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Anticoagulants are a potential treatment for the thrombotic complications resulting from COVID-19. We aimed to determine the association between anticoagulant use and adverse outcomes among hospitalized patients with COVID-19. We used data from the COVID-19 International Collaborative Research Project in South Korea from January to June 2020. We defined exposure using an intention-to-treat approach, with person-time classified as use or non-use of anticoagulants at cohort entry, and a time-varying approach. The primary outcome was all-cause, in-hospital mortality; the secondary outcome was a composite including respiratory outcomes, cardiovascular outcomes, venous thromboembolism, major bleeding, and intensive care unit admission. Cox proportional hazards models estimated adjusted hazard ratios (HRs) of the outcomes comparing use versus non-use of anticoagulants. Our cohort included 2,677 hospitalized COVID-19 patients, of whom 24 received anticoagulants at cohort entry. Users were older and had more comorbidities. The crude incidence rate (per 1,000 person-days) of mortality was 5.83 (95% CI: 2.80, 10.72) among anticoagulant users and 1.36 (95% CI: 1.14, 1.59) for non-users. Crude rates of the composite outcome were 3.20 (95% CI: 1.04, 7.47) and 1.80 (95% CI: 1.54, 2.08), respectively. Adjusted HRs for mortality (HR: 1.12, 95% CI: 0.48, 2.64) and the composite outcome (HR: 0.79, 95% CI: 0.28, 2.18) were inconclusive. Although our study was not able to draw conclusions on anticoagulant effectiveness for COVID-19 outcomes, these results can contribute to future knowledge syntheses of this important question. Our study demonstrated that the dynamic pandemic environment may have important implications for observational studies of COVID-19 treatment effectiveness.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus (SARS-CoV-2) infection, has resulted in over five million deaths worldwide (WHO, 2022). Research has centered on identifying existing therapies that can be repurposed to prevent the progression of COVID-19 and death (Khani et al., 2021). Evidence evaluating the effect of treatments on COVID-19 comes mainly from observational studies due to the limited understanding of the disease at early pandemic stages and the longer time required to conduct clinical trials. Determining the causal effects of treatment from observational studies is inherently challenging, and the rapidly evolving pandemic environment poses additional design and analytical hurdles (Griffith et al., 2020; Pottegård et al., 2020), leading to biased results in the literature (Cohen et al., 2021; Renoux et al., 2021).
Anticoagulants have been suggested as a potential treatment for the thrombotic complications resulting from COVID-19, since coagulopathy has emerged as an important clinical feature of the disease (Iba et al., 2020; Lippi et al., 2021). A high incidence of venous thromboembolism (VTE) has also been observed among patients hospitalized with COVID-19, with a pooled estimate of 17% (Jiménez et al., 2021). Although most COVID-19 studies of anticoagulants have shown improved survival, important heterogeneity exists between these studies (e.g., different timing of initiation, dose) (Albani et al., 2020; Ayerbe et al., 2020; Billett et al., 2020; Lynn et al., 2020; Nadkarni et al., 2020; Paranjpe et al., 2020; Tang et al., 2020; Di Castelnuovo et al., 2021; Hara et al., 2021; Ionescu et al., 2021; Rentsch et al., 2021). These studies were also subject to important methodological limitations; for example, the grouping of patients based on anticoagulant use throughout follow-up may have induced immortal-time bias in several studies (Albani et al., 2020; Lynn et al., 2020; Paranjpe et al., 2020; Tang et al., 2020; Di Castelnuovo et al., 2021; Hara et al., 2021; Ionescu et al., 2021). In addition, most were single-center studies or had small sample sizes. Currently, few studies (Hara et al., 2021; Rentsch et al., 2021) used large population-based cohorts; while one study (Rentsch et al., 2021) used U.S. Veterans Affairs data focused on the impact of early anticoagulation initiation and did not assess the impact of time-varying anticoagulant use.
Our objective was to determine the association between anticoagulant use and the risk of adverse outcomes among hospitalized patients with COVID-19 in a population-based nationwide insurance database in South Korea. Specifically, we examined the association between the inpatient anticoagulant use and the risk of all-cause, in-hospital mortality as well as the risk of a composite outcome that included respiratory outcomes, cardiovascular outcomes, VTE, major bleeding, and intensive care unit (ICU) admission.
METHODS
Hypothetical target trial
The target trial framework has been recognized as a useful tool in guiding observational study design to emulate a trial that would have been performed in an ideal scenario (Hernán and Robins, 2016). This framework has been applied widely to various research questions (e.g., the association between corticosteroids and the risk of COVID-19 mortality (Hoffman et al., 2022)). The components of the hypothetical target trial in our study are listed in Supplementary Appendix SA1. Briefly, this target trial aimed to compare the risk of in-hospital mortality among patients who use anticoagulants during their entire hospital stay due to COVID-19 versus those who did not use an anticoagulant. The causal contrasts of interest were intention-to-treat and per-protocol effects. The following sections describe the details of how we emulated this hypothetical target trial using data from a population-based cohort in South Korea.
Data source
We used data from the COVID-19 International Collaborative Research Project, a South Korean initiative developed to provide real-world data for COVID-19 research (Rho et al., 2021). All patients with COVID-19 were identified through insurance claims from the National Health Insurance (NHI) system of Korea by Health Insurance Review and Assessment Service. In South Korea, all residents (Korean nationals and foreigners) are covered by the NHI system operated by the Korean government as a single payer. Residents are enrolled in this system from birth until emigration or death. This nationwide claim database provides longitudinal information on an individual-level for sociodemographic factors and all healthcare-related services (including prescription medications) from inpatient, outpatient, nursing home settings, and from all levels of care (Kim et al., 2017; Kyoung and Kim, 2022). This COVID-19 database was established and linked to the nationwide claim database which contains information regarding inpatient and outpatient diagnoses, procedures, and prescription drugs, as well as patients’ most recent 3-year history of medical services.
Diagnoses and procedures were classified using the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) codes; drug prescriptions were classified using a domestic coding system corresponding to the World Health Organization-Anatomical Therapeutic Chemical Classification (WHO-ATC). The Research Ethics Boards of Sungkyunkwan University (Suwon, South Korea) and of Jewish General Hospital (Montreal, Canada) approved this study.
Study population and follow-up
We included all patients with COVID-19-related hospitalizations between 20 January and 4 June, 2020. COVID-19 was identified using domestic codes reflecting a recorded positive test result. During this period, diagnostic criteria for COVID-19 in South Korea were based on the result from the reverse transcription polymerase chain reaction test kits, which were approved by the Korean Ministry of Food and Drug Safety (WHO, 2020). All the residents of South Korea (of all nationalities) had access to PCR COVID-19 tests at the designated test centers closest to their residence without additional costs regardless of their symptoms.
The cohort entry date was defined by the date of hospital admission or the date of COVID-19 diagnosis during hospitalization, whichever occurred last. All patients were followed from the cohort entry date until an event or censoring due to hospital discharge, in-hospital death (for outcomes other than mortality), or the end of the study period, whichever occurred first. When a patient had multiple COVID-19-related hospitalizations, we only included the first.
We excluded patients aged less than 20 years at cohort entry. We also excluded those with a cancer diagnosis or recorded cancer-related treatments in the year before cohort entry (other than non-melanoma skin cancer). Patients who were newly prescribed an anticoagulant and had a diagnosis of the outcome recorded on the same date were excluded. We excluded these patients as we could not establish the temporal order of exposure and outcome (i.e., that patients initiated anticoagulants prior to the outcome occurrence) based on their reimbursement claims. The graphic presentation of the time windows for cohort entry and assessing exclusion criteria, exposure, outcome, and potential confounders can be found in Supplementary Figure S1.
Exposure definitions
In-hospital medication use was ascertained based on the prescription claims including information on date of prescription, days of supply, dose, route of administration, etc. These claims included both inpatient and outpatient claims. We first defined exposure using an intention-to-treat (ITT) approach, with person-time classified as either anticoagulant use or non-use based on reception at cohort entry. To account for the dynamic nature of anticoagulant use, we also used a time-varying exposure where each person-day was classified: 1) current use of anticoagulants; or 2) no current use of anticoagulants. In the time-varying approach, exposure status was updated daily with current use defined by a prescription for any anticoagulant on the day for which the exposure was being defined. Anticoagulants included vitamin K antagonists, direct oral anticoagulants, heparin [low molecular weight heparin (LMWH) or unfractionated heparin (UFH)], and fondaparinux.
Outcome definitions
The primary outcome of this study was in-hospital, all-cause mortality. The secondary outcomes were a composite outcome of respiratory outcomes, cardiovascular outcomes, VTE, major bleeding and ICU admission (Supplementary code list S1), and the individual components of this composite endpoint. The ICD-10-CM codes for primary and secondary diagnoses were used to identify these outcomes (Supplementary code list). When multiple records identified the same outcome, the earliest recorded date defined the event date. For composite outcomes, the date of the earliest event defined the event date.
Potential confounders
We identified patient demographic and clinical characteristics that may be associated with anticoagulant use or the risk of the outcomes of interest based on published evidence. Characteristics measured at cohort entry included demographics, calendar time of cohort entry, comorbidities and medication use (Supplementary code list S2). We assessed comorbidities using recorded diagnoses in the 3 years before cohort entry, and medications using recorded dispensing in the year before cohort entry. We included a variable to indicate major general surgery in the year before cohort entry, since those with recent surgeries were more likely to receive thrombosis prophylaxis (Nemeth et al., 2019). Two proxies for overall health in the prior year were included: number of unique medication classes dispensed and the number of hospitalizations. Comorbidities, medication use, major general surgery, and arising conditions (sepsis, disseminated intravascular coagulation, thrombocytopenia), ICU admission, and mechanical ventilator use were also assessed using a time-varying approach, with comorbidities updated daily and defined as having ever had a relevant diagnosis. Medication use was also updated daily. The code lists for defining the above potential confounders were provided in the Supplementary code list.
Statistical analysis
We compared the characteristics of patients who received anticoagulants versus those who did not at cohort entry. Absolute standardized differences were computed for the difference between the treatment groups, and results greater than 0.1 were considered important (Austin, 2009). For the comparison of time-varying covariates, we reported the proportion of person-days of follow-up during which the covariate was present among person-days of current anticoagulant use versus no current use during hospitalization. Crude incidence rates and 95% confidence intervals (CIs) for each outcome of interest were calculated assuming Poisson distributions. Kaplan-Meier curves illustrated crude cumulative incidence proportions of each outcome by treatment group over follow-up.
For estimating the ITT effect, we used Cox proportional hazard models with follow-up time as the underlying time axis to estimate hazard ratios (HRs) and 95% CIs for each outcome for anticoagulant use versus non-use at cohort entry (ITT exposure definition). Due to the small number of patients who received anticoagulants, we were not able to perform the planned analyses using a marginal structural Cox model to estimate the effect of use of anticoagulant use on the outcomes that account for the change of anticoagulant use status during follow-up and the impact of time-varying confounders (per-protocol effect in our study). Instead, we used time-dependent Cox proportional hazard models to estimate HRs and 95% CIs for each outcome for current use versus no current use of anticoagulants (time-varying exposure definition). All models were adjusted for baseline covariates only, with age, number of unique medications used, and number of hospitalizations modeled as continuous variables and all remaining variables modeled categorically. The statistical analysis plans for the originally planned analyses that were not feasible due to sample size are provided in Supplementary Appendix SA3.
RESULTS
Our cohort included 2,677 hospitalized patients with COVID-19 (Figure 1) with a total of 109,417 person-days follow-up time. The average follow-up time was 41 days, and the maximum follow-up time was 180 days. A total of 62.1% were aged 49 years or younger, and 52.7% were female. There were 156 all-cause in-hospital deaths and 181 composite adverse events.
[image: Figure 1]FIGURE 1 | Flowchart describing patient selection for study of anticoagulant use among patients hospitalized with COVID-19 in South Korea.
A total of 24 patients received anticoagulants at cohort entry (13 received oral anticoagulants, eight parenteral anticoagulants, and 3 received both) (Supplementary Table S1). Compared to patients who did not receive anticoagulants (n = 2,653) at cohort entry, patients who received anticoagulants were more likely to be aged 70 + years, admitted in earlier months, obese, and have more comorbidities (Table 1). They also used more medications during the year before cohort entry, and 75% had a history of using anticoagulants. A total of 44 patients received anticoagulants at any time during hospitalization, and we observed similar trends in comorbidities and medications during hospitalization (Table 2). Prior to their current use of anticoagulants, patients were more likely to have comorbidities recorded or have used other medications including antidiabetics, antiplatelets, and statins during hospitalization compared to periods of non-use of anticoagulants.
TABLE 1 | Baseline characteristics of COVID-19 hospitalized patients in South Korea between 20 January and 4 June, 2020, by use of anticoagulants at baseline.
[image: Table 1]TABLE 2 | Distributions of time-varying covariates measured during hospitalization of COVID-19 hospitalized patients in South Korea between 20 January and 4 June 2020, by person-time of current use versus non-current use of anticoagulants.
[image: Table 2]When we defined exposure using an ITT approach, the crude incidence rate of all-cause, in-hospital mortality was 5.83 per 1,000 person-days (95% CI: 2.80, 10.72) among those receiving anticoagulants and 1.36 per 1,000 person-days (95% CI: 1.14, 1.59) among those who did not (Table 3; Supplementary Figure S2). Patients who received anticoagulants at cohort entry had a higher risk of mortality than those who did not (crude HR: 3.79, 95% CI: 1.99, 7.22) (Table 3). After adjusting for baseline covariates, the hazard ratio decreased but was accompanied by a wide 95% CI (HR: 1.12, 95% CI: 0.48, 2.64). The incidence rate (per 1,000 person-days) for the composite adverse event outcome was 3.20 (95% CI: 1.04, 7.47) among those who received anticoagulants at cohort entry and 1.80 (95% CI: 1.54, 2.08) among those who did not (Table 3; Supplementary Figure S2). The adjusted HR was 0.79 (95% CI: 0.28, 2.18). The distributions of the individual outcomes that were included in the composite outcome by the treatment groups are listed in Tables 3, 4; Supplementary Table S1. We also observed similar findings when exposure was defined using a time-varying approach (Table 4).
TABLE 3 | Hazard ratios of adverse outcomes comparing use of anticoagulants versus non-use of anticoagulants among patients hospitalized with COVID-19 (Intention-to-treat exposure definition)a.
[image: Table 3]TABLE 4 | Hazard ratios of outcomes comparing current use of anticoagulants versus non-current use of anticoagulants among patients hospitalized with COVID-19 (time-varying exposure definition)a.
[image: Table 4]DISCUSSION
In this nationwide cohort of patients hospitalized with COVID-19 in South Korea, a small proportion received anticoagulants during hospitalization. Substantial differences in demographic and clinical characteristics were present between treatment groups; patients who received anticoagulants were, on average, more than 20 years older and had worse baseline health compared to those who did not receive anticoagulants. Therefore, both use of anticoagulants at the cohort entry and (time-varying) current use of anticoagulants were associated with higher crude risks of mortality and adverse outcomes. The adjusted estimates were inconclusive, however, largely due to small numbers of events in the anticoagulant group.
Important differences exist between our study population and those of previous related studies. Our cohort was much younger (median age <50 years) than the study populations of studies conducted in the U.S. (Nadkarni et al., 2020), Spain (Ayerbe et al., 2020), China (Tang et al., 2020), and Italy (Russo et al., 2020) (median age >65 years). Studies have shown that older persons are at higher risk of hospitalization for COVID-19 (CDC Cases et al., 2020; Palmer et al., 2021), however the younger median age in our study may be a result of South Korean public health policies enacted in response to the COVID-19 outbreak. Early during the pandemic, all confirmed patients were hospitalized for isolation in South Korea (Chang et al., 2020; MOHW, 2021). Starting from March 2020, a four-stage patient classification system was applied based on disease severity, where moderate, severe, and extremely severe cases were required to be admitted to hospitals (Chang et al., 2020; MOHW, 2021). Therefore, our generally younger cohort may represent a heterogeneous population with different disease severities. The South Korean policy to also hospitalize individuals with relatively mild COVID-19, combined with younger age being associated with milder COVID-19 (Pijls et al., 2021), may explain why our study population is younger than the study populations of previous reported studies in this area. This may also account for the smaller number of patients receiving anticoagulants in our study, relative to previous COVID-19 studies examining anticoagulants.
If patients receiving anticoagulants were distinct from those not receiving anticoagulants in our study, the positivity assumption may have been violated. The positivity assumption, a key assumption for causal inference, holds when patients in each stratum of all covariate combinations have a chance of being in either treatment group (receiving or not receiving anticoagulants in the present study) (Petersen et al., 2012). This positivity violation is apparent from our comparison of the distributions of propensity score of receiving anticoagulants based on patient characteristics; the propensity score distributions did not overlap well between the two groups (Supplementary Figure S2A). When we restricted the population to the areas of propensity score overlap, approximately half of the patients were removed (Supplementary Figure S2B). The violation of the positivity assumption may have occurred because of the small number of anticoagulant users or because of a lack of clinical equipoise for using anticoagulants among patients with certain characteristics (Westreich and Cole, 2010; Platt et al., 2012). This latter reason may have been exaggerated by rapidly evolving COVID-19 treatment strategies based on emerging evidence or guidelines (Thachil et al., 2020). One study (Lin et al., 2020) using data from a large health care system in Massachusetts, U.S. showed that therapeutic choices for hospitalized patients with COVID-19 varied by disease severity and by calendar time (weekly). The positivity violation posed analytic challenges, especially when using inverse-probability weighted-based methods and problems with interpretation in general. Several alternative approaches can be applied (e.g., restriction, choosing a different estimand) (Petersen et al., 2012), however the small number of exposed patients limited the feasibility of these options. Although we applied regression in our study, cautious interpretation is warranted for making extrapolations in data-sparse regions (Vittinghoff and McCulloch, 2007).
Several observational studies have provided cumulative evidence on the association between anticoagulant use and COVID-19 outcomes, which has led to the initiation of several clinical trials (ATTACC Investigators, 2021; Inspiration Investigators, 2021; REMAP-CAP Investigators, 2021; Talasaz et al., 2021). A recent meta-analysis combining results from 19 observational studies showed that the use versus non-use of heparin improved all-cause mortality among hospitalized patients with COVID-19 (pooled HR: 0.66, 95% CI: 0.61, 0.72) (Giossi et al., 2021). However, with anticoagulant use varying over time during hospitalization, defining the exposure has posed challenges in the current literature. One of the most common design flaws in this literature is grouping any anticoagulant use during follow-up (Albani et al., 2020; Lynn et al., 2020; Paranjpe et al., 2020; Tang et al., 2020; Di Castelnuovo et al., 2021; Hara et al., 2021; Ionescu et al., 2021) rather than classifying exposure using a time-varying approach; this approach may introduce immortal time bias (Suissa, 2008). Currently, only a few studies with larger sample sizes have examined in-hospital prognosis of patients with COVID-19 with use versus non-use of anticoagulants. Nadkarni et al. (2020) found that compared to non-use of anticoagulants, use of prophylactic anticoagulants (HR: 0.53, 95% CI: 0.45, 0.62) or therapeutic anticoagulants (HR: 0.72, 95% CI: 0.58, 0.89) were associated with lower in-hospital mortality among 4,389 patients in a single U.S. hospital system. Although the authors acknowledged using time-varying exposure to avoid immortal-time bias, the time-varying exposure definition was not clearly reported. Another study (Rentsch et al., 2021) used data from a nationwide U.S. veterans’ health care system (n = 4,297); they found early initiation of prophylactic anticoagulants was associated with a decreased risk of 30-day mortality (HR: 0.73, 95% CI: 0.66, 0.81). Due to data limitations, the authors were not able to measure time-varying in-hospital use of anticoagulants. Similarly, a study conducted in a single U.S. medical center (n = 3,625) (Billett et al., 2020) adopted an ITT approach, defining anticoagulant use based on whether they received any within 48 h of admission. They found, that compared to those not receiving any anticoagulants, prophylactic apixaban use (OR: 0.46, 95% CI: 0.30, 0.71) and therapeutic apixaban (OR: 0.57, 95% CI: 0.38, 0.85) were associated with lower in-hospital mortality. However, this study excluded patients who remained hospitalized at the end of study period which may introduce selection bias.
The data source used for our study presented a unique opportunity for studying COVID-19 treatment repurposing since it was the first large nationwide COVID-19 database that included information on in-hospital medication use. However, there were some potential limitations. First, as a claims-based database, the diagnosis codes used to define outcomes were used for both clinical and billing purposes. Therefore, some outcome misclassification is possible, although the proportion of misclassified patients should be minimal since the outcomes were mostly severe in nature. Second, our results provide real-world evidence that reflects the situation of routine clinical practice in South Korea. These results may not be generalizable to other countries with different types of health care systems (Blumenthal et al., 2020) and different public health approaches to managing COVID-19. Third, we were unable to adjust for severity of COVID-19 upon hospital admission because laboratory data and scales of severity based on clinical consensus were not available. However, we approximated the underlying health condition for the patients based on comprehensive comorbidities and medication use history. Fourth, there was potential confounding by time-dependent variables in our study. Although we adopted time-varying approaches to define treatment status and the covariates, we did not include time-varying covariates in our final analyses due to data limitations (small number of patients using anticoagulants). If patients with arising comorbidities or with more severe symptoms during hospitalization were more likely to be prescribed anticoagulants, the benefits of anticoagulants would be underestimated in our study. However, in practice, the direction of bias may be difficult to articulate due to the complex scenarios. For example, some of these time-varying covariates were likely affected by the past use of anticoagulants and were also the confounders for subsequent anticoagulant use and the outcome. In a future study, it is important to apply the analytic approaches that could appropriately account for this type of time-varying confounders, such as g-methods (Mansournia et al., 2017) (including a marginal structure model which was listed as our original planned analyses in Supplementary Appendix SA3) instead of a traditional time-varying Cox proportional hazard model (Hernán et al., 2000). In addition, the hazard ratios from the Cox proportional hazard model may not have a causal interpretation since they were estimated conditional on survival which was different from the parameters estimated from the marginal structural model (Hernán, 2010; Martinussen et al., 2020). Fifth, it was not feasible to define anticoagulant use as prophylactic or therapeutic, since we lacked information on clinical protocols and notes. Sixth, our study did not exclude patients who used anticoagulants within 1 year prior to cohort entry (known as prevalent users), which may potentially introduce selection bias (Ray, 2003). Patients are usually at a higher risk of bleeding within the first few months of initiation of anticoagulants (Khan et al., 2019). Therefore, prevalent users of anticoagulants may have a depletion of susceptibility of major bleeding (one of the secondary outcomes), potentially resulting in a lower risk of major bleeding compared to those who newly initiated anticoagulants. However, it is unknown whether there is a depletion of susceptibility of adverse health outcomes in our study among prevalent users of anticoagulants. If these biases were present, our study results would overestimate the benefits of the anticoagulants on COVID-19 related outcomes.
Our study demonstrated that the rapid evolution of the COVID-19 pandemic may have important implications for the study of COVID-19 treatment effectiveness using existing data infrastructure. The small portion of patients who received anticoagulants in our study may result from the combinations of the quarantine policies and clinical management during the early stage of COVID-19 pandemic in South Korea. The study period was during the early stages of the COVID-19 pandemic in one of the first areas affected worldwide. Since then, clinical care for COVID-19 has changed rapidly during this dynamic pandemic as new research findings emerged, vaccines were developed and widely adopted starting in 2021, and we developed a better understanding of the disease course. It is essential to leverage data sources (e.g., electronic medical records) that can capture relevant time-varying information, such as detailed clinical measurements, laboratory test results and clinical procedures, to address confounding as clinical and public health practice evolved during the pandemic (Pottegård et al., 2020). In addition, jurisdiction-specific policies, medical system capacity, and vaccination rates may impact the heterogeneity in hospitalized patients’ disease severity in different regions, all of which evolved over time. All of these factors need to be considered when interpreting and comparing results. Several initiatives have been launched to provide timely access to the large databases with multiple data sources, such as the International 4CE Consortium (Brat et al., 2020), National COVID Cohort Collaborative (N3C) (Bennett et al., 2021) in the U.S., and the database used in our study. With the appropriate data sources in place, investigators from multiple disciplines, and rigorous study design (Franklin et al., 2021; Powell et al., 2021), observational studies can be useful to help inform the constantly evolving evidence on treatments for COVID-19.
CONCLUSION
Although our study was unable to draw conclusions on the effectiveness of anticoagulants on COVID-19 prognosis due to the small number of patients who received anticoagulants during hospitalization, these results can contribute to future knowledge syntheses for this important question. Our study demonstrated that the dynamic pandemic environment may have important implications for observational studies of COVID-19 treatment effectiveness. These results highlighted the need for investigators of future studies to be aware of methodological challenges and to leverage partnerships to access appropriate data sources.
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