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Abstract

Background: Randomized trials are the gold standard for generating clinical practice evidence,
but follow-up and outcome ascertainment are resource-intensive. Electronic health record (EHR)
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data from routine care can be a cost-effective means of follow-up, but concordance with trial-
ascertained outcomes is less well-studied.

Methods: We linked EHR and trial data for participants of the Systolic Blood Pressure
Intervention Trial (SPRINT), a randomized trial comparing intensive and standard blood pressure
targets. Among participants with available EHR data concurrent to trial-ascertained outcomes, we
calculated sensitivity, specificity, positive predictive value, and negative predictive value for EHR-
recorded cardiovascular disease (CVD) events, using the gold standard of SPRINT-adjudicated
outcomes (myocardial infarction (Ml)/acute coronary syndrome (ACS), heart failure, stroke, and
composite CVD events). We additionally compared the incidence of non-CVD adverse events
(hyponatremia, hypernatremia, hypokalemia, hyperkalemia, bradycardia, and hypotension) in trial
versus EHR data.

Results: 2,468 SPRINT participants were included (mean age 68 (SD 9) years; 26% female).
EHR data demonstrated =80% sensitivity and specificity, and =99% negative predictive value for
MI/ACS, heart failure, stroke, and composite CVD events. Positive predictive value ranged from
26% (95% CI; 16%, 38%) for heart failure to 52% (95% ClI; 37%, 67%) for MI/ACS. EHR data
uniformly identified more non-CVD adverse events and higher incidence rates compared with trial
ascertainment.

Conclusions: These results support a role for EHR data collection in clinical trials, particularly
for capturing laboratory-based adverse events. EHR data may be an efficient source for CVD
outcome ascertainment, though there is clear benefit from adjudication to avoid false positives.

Keywords
cardiovascular outcomes; outcome ascertainment; electronic health record; pragmatic trial

Introduction

Randomized controlled trials are the gold standard for establishing evidence for causal
effects, but are costly and resource-intensive. Consequently, there has been growing interest
in the complementary role of pragmatic trials, which leverage existing clinical infrastructure
and use routinely collected health data for follow-up and outcome assessment.1=3 Pragmatic
trials can achieve a larger scale and capture potentially more representative study
populations, while substantially reducing resource requirements compared with a traditional
trial infrastructure. The use of data collected in routine health care can also allow for
cost-effective long-term follow up, which may be advantageous or even necessary to detect
smaller but clinically significant benefits and harms, including rare adverse events.*:°

A major concern for pragmatic trials is the reliability of clinical outcome ascertainment
using routinely collected health data, due to the lack of expert adjudication and potential

for loss to follow-up when care is fragmented across health systems. For cardiovascular
events, prior studies have shown variable agreement between routine health data and the
gold standard of manual adjudication. These studies, primarily examining claims or registry
data, have found that routine health data tended to have very high specificity, with less
consistently high sensitivity and positive predictive value (PPV).6-9 Evidence regarding
outcome ascertainment is relatively limited for electronic health record (EHR) data, for
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which key concerns include accuracy of diagnostic coding, missing or incomplete data
elements, and care fragmentation across health systems.10 In a validation study using a
sample of 225 adjudicated cardiovascular events from a randomized trial of aspirin dosing,
Marquis-Gravel et al found that linked EHR data had a 90% and 72% PPV to identify
myocardial infarction (M1) and stroke, respectively.1! In addition, an understudied aspect in
studies of routine health data concordance relates to laboratory and vital sign data, which are
generally unavailable in claims.12

The objective of this study was to examine the concordance of events recorded by
protocolized trial procedures and those captured in the EHR using data from the Systolic
Blood Pressure Intervention Trial (SPRINT). We leveraged data from an ancillary study that
linked trial data with EHR data collected in routine clinical care of study participants.

Methods

Study Data

SPRINT was a randomized clinical trial conducted at 102 clinical sites in the US

to test blood pressure treatment targets for hypertension (Clinical Trials.gov nhumber
NCT01206062).13 Between November 8, 2010 and March 15, 2013, a total of 9,361
participants were randomized to either an intensive treatment arm (goal systolic BP <120
mm Hg) or to a standard treatment arm (goal systolic BP <140 mm Hg). In the SPRINT
EHR ancillary study, trial data were linked to participants” EHR data, including diagnosis
codes, vital signs, and laboratory results; details of this linkage have been previously
described.1415 The SPRINT protocol was approved at all participating clinical sites, and
informed consent was waived for this ancillary study due to the exclusive involvement of
existing trial and EHR data.

Study Population

For the present study, we included SPRINT participants who had linked EHR data that
included at least two BP measurements on separate days, one serum creatinine value, and
one International Classification of Diseases (ICD) diagnosis code at the site in which they
were originally enrolled during the study period. Because our primary outcome was time to
an incident cardiovascular disease (CVD) event, we excluded participants who had prevalent
CVD at enrollment in our primary analysis (30.7%; n = 1094). Prevalent CVD was defined
as a history of Ml/acute coronary syndrome (ACS), heart failure, or stroke/cerebrovascular
disease upon SPRINT enrollment, based on either the SPRINT baseline questionnaire or
the presence of any encounter-based CVD ICD code within EHR data prior to the date of
enrollment. Restriction to participants without prevalent CVD reduces the possibility that a
CVD event in EHR data would reflect recurrent coding of a past event, rather than a true
incident CVD event. For secondary analyses examining non-CVD events as outcomes, we
did not exclude participants on the basis of prevalent CVD at baseline.

Outcome Assessment

Outcomes in SPRINT were based on trial reporting of serious adverse events (SAE).13 The
primary outcome was CVD events, defined as a composite of MI/ACS, heart failure, or

Contemp Clin Trials. Author manuscript; available in PMC 2024 May 01.


https://ClinicalTrials.gov/
https://clinicaltrials.gov/ct2/show/NCT01206062

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chuetal.

Page 4

stroke/cerebrovascular disease. In SPRINT, CVD events were identified by SAE reports

of MI/ACS, heart failure, or stroke, which were then adjudicated according to the

trial protocol.13 In EHR data, CVD events were identified using encounter-based ICD
codes.16-19 |n a secondary analysis, we examined non-CVD adverse events, including
hyponatremia, hypernatremia, hypokalemia, hyperkalemia, bradycardia, and hypotension.
Detailed descriptions of these outcomes as they were defined in SPRINT and EHR data are
presented in Supplemental Table 1.

Statistical Analysis

Results

To assess for concordance of outcome ascertainment between SPRINT and EHR data,

we first identified all SPRINT SAE occurrences. Because study sites varied in the time

at which they began capturing EHR data, we ensured that at the time of each SPRINT

SAE, EHR data (defined as having two consecutive days with creatinine values and the
presence of any ICD code) was available from the corresponding study site within a window
spanning +14 days of a SPRINT SAE. If EHR data was not available at the time of a
SPRINT SAE, then that event was excluded for the concordance analysis. This could occur
if the SAE took place at a different health system than the corresponding study site. For
each SAE, we assessed diagnosis codes from EHR data within £14 days to determine
concordance in the identification of CVD events. We considered outcomes to be concordant
if the EHR data included at least one ICD code for a CVD event of the same type (e.g.,
MI/ACS, heart failure, or stroke/cerebrovascular disease) within £14 days of the SPRINT
CVD event. Treating SPRINT outcomes as the gold standard, we then calculated sensitivity,
specificity, PPV, and negative predictive value (NPV) for EHR-ascertained events. We
assessed concordance for the first occurrence of a CVD event, which would align with
outcomes for a time-to-event analysis. In a sensitivity analysis, we assessed concordance
including both initial and subsequent SAEs occurring during follow up (e.g., one person
may have multiple CVD events). Additionally, we repeated our analysis without excluding
participants who had CVD at baseline.

In a secondary analysis, we examined the incidence of non-CVD adverse events
(hyponatremia, hypernatremia, hypokalemia, hyperkalemia, bradycardia, and hypotension).
For each event, we calculated incidence rates and 95% confidence intervals for the intensive
treatment and standard treatment arms in SPRINT and EHR data. We used Cox proportional
hazard models with a baseline hazard function stratified by site to compute unadjusted
hazard ratios for the effect of intensive treatment on each adverse event, censoring
participants at the time of death, loss to follow up, or study closeout.

Of 9,361 participants randomized in SPRINT, approximately one-quarter (n=2,468) met our
inclusion criteria (Figure 1).

In total, 1206 participants from the standard treatment arm and 1262 participants from the
intensive treatment arm were included. Approximately half the study population were from
Veterans Affairs (VA) study sites, and nearly three-quarters were male (Table 1).

Contemp Clin Trials. Author manuscript; available in PMC 2024 May 01.
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In both arms, mean age was 68 years (SD 9 years) and approximately one quarter were
female. Baseline BP was similar (138/78 mm Hg) in both groups. Baseline characteristics of
SPRINT participants who did not meet the inclusion criteria compared to those included in
this analysis are shown in Supplemental Table 2.

Concordance of CVD Outcomes between SPRINT and EHR

In total, 865 SPRINT SAE reports had concurrently captured EHR data to assess
concordance. Event counts and incidence rates for CVD outcomes in SPRINT and EHR
data are shown in Supplemental Figure 1.

With SPRINT SAE reports as the gold standard, the sensitivity, specificity, PPV, and NPV
of EHR data for ascertaining CVD outcomes are shown in Figure 2. EHR data demonstrated
>80% sensitivity and specificity, and 299% NPV, for MI/ACS, heart failure, stroke, and
composite CVD events. Results were largely similar across both intensive treatment and
standard treatment arms. Overall specificity was highest for MI/ACS (97%; 95% CI, 96%,
98%) and stroke (98%; 95% CI, 97%, 99%). PPV was lower, ranging from 26% (95%

Cl; 16%, 38%) for heart failure to 52% (95% ClI; 37%, 67%) for MI/ACS. Similar results
were observed for evaluating concordance when all events during follow up (not just the
first event) were included (Supplemental Table 3). In analyses where participants with prior
CVD were included, PPV was notably lower (range 23%-42% across the CVD outcomes)
compared with the primary analysis.

Non-CVD Adverse Event Incidence Rates in SPRINT and EHR Data

Event counts, incidence rates, and hazard ratios for non-CVD adverse events are shown

in Figure 3. Across different types of adverse events, EHR data uniformly identified more
events, resulting in higher incidence rates compared with SPRINT reports. In some cases,
EHR data demonstrated several-fold greater event counts and incidence rates: most notably
for hypotension, where EHR data identified over 6 times the number of episodes compared
with SPRINT (641 events in EHR versus 100 events in SPRINT in the intensive treatment
group). For most adverse events, incidence rates were similar between the intensive
treatment and standard treatment arms. In regression analyses (Supplemental Table 4),
SPRINT and EHR data were mostly concordant in the direction and statistical significance
of hazard ratios comparing intensive to standard treatment arms, with two exceptions. For
hypernatremia, no events were recorded in SPRINT data for the standard treatment arm,

so a hazard ratio was not calculated. The other exception was hypotension, which showed
discordant results: in SPRINT data, intensive (versus standard) treatment was associated
with increased hypotension events (HR 1.94; 95% Cl, 1.38, 2.72), while in EHR data,
intensive treatment was associated with fewer hypotension events (HR 0.68; 95% ClI, 0.62,
0.76).

Discussion

In this ancillary study of SPRINT examining concordance between linked trial and EHR
data, we found that CVD events identified by EHR data demonstrated good sensitivity,
excellent specificity and NPV, and relatively poor PPV, when compared with adjudicated
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CVD events as the gold standard. These characteristics were similar between intensive and
standard treatment arms. For non-CVD adverse events, EHR data consistently captured
higher event counts than reported in the trial. These results have a number of implications
for the design of clinical trials that involve sourcing EHR data for ascertaining outcomes and
adverse events.

The sensitivity ranging 86%-91% for capturing CVD events indicates that most SPRINT-
adjudicated CVD events were concordantly captured in EHR data. High sensitivity is
important for accurately reporting the risk of events and event rates, and low sensitivity
would result in an underestimation of true event rates, independent of the impact of false
positives from low specificity. Specificity of EHR data was extremely high or near perfect,
indicating that non-CVVD SPRINT events virtually never had concurrently recorded CVD
conditions in the EHR. High outcome specificity is a useful property that can support use of
routine health data for estimating relative measures of treatment effects in clinical trials. As
long as sensitivity for the outcome does not differ between arms under comparison, having
nearly perfect specificity will result in minimal bias for measures of relative risk.2? This
property may account for the close agreement of treatment effect estimates obtained via
analysis of routine health versus trial-collected data in other studies.®

In contrast to the sensitivity and specificity results, we found that PPV was notably poorer,
ranging 26%-52% across the CVD outcomes, while NPV was close to 1. Low PPV
indicates that CVD events recorded in real world data frequently did not represent a true
occurrence of a CVD event as assessed by trial adjudication; these false positives would
cause a tendency toward inflated CVD event rates when measured by EHR data. Several
factors may contribute to false positives and limit the PPV of routine health data. Diagnosis
codes may represent historical events, rather than a current active issue; this may account
for the worse PPV when participants with prior CVD were included. When patients receive
care in multiple health systems, EHR data sourced from one system may be incomplete, and
diagnosis codes for a CVD event may lag behind the occurrence of the event itself (e.g., at
an outside hospital). This concern may be mitigated by linkage with claims data or using
multiple EHR data sources.?! In addition, initially recorded EHR diagnosis codes may be
inaccurate upon further clinical evaluation that changes the ultimate diagnosis, resulting in
an excess of false positive CVD events. With the desire for more inter-EHR communication
and problem list reconciliation across different EHRsS, there is a also potential for more
false positives caused by inaccurate or outdated information being reconciled. The pattern
we observed of low PPV with high NPV can also reflect low prevalence, as both predictive
values are dependent on the prevalence of true events in the study.22

The test characteristics we observed for CVD outcomes in EHR data compared to
adjudicated SPRINT outcomes are similar to those found in studies examining claims or
registry data sources.5=9 Consistent features include very high or near perfect specificity,
with sensitivity that is good but not as high. Meanwhile, PPV was much lower for CVD
outcomes in our study, which assessed concordance with EHR data, as well as in other
studies that examined concordance with claims and registry data. For example, in a study
comparing claims with trial-ascertained CVD outcomes of M, stroke, and composite CVD
events, Faridi et al found near perfect specificity, sensitivity ranging from 62—-73%, and
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PPV ranging from 47% (for stroke) to 86% (MI).° Additionally, we did not find substantive
differences in test characteristics by randomization arm, a reassuring finding as differential
ascertainment according to exposure status may be a source of bias in treatment effect
estimation.23

In addition to the primary outcomes, assessment of adverse events is a critical aspect of
clinical trials. We found that for adverse events, EHR data uniformly identified a greater
number of events than reported in the SPRINT follow-up procedures. Greater event capture
by EHR data was similarly noted in a study examining acute kidney injury outcomes

in EHR and SPRINT data.1> Ascertainment of these adverse events relies on laboratory

or vital sign data, which can be collected at a greater frequency in routine health data
compared with the trial setting, where these data are collected in study visits at prespecified
follow up intervals. For outcomes based on commonly obtained laboratory data, collection
of EHR data could be a useful adjunct for outcome ascertainment that is more sensitive
compared to study visit testing. This may be especially beneficial for identifying safety
signals in rare adverse events. However, such findings may require confirmation because
routine health data can be subject to differential ascertainment by other patient charcteristics
(detection bias).2425 For example, one group may have more observed hypokalemia if
they experience a greater frequency of emergency visits with laboratory testing—and thus
more opportunity for hypokalemia to be detected—for unrelated reasons, even if the true
incidence of hypokalemia is the same between groups. Nevertheless, our study found that
EHR and SPRINT data demonstrated largely concordant findings with respect to direction
and statistical significance for the intervention effect on electrolyte disturbances.

With respect to hypotension, however, we noted discordance in the direction of event
associations: intensive BP control was associated with more hypotension in SPRINT
follow up visits, but less hypotension in EHR data. This discordance may relate to the
inability to replicate ascertainment of hypotension in SPRINT, which was identified by site
investigators. Hypotension in EHR data was defined as a >20% decline in an outpatient
systolic BP relative to a baseline value (the previous SPRINT study visit BP, or in cases
where antihypertensive medications had been adjusted, the average of the previous and
following SPRINT study visit BP). Thus, greater EHR hypotension incidence rate in the
standard treatment arm may be explained by the higher baseline BP values in SPRINT
visits,13 from which a 20% decline is more easily achievable upon repeated BP measures.
It is also worth noting that SPRINT BP measures used a standardized protocol,26 whereas
the circumstances of BP measures recorded in EHR data may come from a variety of care
settings and are less well specified, with an inconsistent correlation to standardized BP
measurements from SPRINT.14

Strengths of our study included the linkage of EHR data to rigorously collected and
adjudicated clinical trial data across a geographically diverse multicenter setting and
assessment of concordance between trial and EHR based incidence of laboratory and vital
sign based adverse events. Limitations included EHR data being available for a subset of the
SPRINT population, thus lacking power to replicate SPRINT results or estimate treatment
effects in EHR data for comparison. EHR data may not be comprehensive if participants
receive care across multiple health systems, although this is also representative of a

Contemp Clin Trials. Author manuscript; available in PMC 2024 May 01.
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pragmatic trial scenario. We restricted our analysis to participants having concurrent EHR
and trial data to focus on concordance of event ascertainment. Thus, generalizability may be
limited in settings with greater EHR data “leakage”, i.e., missingness due to fragmentation
of care across multiple health systems with incomplete interoperability. Nearly half the
study population came from VA systems, where data leakage is less common; thus the
applicability of results to different health system settings is less certain. These limitations
depict and highlight broader challenges in the use of EHR data for pragmatic trial follow
up, particularly in large scale multicenter settings. For example, the 26% of SPRINT
participants with EHR linkage in this study were not necessarily representative of the overall
SPRINT study population. This was most notable in that VA health systems comprised 47%
the present study cohort compared with 21% of the overall SPRINT study; consequently,
nearly 75% of the present study cohort were male. Thus, the design of large scale pragmatic
trials should consider that selection of study sites based on availability of EHR data,

the extent of data fragmentation, or other data quality parameters may have important
implications for representativeness and generalizability.

In conclusion, we found that for SPRINT participants, EHR data had high specificity and
NPV, good sensitivity, and relatively poor PPV for CVD outcomes. In addition, EHR data
identified a greater number of non-CVD adverse events than recorded in SPRINT follow

up study visits and could be a powerful tool for identification of adverse events. Both
pragmatic and explanatory clinical trials could benefit from incorporating linkage with EHR
data for ascertainment of laboratory-based events. For CVD outcomes, it may be ideal to
combine EHR with other data sources (e.g., claims) or use manual validation for a sample of
outcomes to attain the most reliable and effective scaling for pragmatic trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Flow Diagram

Abbreviations: CVD = cardiovascular disease; EHR = electronic health record; ICD =
International Classification of Diseases; SBP = systolic blood pressure; SPRINT = Systolic

Blood Pressure Intervention Trial.
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Figure 2. Concordance of Electronic Health Records with Serious Adver se Event Reportsfor
Cardiovascular Eventsin the Systolic Blood Pressure I ntervention Trial

Error bars indicate 95% confidence intervals.

Abbreviations: CVD = cardiovascular disease; MI/ACS = myocardial infarction/acute
coronary syndrome; NPV = negative predictive value; PPV = positive predictive value.
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Event and Arm Events Incidence rate per 100 person-years (95% CI)
Hyponatremia

SPRINT Intensive Treatment 79/1585 1.21 (0.96, 1.51)

EHR Intensive Treatment 128/1585 1.98 (1.65, 2.35)

SPRINT Standard Treatment 45/1552 0.70 (0.51, 0.94) o

EHR Standard Treatment 87/1552  1.37 (1.09, 1.69)
Hypernatremia

SPRINT Intensive Treatment 3/1585 0.04 (0.01, 0.13)

EHR Intensive Treatment 6/1585 0.09 (0.03, 0.19)

SPRINT Standard Treatment 0/1552 0.00 (0.00, 0.06) -

EHR Standard Treatment 7/1552 0.11 (0.04, 0.22)
Hypokalemia

SPRINT Intensive Treatment 34/1710 0.47 (0.33, 0.66)

EHR Intensive Treatment 111/1710 1.57 (1.29, 1.89)

SPRINT Standard Treatment 21/1646 0.31 (0.19, 0.47) >

EHR Standard Treatment 93/1646  1.38 (1.11, 1.69)
Hyperkalemia

SPRINT Intensive Treatment 70/1710 0.99 (0.77, 1.25)

EHR Intensive Treatment 110/1710 1.56 (1.28, 1.88)

SPRINT Standard Treatment 65/1646 0.96 (0.74, 1.22) o

EHR Standard Treatment 98/1646 1.45(1.18, 1.77)
Bradycardia

SPRINT Intensive Treatment 62/2228 0.67 (0.51, 0.86)

EHR Intensive Treatment 102/2228 1.11 (0.90, 1.38)

SPRINT Standard Treatment 47/2201 0.51 (0.38, 0.68) i gl

EHR Standard Treatment 96/2201  1.06 (0.86, 1.29)
Hypotension

SPRINT Intensive Treatment 100/2126 1.14 (0.93, 1.38)

EHR Intensive Treatment 641/2126 8.64 (7.98, 9.33)

SPRINT Standard Treatment 51/2081 0.59 (0.44, 0.78) -

EHR Standard Treatment 838/2081 12.71 (11.86, 13.60)

o 1 2 4 6 810 14

Figure 3. Incidence Rates of Non-CVD Adverse Events Ascertained in SPRINT and EHR Follow
Up

Note that denominators differ by adverse event type due to definitions requiring the presence
of data in both EHR and trial data (see Supplemental Table 1).

Abbreviations: ClI = confidence interval; CVD = cardiovascular disease; EHR = electronic

health record; SPRINT = Systolic Blood Pressure Intervention Trial.
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Table 1.

Baseline Characteristics of Participants without Prevalent Cardiovascular Disease in the SPRINT EHR Study

Characteristic Intensivetreatment  Standard treatment
N 1262 1206
VA site, n (%) 597 (47.3) 574 (47.6)
Age (years), mean (SD) 67.6 (9.1) 67.6 (9.4)
Female, n (%) 338 (26.8) 305 (25.3)
Race/Ethnicity, n (%)
Black 429 (34.0) 427 (35.4)
Hispanic 63 (5.0) 43 (3.6)
White 751 (59.5) 725 (60.1)
Other 19 (1.5) 11 (0.9)
Smoking, n (%)
Never smoker 487 (38.6) 478 (39.6)
Former smoker 589 (46.7) 567 (47.0)
Current smoker 186 (14.7) 161 (13.3)
BMI (kg/m2), mean (SD) 30.2 (5.8) 30.2 (5.7)
SBP (mm Hg), mean (SD) 138 (15) 138 (15)
DBP (mm Hg), mean (SD) 78 (11) 78 (11)
eGFR <60 ml/min/1.73m 2, n (%) 345 (27.3) 311 (25.8)

Abbreviations: BMI = body mass index; DBP = diastolic blood pressure; eGFR = estimated glomerular filtration rate; EHR = electronic health
record; SBP = systolic blood pressure; SD = standard deviation; SPRINT = Systolic Blood Pressure Intervention Trial; VA = Veterans Affairs.
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