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Abstract

Background: Many clinical investigations depend on participant self-report as a principal 

method of identifying health care events. If self-report is used as the trigger to collect and 

adjudicate medical records, any event that is not reported by the patient will be missed by the 

investigators, reducing the power of the study and misrepresenting the risk of its participants. 

We sought to determine the rates and predictors of underreporting hospitalization events during 
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the follow-up period of a prospective study of patients hospitalized with an acute myocardial 

infarction (AMI).

Methods and Results: The Translational Research Investigating Underlying disparities in acute 

Myocardial infarction Patients’ Health status (TRIUMPH) registry, a longitudinal multicenter 

cohort study of people with AMI in the US, queried patients for hospitalization events during 

interviews at 1, 6 and 12 months. To validate these self-reports, medical records for all events 

at every hospital where the patient reported receiving care were acquired for adjudication, not 

just those for the reported events. Of the 4340 participants in TRIUMPH, 1209 (28%) reported 

at least one hospitalization. After medical records abstraction and adjudication, we identified 

1086 hospitalizations from 639 participants (60.2 ±12 years of age, 38.2% women). Of these 

hospitalizations, 346 (31.9%) were underreported by the participants. Rates of underreporting 

ranged from 22.5% to 55.6% based on different patient characteristics. The odds of underreporting 

were highest for those not currently working (adjusted odds ratio [aOR] 1.66; 95% CI, 1.04 – 

2.63), lowest for those married (aOR 0.50; 95% CI, 0.33 – 0.76), and increased the longer the 

elapsed time between the admission and the patient’s follow-up interview (aOR per month of 

1.16; 95% CI, 1.08 – 1.24). There was substantial within-individual variation on the accuracy of 

reporting.

Conclusions: Hospitalizations after AMI are commonly underreported in interviews and should 

not be used alone to determine event rates in clinical studies.

BACKGROUND

Many clinical investigations depend on participant self-report as a principal method 

of identifying health care events.1–15 These investigations include longitudinal clinical 

cohorts, randomized controlled trials and observational studies where self-report initiates 

the process of outcome ascertainment. However, several studies have shown that, when 

compared to medical records, self-reported events are often inaccurate, with overreporting 

and underreporting.16–26 Confirming the occurrence of self-reported events through formal 

adjudication of medical records can counter overreporting (false positives). Underreporting, 

however, cannot be addressed in a similar manner. If self-report is used as the trigger to 

collect and adjudicate medical records, any event that is not reported by the participant will 

be missed by the investigators.

A recent study22 showed that after an acute myocardial infarction (AMI) patients are often 

in error when reporting subsequent hospitalizations. However, it is unknown if this finding is 

particular to that study or is generalizable. Also, there has been little attention to how rates 

of underreporting vary by patient characteristics, event type, or timing from the event to the 

interview. This information is important because if underreporting is largely concentrated in 

specific subgroups, then targeted strategies might be employed to better balance costs and 

yield in designing follow-up strategies. However, if underreporting is a problem across all 

subgroups of patients, then there is a need for a more comprehensive re-design of outcomes 

ascertainment.27–29

To better understand the rates and predictors of underreporting hospitalizations, we 

evaluated the experience of the TRIUMPH study (Translational Research Investigating 
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Underlying Disparities in Acute Myocardial Infarction Patients’ Health Status), a large, 

National Institutes of Health-funded, multicenter U.S. observational cohort study of 

people hospitalized with an AMI. In this study, a centralized follow-up team interviewed 

participants at 1, 6, and 12 months after hospital discharge. We calculated the rates of 

unreported hospitalizations by comparing self-reported events with a detailed review of 

medical records from recruitment sites and any hospital that the patient had reported 

receiving care. Additionally, we sought to identify participant characteristics that were 

associated with underreporting. Since overreporting compromises the efficiency of clinical 

investigations that use formal adjudication of events, but not its validity, the objective of this 

study was not to evaluate the overall self-report accuracy to focus on the rates and predictors 

of underreporting.

METHODS

Study Design

Between April 2005 and December 2008, the TRIUMPH study enrolled 4340 participants 

hospitalized with AMI at 24 US centers. The TRIUMPH investigators published their 

methods.30 In brief, patients were eligible if they were ≥18 years of age, had an elevated 

troponin or creatinine kinase-MB blood test during the initial 24 hours of admission, and 

presented with other evidence supporting the diagnosis of AMI (e.g., 20 minutes of ischemic 

symptoms or electrocardiographic ST changes).30 Patients who did not present to the 

enrolling institution were eligible only if they were transferred within the first 24 hours of 

presentation. Patients who developed elevated cardiac enzymes as a complication of elective 

coronary revascularization were excluded along with those with overt dementia, who had 

already participated in the study, were unable to communicate in English or Spanish, 

had hearing impairment precluding telephone contact for interview, were discharged or 

died before contact with the study coordinator, were prisoners, or were living on hospice 

care. The data that support the findings of this study are available from coauthor JAS 

(spertusj@umkc.edu) upon reasonable request. The institutional review board at each 

institution approved the study, and participants gave informed consent.

Study Sample

Of the 4340 participants, 3632 completed at least one follow-up assessment, at which they 

were asked to report any rehospitalizations since their index event. We included those 

participants that had any hospitalization confirmed after reviewing the requested medical 

records (n=639).

Data Collection

Trained personnel collected baseline hospitalization data by medical chart abstraction and 

standardized in-person interviews administered within the first 72 hours of the index 

AMI admission. Patients were interviewed at 1, 6, and 12 months after their index AMI 

hospitalization, and during the interviews were asked to report all hospitalizations since 

their last contact, including the hospital name, date, reason and if it was planned or 

emergent. One month after the last scheduled contact (12 months after index event), we 

contacted the TRIUMPH enrollment hospital and any other hospital where the participant 
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had reported care and requested all hospitalization records since enrollment (not just the 

reported hospitalizations). We requested medical records from the TRIUMPH enrollment 

site even if the patient did not report any event, while we requested medical records from 

non-TRIUMPH sites if the participant reported an event in that location. The Coordinating 

Center abstracted the received charts and a medical records coder and two registered nurses 

classified them by type of event (including hospitalization, emergency department visit, 

office visit) and the reason for the event (cardiovascular/bleeding events–including AMI, 

heart failure, revascularization procedures, or any bleeding– versus all other events). The 

possible or definite cardiovascular/bleeding events records were sent to two cardiologists for 

independent adjudication, who confirmed whether a hospitalization occurred, and identified 

the reason for admission and the urgency of the hospitalization (planned versus emergent). 

If there was disagreement, a third senior cardiologist adjudicated the record. If disagreement 

persisted, up to 5 cardiologists independently reviewed the charts until a majority was 

obtained. Non-cardiovascular/non-bleeding events were recorded, but their type, status, and 

reason for admission were not adjudicated by cardiologists. A brief overview of the outline 

of the study process is included in Figure 1. The adjudicating physicians also collected 

information on cardiac catheterization procedures, angiographic results, and in-hospital 

events.

Statistical Analysis

We first conducted descriptive analyses of our study sample. Categorical variables were 

described as proportions, and continuous variables as means and standard deviations as 

well as medians and interquartile ranges. We then described rates of unreported events, 

which were defined as the proportion of hospitalization events extracted from the medical 

records over the course of patient follow-up that were not reported by participants. Further 

analyses were conducted at both patient and event levels. At the patient level, we defined 

underreporting as failure by the patient to report at least one hospitalization event identified 

through medical records. Chi-square or Fisher’s exact test was used to assess for differences 

in rates of underreporting by participants’ baseline characteristics, including variables from 

their index hospitalization. At the event-level, we examined hospitalization characteristics 

associated with failure to report individual hospitalization events, including admission 

status and reason, and patient recall time (the elapsed time in months from the admission 

to the patient’s follow-up interview). These analyses employed generalized estimating 

equations with an exchangeable working correlation structure to account for clustering of 

repeated admission events within patients. To identify independent factors associated with 

underreporting, we constructed a hierarchical logistic regression model including patient 

factors, patient recall time in months, and random effects for patient and site. Adjusted 

odds ratios (aORs) are presented with their respective 95% confidence intervals (95% CI). 

In addition, we used the predictions from the model to partition the total variation in 

underreporting into the percentages attributable to site, observed patient factors (i.e., the 

R-square associated with the predictor variables), unobserved patient factors (the variance of 

the patient random effect), and residual within-patient variation. Individual covariate missing 

rates were <5% and we used single-value mean/mode imputation to include all patients in 

the final analysis. All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, 
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NC) and R version 3.5.2.31 The study was reviewed and approved by the Yale University’s 

Institutional Review Board.

RESULTS

Charts abstraction and overall underreporting rate

In total, 1209 participants reported 2016 hospitalizations (Figure 2). Of these, we excluded 

320 events from our analysis because the patient did not consent to release their medical 

records, and we excluded an additional 107 events due to inability or failure to request 

records (e.g., administrative error, or the patient could not recall the name of hospital). Thus, 

we requested the medical records for 1589 admissions from 251 hospitals.

Among the hospital records requested, we identified 1320 encounters (we did not receive 

information on 269 reported events despite multiple requests to the hospitals). Of these, 

we determined that 580 (43.9%) were not a hospital admission but represented visits 

to an emergency department, outpatient care center, polysomnography, or no identified 

encounter (overreported events). Trained study coordinators confirmed 740 self-reported 

hospitalizations (accurate self-reports). Importantly, the total number of hospitalizations 

rose to 1086 because, from the hospital records received, we identified an additional 346 

hospitalizations not reported by patients, representing an overall underreport rate of 31.9% 

(346/1086).

Overall Characteristics of the Population and Hospitalizations

The total 1086 hospitalizations were from 639 participants with at least one hospitalization 

event confirmed with medical records, representing our study sample. The average age 

was 60.2 years (SD, 12 years), 38.2% were women and 29.6% were non-Caucasian. The 

characteristics of study participants are included in Table 1. From these participants, median 

(interquartile range [IQR]) number of self-reported hospitalizations was 1 (1–1), ranging 

from 1 to 5, whereas median (IQR) number of confirmed hospitalizations was 1 (1–2), 

ranging from 1 to 14 (Supplemental Figure S1). The relationship between the frequency 

of confirmed hospitalizations and patient-reported hospitalizations are shown in Figure 3. 

Cardiovascular or bleeding event was the cause of 777 (71.5%) of the hospitalizations. Heart 

failure was the reason for admission in 166 (15.3%) of the cases, percutaneous coronary 

intervention (PCI) in 164 (15.1%), and AMI in 75 (6.9%). The status in 655 (60.3%) 

hospitalizations was emergent.

Compared to those excluded due to failure to obtain medical records or no hospitalization 

event confirmed (n = 601), our study sample had a higher mean age (60.2 ±12 years vs 58.8 

±11.8 years, P = 0.034), were less likely to report difficulty getting care (10.3% vs 16.8%, 

P < 0.001), and were less likely to have a full time job (32.0% vs 37.7%, P =0.018 for the 

overall work status variable) (Supplementary Table S1).

Rates of Underreporting Hospitalizations by Patient Characteristics

Rates of underreporting a hospitalization event across patients based on their characteristics 

are shown in Figure 4. Underreporting was more frequent among individuals who were 
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black/African American (40.0% vs 28.7% among white/Caucasian and 36.4% among other 

races, P = 0.03), unmarried (40.7% vs 22.6% among married, P < 0.001), lived alone (39.9% 

vs 28.8% among those who did not, P = 0.008), were not currently working (37.7% vs 

22.5% among those with part time work and 24.1% among those who work full time, P < 

0.001) or had a history of heart failure (46.6% vs 29.9% with no history of heart failure, 

P = 0.003). Those in the highest ZIP median income quartile had a lower underreporting 

rate (22.6%) than those in the other quartiles (33.8%, 34.6%, and 35.4%, for those in 

the first, second, and third quartile, respectively) (P = 0.046). By discharge disposition, 

underreporting was less frequent among those discharged to home (30.4%) than among 

those discharged to nursing home (42.9%) or to other facilities (52.6%) (P = 0.043). No 

differences were found among other characteristics, including sex, age category, education 

level, or depression at the index hospitalization.

Rates of Underreporting Hospitalizations by Time from Event to Interview

The rate of unreported hospitalizations was the lowest (23.3% [73/313]) when the event was 

less than 1 month from the interview, with a stepwise increase by length of the recall period 

thereafter: 29.9% (105/351) when between 1 month and 3 months, 35.2% (118/335) when 

between 3 months and 6 months, 57.4% (35/61) when between 6 months and 9 months, and 

57.7% (15/26) when between 9 and 12 months (p<0.001).

Rates of Underreporting Hospitalizations by Event Characteristics

When clustering by patient, no differences were found in the distribution of reported and 

unreported hospitalizations by status or reason for admission. Planned admissions were not 

reported in 21.3% of the cases, compared to 32.1% of the emergent events (P value = 0.31). 

The proportion of underreported events by reason for admission was 28.7% of those for PCI 

(vs 32.4% for any other reason, P=0.36), 30.7% of those due to MI (vs 31.9% for any other 

reason, P=0.58), and 42.2% of those due to heart failure (vs 30.0% for any other reason, 

P=0.96).

Predictors of Underreporting

In the multivariable regression analysis, the variable associated with the highest odds of 

underreporting hospitalizations was not currently working (aOR 1.66; 95% CI, 1.04 – 2.63). 

On the other hand, married participants had the lowest odds of underreporting (aOR 0.50; 

95% CI, 0.33 – 0.76). Recall time (the duration between the hospitalization event and the 

patient’s follow-up interview) was also strongly predictive, with odds of underreporting 

increasing by a factor of 1.16 (95% CI 1.08 – 1.24) per each additional month elapsed. No 

significant differences were observed in the aORs by sex, age, race, insurance, ZIP median 

income, and other predictors shown in Figure 5. Of the total variation in reporting across 

all hospitalization events, 0.5% was attributable to site, 11.1% was attributable to observed 

patient factors in the model, 14.6% was attributable to unobserved differences between 

patients, and the remaining 73.9% was attributable to within-patient variation.
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DISCUSSION

This study establishes that for people who have just suffered an AMI, self-report of 

hospitalizations is often in error. Nearly 1 in 3 hospitalization events were underreported, 

both overall and by any cardiovascular reasons for admission, reaching nearly 1 in 2 when 

the admission was due to heart failure. While there were differences in underreporting 

rates by patient characteristics, they were consistently high and increased progressively 

as the time between the event and the interview increased. This performance occurred 

despite people being contacted 3 times within the one-year period and having consented to 

report their events. Furthermore, approximately three quarters of the variability in reporting 

occurred between different hospitalization events for the same patient, suggesting a high 

degree of inconsistency in patients’ abilities to recall all their hospitalization events. Overall, 

our findings suggest that a better general strategy for capturing incident events is needed in 

cardiovascular research, rather than focusing on certain subgroups that might be at higher 

risk of underreporting.

This study extends the prior literature in several ways. First, we demonstrate that the 

study from TRANSLATE-ACS (Treatment with ADP Receptor Inhibitors: Longitudinal 

Assessment of Treatment Patterns and Events after Acute Coronary Syndrome) findings 

of underreporting are generalizable across another study of AMI. In TRANSLATE-ACS, 

patients with an ACS were treated with percutaneous coronary intervention and adenosine 

diphosphate receptor inhibitor therapy. In this group, medical bills verified 59% of patient-

reported hospitalization events, and found that 33% of hospitalizations recorded in the 

billing data were underreport by patients.22 Our results were consistent with this, despite 

having a broader population of patients with AMI (not limited to those who received 

percutaneous coronary intervention), and a different search strategy for the incident events 

on other hospitals rather than the recruiting one. In addition, our study also adds by showing 

that high rates of underreporting are not restricted to specific subgroups, that there is 

substantial within-individual variation in their ability to recall an event accurately, and 

underscoring the importance of recall time. This is important and consistent with studies of 

other diagnoses17, 21, 32, 33 and raises concern regarding studies that depend on self-report.

Our study also provides a strong methodological approach to investigate this issue. Many 

of the prior studies were limited by sparse interviews, no or single-adjudication of the 

events, using bill codes instead of medical records, or analyzing overall agreement of 

patient-reported outcomes rather than focusing on underreports. In this study, we address 

those shortcomings by contacting the participants at least 3 times for in-person visits (or 

phone interviews if not possible) during follow-up, which also made it possible to analyze 

the influence of recall period, having multiple cardiologist as adjudicators of the medical 

records, and describing the scope of underreporting rather than disagreement in general. We 

also tested what characteristics were most strongly associated with underreporting.

There are several key insights from our investigation of predictors of underreporting. Most 

importantly, rates of underreporting were high for all groups. We did not identify a group 

with an underreporting rate lower than 20%. Another notable finding is that the time 

between the event and the interview was strongly associated with underreporting, which is 
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expected and supports the validity of our findings. What is striking, however, is that even 

events that occurred with a month of the interview were often (almost 1 in 4) underreported. 

Moreover, sociocultural characteristics of patients including unemployment and marital 

status were more strongly predictive of underreporting events, as opposed to demographic 

characteristics of age and sex, which we did not find to be associated with underreporting of 

hospitalization events.

Our findings have several implications for research. Many studies, including clinical trials, 

use self-report to ascertain events. They employ adjudication to eliminate false positive 

findings but rely on self-report to identify the events. Our findings suggest that any study 

that only uses self-report as a means to initiate the cascade of event ascertainment will 

underestimate the total events. Although this underreporting may not bias the study, it will 

reduce power and misrepresent the risk of the participants. Given our study and others, 

self-report alone should not be used to ascertain hospitalizations, especially in, but not 

restricted to, studies that use long intervals between contact with patients. Furthermore, our 

study also highlights that similar evaluations in the clinical setting are important as clinical 

care decisions frequently relies on patient’s self-reported diagnosis and events that cannot 

be immediately complemented with available medical records. For example, an inaccurate 

self-report might potentially lead to misdiagnosis, repeated testing, or delayed treatments.

Our study establishes the need for additional strategies to ensure that all events are captured. 

In an age of electronic health records and payor databases, it may be even better to develop 

more comprehensive ways of assessing these events in the future, rather than depending 

on self-report as the trigger event for collecting hospitalization outcomes. Many studies are 

already employing such strategies, often as a means to avoid the costs of patient interviews, 

but there may be a more important aspect to a digital strategy. Certain strategies leveraging 

technology have already been tested and implemented. These include the use of smartphone 

geofencing to detect when a participant is hospitalized,34 leveraging common format data 

from electronic health records to capture endpoints as in ADAPTABLE (Aspirin Dosing: 

A Patient-centric Trial Assessing Benefits and Long-Term Effectiveness, clinicaltrials.gov 

identifier NCT02697916),35 or a combination of several digital sources including activity 

monitors, pharmacies, wearable devices, among others.36 Furthermore, a diverse population 

of patients have shown interest in embracing similar digital strategies into their care,37 

signaling their potential accessibility across sociodemographic subgroups that could also be 

leveraged for research.

The study has several limitations. We only had access to hospitalizations at TRIUMPH 

enrolling sites and hospitals where the participant indicated that they had received acute 

care. Thus, the results in this study represent the lower bound of the actual underreporting 

rate. Also, we could not assess whether the additional hospitalizations identified represent 

the entire set of hospitalizations for that individual at that institution during the study period. 

Also, the study was conducted in a real-world setting and 16% of the patients did not 

consent to have their medical records requested. Nevertheless, this study was conducted by 

experienced investigators with highly-trained staff, and with a commitment to acquire as 

much follow-up information on hospitalizations as was possible. Finally, TRIUMPH was 
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conducted over a decade ago. Nevertheless, there is no reason to believe that the current 

performance of self-report would be different.

In conclusion, self-report of hospital events after AMI are unreliable, with high rates of 

underreporting hospitalizations, which can undermine the power of clinical investigations 

and treatment decisions based on patient-reported hospitalization events during clinical 

encounters. These results underscore the importance of leveraging better approaches to 

ascertain outcomes in longitudinal studies, while also verifying self-reported data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is Known?

• Clinical investigations often rely on self-report as the main method to identify 

incident events, but it is often inaccurate when compared with medical 

records.

• Whereas overreported events can be mitigated with adjudication of medical 

records, underreported events will be missed by the investigators and pose a 

threat to the study.

• There has been little attention to how rates of underreporting vary by patient 

characteristics, event type, or timing from the event to the interview.

What the Study Adds?

• Self-reported hospitalization events after a myocardial infarction are often 

in error, with nearly one third not being reported, and—while there are 

differences in rates of underreported events by patient characteristics or event 

type—across all subgroups the rates are high, increasing progressively as time 

between the time of event and the interview increased.

• This evidence provides impetus to the need for better ascertainment methods 

beyond self-report.
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Figure 1. 
Overview of study methodology

Abbreviations: CV, cardiovascular.
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Figure 2. 
Number of hospitalization records request, received and adjudicated to be hospitalization 

events.

Abbreviations: CV, cardiovascular.
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Figure 3. 
Relationship Between Number of Confirmed Hospitalization Events and Number of Patient-

Reported Events
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Figure 4. 
Proportion of Patients with Any Unreported Rehospitalization by Baseline Characteristics

Abbreviations: PHQ, Patient Health Questionnaire; PCI, percutaneous coronary 

intervention; CABG, coronary artery bypass grafting.
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Figure 5. 
Adjusted Odds Ratios of Underreporting Hospitalization Events by Patients Characteristics

Abbreviations: AA, African American; Q1, quartile 1; Q2, quartile 2; Q3, quartile 3; Q4, 

quartile 4; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, 

coronary artery bypass grafting; DC, discharge; HH, home health; OP Rehab, outpatient 

rehabilitation.
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Table 1.

Patients Baseline Characteristics

Characteristic
 Total
n = 639

Age (years) 60.2 ± 12.0

Sex
Male
Female

395 (61.8%)
244

(38.2%)

Race
White/Caucasian
Black/African-American
Other

450 (70.4%)
145

(22.7%)
44 (6.9%)

Married
Missing

314 (49.2%)
1

Live
alone
Missing

168 (26.4%)
3

High school
education
Missing

520 (81.9%)
4

Insurance
Missing

491 (78.4%)
13

ZIP median income (Median
(IQR))
Missing

45667.0 (35587.0, 61000.0)
6

Working
status
No, I don’t currently work
for pay
Yes, work full
time
Yes, work
part-time
Missing

361 (56.9%)
203

(32.0%)
71 (11.2%)

4

Difficulty getting
care
Missing

65 (10.3%)
5

End-of-month financial
status
Some money left
over
Just enough to make ends
meet
Not enough to make ends
meet
Missing

255 (40.3%)
228

(36.0%)
150 (23.7%)

6

Prior cardiovascular disease 270 (42.3%)

Heart failure 73 (11.4%)

Depression
(PHQ>=10)
Missing

150 (23.5%)
2

Revascularization
None
PCI
CABG

177 (27.7%)
405

(63.4%)
57 (8.9%)
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Characteristic
 Total
n = 639

Discharge
disposition
Home
Nursing
home/home health
Other

585 (91.5%)
35

(5.5%)
19 (3.0%)

Abbreviations: IQR, interquartile range; PHQ, Patient Health Questionnaire; PCI, percutaneous coronary intervention; CABG, coronary artery 
bypass grafting
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