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Background: Chronic obstructive pulmonary disease (COPD) has an appreciable socioeconomical impact in low- and middle-income countries, but most epidemiological data originate from high-income countries. For this reason, it is especially important to understand survival and factors associated with survival in COPD patients in these countries.

Objective: To assess survival of COPD patients in Brazil, to identify risk factors associated with overall survival, including treatment options funded by the Brazilian National Health System (SUS).

Methodology: We built a retrospective cohort study of patients dispensed COPD treatment in SUS, from 2003 to 2015 using a National Database created from the record linkage of administrative databases. We further matched patients 1:1 based on sex, age and year of entry to assess the effect of the medicines on patient survival. We used the Kaplan-Meier method to estimate overall survival of patients, and Cox's model of proportional risks to assess risk factors.

Result: Thirty seven thousand and nine hundred and thirty eight patients were included. Patient's survival rates at 1 and 10 years were 97.6% (CI 95% 97.4–97.8) and 83.1% (CI 95% 81.9–84.3), respectively. The multivariate analysis showed that male patients, over 65 years old and underweight had an increased risk of death. Therapeutic regimens containing a bronchodilator in a free dose along with a fixed-dose combination of corticosteroid and bronchodilator seem to be a protective factor when compared to other regimens.

Conclusion: Our findings contribute to the knowledge of COPD patients' profile, survival rate and related risk factors, providing new evidence that supports the debate about pharmacological therapy and healthcare of these patients.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a highly prevalent disease with an increasing incidence among people over the age of 40. It currently affects ~10% of the world's population in this age group, increasing up to 33% among the female population over 70 years of age (Prince et al., 2015), and is the third leading cause of death worldwide (Celli and Wedzicha, 2019). Low- and middle-income countries (LMICs) are experiencing a disproportionate increase in non-communicable diseases (NCD), with COPD already being a serious public health issue (WHO, 2019). A recent meta-analysis by Cruz and Santos estimated the prevalence of COPD among adults aged ≥ 40 years in Brazil at 19% (CI 95% 14.0–24.0%) (Cruz and Santos, 2019).

The goal of treating COPD is to reduce mortality and the risk of hospitalization, to improve exercise tolerance and quality of life, and to control symptoms. Randomized clinical trials (RCTs) have documented that pharmacological treatment may be able to modify mortality rates, and reduce lung function decline (Celli et al., 2009; Scott et al., 2015; Bengtson et al., 2018). Overall, pharmacotherapy can affect exacerbation and hospitalization rates, the physical condition (Barnes et al., 2015), and the frequency and severity of exacerbations, which are closely related to increased risk of mortality, decline in lung function, and worsening of quality of life (Ho et al., 2014).

Medicines used in the pharmacological treatment of COPD includes beta2-agonists and anticholinergics. International guidelines for COPD recommend a “step-by-step” approach based on disease severity (GOLD, 2020). Therapy is initiated with short-acting bronchodilators, as needed, for symptom relief. For patients with persistent symptoms, the use of one or two classes of long-acting bronchodilators is recommended. Special concerns about inhaled glucocorticoids (ICS) safety in recent years, including an increased risk of pneumonia, have resulted in changes in pharmacotherapy in the past years, with the ICS/LABA combination now being recommended only for a restricted group of patients who show frequent exacerbations and a high eosinophil count, or a history/clinical record of associated asthma (Chalmers and Keir, 2017; Godman et al., 2020; GOLD, 2020).

Brazil has a public-funded National Health System, Sistema Único de Saúde (SUS), that provides fully subsidized access to prescribed medicines, including those for COPD. The national formulary includes long-(LABA) and short-acting beta-2-agonists (SABA), short-acting antimuscarinic agents (SAMA), and inhaled corticosteroids (ICS), with other medicines available in the market via private prescription or offered by State governments to their citizens. This is the case for long-acting antimuscarinic agents (LAMA), which are currently provided by 11 out of 27 States of Brazil. Prescription of COPD subsidized medicines should comply with Brazilian Clinical Protocol and Therapeutic Guidelines. Currently, the guideline recommends ICS for patients with severe COPD, with ≥ 2 exacerbations in the past year. However, there were recent modifications in COPD medicines listed in the national formulary and clinical recommendations; these will be implemented nationally in the near future (CONITEC/MH, 2019).

Most evidence based current Brazilian guidelines are from RCTs. While randomized clinical trials (RCTs) are designed to provide the best possible evidence on efficacy, different limitations inherent in the study design could impact the reliability and external validity of the results for the general population. For instance, the highly controlled environment and the patient selection criteria of RCTs used for registration purposes, designed to assure internal validity, may not fully reflect real-world clinical practice due to potentially older patients and with more health problems than seen in clinical trials (Malmström et al., 2013). Moreover, RCT results may not apply to the health context of different countries and communities around the world, and there could be issues of adherence to prescribed medication regimen in routine care. Consequently, especially in universal health care systems, it becomes fundamental to assess the effectiveness, safety, and value of funded technologies using real world data (Guerra-Júnior et al., 2017).

As previous studies have shown, the use of administrative database can provide valuable evidence for decision-making in healthcare (Liu et al., 2021). The Brazilian Federal government maintains several information systems that capture dispensing claims of medicines, notifiable diseases, hospitalisations and deaths. Previous efforts to link those data culminated in a large dataset that enables measurement of medicines exposure and outcomes at the person level for the entire Brazilian population (Guerra et al., 2018). These data are a valuable source for monitoring the uptake, pattens of use, and outcomes of subsidized medicines in Brazil. The evidence generated from these data have the potential to inform clinical practice and national guidelines.

In this context, we aimed to assess the survival of patients with COPD in Brazil and to identify risk factors associated with increased survival in an open cohort with 13 years of follow-up using real-world data. We focused on which treatments and regimens are associated with better outcomes among this population with currently only regional data available in Brazil (Pinto et al., 2019).



METHODS


Study Design and Data Source

We conducted a retrospective cohort study of patients who underwent COPD treatment in SUS from 01/01/2000 to 12/31/2015. A National Database of Health centered on the individual was built through a deterministic-probabilistic record linkage of three administrative databases: the Outpatient Information System (SIA/SUS), the Hospital Information System (SIH/SUS), and the Mortality Information System (SIM). The construction and validation of this database have been described elsewhere (Guerra et al., 2018), and it has been used in previous studies published by our research group in Brazil (Lemos et al., 2018; Acurcio et al., 2020; Nascimento et al., 2020).



Study Cohort

The time period of the cohort was determined based on the data available within the database.

Patients were included in the full cohort if they were over 40 years old and were dispensed the following medicines for COPD treatment: beclomethasone, budesonide, formoterol/budesonide, fenoterol, formoterol, salbutamol or salmeterol; for the following diagnosis [according to the tenth revision of the International Classification of Diseases (ICD-10)]: J44.0 J44.1, or J44.8. According to the guideline, the diagnosis should be confirmed by spirometry. The index date was defined as the first-dispensing date of the aforementioned medicines in the observation window, including their respective diagnosis.

In order to more accurately evaluate the effectiveness of treatment and to guarantee the assessment of patients who persisted in treatment for longer periods of time, patients with an index date after December 31, 2014, and patients on medicines for three months or less were excluded. We also matched patients 1:1 using the variables sex, age in years at the index date and type of regimen dispensed at the index date. When more than one patient met the matching criteria, pair allocation was randomly selected. We defined as fixed-dose combination (FDCs) medicines dispensed containing formoterol and budesonide in the same formulation. Medicines dispensed in non FDCs formulations were classified as free-dose regimens (FDS). Finally, patients who received both FDCs and FDS in their index date were classified as receiving mixed-dose regimens (MDR).



Study Measurements

The event of interest for the survival analysis was death. All patients were followed from the index date until death or until December 2015 (right censoring), and loss of follow-up was defined as informative censoring.

Baseline characteristics were reported in a descriptive analysis of all variables according to data recorded at the index date. Explanatory variables included patients' sociodemographic characteristics at baseline. Weight and height information at baseline were used to calculate body mass index (BMI) according to WHO parameters (Liu et al., 2021). Other variables were previous diagnosis of asthma and lung cancer, therapeutic regimens and pharmacological class of medicines first-dispensed. First-dispensed medicines do not represent first-line treatment, as the data is not exclusive for naïve patients.

Hospitalization at any time during follow-up due to respiratory causes was grouped according to ICD-10 in six groups: hospitalization for COPD exacerbation, asthma, bronchitis or emphysema, respiratory infections except for pneumonia, pneumonia, and other respiratory problems (all respiratory diseases not included in the previous categories).

Comorbidity scores were calculated based on the Charlson Comorbidity Index (CCI), considered as a proxy of patient severity, using medical services records in the database from three years prior to the index date (Charlson et al., 1987; Quan et al., 2005). The higher the CCI, the greater the severity of the patient; low severity corresponds to a CCI between 0 and 1 and, and high severity to a CCI ≥2 (Liu et al., 2020). General patient frailty (frailty index) was calculated as the number of in-hospital days for any cause during the two years prior to the index date (Neovius et al., 2015).



Statistical Analysis

Survival was assessed using the Kaplan Meier method, and the log-rank test was used to compare patients' baseline characteristics and therapeutic regimens. Factors influencing survival rates were assessed initially by univariate analysis. Clinically relevant variables previously demonstrated in the literature, such as being underweight or age, and those with a p-value <0.20 in the univariate analysis were included in the multivariable Cox proportional hazards model. Adjusted hazard ratios (HRs) and 95% Confidence Intervals (CI) were calculated in the multivariable model, and their suitability was assessed by residue analysis. Schoenfeld residuals were used to check the proportional hazards assumption (Schoenfeld, 1982).

The univariate and multivariate analysis were performed only for the matched cohort. A sensitivity analysis was performed to better understand which drugs inside the MDR category were related to better survival rates in the multivariate model.

Statistical analysis was performed using R version 4.0.2 R Foundation for Statistical Computing, considering a significance level of 5%.



Ethics Statement

The research was approved by the Ethics Research Committee of the Federal University of Minas Gerais 165 (Report No. 16334413.9.0000.5149), and anonymity was maintained with regards to all patient data.




RESULTS

Thirty seven thousand and nine hundred and thirty eight patients were included, of which 11,452 were matched for treatment comparisons (Figure 1). The mean follow-up was 37.8 and 37.7 months, and mean age of 65.2 and 64.8 years for both cohorts, respectively. Most patients lived in the southeastern region of Brazil. Skin color data was not available for approximately half of the patients, with white skin color being the most common (33.3 for full cohort and 35.6% for matched cohort) among available data. Patients started to enter the cohort in 2003, and most of them (>76%) entered in recent years (2011–2015). The baseline characteristics of the patients are summarized in Table 1.


[image: Figure 1]
FIGURE 1. Cohort selection flowchart. SUS, Brazilian National Health System; SIM, Mortality Information System; SIH/SUS, Hospital Information System, SIA/SUS Outpatient Information System.



Table 1. Baseline characteristics of patients included in the Cohort from 2000 to 2015.
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Survival Analysis

In the full cohort, a total of 2,070 deaths occurred (5.5%), and patients' survival rates at 1 and 10 years were 97.6% (CI 95% 97.4–97.8) and 83.1% (CI 95% 81.9–84.3), respectively (Supplementary Table 1). Similar results were obtained for the matched cohort (Figure 2). The survival curves categorized by the characteristics of the patients and therapeutic regimens for the matched cohort are shown in Figure 3. Elderly patients (> 65 years), male or underweight patients had significantly shorter survival rates than younger patients, females and normal weight, overweight and obesity patients. When assessed by therapeutic regimens, patients on MDR at baseline had better survival than patients on FDCs alone (HR 0.57, CI 95% 0.43–0.76).


[image: Figure 2]
FIGURE 2. Kaplan-Meier survival curves for COPD patients from 2003 to 2015 included in full and matched cohort.
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FIGURE 3. Kaplan-Meier curves for patient survival in the Matched cohort. Longitudinal survival by: (A) therapeutic regimens; (B) patient's sex; (C) Body Mass Index category; (D) age group. Survival rates were estimated by Kaplan-Meier methodology and compared by log rank test.




Univariate Analysis

The univariate analysis indicated a higher risk of death for men (HR 1.67 [CI 95%: 1.42–1.97]) and elderly patients (HR: 2.69 [CI 95% 2.27–3.18]). The BMI category underweight (HR 2.51 [CI 95% 1.89–3.32]) was also a risk factor for COPD survival. A lower risk was found for patients in the Southeast region (HR 0.74 [CI 95% 0.67–0.83]) (Table 2).


Table 2. Univariate analysis of baseline characteristics associated with survival in COPD in the matched cohort.
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The analysis revealed that, when compared to FDC, the regimens that included corticosteroids in free-dose (HR 0.56 [CI 95%, 0.34–0.92]), or the MDR containing the FDC plus a bronchodilator in free-dose (HR 0.59 [CI 95% 0.43–0.81]) offered more protection to the patient.



Multivariate Analysis

The multivariable analysis demonstrated an increased risk of death associated with male patients (HR 1.38; [CI 95%, 1.12–1.70]), patients over 65 years old, when compared to the other age groups, being underweight and a higher classification in the CCI. Moreover, having been hospitalized for cardiovascular events or pneumonia also demonstrated a strong risk relationship with survival. With respect to the regimes, the mixed-dose regime base on the association of FDC and a bronchodilator in a free-dose regimen tended to be a protective factor when compared to the FDC of formoterol/budesonide (Table 3).


Table 3. Estimated Hazard Ratio at a 95% Confidence Interval according to the Cox Proportional analysis model for the matched cohort from 2003 to 2015 (n =8,185).
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Sensitivity analysis results: When compared to other medicines, the first-dispensing of FDC plus salbutamol—a short-acting bronchodilator—showed greater protective effect (HR 0.50; [CI 95%, 0.30–0.92]) (Supplementary Table 2). Analysis of the residues, according to Schoenfeld, demonstrated that both models present good adequacy.




DISCUSSION

This study evaluated a large national cohort of COPD patients in an LMIC, being a relevant source of evidence for LMIC settings. Survival and factors associated with medication use for COPD in LMICs are currently poorly understood. We present for the first-time data on outpatients receiving standard care provided by SUS. These data show the sociodemographic and clinical features of non-hospitalized COPD patients with spirometry diagnostic confirmation in a nationwide cohort. They also reflect the survival of patients with COPD and the associated risk factors in outpatients, which is quite important since most survival analysis of COPD comes from hospitalized patients.

Previously published studies in the literature on the survival of COPD patients primarily assessed data from hospitalized patients or specific subgroups—usually high-risk patients—with much lower survival rates, such as patients on long-term oxygen therapy (80.9 and 7.1%, respectively, in 1 and 10 years) (Foucher et al., 1998) or patients with a long history of smoking (survival of 16.0% in 10 years) (Miniati et al., 2014). Some studies have assessed the survival of COPD patients after hospitalization or admission to intensive care (Wildman et al., 2009; Lash et al., 2011). Therefore, there were substantial differences between our study population, study design and variables ascertained that are not reproducible with our data. Moreover, our study uses a robust database, with outpatient-level information and national-level data from a Universal Health System. In this sense, we are not aware of other studies developed with these configurations that can match our data for direct comparisons.

Our data corroborate studies of sex differences among COPD patients that showed better survival among women (Sunyer et al., 1998; Institute for Health Metrics Evaluation, 2017; Perez et al., 2020). Low BMI is recognized as a poor prognostic factor of COPD, affecting 25–40% of all patients. A combination of pathophysiological changes of malnutrition is also associated with higher mortality rates (Slinde et al., 2005; Vestbo et al., 2006; Itoh et al., 2013). Malnutrition is a well-recognized risk factor for mortality among COPD patients at all stages of the disease, and BMI is one of the four criteria of the BODE (body mass index, airflow obstruction, dyspnea, and exercise capacity) index for mortality (Landbo et al., 1999; Celli et al., 2004). Hence, the importance of nutritional care programs needs to be emphasized.

A systematic review and meta-analysis showed that among 14 different pharmacological treatments for COPD, only indacaterol, an ultra-long-acting beta-2-agonist, and the combination of salmeterol and fluticasone propionate—an ICS—were associated with a reduction in the all-cause mortality risk (Scott et al., 2015). Although salmeterol-fluticasone has been available in some states in Brazil, neither medications are available on a nationwide basis, which is restricted to formoterol/budesonide (ICS/LABA). However, ICS/LABA combination is now only recommended for a restricted group of patients (Chalmers and Keir, 2017; Godman et al., 2020; GOLD, 2020). Since 2016, the addition of ICS to long-acting bronchodilators basal treatment has been recommended for patients with frequent exacerbations (Brozek et al., 2019; Tsiligianni et al., 2019), which means that <20% of COPD patients would have an indication for treatment with ICS. On the other hand, GOLD 2017 states that ICS combined with LABA is more effective than the individual components in improving lung function (Barnes, 2017). The slow change in strategy probably explains why studies show that more than 70% of diagnosed patients are typically being treated with an ICS, and ~50% of newly diagnosed patients are started with an LABA/ICS FDC (Costa, 2017). Our study showed that this proportion is even higher, which may have occurred because of the narrow treatment options available in SUS. Another important consideration comes from the PLATINO study, that showed under diagnosis is the hallmark of COPD in Brazil (Moreira et al., 2014), and the less severe forms—the so-called GOLD A and B with no indication of ICS, are frequently not diagnosed. Certainly, our diagnosed cases were more frequent in categories with ICS indication.

Since the indication of ICS is restricted to a specific group of patients due to its safety profile and risk/benefit ratio, such associations in FDC may become questionable. The reasons justifying FDCs are controversial. The main reasons for FDCs are patient convenience and treatment adherence. Some studies have assessed the effectiveness and cost-effectiveness of LABA/ICS FDC, but overtreatment, effectiveness peaks at different times, lack of titration and potential to increase polypharmacy are still important issues regarding FDCs in general (Godman et al., 2020). An FDC with an ICS has the potential to lead to overmedication with steroids, since COPD treatment is indicated according to disease stage, and can change according to the frequency of exacerbations and symptoms. It may be necessary for the patient to use a bronchodilator as a rescue medication when symptoms increase and with only a bronchodilator and corticosteroid FDC prescribed, patients may exceed the optimal dosing of ICS, increasing the risk of adverse events (Godman et al., 2020). Supporting this hypothesis, the final model proposed in our study showed better survival rates for patients who started the therapy with an short-acting bronchodilator in free dosing regimens along with the FDC, after controlling for other variables (Jardim and Nascimento, 2006).

SABAs are typically used as rescue medications because they provide fast symptom relief and are recommended as an initial pharmacological treatment for all patients with COPD (GOLD, 2020). However, short-acting bronchodilators are also available in primary care in SUS, and tiotropium is available only in a few States. For these reasons, the total information about their use was not available in the database used in this study, which did not collect data from primary care pharmacies. This represents a limitation of our findings.

Our study has several other limitations related to the data availability and the use of administrative data for research. We only had data available until 2015 given the creation of this unique dataset requires complex linkage methods that hampers its frequent update. It is not possible to ascertain how results would change in more recent years considering the availability of new medicines in the health care system. Moreover, we did not capture data on private prescriptions or subsidized medicines dispensed by other programs—such as tiotropium bromide and ipratropium bromide. This may have impacted our study population selection and introduced residual confounding in the analysis.

Another limitation refers to the quality of data used, that depends on the registration and feeding process of the secondary information into the original database. Incorrect or incomplete data—an inherent limitation of secondary databases—may underestimate or overestimate the analysis results, particularly for clinical variables and non-mandatory fields (e.g., weight and race).

However, in the absence of more detailed clinical records, the use of variables such as CCI and selected causes of hospitalization made it possible to stratify patients' severity as a proxy in our analysis. Finally, we did not control the analysis by changes in pharmacotherapy or treatment adherence that are likely to influence treatment outcomes. Despite these limitations, we believe our findings are robust enough to add to the data on the management of COPD in LMICs and can help in providing future directions.
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