a type of health healthcare insurance 

that integrates healthcare financing and the delivery of services to keep the costs to the purchaser 

at a minimum while delivering what is appropriate for a given patient or population (20). The 

governance structure is led by the Ministry of Health, together with the departmental and 

municipal health secretariats, who interact with and seek to coordinate various actors, including 

the National Health Institute, political stakeholders, economic guilds, service providers, insurers, 

community organisations, and territorial social security health committees (21). 

Regarding insurance, the SGSSS has an integrated scheme based on insurance for formal workers 

and their families, and poor households. The SGSSS covers 99.06% of the population and is divided 

into three schemes (22,23). The contributory scheme covers individuals with formal employment, 

retirees with a contributory pension, and their families, encompassing 45.8% of the total 

population. The subsidised scheme, funded by contributions from the contributory scheme, 

covers informal workers and the unemployed, accounting for 54% of the population. The 

exceptional and special scheme covers specific groups, such as military personnel, employees of 

Ecopetrol, public teachers, p.ej FOMAG, among others, representing approximately 2% of the 

population. Less than 1% of citizens are not covered by the health system (2). 

The financing of these schemes comes from two main sources: contributions from affiliates to the 

contributory scheme (24,25) and payments from employers (26,27). Other financing sources are 

consumption taxes on beer, siphons and soft drinks, cigarettes, tobacco, taxes on wine, aperitifs 

and similar, gambling and games and territorial entities (28,29). The distribution of these funds to 

the insurers is based on capitation payments adjusted for risk (sex, age and residence location).  

(2). 

Regarding the provision of services, affiliates are free to choose their insurance company among 

32 insurers that compete in the quality field (2). Every insurer has contracts with different 

providers, so their affiliates are restricted from using the health care providers which have entered 

into agreements with the health insurance fund of their choice, thereby sacrificing some degree 
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of freedom (2). In terms of regulatory mechanisms for the usage of services, every service must 

be authorised by the insurer to be given to the affiliated, which can take different times depending 

on the type of services (30); however, some integral paths of care associated with certain health 

public conditions, have been created to facilitate the delivery, for example, affiliates with a 

diagnosis of hypertension or diabetes belong to the cardiovascular pathway and the services 

associated with their diseases are already authorised, increasing timely access (31). 

 

2.2. Bogotá Health Reorganization 

The reorganisation of the public health services in Bogotá was proposed due to a series of 

difficulties in the health system in Bogotá, such as financial instability on the principal insurer, 

overcrowding of services, long waiting times for healthcare services and absent intersectionality. 

It aimed to promote comprehensive health care at the collective and individual levels and improve 

access to care for patients treated in the Capital District (9,10). This reorganisation was presented 

to the Bogotá council in January 2016, filed for council session in February, and approved on April 

06, 2016. The implementation period for the reorganisation was one calendar year (from 2016 to 

2017). The reorganisation of the health sector was characterised by several strategies listed below 

(9). 

2.2.1. Creation of subnetwork 

The Bogotá Health Reorganization consisted of reorganising the provision of public health 

hospitals into an Integrated Health Services Network (RISS, for its name in Spanish), aiming to 

improve outputs at the level of access, including timely access, availability and quality of care. The 

RISS was composed of four sub-networks with hospitalisation and outpatient services at all levels 

of complexity and were named according to their geographic location in the city: Centre-East, 

North, South and South-West. The twenty-two public hospitals that existed in the district until 

then were linked to each of the Sub-Networks (3), so any affiliated could consult any of the 

subnetworks in the city (9). 
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2.2.2. Change in the payment mechanism: Global prospective payment per 

final activities with performance incentives (NMR: PGPAFED) 

Another cornerstone of the Bogotá reform was the change in the financing structure with a new 

payment mechanism: prospective global payment per final activity (PGP-FA) with performance 

incentives (32,33). The PGP-FA was based on the construction of a budget agreed ex-ante between 

the insurer (Capital Salud EPS) and the providers (sub-networks) to obtain a range of health care 

services, with a minimum and maximum value of services called production paths during a period 

and, with positive and negative economic incentives for the performance component (measured 

through quality indicators and compliance goals). This new payment mechanism was proposed for 

outpatient, hospitalisation, and surgical activities. Promotional and preventive activities were 

covered by payment per final activity. Other activities were not included in this payment because 

i) presented a high cost with low frequency or ii) did not present costs (32,33).  

Three components determined the tariff calculation: 1) a reference value, 2) a production 

component and 3) a quality component (32,33). Three golden rules must be present to apply NMR: 

PGPAFED. 

1. Trust Pact: Global Value = Production (Global Budget): If the sub-network complies with 

the activities within a production pathway agreed ex-ante and a minimum expected 

quality, it receives the total value of the global budget defined in the initial pact for that 

activity. The rate is dynamic or variable for this to be a mathematical reality. It is 

determined based on a reference value and the degree of compliance with the agreed 

number of activities and expected quality. 

2. Reduction of transaction costs (simplification of authorisation, invoicing and auditing 

processes):  The four sub-networks allocated in 2016 the amount of $80 thousand millions 

COP to carry out administrative processes related to the operation of the contract 

(transaction costs between the insurer and the provider, in authorisation, billing and 

auditing processes), an amount that could be invested in more and better health care for 

the population. The reduction of transaction costs is a fundamental goal of the NMR. 

3. Increase in quality and impact on health: Quality determines the total payment since its 

result is a factor that conditions the tariff. Thus, to receive the agreed value, it is necessary 



 

 17 

to comply with the minimum quality indicators: if this is not done, the tariff decreases 

proportionally up to the agreed percentage. The NMR measures quality compliance 

through a battery of indicators (initially, twelve); each of them, in an observed baseline, a 

target and an acceptable minimum. 

 

Other changes added to this reorganisation were (10): 

1. Creation of Priority Health Care Centres (CAPS, for its name in Spanish): This strategy was 

carried out through the creation, reopening or adaptation of the previously called primary 

healthcare centres and was aimed at providing health services in a more agile and timely 

manner than emergency services, offering general or specialised consults, priority 

consultation and laboratory services. Progressively, the opening hours of these centres 

were extended to cover hours from Monday to Sunday from 7:00 am to 7:00 pm. Between 

2016 and 2018, 22 CAPS were created in the district. 

2. Creation of specialised units: Spaces were created to attend to patients who needed 

specialised services, eliminating competition among the different subnetworks. For 

example, paediatric wards were created in institutions providing services at the north and 

southwest subnetwork levels. 

3. Pre-authorization of services: The acquisition of several pre-authorised services eliminated 

the need for authorisation after the generation of the orders. This was applied to general 

and specialised medicine, laboratories, diagnostic imaging, referral, and counter-referral 

services.  

4. Modernisation of Emergency Regulatory Centre: 56 ambulances were acquired for 

network use, and a Medical Emergency system and ambulance management system with 

two centres (South and North) were created. 

5. Health information system and interoperability platform: An information system was 

created for each sub-network, with the possibility of connectivity between them despite 

their system differences. This allowed the review of medical records and the referral or 

counter-referral of patients from and to other sub-networks to provide services as needed.  
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6. Relocation of hospital administrative areas: Hospital administrative areas were relocated 

to areas outside the institutions to expand the space for providing health services. 

7. Creation of the Administrative and Technical Management Advisory Entity (EAGAT): This 

organisation's objective was to advise on the process of joint purchases of supplies and 

medicines for the different service providers in the four subnetworks. 

 

Figure 1 outlines the timing of the main changes made in the reorganisation of the health sector 

in Bogota. Table 1 summarises the changes by comparing the health services before and after the 

reorganisation. 

 

Figure 1. Timeline of the main changes of Bogotá Health Reorganization.  
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Table 1. Summary of changes before and after the implementation of the reform. 

Domain Before reorganization After reorganization 

Provision of 

services 

Insurers contract healthcare providers 

for services, which can be public or 

private depending on costs of the 

services offered. 

Creation of one district network and four 

integrated health services sub-networks. 

These sub-networks provide nearly all types 

of services from public providers. Private 

providers supplement where services are 

unavailable. Two types of health centres are 

established:  

CAPS: Located close to the community in all 

sub-networks focusing on the promotion of 

health in the urban space with priority and 

home-based care, specialized medicine and 

laboratory test support services during 

extended hours. 

Hospital Units: These units operated as 

referral sites for specialised hospital care. 

Possibility to 

attend to any 

provider 

Affiliates can only access to services 

through providers associated to their 

insurers. 

Affiliates can only go any provider 

conforming the subnetworks no matter the 

area in which they live. 

Information 

system 

Providers may choose their own 

information systems. In some cases, 

providers working with the same insurer 

use a unified system. 

Creation of a single information system for 

each subnetwork (two subnetworks shared 

the same information system). 

Regulatory 

mechanisms 

Prior authorisation from the insurer is 

required to access healthcare services 

Several services are pre-authorised, 

eliminating the need for post-order 
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for the usage 

of services 

(except for promotion or prevention). authorisation. This applies to general and 

specialised medicine, laboratories, diagnostic 

imaging, and referral services. 

Financing 

Capitation payment: This is an advance 

payment of a fixed sum made per 

affiliate to guarantee healthcare during a 

period, based on a pre-established group 

of services. 

Integral remuneration per final activity and 

applies to final activities: consultation, 

hospitalization, and surgery. It is based on the 

estimation of an individual tariff for each 

activity, for each sub-network in each period. 

 

2.3. Hypertension (HT) 

 

The cardiovascular diseases are the leading cause of mortality worldwide, accounting for 

approximately 41 million deaths annually, equivalent to 74% of all deaths globally (34). Among 

these, HT is one of the most preventable risk factors for cardiovascular-related mortality and 

global disease burden. In 2023, the global prevalence of HT in adults aged 18 and older was 

estimated to be 26% and has been increasing over time since 1990 (34). HT is a major contributor 

to cardiovascular diseases, renal failure, premature mortality, and disability. Specifically, HT is a 

significant risk factor for conditions such as ischemic heart disease, stroke, chronic kidney disease, 

and dementia. The global burden of HT continues to rise as populations age and sedentary 

lifestyles become more common (35). 

 

Latin America is one of the regions of the world in which the number of people treated with 

uncontrolled hypertension has increased more significantly in the 1990-2019 period.  According 

to the NCD Risk Factor Collaboration, although 64% of women and 47% of men with HT are being 

treated in Latin America, only 35% and 23%, respectively, have their HT controlled (36). In 

Colombia, the incidence of HT has also increased in recent years. By 2021, the age-standardised 

prevalence had risen for both the subsidised and contributory healthcare systems, reaching 8.28% 
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and 11.68% respectively. Bogotá, in particular, reported the highest incidence and age-

standardised mortality rates for HT in the country, with an incidence rate of 14.18 per 1,000 

habitants and a mortality rate of 393.76 per 100,000 habitants (37). This information, along with 

the demographic transition in Colombia, highlights the importance of preventing and treating HT.  

Successful prevention and control of HT requires active and sustained collaboration among global, 

regional, national and local governments, myriad government agencies, and health promotion and 

disease prevention experts (35,38,39). In Colombia, efforts to manage and prevent HT have been 

integrated into the national health system. The MoH established evidence-based guidelines and 

protocols called Integrated Health Care Routes (RIAS, for its name in Spanish) in 2015, which are 

evidence-based guidelines for managing chronic conditions such as HT (40). These initiatives aim 

to standardise healthcare delivery, guiding patients, families, and healthcare providers through 

individualised, population-based recommendations while also clarifying the responsibilities of 

healthcare organisations, local governments, and insurers in ensuring these activities are 

implemented (41) to promote HT early detection and decrease related secondary complications.  

All the interventions (non-pharmacological and pharmacological) stipulated in this HT RIAS have 

evidence of a beneficial impact on mortality and morbidity (31,42).  

One of the principal interventions described at the individual level includes advice from physicians 

and nurses to reduce dietary sodium and increase the consumption of fruits and vegetables. They 

also include the promotion of exercise and reduced smoking. Regarding pharmacological 

interventions, systematic reviews and meta-analyses of trials have shown that a 10 mmHg 

reduction in SBP or a 5 mmHg reduction in DBP through pharmacological interventions is 

associated with substantial reductions in all major cardiovascular events (about 40% in heart 

failure, 35% in stroke, 15% in coronary heart disease, 20% in cardiovascular mortality and 10% in 

all-cause mortality) (43,44). All interventions listed in HT TIAS are summarised in Table 2.  

In conclusion, given the global and national burden of HT, continued research into effective 

prevention, early detection, and management strategies is crucial. This study evaluates the impact 

of a healthcare reorganisation that focused on strengthening primary care, aiming to improve 

access—ensuring timely care, availability, and quality of services—while also promoting 

comprehensive healthcare at both individual and collective levels. These aspects are particularly 
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relevant for managing HT, a condition that requires continuous care, early intervention, and 

coordinated health services. By assessing this reorganisation, the study provides insights into how 

system-level changes can influence the management of HT and similar chronic conditions. 

 

Table 2. Main activities included in hypertension RIAS, its effect on hypertension and its evidence. 

Activity 
Evidence 

Diagnosis Early diagnosis 

Non-

pharmacological 

management 

Promote 

exercise 

Absence of physical activity is associated with higher risk 

of developing hypertension (OR 1.17; IC95% 1.05 – 1.31) 

(42). 

Promote healthy 

diet 

Improve the intake of fruits and vegetables, control the 

intake of high calories, ultra-processing and high sodium 

food and drinks as well as control with a professional 

nutritionist, all of these are associated with a reduction 

of blood pressure. 

Other sources that have shown the same effect on their 

effectiveness (45–47). 

Prevent and 

reduce smoking 

Smoke cessation and prevention is associated with a 

lower risk of developing hypertension and a high risk of 

control in those with the disease already installed. 

Smoking has a HR of developing hypertension in current 

smokers of 1.15 and is associated with higher blood 

pressure compared with those who do not smoke (48).  

Prevent and 

reduce alcohol 

intake 

Prevent and reduce alcohol intake is associated with a 

lower levels of blood pressure (49). 
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Pharmacological 

management 

Adherence on 

pharmacological 

management to 

control 

hypertension 

The treatment of hypertension results in an 

improvement in blood pressure (50). 

 

 

2.4. Administrative Health Databases 

Interest in using large administrative databases for medical research has grown recently. Although 

the information stored in these databases is not primarily intended to answer research questions 

and, therefore, often lacks specific clinical data, it can still provide valuable information related to 

medications, procedures, and outcomes for a large number of individuals while maintaining the 

advantages of retrospective studies, such as their low cost. This information's efficient and 

responsible management is emerging as a powerful tool for research and public health 

surveillance (51,52). 

Health data generated daily is collected in databases for administrative and financial purposes 

(53). This has sparked interest in conducting research based on the information contained therein, 

even though this was not the primary objective of its creation (54). Such data represents a valuable 

tool for research and public health surveillance, leading to the development of various 

retrospective studies that account for both the advantages and limitations of these sources 

(51,52,54).  

 

2.5. Differences in Differences (DiD) 

The DiD model is a quasi-experimental design that uses longitudinal data from treatment and 

control groups to obtain an appropriate counterfactual to estimate a causal effect (55). The DiD 

approach is considered causal because it effectively isolates the treatment effect by controlling 

for both time-invariant characteristics of the treatment and control groups and standard temporal 

shocks (56). 
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This methodology is advantageous in analysing quasi-experiments, commonly used to estimate 

the impact of policies and programs using time-series data, where there may be pre-existing 

differences between the treatment and control groups or even when no control groups exist. In 

such cases, it is necessary to employ a method that accounts for these pre-existing differences 

between the two groups to estimate the effect of the treatment accurately (55,57). 

DiD estimates the average treatment effect on the treated group (ATET). To obtain the ATET using 

DiD, one must compute the difference between the mean outcome for the treatment and the 

control groups before and after the treatment. This eliminates time-invariant unobservable group 

characteristics that confound the ATET; however, this is insufficient to identify an effect. There 

may be time-varying unobservable confounders with an effect on the treatment group even after 

we control for time-invariant unobservable group characteristics. DiD eliminates time-varying 

confounders by including a control group subject to the same time-varying confounders as the 

treatment group. 

 

In this study, the exogenous variation exploited comes from the implementation of the healthcare 

reorganisation, which affected only a subset of patients affiliated with Capital Salud EPS 

subsidised, while other patients remained under the previous system. This policy change was 

externally determined and not influenced by individual patient characteristics, making it a 

plausible source of exogenous variation. 

 

A potential endogeneity concern in this evaluation is that the reorganisation may have been 

implemented in areas or populations with specific healthcare needs or characteristics, rather than 

being randomly assigned. This could introduce selection bias if factors influencing the likelihood 

of receiving the intervention are also related to the outcomes of interest. Additionally, external 

factors, such as simultaneous healthcare policy changes or shifts in healthcare-seeking behaviour, 

could affect both the treatment and control groups differently, potentially biasing the estimated 

effects. The DiD approach helps mitigate these endogeneity issues by assuming that, in the 

absence of the intervention, the treatment and control groups would have followed parallel 
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trends. Its validity relies on the parallel trends assumption, which must be carefully examined to 

ensure that, in the absence of the intervention, both groups would have followed a similar 

trajectory over time. 

2.5.1. Model 
The DiD model estimates the effect by comparing the change in the outcome variable (Y) between 

the pre-and post-treatment periods for the treatment group and subtracting the corresponding 

change observed in the control group. This requires panel data—observations of the same 

individuals before and after the treatment. However, in the case of natural experiments, if panel 

data is unavailable, DiD can still be implemented using repeated cross-sectional data (57). 

 

When working with panel data, where the same subjects or group of interest are measured over 

time, we can apply individual fixed effects under the assumption that unobserved individual and 

time factors that may simultaneously influence the exposure or outcome in the regression are 

time-invariant. This method, known as the fixed effects model, is a powerful approach for 

eliminating omitted variable bias, whether from observed or unobserved, unmeasured variables. 

At the same time, having a control group will let evaluate the secular variation of the intervention, 

and therefore, the DiD model allows to estimate the isolated effect of the intervention. 

 

The most popular specification used for DiD is the static two-way fixed effects (TWFE) model, 

estimated with ordinary least squares (OLS) regression: 

 

𝑌𝑖,𝑡 = 𝜂𝑖 + 𝜏𝑡 + 𝛿(𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖 × 𝑃𝑜𝑠𝑡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑡 ) + 𝜖𝑖,𝑡 

 

Where 𝑌𝑖,𝑡 is the outcome for unit 𝑖 at time 𝑡, where 𝑖 = 1, … , 𝑁 (the number of units) and 𝑡 = 1,… 

, 𝑇 (the total number of periods). 𝜂𝑖 is a unit fixed effect for each unit 𝑖, 𝜏𝑡 is the fixed effect for 

each time period 𝑡, and 𝜖𝑖,𝑡 is an idiosyncratic error for unit 𝑖 at time 𝑡. 𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖 and 

𝑃𝑜𝑠𝑡𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑡 are binary variables indicating the treatment status for unit 𝑖 and time period 𝑡. 

In this setup, 𝛿 is the parameter of interest, which can correspond to the ATT in some simple cases 

(e.g., with unconditional parallel trends and non-staggered treatment timing).  
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By specifying both unit- and time-level fixed effects, the TWFE model allows the outcome levels in 

the two groups to be different across units and to vary over time, providing counterfactual parallel 

trends (55).  

 

2.5.2. Assumption 
 

The key identifying assumption in DiD is the “parallel trends assumption”, which requires that, on 

average, outcomes for treatment and comparison groups would have had parallel trajectories in 

the absence of the intervention under study. It also assumes no anticipation (i.e., no effect in 

treatment groups before treatment) and no spillovers (e.g., no treatment effect in comparison 

groups). Combined, these assumptions allow us to estimate what would have occurred in the 

treatment group and use this to estimate the average treatment effect on the treated (ATT) (55). 

By comparing the difference in outcomes over time between groups, DiD mimics a randomised 

controlled trial, assuming the parallel trends assumption holds. The causal interpretation arises 

from the fact that any changes in the outcome for the control group over time serve as the 

counterfactual in the treatment group (58,59). Including unit and time-fixed effects further 

strengthen this by removing biases from factors that do not vary over time or are common to all 

units, isolating the true causal impact of the treatment on the outcome variable (60). 
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3. Study objectives 

3.1. General objective 

To evaluate the impact of the Bogotá health reorganisation on clinical and economic outcomes in 

patients with HT affiliated with Capital Salud EPS Subsidised. 

3.2. Specific objectives 

- To describe the sociodemographic characteristics of patients diagnosed with HT and 

receiving healthcare in Bogotá  

- To describe clinical outcomes of patients diagnosed with HT and receiving healthcare in 

Bogotá  

- To describe healthcare costs of patients diagnosed with HT and receiving healthcare in 

Bogotá. 

- To evaluate the impact of Bogotá health reorganisation over ambulatory care and 

hospitalisation service consumption in patients diagnosed with HT affiliated to Capital 

Salud EPS Subsidised. 

- To determine the impact of Bogotá health reorganisation over MR and dyalisis service 

consumption patients diagnosed with HT affiliated to Capital Salud EPS Subsidised. 

- To characterise the impact of Bogotá health reorganisation over healthcare costs in 

patients diagnosed with HT affiliated to Capital Salud EPS Subsidised. 

- To assess the impact of Bogotá health reorganisation over mortality in patients diagnosed 

with HT affiliated to Capital Salud EPS Subsidised. 
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4. Methods 

The following project is divided into two phases: the first, a closed cohort, aimed to measure 

outcomes that are not absorbing over time, such as service consumption, clinical outcomes, and 

costs, while the second one, a dynamic cohort, focused on measuring mortality, an absorbing 

outcome. The methods for each phase will be presented below. 

 

4.1. Closed cohort 

4.1.1. Design: 

This was a retrospective cohort study. The retrospective cohort design was based on 

administrative data of patients with HT who received healthcare attention in Bogotá, D.C., 

between 2015 and 2018, combined with a DiD analysis to estimate causal effects. The 

reorganisation of the healthcare system in Bogotá (the exposure) occurred within Capital Salud 

EPS, the city's primary insurer of the subsidised healthcare regime, between late 2016 and 2017. 

Therefore, it is essential to have a population observed before and after this reorganisation to 

assess outcomes in both periods for the exposed group and the control group, covering the years 

2015 to 2018, ensuring two prior temporal reference points.  

 

4.1.2. Population:  

The population under study corresponded to patients aged 15 years or older who received 

healthcare attention in Bogotá, D.C., between 2015 and 2018 and complied with diagnostic 

algorithms of administrative databases for HT. Given that our population of interest consists of 

patients with hypertension (HT), an electronic algorithm was implemented between 1 January and 

31 December 2014 to identify patients who were prevalent with hypertension as of 1 January 

2015. Once a patient was identified, was followed until 2018. Further details regarding cohort 

creation and the electronic algorithm applied are provided in the procedures section of the study. 
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4.1.3. Eligibility criteria:  

Based on the characteristics of the design and population mentioned before and the importance 

of using fixed effects to give further strength to our estimations, we wanted to construct a 

balanced panel with the subjects that met the criteria, measuring them yearly from 2015 to 2018. 

The eligibility criteria applied were: 

  

4.1.3.1. Inclusion criteria 

- Patients 15 years old or older 

- Patients who meet the criteria of an electronic algorithm to identify the presence 

of HT in 2014 to guarantee they were prevalent in 2015 

- Patients who received healthcare attention in Bogotá between 2015 and 2018 

 

4.1.3.2. Exclusion criteria 

- Patients who died or changed their scheme between 2015 and 2018 

 

4.1.4. Sources 

For this study, we used the following databases: 

4.1.4.1. Calculation Study of the Capitation Unit Database (Base del 

Estudio de Suficiencia de la Unidad Por Capitación, or UPC) 

database  

It is typically used to estimate the insurance premium paid by the health system to health insurers 

on behalf of each affiliated. It contains information about all health services as it identifies the type 

of service provided, associated International Classification of Diseases (ICD)-10 codes, costs paid 

by the insurer, service date, municipality, and provider identification codes (61). ICD-10 codes in 

the UPC database can reflect either confirmed or suspected diagnoses. Therefore, electronic 
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algorithms are required to identify enrollees with specific conditions accurately. The UPC for the 

subsidised scheme was provided by Capital Salud, the main insurer for the subsidised population 

in Bogotá, covering approximately 90% of individuals in this scheme. The UPC for the contributory 

database was established using data from the ten largest insurers in the contributory scheme, who 

supplied information to the MoH. These insurers collectively cover about 19 million individuals, 

representing 88% of the contributory scheme nationwide (22,62). These databases are highly 

standardised, with minimal underreporting of the health services provided to the enrolled 

population and have been previously used in other national studies (63–71). 

 

4.1.4.2. Unique Enrollees Database (Base de Datos Unica de Afiliados, 

BDUA in Spanish) 

This database contains demographic and enrolment information for all health system enrollees, 

including their enrolment status, age, sex, insurer, and health insurance scheme (contributory or 

subsidised) (72). We used this database to ensure that each study participant received care in 

Bogotá and their enrolment status remained active, whether under the subsidised or contributory 

scheme, throughout the entire study period. 

 

4.1.5. Procedures: 

The general study procedure consists of the following stages: i) identification of patients with HT  

during the year 2014 using an electronic algorithm based on administrative codes; ii) 

Measurement of the exposition of the cohort; iii) description of the cohort and its baseline 

characteristics; iv) measurement of comorbidities of the cohort, v) measurement of outcome 

variables from 2015h1 to 2018h2; vi) measurement of impact using Differences in Differences. 

Figure 2 provides a more detailed overview of the study procedures. 
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Figure 2. Procedures of the study for the closed cohort 

 
*The blue line corresponds to the following period of the identified subjects 

4.1.5.1. Identification of the population 

The study population consisted of patients aged 15 years or older who received healthcare 

attention in Bogotá and met the diagnostic algorithms from administrative databases for HT. 

Diagnostic algorithms to detect patients with HT in administrative databases have been described 

and validated in the literature (73,74). In this study, a patient is considered to have HT if they have 

received an ICD-10 code related to these conditions for more than three months within a year. 

This algorithm reported a sensitivity of 0.66 [95% CI 0.62-0.69] and a specificity of 0.97 [95% CI 

0.96-0.98], guaranteeing that only 3% of the patients identified do not have HT (73). 

 

4.1.5.2. Exposition variable 

The exposure group comprised patients affiliated with Capital Salud EPS under the subsidised 

scheme who received healthcare services in Bogotá, D.C., after the implementation of the 

reorganisation (exposition period of the exposure group). 

We also included a pre-exposition period (2015h1 to 2016h2) for the individuals in the exposed 

group, which is essential for detecting changes over time within the exposed group. Additionally, 
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we included a control group, which consisted of patients affiliated with any contributory insurer 

who received healthcare services in Bogotá, D.C., between 2015h1 and 2018h2, to account for 

secular trends in outcomes even among the non-exposed group. Selecting contributory patients 

from Bogotá as the control group ensures that both exposed and control individuals share the 

same geographic and healthcare context, reducing potential biases related to differences in 

service availability and quality across regions. Moreover, any citywide health policies or 

interventions implemented during the study period would likely affect both groups similarly, 

reinforcing the validity of this control group for isolating the effects of the reorganisation within 

the subsidised scheme. 

 

4.1.5.3. Outcome variable 

The outcome variables were classified into three groups: i) variables related to the consumption 

of hospital services, ii) clinical outcome variables, and iii) variables associated with costs assumed 

by the health system. The unique health procedure codes (CUPS) related to the services provided 

or procedures were selected to identify the outcome variables in the database. The list of CUPS 

for each outcome can be found in Appendix 1. 

 

The service consumption variables under study were the number of ambulatory care services and 

hospitalisation services provided per individual each year. These variables were obtained from the 

UPC database by counting the total number of services delivered annually in each area for each 

patient. 

 

Clinical outcome variables were measured as the number of myocardial revascularisations (RM) 

and dialysis procedures per patient yearly. These two outcomes serve as proxies for target organ 

damage in patients with HT, as they have a high positive predictive value for identifying renal and 

coronary disease in administrative databases, two major complications of HT. RM detects patients 

with coronary artery disease, while dialysis specifically identifies patients with CKD stage V. Both 

complications are primarily preventable in patients with HT and typically occur when hypertension 



 

 33 

is poorly controlled. These variables were also obtained from the UPC database by counting the 

total CUPS delivered annually in each area for each patient. 

 

Finally, costs were measured as the total healthcare costs paid by the health insurer each year per 

patient with HT. These costs were adjusted using the Consumer Price Index (Índice de Precios al 

Consumidor, IPC in Spanish) from 2015h1 to 2018h2. The costs are presented in millions of 

Colombian Pesos (COP), adjusted to 2019 values. 

 

4.1.5.4. Covariates 

The covariates included were divided into two groups:  

4.1.5.4.1. Sociodemographic variables 

The sociodemographic covariate vector comprised variables for sex (female/male), age (recorded 

as continuous), and insurer. 

4.1.5.4.2. Clinic variables 

Clinical variables considered included the Charlson Comorbidity Index (CCI) proposed by Oliveros 

and Buitrago (68), estimated from ICD-10 codes for the following diseases: acute myocardial 

infarction, congestive heart failure, peripheral vascular disease, stroke, dementia, pulmonary 

disease, connective tissue disease, peptic ulcer disease, liver disease, diabetes, complications of 

diabetes, cancer, metastatic cancer, paraplegia, renal disease, severe liver disease, and HIV.  

 

Including these covariates allows for adjusting the effect of the reorganisation for each of them 

individually, meaning that the estimated impact is reported while holding all other variables 

constant. This ensures that observed differences in outcomes are not driven by variations in 

patient characteristics but rather by the intervention itself. By controlling for sociodemographic 

and clinical differences, the analysis accounts for potential confounding factors and strengthens 

the validity of the causal interpretation of the results. 



 

 34 

4.1.6. Analysis: 

4.1.6.1. Descriptive analysis 
The sociodemographic characteristics and outcomes of the cohort were described. Age, costs, and 

service consumption outcomes were summarised using medians and interquartile ranges. Sex, the 

Charlson Comorbidities Index, and clinical outcomes were presented in terms of their relative and 

absolute frequencies. The scheme calculated rates of service consumption and clinical outcomes 

per 1,000 patients, as well as the total healthcare costs and the differences over time, comparing 

them with the initial measure (2015). 

4.1.6.2. Propensity score matching 
 
Given the observational nature of this study and following Austin’s recommendations (75), a 

propensity score matching analysis was carried out to balance the baseline characteristics of the 

two groups. The propensity score for each subject was calculated using a logistic regression model 

that included the previously mentioned control variables as predictors of exposure status. 

Different matching algorithms with replacement and varying calipers were developed. A 1:1 

nearest neighbour matching with replacement and a caliper of 0.05 was selected, as it resulted in 

the best balance of baseline variables. Balance was defined as the percentage of standardised 

absolute differences below 10%, in accordance with Austin (76). 

 
 

4.1.6.3. Difference-in differences analysis 
 
This study used the Difference-in-Differences (DiD) model. This method allowed for evaluating the 

causal effects of non-randomised or non-randomisable interventions, such as implementing 

health policies. In these models, differences are compared over time and between treatment 

groups. Thus, the impact of the reorganisation of the healthcare sector in Capital Salud EPS 

subsidised on hospital service consumption and clinical outcomes of each individual 𝑖 present in 

the observation periods was assessed based on their treatment status (patients affiliated to Capital 

Salud EPS subsidised and attended in Bogotá, D.C after 2017h1. were designated as treated, and 

those affiliated to the contributory scheme attended in Bogotá or subsidised affiliates to Capital 

Salud EPS before 2017h1 were untreated).  
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To control for various factors that could affect the outcomes of the intervention (e.g., patient 

comorbidities), the following fixed-effects model was estimated: 

 

𝑓(𝑌!") = 𝛼𝑖 + 𝛽#𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡! + 𝛾𝑃𝑒𝑟𝑖𝑜𝑑" + 𝜹𝑻𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 ∗ 𝑷𝒆𝒓𝒊𝒐𝒅𝒊𝒕+ 	𝜆𝑡+ 	𝜀𝑖𝑡 
 

where, 𝒇(𝒀𝒊𝒕) represented the expected value of each outcome under study for patient 𝑖; 

𝑻𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕𝒊 is a dummy variable indicating treatment status, taking the value of one if patient 𝑖 

was affiliated to Capital Salud EPS subsidised and treated in Bogotá, D.C. and zero if the patient 

was affiliated to Contributory scheme and treated in Bogotá D.C; 𝑷𝒆𝒓𝒊𝒐𝒅𝒕 is a dummy variable 

indicating the observation period, taking the value of 1 if the observation year was from and after 

2017h1 and 0 if was prior the implementation of the reorganisation; 𝜹𝑻𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 ∗ 𝑷𝒆𝒓𝒊𝒐𝒅 was the 

interaction terms between the treatment status for individual i and the observation period, taking 

the value of one or zero according the date of the record.  The interaction coefficient, 𝜹, is the DiD 

impact estimator of the Bogotá health Reorganisation; 𝑿𝟏 represented the vector of 

sociodemographic variables, and 𝑿𝟐 the vector of comorbidities for patient i. 𝛼#  was the fixed 

effect of individual and 𝛿$ fixed effect of time and, 𝜀#$ was the residual error. Standard errors were 

clustered at the insurer levels, and all estimators reported with a 95% CI, 

The DiD model was estimated for HT by comparing a treatment group and a control group with 

the same diagnosis in each model. Five models were used (two for clinical outcomes, two for 

hospital service consumption outcomes, and one cost model). All analyses were performed on 

StataMP v.18.5. 

 

4.2. Dynamic cohort 

4.2.1. Design 

This was a retrospective cohort study based on administrative data from patients with HT who 

received healthcare services in Bogotá, D.C., between 2015 and 2018. For phase two, we created 

a longitudinal database by linking serial cross-sectional data from 2015 to 2018. This approach 

allowed us to measure our primary outcome (mortality) while also ensuring that we observed a 



 

 36 

population both before and after the reorganisation, enabling the assessment of mortality in both 

periods for the exposed and control groups, and ensuring two prior temporal reference points. 

 

4.2.2. Population: 

The population under study corresponded to patients aged 15 years or older who received 

healthcare attention in Bogotá, D.C., between 2015 and 2018 and complied with diagnostic 

algorithms of administrative databases for HT. Given that our population of interest consists of 

patients with hypertension (HT), an electronic algorithm was implemented between 1 January and 

31 December 2017 to identify patients who were prevalent with hypertension from 1 January 2015 

to 31 December 2018. Once a patient was identified, it was followed until 2018 or until death, 

whichever occurred first. Further details regarding cohort creation and the electronic algorithm 

applied are provided in the procedures section of the study. 

4.2.3. Eligibility criteria:  

Based on the characteristics of the design and population mentioned before, the eligibility 

criteria applied were:  

4.2.3.1. Inclusion criteria 

- Patients 15 years old or older 

- Patients who meet the criteria of an electronic algorithm to identify the presence 

of HT from 2014 to 2017. 

- Patients who received healthcare attention in Bogotá between 2015 and 2018 

4.2.3.2. Exclusion criteria 

- Patients who changed their scheme between 2015 and 2018. 

4.2.4. Sources: 

For this phase, in addition to the enlisted databases for the closed cohort, we also used: 
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4.2.4.1. Single Registry of Enrollees (Registro Único de Afiliados, RUAF) 

RUAF database contains information on all the death certificates of the Colombian population. 

These certificates provide detailed death information, including the location, date and time of 

death, probable manner of death, and sociodemographic details (sex, age, marital status, 

education level, occupation, ethnicity, place of residence, social security status, and insurer. 

International organisations have evaluated the RUAF's contents and functionality, acknowledging 

significant improvements in coverage, completeness, and timeliness since its inception (77). By 

2016, 91% of deaths were documented through death certificates (78). 

4.2.5. Procedures:  

The general study procedure consists of the following stages: i) identification of patients with HT  

from the year 2014 to 2017, using an electronic algorithm based on administrative codes; ii) 

Measurement of the exposition of the cohort; iii) description of the cohort and its baseline 

characteristics; iv) measurement of comorbidities of the cohort, v) measurement of mortality 2015 

to 2018; vi) measurement of impact using Differences in Differences. Figure 2 provides a more 

detailed overview of the study procedures. 

Figure 3. Procedures of the study for the dynamic cohort 

 
*The blue line corresponds to the following period of the identified subjects 
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4.2.5.1. Identification of the population 

The study population consisted of patients aged 15 years or older who received healthcare 

attention in Bogotá and met the diagnostic algorithms for HT from administrative databases. The 

algorithms used were the same ones used to identify the population for phase 1.  

4.2.5.2. Exposition variable 

The exposed and control group for the dynamic group is the same as the one described for the 

closed cohort in section 3.1.5.  

 

4.2.5.3. Outcome variable 

The outcome variable measured was mortality as a dichotomic variable. Mortality was obtained 

from the RUAF database, which identifies the date of death per each patient (in case it occurred). 

As mentioned, the RUAF database documented approximately 91% of deaths by 2016, making it 

a reliable source (78). 

 

4.2.5.4. Covariates 

The confounding variables measured in the dynamic cohort are the same as those mentioned in 

the closed cohort, so they will not be repeated in this section.  

 

4.2.6. Analysis: 

4.2.6.1. Descriptive analysis 
The sociodemographic characteristics and outcomes of the cohort were described. Age was 

summarised using medians and interquartile ranges. Sex, CCI, and mortality were presented in 

terms of their relative and absolute frequencies. The mortality rate per 100 patients with 

hypertension was also calculated annually and according to the insurance scheme. 
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4.2.6.2. Propensity score matching 
 
As mentioned in the closed cohort, we performed a propensity score matching analysis out to 

balance the baseline characteristics of the two groups. The propensity score for each subject was 

calculated using a logistic regression model that included the control variables as predictors of 

exposure status, with a 1:1 nearest neighbour matching with replacement and a caliper of 0.05. 

Balance was defined as the percentage of standardised absolute differences below 10%, in 

accordance with Austin (76). 

 
 

4.2.6.3. Difference-in differences analysis 
 
To evaluate the impact of the reorganisation on mortality, we used DiD model. Thus, the effect of 

the reorganisation of the healthcare sector on the mortality of each individual 𝑖 present in the 

observation periods was assessed based on their treatment status (patients affiliated to Capital 

Salud EPS subsidised and attended in Bogotá, D.C from and after the first semester of 2017 were 

designated as treated, and those affiliated to the contributory scheme attended in Bogotá or 

subsidised affiliates to Capital Salud EPS before 2017 were untreated). We also adjusted for the 

sociodemographic and clinic covariates mentioned before. 

The following model was estimated: 

 

𝑓(𝑌!") = 𝛽( + 𝛽#𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡! + 𝛾𝑃𝑒𝑟𝑖𝑜𝑑" + 𝜹𝑻𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 ∗ 𝑷𝒆𝒓𝒊𝒐𝒅𝒊𝒕 + 𝛽)𝑥) + 𝛽*𝑥* + 𝜀!" 

 

 

where, 𝒇(𝒀𝒊𝒕) represents the expected value of each outcome under study for patient 𝑖; 

𝑻𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕𝒊 is a dummy variable indicating treatment status, taking the value of one if patient 𝑖 

was affiliated to Capital Salud EPS subsidised and treated in Bogotá, D.C. and zero if the patient 

was affiliated to Contributory scheme and treated in Bogotá D.C; 𝑷𝒆𝒓𝒊𝒐𝒅𝒕 is a dummy variable 

indicating the observation period, taking the value of one if the observation year was after 2016 

and 0 if was prior the implementation of the reorganisation; 𝜹𝑻𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 ∗ 𝑷𝒆𝒓𝒊𝒐𝒅 is the 

interaction terms between the treatment status for individual i and the observation period, taking 
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the value of one or zero according the date of the record.  The interaction coefficient, 𝜹, is the DiD 

impact estimator of the Bogotá health Reorganisation; 𝑿𝟐 represents the vector of 

sociodemographic variables, and 𝑿𝟑 represents the vector of comorbidities for patient i. Finally, 

𝜀#$ was the residual error. Standard errors were clustered at the insurer and year levels and all 

estimator reported with a 95% CI. All analyses were performed on StataMP v.18.5. 
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5. Results:  

5.1. Closed cohort 

5.1.1. Descriptive analysis 

Description of population 

Regarding the closed cohort, between January 1, 2014, and December 31, 2014, a total of 121,579 

patients were identified as meeting the diagnostic criteria for HT in Bogota. 4,838 patients (3.9%) 

were not included due to being treated inside and outside Bogotá or having incomplete data on 

critical variables such as age. Consequently, 116,741 were assessed for exclusion criteria, and 

4,759 patients (4.07%) were excluded because of death or a change in their scheme between 2015 

and 2018, resulting in a final cohort of 111,982 patients with prevalent HT in Bogotá (33,279 

patients belong to subsidised scheme and 78,703 to contributory). Once the final cohort of HT was 

created, each participant was followed yearly from 2015 until 2018. Further details on selecting 

subjects from the administrative databases for the closed cohort are outlined in the flowchart in 

Figure 4.   

 

Regarding the sociodemographic and clinical characteristics of the cohort of patients with HT, a 

higher prevalence of female patients aged over 59 years and with a CCI group of 0-3 was found in 

both groups within the subsidised and contributory schemes. In the group of patients diagnosed 

with HT, the most prevalent comorbidities were Chronic Obstructive Pulmonary Disease (COPD), 

DM, Congestive Heart Failure (CHF), CKD and Cancer in both schemes. Table 3 provides additional 

information on the sociodemographic and clinical characteristics of the closed cohort according 

to their diagnosis and scheme. 
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Figure 4. STROBE flow chart for the cohort 
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Table 3. Sociodemographic and clinical characteristics of the closed cohort 

Variables Total Subsidised Contributory 

 N=111,982 N=33,279 N=78,703 
Age, mean (SD) 67.77 (11.21) 67.99 (11.42) 67.68 (11.12) 
Categorized Age, n (%)  

  
   15-39 years 1,008 ( 0.90%) 247 ( 0.74%) 761 ( 0.97%) 
   40-49 years 4,926 ( 4.40%) 1,551 ( 4.66%) 3,375 ( 4.29%) 

   50-59 years 19,319 (17.25%) 5,464 (16.42%) 13,855 
(17.60%) 

   60-69 years 35,700 (31.88%) 9,991 (30.02%) 25,709 
(32.67%) 

   70 years or older 51,027 (45.57%) 16,026 (48.16%) 35,001 
(44.47%) 

Sex, n (%) 34,636 (30.94%) 8,734 (26.25%) 25,902 
(32.92%) 

Comorbidities, n (%)    

Myocardial infarction 991 ( 0.88%) 693 ( 2.08%) 298 ( 0.38%) 
Congestive heart failure 3,375 ( 3.01%) 2,706 ( 8.13%) 669 ( 0.85%) 
Periferical vascular disease 297 ( 0.27%) 219 ( 0.66%) 78 ( 0.10%) 
Stroke 1,606 ( 1.43%) 1,134 ( 3.41%) 472 ( 0.60%) 
Dementia 457 ( 0.41%) 260 ( 0.78%) 197 ( 0.25%) 
COPD 7,677 ( 6.86%) 4,773 (14.34%) 2,904 ( 3.69%) 
Connective tissue disease 1,842 ( 1.64%) 920 ( 2.76%) 922 ( 1.17%) 
Peptic Ulcer 214 ( 0.19%) 195 ( 0.59%) 19 ( 0.02%) 
Liver Disease 95 ( 0.08%) 66 ( 0.20%) 29 ( 0.04%) 
Diabetes Mellitus 9,362 ( 8.36%) 4,839 (14.54%) 4,523 ( 5.75%) 
Diabetes Mellitus with 
complications 

231 ( 0.21%) 54 ( 0.16%) 177 ( 0.22%) 

Paraplegia 49 ( 0.04%) 32 ( 0.10%) 17 ( 0.02%) 
Kidney Disease 3,425 ( 3.06%) 1,777 ( 5.34%) 1,648 ( 2.09%) 
Cancer 2,459 ( 2.20%) 1,207 ( 3.63%) 1,252 ( 1.59%) 
Metastatic cancer 92 ( 0.08%) 31 ( 0.09%) 61 ( 0.08%) 
Sever liver disease 17 ( 0.02%) 14 ( 0.04%) 3 ( 0.00%) 
HIV 75 ( 0.07%) 34 ( 0.10%) 41 ( 0.05%) 
Osteoarthritis 7 ( 0.01%) 5 ( 0.02%) 2 ( 0.00%) 
Neurological disease 126 ( 0.11%) 71 ( 0.21%) 55 ( 0.07%) 
Charlson Index, median (p25-
p75) 

0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 

Categorized Charlson Index, n 
(%) 
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   0-3 110,997 (99.12%) 32,490 (97.63%) 
   4-7 965 ( 0.86%) 773 ( 2.32%) 192 ( 0.24%) 

>7 20 ( 0.02%) 16 ( 0.05%) 4 ( 0.01%) 
*HT: Hypertension, Myocardial Infarction; CHF: Congestive Heart Failure; COPD: Chronic Obstructive 
Pulmonary; CTD: Connective Tissue Disease; DM: Diabetes Mellitus; CKD: Chronic Kidney Disease; HIV: 
Human Immunodeficiency Virus; CCI: Comorbidities Charlson Index; Disease. 
 

5.1.2. Description of outcomes on the closed cohort of patients with HT 
Figure 5 presents the healthcare service utilisation patterns for patients with HT in Bogotá, 

segmented by insurance scheme. A growing increase in the rates of service consumption can be 

observed for outpatient care in the subsidised scheme. Outpatient care services showed an 

increase of 35.0 ambulatory services per patient comparing 2015 vs 2018. This trend was not 

observed in the contributory scheme, where outpatient care increased by 0.3 services per patient. 

A decrease in service consumption was observed in the total number of hospitalisations. 

Hospitalisation rates dropped by -5.5 hospitalisations per patient with HT between 2015 and 2018 

in the subsidised scheme. In the contributory scheme, hospitalisation rates decreased by -0.4 

events per patient with HT. 

Clinical outcomes were assessed through proxy procedures that indicate target organ damage in 

HT, such as dialysis requirement, indicating CDK stage V, and myocardial revascularisation as a 

proxy of myocardial infarction. Overall, there was a reduction in myocardial revascularisation rates 

among patients with HT both in subsidised and contributory schemes in 2018 (-1.2 and -0.2 per 

1,000 affiliates with HT, respectively). It was a similar scenario in dialysis for the subsidised scheme, 

where there was a decrease in the dialysis rates of -6.0 events per 1,000 affiliates. However, this 

was not the case for the contributory scheme, where dialysis rates increased by 22 events per 

1,000 patients in 2018. Yearly trends for service consumption and clinical outcomes are shown in 

Figure 5. 

The analysis of the total healthcare costs for patients with HT affiliated to a subsidised scheme in 

Bogotá showed a progressive decrease, with a reduction of 32,378.2 million COP in total 

healthcare costs for patients with HT comparing 2018 vs. 2015. This contrasts the tendency in the 

contributory scheme, which showed a progressive increase in the total healthcare costs, with an 

increase of 34,798.2 millions COP by 2018. Figure 6 illustrates the total annual healthcare costs 
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associated with HT care, stratified by insurance scheme. Appendix 2 shows the differences in rates 

of service consumption, clinical outcomes, and total healthcare costs for each year in patients with 

HT, according to the insurance scheme. 

 

Figure 5. Yearly rates of outpatient care, hospitalisation services and target organ damage 

procedures per 1,000 patients with HT by affiliation scheme. 

 

 

Figure 6. Total of healthcare attention costs per patient with HT by affiliation scheme. 
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5.1.3. Balance of baseline characteristics 
Standardised differences were calculated for baseline characteristics to assess covariate balance. 

Imbalances were found in the variables for sex, myocardial infarction, Congestive heart failure, 

stroke, COPD, Connective tissue disease, Peptic Ulcer, Diabetes Mellitus, CKD and Cancer. A total 

of 33,275 patients (99.98%) from the subsidised scheme were matched 1:1 with patients from the 

contributory scheme, resulting in a final sample of 66,550 subjects. After matching, all control 

variables had absolute standardised differences of less than 10%. Table 4 presents the absolute 

standardised differences of the covariates. Figure 7 shows the distribution of propensity scores 

before and after the matching. 

 

Table 4. Balance of clinical and sociodemographic characteristics before and after propensity 

score matching. 

 Total cohort Matched cohort 

Variables Contributory Subsidised Standard. 
dif(%) Subsidised Contributory Standard. 

dif(%) 

 N=33,279 N=78,703 2.8 N=33,275 N=33,275  
Age, mean (SD) 67.99 (11.42) 67.68 (11.12)  5.2 67.99 (11.42) 68.51 (11.12)  -4.7 

Categorized Age, n (%)      
   15-39 years 247 ( 0.74%) 761 ( 0.97%)  247 ( 0.74%) 283 (0.85%)  
   40-49 years 1,551 ( 4.66%) 3,375 ( 4.29%) 1.8 1,551 ( 4.66%) 1,218 (3.66%) 4.8 

   50-59 years 5,464 (16.42%) 13,855 (17.60%) -3.2 
5,464 

(16.42%) 5,267 (15.83%) 1.6 

   60-69 years 9,991 (30.02%) 25,709 (32.67%) -5.7 9,991 
(30.02%) 

10,362 (31.14%) -2.4 

   70 years or older 16,026 (48.16%) 35,001 (44.47%) 7.4 16,026 
(48.16%) 

16,148 (48.53%) -0.7 

Sex, n (%) 8,734 (26.25%) 25,902 (32.92%) -14.7 
8,734 

(26.25%) 8,389 (25.21%) 2.3 

Comorbidities, n (%)  
 

  
 

Myocardial infarction 693 ( 2.08%) 298 ( 0.38%) 15.5 693 ( 2.08%) 566 (1.70 %) 3.5 

Congestive heart failure 2,706 ( 8.13%) 669 ( 0.85%) 35.7 2,706 ( 8.13%) 2,818 (8.47%)  -1.6 

Stroke 1,134 ( 3.41%) 472 ( 0.60%) 20.1 1,134 ( 3.41%) 1,035 ( 3.11%) 2.1 

Dementia 260 ( 0.78%) 197 ( 0.25%) 7.4 260 ( 0.78%) 190 (0.57%) 2.9 

COPD 4,773 (14.34%) 2,904 ( 3.69%) 37.9 4,773 
(14.34%) 4,705 (14.14%)  0.7 

Connective tissue disease 920 ( 2.76%) 922 ( 1.17%) 11.5 920 ( 2.76%) 885 (2.66%)  0.7 

Peptic Ulcer 195 ( 0.59%) 19 ( 0.02%) 10.2 195 ( 0.59%) 190 (0.57%) 0.2 
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Liver Disease 66 ( 0.20%) 29 ( 0.04%) 4.7 66 ( 0.20%) 67 (0.20%) 0.0 

Diabetes Mellitus 4,839 (14.54%) 4,523 ( 5.75%) 29.4 4,839 
(14.54%) 

4,525 (13.60%) 3.2 

Diabetes Mellitus with 
complications 54 ( 0.16%) 177 ( 0.22%) -1.4 54 ( 0.16%) 30 (0.09%) 1.7 

Paraplegia 32 ( 0.10%) 17 ( 0.02%) 3.1 32 ( 0.10%) 23 (0.07%) 1.0 

CKD 1,777 ( 5.34%) 1,648 ( 2.09%) 17.2 1,777 ( 5.34%) 1,764 (5.30%) 0.2 

Cancer 1,207 ( 3.63%) 1,252 ( 1.59%) 12.8 1,207 ( 3.63%) 1,098 (3.30%) 2.0 

Metastatic cancer 31 ( 0.09%) 61 ( 0.08%) 0.5 31 ( 0.09%) 30 (0.09%) 0.1 

Sever liver disease 14 ( 0.04%) 3 ( 0.00%) 2.5  14 ( 0.04%) 7 (0.02%) 1.2  

HIV 34 ( 0.10%) 41 ( 0.05%) 1.8 34 ( 0.10%) 27 (0.08%) 0.9 

Osteoarthritis 5 ( 0.02%) 2 ( 0.00%) 1.3 5 ( 0.02%) 0 ( 0.00%) 0.7 

Neurological disease 71 ( 0.21%) 55 ( 0.07%) 3.8 71 ( 0.21%) 23 ( 0.07%) 1.6 
 
*HT: Hypertension, Myocardial Infarction; CHF: Congestive Heart Failure; COPD: Chronic Obstructive 
Pulmonary; CTD: Connective Tissue Disease; DM: Diabetes Mellitus; CKD: Chronic Kidney Disease; HIV: 
Human Immunodeficiency Virus. 
 
 
Figure 7. PS distribution before and after matching 

 
 

5.1.4. Evaluation of the impact of Bogota Health Reorganisation 
Analysis was performed after matching the sample, using a DiD methodology to estimate the 

impact of Bogotá’s health reorganisation on service consumption, clinical outcomes, and 

healthcare costs in patients with HT. The estimation was made by comparing patients affiliated 

with Capital Salud EPS in the subsidised scheme in Bogotá (exposed group) and patients from the 

contributory scheme in Bogota (control group) before and after the reorganisation. The unit of 

treatment was individuals. 

The regression performed was: 

𝑌#$ = 	𝛼# + 	𝛽	(𝑃 ∗ 𝐷)#$ + 	𝛿$ + 	𝜀#$ 
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Where 𝑌#$ was the outcome of interest, 𝛼#  was the fixed effect of individual and 𝛿$ fixed effect of 

time, 𝛽 was the effect of the reorganisation, 𝑃 and 𝐷 were dummy variables for exposure 

(affiliated to the subsidised scheme in Bogota) and time (2017 or after), and 𝜀#$ was the residual 

error. Standard errors were clustered at the insurer level.  After the reorganisation, our findings 

reveal a significant positive effect on outpatient care services for individuals of the subsidised 

scheme in Bogotá. The Average Treatment Effect (ATE) is approximately 1.2 outpatient consults 

per patient with HT in a semester after the implementation. The estimates indicate that this effect 

is immediately after the reorganisation and growth over time, as is shown in Figure 9. On the 

contrary, when examining the impact of the reorganisation on hospitalisation services, we found 

that, on average, hospitalisation services were reduced in approximately 3 services per patient per 

semester, a persistent effect over time, figure 8. 

 

Figure 8. Effects of Bogota Health Reorganisation over time on outpatient care services in 

patients with HT 

 
*Note: Standard errors are clustered at the insurer levels. 

Figure 9. Effects of Bogota Health Reorganisation over time on hospitalisation services in patients 

with HT 
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*Note: Standard errors are clustered at the insurer levels. 

Regarding clinical outcomes related to target-damaged organs, a reduction effect is consistent 

across MR and Dialysis, with an IRR of 0.24 and 0.68 respectively. Finally, total healthcare costs in 

patients with HT, measured in million COP, decreased with an ATE of -0.5 million COP in the total 

attention costs of a patient with HT per semester. The effects over time for clinical times and total 

healthcare costs are shown in Figures 10 to 12. Table 5 presents the ATE for each outcome and 

the DiD estimator for each year, with the second semester of 2016 (the period immediately before 

the implementation) as a reference period. 

Figure 10. Effects of Bogota Health Reorganisation over time on MR in patients with HT 

 
*Note: Standard errors are clustered at the insurer levels. 
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Figure 11. Effects of Bogota Health Reorganisation over time on dialysis in patients with HT 

 
*Note: Standard errors are clustered at the insurer levels. 

 

Figure 12. Effects of Bogota Health Reorganisation over time on healthcare costs in patients with 

HT  

 
*Note: Standard errors are clustered at the insurer levels. 

 

 

Guaranteeing an unbiased estimator of the effect for every outcome relies on the parallel pre-

trends assumption, meaning that if the pre-exposure trends were similar for subsidised and 

contributory groups, then it is sure to assume that the change in time of the outcomes in the 
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contributory group is what would have been expected for the subsidised scheme if they had not 

been exposed to the reorganisation. Figures 8 to 12 show the evidence of parallel pre-trends in 

service consumption, clinical outcomes, total costs and mortality. And Figure 13 supports it with a 

linear model and statistical tests of parallel pre-trends for each outcome.  

 

Table 5. DiD estimator and SE for outpatient care services, hospitalisations, target damaged 

organs, healthcare costs in patients with HT. 

Period of 
time 

Outpatient Hospitalisation MR Dialysis Costs 

2015h1 
-1.02 

(-2.32, 0.27) 
0.02 

(-0.70, 0.73) 
1.58 

(0.69, 3.59) 
1.03 

(0.90, 1.18) 
0.10 

(-0.64, 0.85) 

2015h2 
-0.87 

(-2.03, 0.28) 
0.02 

(-0.54, 0.59) 
2.42 

(0.99, 5.92) 
1.14 

(1.00, 1.30) 
0.14 

(-0.42, 0.71) 

2016h1 
-0.04 

(-0.16, 0.08) 
0.07 

(-0.32, 0.46) 
1.46 

(0.64, 3.30) 
1.02 

(0.90, 1.17) 
0.30 

(0.11, 0.49) 

2016h2 Ref Ref Ref Ref Ref 

2017h1 
0.64 

(-0.18, 1.47) 
-1.90 

(-2.10, -1.70) 
0.44 

(0.15, 1.28) 
0.83 

(0.73, 0.94) 
-0.27 

(-0.42, -0.11) 

2017h2 
0.57 

(0.12, 1.02) 
-2.16 

(-2.46, -1.86) 
0.31 

(0.09, 1.12) 
0.73 

(0.64, 0.83) 
-0.35 

(-0.63, -0.08) 

2018h1 
0.88 

(0.28, 1.49) 
-2.57 

(-3.34, -1.79) 
0.10 

(0.02, 0.49) 
0.60 

(0.53, 0.69) 
-0.35 

(-0.62, -0.07) 

2018h2 
0.76 

(0.04, 1.48) 
-3.01 

(-3.46, -2.56) 
0.65 

(0.25, 1.73) 
0.70 

(0.61, 0.80) 
-0.73 

(-1.10, -0.36) 

ATE 
1.20 

(0.95,1.44) 
-2.43 

(-3.05;-1.81) 
0.25 

(0.14, 0.43) 
0.68 

(0.64, 0.73) 
-0.56 

( -0.90, -0.22) 
Fixed Effects      

Individual Yes Yes Yes Yes Yes 
Semester Yes Yes Yes Yes Yes 

Individuals 66550 66550 66550 66550 66550 
Observations 532400 532400 532400 532400 532400 

 

Note: Table reports coefficients and standard errors in parenthesis of a DiD regression of individual 

outcomes on Bogota health reorganisation. All specifications include demographic controls (Sex 

and age) and insurer and year-fixed effects. Standard errors are clustered at the insurer level. 

Coefficients for RM and TRR are IRR.   
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Figure 13. Parallel trends assumptions and statistical tests of the DiD estimations of outpatient 

care services, hospitalisations, target damage organ and healthcare costs on patients with HT. 
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5.2. Dynamic cohort 

5.2.1. Descriptive analysis 

Description of population 

On behalf of the dynamic cohort, between January 1, 2014, and December 31, 2017, a total of 

565,161 patients were identified as meeting the diagnostic criteria for HT in Bogota. 30,703 

patients (5.5%) were not included due to being treated both inside and outside Bogotá or having 

incomplete data on critical variables such as age. Consequently, 565,161 were assessed for 

exclusion criteria, and 41,114 patients (7.7%) were excluded because of a change in their scheme 

between 2015 and 2018, resulting in a final cohort of 443,344 patients with prevalent HT in Bogotá 

(38,027 patients belong to subsidised scheme and 405,317 to contributory). Once the final cohort 

of HT was created, each participant was followed yearly from 2015 until 2018 or until death, 

whichever occurred first. Further details on selecting subjects from the administrative databases 

for the dynamic cohort are outlined in the flowchart in Figure 14. 

 

Regarding the sociodemographic and clinical characteristics of the dynamic cohort of patients with 

HT, a higher prevalence of female patients aged over 59 years and with a CCI group of 0-3 was 

found in both groups within the subsidised and contributory schemes. In the group of patients 

diagnosed with HT, the most prevalent comorbidities were DM, COPD, CKD, CHF and Cancer in 

both schemes. Table 6 provides further details on the sociodemographic and clinical 

characteristics of the entire cohort according to their diagnosis and scheme. 
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Figure 14. STROBE flow chart for the cohort 
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Table 6. Sociodemographic and clinical characteristics of the dynamic cohort 

  Dynamic cohort 

Variables Subsidised Contributory 

Total N=38,027 N=405,317 
Age mean (sd) 68.0 (11.6) 66.2 (12.7) 
Categorized Age n (%)   

15-39 years 298 ( 0.8%) 10,602 ( 2.6%) 
40-49 years 1,800 ( 4.7%) 26,119 ( 6.4%) 
50-59 years 6,329 (16.6%) 79,195 (19.5%) 
60-69 years 11,323 (29.8%) 124,822 (30.8%) 

70 years or older 18,277 (48.1%) 164,579 (40.6%) 
Female n (%) 28,244 (74.3%) 259,483 (64.0%) 
Comorbidities n (%)   
HT 38,027 (100.0%) 405,317 (100.0%) 
MI 717 ( 1.9%) 2,787 ( 0.7%) 
CHF 3,052 ( 8.0%) 2,968 ( 0.7%) 
Stroke 1,178 ( 3.1%) 3,180 ( 0.8%) 
Dementia 273 ( 0.7%) 1,789 ( 0.4%) 
COPD 4,835 (12.7%) 15,382 ( 3.8%) 
CTD 1,181 ( 3.1%) 5,979 ( 1.5%) 
Peptic Ulcer 300 ( 0.8%) 128 ( 0.0%) 
Liver Disease 50 ( 0.1%) 299 ( 0.1%) 
DM 5,640 (14.8%) 31,348 ( 7.7%) 
DM with complications 57 ( 0.1%) 1,856 ( 0.5%) 
Paraplegia 45 ( 0.1%) 141 ( 0.0%) 
CKD 1,449 ( 3.8%) 12,483 ( 3.1%) 
Cancer 1,266 ( 3.3%) 8,566 ( 2.1%) 
Metastatic cancer 406 ( 1.1%) 502 ( 0.1%) 
Sever liver disease 19 ( 0.0%) 17 ( 0.0%) 
HIV 34 ( 0.1%) 1,271 ( 0.3%) 
Osteoarthritis 6 ( 0.0%) 12 ( 0.0%) 
Neurological disease 107 ( 0.3%) 347 ( 0.1%) 
Charlson Index median (IQR) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 
Categorized Charlson Index n (%)   

0 to 3 37,065 (97.5%) 402,522 (99.3%) 
4 to 7 842 ( 2.2%) 2,631 ( 0.6%) 

>7 120 ( 0.3%) 164 ( 0.0%) 



 

 56 

* Myocardial Infarction; CHF: Congestive Heart Failure; COPD: Chronic Obstructive Pulmonary; CTD: Connective 

Tissue Disease; DM: Diabetes Mellitus; CKD: Chronic Kidney Disease; HIV: Human Immunodeficiency Virus; CCI: 

Comorbidities Charlson Index; Disease.  

5.2.2. Description of mortality in the dynamic cohort of patients with HT 
The analysis of mortality for patients with HT affiliated to a subsidised scheme in Bogotá showed 

a progressive increase in the proportion of mortality per 100 patients in both subsidised and 

contributory scheme.Table 7 shows the percentage of mortality annually according to their 

scheme and its 95% CI. 

 Table 7. 6-month proportion (p) of mortality from 2015 to 2018 per 100 patients with HT 

according to their insurance scheme. 

  Subsidised Contributory 
Period p 95% CI p 95% CI 
2015h1 2.51 2.35 ; 2.66 0.93 0.88 ; 0.98 
2015h2 2.25 2.07 ; 2.44 1.24 1.18 ; 1.31 
2016h1 2.72 2.43 ; 3.03 0.78 0.73 ; 0.83 
2016h2 1.96 1.71 ; 2.24 1.07 1.00 ; 1.13 
2017h1 3.38 3.05 ; 3.75 0.99 0.95 ; 1.05 
2017h2 3.00 2.70 ; 3.32 1.22 1.17 ; 1.29 
2018h1 3.57 3.24 ; 3.92 1.20 1.15 ; 1.25 
2018h2 3.10 2.80 ; 3.41 1.43 1.38 ; 1.49 

*p: proportion, CI: Confidence Interval 

5.2.3. Balance of baseline characteristics 
Standardised differences were calculated for each period of cohort entry (semiannually) to 

evaluate the balance of covariates among individuals entering in each period. Imbalances were 

identified in each period, and the affected variables were used to estimate the propensity score 

using a 1:1 matching algorithm. After matching, all control variables had absolute standardised 

differences below 10%. Figure 15 illustrates the distribution of propensity scores before and after 

matching for each period. 
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Figure 15. PS distribution before and after matching for each semester 
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5.2.4. Evaluation of the impact of Bogota Health Reorganisation 
Analysis was performed using a DiD methodology to estimate the impact of Bogotá’s health 

reorganisation on mortality. The estimation was made in the matched cohort, by comparing 

patients affiliated with Capital Salud EPS in the subsidised scheme in Bogotá (exposed group) and 

patients from the contributory scheme in Bogota (control group) before and after the 

reorganisation. The unit of treatment was individuals. The regression performed was: 

𝑌#$ = 	𝛽% + 	𝛽	(𝑃 ∗ 𝐷)#$ + 	𝛽&𝑥& ++	𝛽'𝑥' +	+	𝛽(𝑥( + 		𝜀#$ 

Where 𝑌#$ was the outcome of interest, 𝛽 was the effect of the reorganisation, 𝑃 and 𝐷 were 

dummy variables for exposure (affiliated to the subsidised scheme in Bogota) and time (2017 or 

after), 	𝛽& was the coefficient of the sociodemographic variable vector, 	𝛽' the coefficient of the 

clinical variables vector, 	𝛽( the coefficient of the insurer and, 	𝛽) the coefficient of year, finally 𝜀#$ 

was the residual error. We cluster our standard error at the insurer level.  

 

Regarding mortality in patients with HT, a reduction effect is consistent over the years, with an OR 

of the effect of 0.6 (95% CI: 0.5; 0.8). There was no difference in mortality before the 

reorganisation, but by 2018, there was a decrease with an OR of 0.7 (95% CI: 0.6; 0.9), with 2016 

as the reference year. The effects of mortality over time are shown in Figure 16. Table 8 presents 

the ATE for mortality and the DiD estimator for each year, with 2016 (the year immediately before 

the implementation) as a reference year. 

Figure 16. Effect of Bogota Health Reorganisation over time on mortality in patients with HT 

 
*Note: Standard errors are clustered at the insurer levels. 
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Table 8. DiD estimator and SE for and mortality in patients with HT. 

 

Variable 2015 2016 2017 2018 ATE 

Mortality 
1.1 

(0.7;1.7) Ref 
0.9 

(0.8; 1.0) 
0.7 

(0.6;0.9) 
0.6 

(0.5;0.8) 

Individuals 443,344     
Observations 1,545,252         

*Note: Table reports OR and standard errors in parenthesis of a DiD regression of mortality on 

Bogota health reorganisation. All specifications are controlled by demographic and clinical 

characteristics, insurer and year. Standard errors are clustered at the insurer level.  

6. Discussion 

This study provides a comprehensive analysis of the impact of Bogotá’s health reorganisation on 

clinical outcomes, healthcare service consumption, and associated healthcare costs among 

patients with HT. Our findings demonstrate a significant increase in ambulatory care services for 

the subsidised population, accompanied by reduced adverse outcomes such as hospitalisations, 

dialysis, MR, and total healthcare costs. As mentioned earlier, HT is a condition with a high disease 

burden in Colombia, particularly in Bogotá, which has the highest incidence and mortality rates 

related to this condition. Therefore, it is crucial to evaluate the impact of reorganisation on this 

condition.  

One of the most notable findings is that while outpatient care increased substantially for the 

subsidised scheme, the contributory scheme showed minimal change over the same period. This 

suggests that the reorganisation positively affected those in the subsidised scheme, likely due to 

improved access to primary healthcare services through newly created subnetworks and the 

introduction of CAPS. These structural changes appear to have facilitated more frequent and 

efficient access to healthcare, particularly for patients managing chronic conditions like HT, where 

regular monitoring and timely intervention are crucial. Furthermore, the reductions in 

hospitalisation rates, MR, dialysis and mortality highlight the broader clinical benefits of the 

reorganisation.  
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These outcomes are particularly important as they suggest a potential shift from reactive to 

preventive healthcare, where early intervention in primary care settings reduces the need for 

more invasive and costly treatments later. The decrease in healthcare costs for the subsidised 

scheme further reinforces this, as better management of chronic conditions through primary care 

likely prevented the escalation of these conditions into more severe stages requiring 

hospitalisation. 

These findings reinforce the notion that in chronic conditions such as HT, primary care 

management—through consultations with general practitioners, nutritionists, nurses, and 

specialised physicians—has a substantial impact on preventable outcomes, particularly target 

organ damage, especially to the heart and kidneys. Moreover, this approach reduces healthcare 

costs, likely due to the decreased use of specialised resources typically required for hospitalisation 

and invasive procedures, even though the frequency of primary care consultations might be lower. 

This highlights the importance of comprehensive and continuous care in preventing complications 

that could lead to more complex and costly interventions. 

 

Our findings align with a growing body of global evidence supporting the benefits of strengthening 

PHC, particularly in LMICs (79,80). Reforms and interventions aimed at expanding access to PHC 

(general physicians, nutritionists, and nursery, among others) have been shown to improve health 

outcomes, including mortality, and reduce health inequalities and health expenditures, but they 

require high levels of effort and coordination between stakeholders, health teams, and society 

(35,81–83).  

Experiences from countries such as Ethiopia and Rwanda illustrate how bolstering PHC systems 

through investments in health facilities, workforce training, and community-based interventions 

has significantly reduced maternal and child mortality and improved management of non-

communicable diseases (84). Experiences from countries such as Turkey also showed that reforms 

oriented to PHC increased their primary care utilisation and user satisfaction secondary to the 

increased access and availability of services (85).  This is consistent with the case of Brazil, where 

the Expansion of the Family Health Programme led to greater use of PHC and was associated with 

improving health, including a reduction in mortality, especially in poor areas (86). 
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The improvements observed in Bogotá can be attributed to several mechanisms introduced 

through its healthcare reorganisation, consistent with the World Health Organization’s PHC 

framework (87): The creation of RISS and the establishment of CAPS were crucial in improving 

geographic access to primary care. CAPS centres, strategically located across the city and operating 

with extended hours, were pivotal in increasing outpatient visits. By providing priority 

consultations and access to general and specialist care without needing emergency room services, 

these centres acted as the first point of contact for many patients. This significantly reduced the 

burden on hospital emergency departments, allowing for early detection and treatment of 

conditions that might otherwise progress to more severe complications. Additionally, the 

formation of four subnetworks, each serving different geographical areas of the city, ensured a 

more streamlined and coordinated provision of services. This integration allowed for better 

resource allocation, reduced duplication of services, and improved patient referrals within the 

network. As a result, patients in the subsidised scheme could access a broader range of services 

with less delay, contributing to improved health outcomes and reduced hospitalisations. The 

interoperability between subnetworks also facilitated the timely transfer of patient information, 

enhancing continuity of care, especially for those with chronic conditions. 

 

Finally, another critical component of the reorganisation was the implementation of a new 

payment mechanism, the PGPAFED. This system incentivised healthcare providers to increase the 

service volume and focus on the quality of care provided. The inclusion of performance-based 

incentives ensured that healthcare providers adhered to quality standards, thus improving clinical 

outcomes. The PGPAFED model encouraged preventive care measures, as healthcare providers 

were rewarded for achieving positive health outcomes, such as reducing hospitalisations and 

managing chronic diseases effectively in outpatient settings. 

 

This study has several strengths that enhance the validity and generalisability of its findings. First, 

it is a population-based study with a large sample size of patients with HT for the closed cohort 

and dynamic cohort in Bogotá and followed for over four years. The comprehensive nature of the 
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administrative data used, particularly the UPC and BDUA databases, ensures that the findings are 

based on reliable and highly standardised information. These databases have minimal 

underreporting, and their widespread use in previous research further supports their validity. 

Another strength is using a robust analytical method, DiD, which allows for causal inference. By 

comparing trends in service utilisation and health outcomes between the subsidised and 

contributory schemes before and after the reorganisation, the study effectively isolates the impact 

of the health reforms; additionally, including unit and time-fixed effects further strengthens the 

analysis by controlling for time-invariant factors that could influence the results. Finally, the study 

provides valuable insights into the effects of a health reorganisation on a vulnerable population 

that often faces significant barriers to healthcare access. This focus on the subsidised scheme, 

which serves lower-income individuals, contributes to the global understanding of how health 

system reforms can reduce inequities in access to care and improve health outcomes among 

disadvantaged populations. 

 

Despite its strengths, the study also has limitations. First, while the study evaluates the overall 

impact of the health reorganisation, it does not disentangle the effects of each specific 

intervention (e.g., CAPS, PGPAFED); as a result, it is not possible to determine which component 

of the reorganisation had the most significant impact on the observed outcomes. Future research 

should evaluate each intervention's relative contribution to better inform policy decisions. 

Another limitation relates to administrative data, which, while reliable for service utilisation and 

cost measures, lacks detailed clinical information that could provide a deeper understanding of 

patient health status and comorbidities. To reduce this, we used the Charlson Comorbidity Index, 

which accounted for comorbidities and validated administrative data. Furthermore, the reliance 

on ICD-10 codes for identifying patients with HT and related outcomes introduces the possibility 

of misclassification, though we mitigated this risk using validated algorithms. 

 

Other limitation of the algorithm is the potential selection bias, particularly affecting the exposed 

group (subsidised scheme), as it is more likely to identify patients who have a higher number of 

healthcare visits, demonstrate greater adherence to the system, and receive more consistent 
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medical follow-ups. This bias is especially relevant among subsidised patients, as those who 

engage more frequently with the healthcare system are more likely to be captured in the analysis. 

As a result, the findings may overrepresent individuals who are better monitored and managed, 

potentially overstimating the impact of the reorganisation. 

 

Another limitation of this study is the survival bias present in the closed cohort. By excluding 

patients who died between 2015 and 2018, the analysis may overestimate the positive effects of 

the reorganisation on clinical outcomes and healthcare service utilisation, this is because the 

cohort only includes those who survived or remained in the same scheme throughout the study 

period, potentially omitting those with poorer health outcomes who DiD not survive or changed 

schemes, however, our interest was to be able to guarantee fixed effect for impact estimation, as 

it strengths the estimators due to its power to eliminate omitted variable bias, whether from 

observed or unobserved, unmeasured variables while at the same time, having a control group to  

evaluate the secular variation of the intervention, and therefore, estimate the isolated effect of 

the intervention .To mitigate this bias, a dynamic cohort was also used to evaluate how the 

reorganisation impacted mortality. This allowed for a more comprehensive understanding of the 

effects of the health reform by including all individuals from the initial cohort, regardless of their 

survival status, thereby offering a more complete assessment of the intervention's outcomes. 

7. Conclusions and recommendations 

The Bogotá health reorganisation had a positive and significant impact on healthcare access, 

clinical outcomes, mortality and healthcare costs for patients with HT under the subsidised 

scheme. These findings underscore the importance of strengthening primary healthcare systems, 

particularly in LMICs, to improve health outcomes and reduce healthcare costs. By focusing on 

preventive care and improving access to primary healthcare services, the Bogotá reorganisation 

provides a valuable model that could be adapted and implemented in other regions facing similar 

healthcare challenges. Future research should explore the impact of such reforms on other health 

conditions and populations, such as maternal health and paediatric care, to determine the broader 

applicability of these findings. 
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8. Appendices 

1. Appendix 1. CUPS used to identify the mentioned outcomes 

Table 1. CUPS related to Myocardial Revascularization 

Procedure CUPS 

Anastomosis simple de arteria descendente anterior con injerto venoso vía abierta 361601 
Anastomosis simple de arteria descendente anterior con injerto venoso 
mínimamente invasiva 361602 
Anastomosis secuencial de arteria descendente anterior con injerto venoso vía 
abierta 361603 
Anastomosis secuencial de arteria descendente anterior con injerto venoso 
mínimamente invasiva 361604 

Anastomosis simple arteria descendente anterior con arteria mamaria vía abierta 361605 
Anastomosis simple arteria descendente anterior con arteria mamaria 
mínimamente invasiva 361606 
Anastomosis secuencial arteria descendente anterior con arteria mamaria vía 
abierta 361607 
Anastomosis secuencial arteria descendente anterior con arteria mamaria 
mínimamente invasiva 361608 

Anastomosis simple de arteria descendente anterior con arteria radial vía abierta 361609 
Anastomosis simple de arteria descendente anterior con arteria radial 
mínimamente invasiva 361610 
Anastomosis secuencial de arteria descendente anterior con arteria radial vía 
abierta 361611 
Anastomosis secuencial de arteria descendente anterior con arteria radial 
mínimamente invasiva 361612 

Anastomosis simple arteria descendente anterior con arteria epigástrica vía abierta 361613 
Anastomosis simple arteria descendente anterior con arteria epigástrica 
mínimamente invasiva 361614 
Anastomosis secuencial arteria descendente anterior con arteria epigástrica vía 
abierta 361615 
Anastomosis secuencial arteria descendente anterior con arteria epigástrica 
mínimamente invasiva 361616 
Anastomosis simple arteria descendente anterior con arteria gastroepiploica vía 
abierta 361617 
Anastomosis simple arteria descendente anterior con arteria gastroepiploica 
mínimamente invasiva 361618 
Anastomosis secuencial arteria descendente anterior con arteria gastroepiploica vía 
abierta 361619 
Anastomosis secuencial arteria descendente anterior con arteria gastroepiploica 
mínimamente invasiva 361620 

Anastomosis simple arteria descendente anterior con otras arterias vía abierta 361621 
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Anastomosis simple arteria descendente anterior con otras arterias mínimamente 
invasiva 361622 

Anastomosis secuencial arteria descendente anterior con otras arterias vía abierta 361623 
Anastomosis secuencial arteria descendente anterior con otras arterias 
mínimamente invasiva 361624 

Anastomosis simple de arteria circunfleja con injerto venoso vía abierta 361801 

Anastomosis simple de arteria circunfleja con injerto venoso mínimamente invasiva 361802 

Anastomosis secuencial de arteria circunfleja con injerto venoso vía abierta 361803 
Anastomosis secuencial de arteria circunfleja con injerto venoso mínimamente 
invasiva 361804 

Anastomosis simple arteria circunfleja con arteria mamaria vía abierta 361805 

Anastomosis simple arteria circunfleja con arteria mamaria mínimamente invasiva 361806 

Anastomosis secuencial arteria circunfleja con arteria mamaria vía abierta 361807 
Anastomosis secuencial arteria circunfleja con arteria mamaria mínimamente 
invasiva 361808 

Anastomosis simple de arteria circunfleja con arteria radial vía abierta 361809 

Anastomosis simple de arteria circunfleja con arteria radial mínimamente invasiva 361810 

Anastomosis secuencial de arteria circunfleja con arteria radial vía abierta 361811 
Anastomosis secuencial de arteria circunfleja con arteria radial mínimamente 
invasiva 361812 

Anastomosis simple arteria circunfleja con arteria epigástrica vía abierta 361813 

Anastomosis simple arteria circunfleja con arteria epigástrica mínimamente invasiva 361814 

Anastomosis secuencial arteria circunfleja con arteria epigástrica vía abierta 361815 
Anastomosis secuencial arteria circunfleja con arteria epigástrica mínimamente 
invasiva 361816 

Anastomosis simple arteria circunfleja con arteria gastroepiploica vía abierta 361817 
Anastomosis simple arteria circunfleja con arteria gastroepiploica mínimamente 
invasiva 361818 

Anastomosis secuencial arteria circunfleja con arteria gastroepiploica vía abierta 361819 
Anastomosis secuencial arteria circunfleja con arteria gastroepiploica mínimamente 
invasiva 361820 

Anastomosis simple arteria circunfleja con otras arterias vía abierta 361821 

Anastomosis simple arteria circunfleja con otras arterias mínimamente invasiva 361822 

Anastomosis secuencial arteria circunfleja con otras arterias vía abierta 361823 

Anastomosis secuencial arteria circunfleja con otras arterias mínimamente invasiva 361824 
Reintervención de revascularización cardíaca (derivación o puentes coronarios) vía 
abierta 363201 
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Reintervención de revascularización cardíaca (derivación o puentes coronarios) 
mínimamente invasiva 363202 

Reintervención de revascularización cardíaca (revisión) vía abierta 363203 

Reintervención de revascularización cardíaca (revisión) mínimamente invasiva 363204 
 

Table 2. CUPS related to Dialysis 

Procedure CUPS 

Cateterización venosa para diálisis renal SOD 389500 

Formación de fístula AV (periférica) para diálisis renal 392701 

Formación de fístula AV (periférica) para diálisis renal con prótesis 392702 

Revisión de derivación (fístula) arteriovenosa para diálisis renal SOD 394200 

Extracción de derivación arteriovenosa para diálisis renal SOD 394300 

Hemodiálisis estándar con bicarbonato 399501 

Inserción de catéter permanente para hemodiálisis 549002 

Colocación de catéter peritoneal implantable para quimioterapia intraarterial 549004 

Colocación de catéter para diálisis peritoneal vía abierta 549001 

Colocación de catéter para diálisis peritoneal vía percutánea 549006 

Colocación de catéter para diálisis peritoneal vía laparoscópica 549007 

Retiro de catéter permanente para hemodiálisis 549012 

Retiro de otro catéter peritoneal 549013 

Diálisis peritoneal manual 549801 

Diálisis peritoneal automatizada 549802 

Derechos de sala de diálisis peritoneal S22223, 7DS001 

Derechos de sala de hemodiálisis S22220, 7DS002 

Diálisis peritoneal SOD 549800 
 
 

2. Appendix 2; Table 1. Difference in rates and healthcare costs yearly by scheme in patients 

with HT. 

Subsidised 

Outcome 2015 2016 2017 2018 

Outpatient care ref 3.293 8.226 35.023 

Hospitalisation ref    -0.430 -4.127 -5.504 
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MR ref    -0.144 -1.326 -1.240 

Dialysis ref     0.980 -4.555 -6.054 

Healthcare costs ref -15,075.8 -49,160.8 -32,378.2 

Contributory 

Outpatient care ref -0.082 0.084 0.258 

Hospitalisation ref -0.473 -0.351 -0.351 

MR ref -0.241 -0.152 -0.229 

Dialysis ref 3.443 14.205 21.981 

Healthcare costs ref -33,783.2 -22,747.76 34.798.230 
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