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Abstract
Clinical Trial Registration: NCT01760239.

Objective: To evaluate economic costs from the health system perspective of an electronic health
record-based clinical decision support (CDS) tool, TeenBP, designed to assist in the recognition
and management of hypertension in youth.

Methods: Twenty primary care clinics within an integrated health system were randomized to the
TeenBP CDS or usual care (UC), with patient enrollment from 4/15/14-4/14/16. The 12-month
change in standardized medical care costs for insured patients aged 10-17 years without prior
hypertension were calculated for each study arm. The primary analysis compared patients with >1
visit with blood pressure (BP) =95™ percentile (isolated hypertensive BP), and secondary analyses
compared patients with >3 visits within one year with BP =95™ percentile (incident hypertension).
Generalized estimating equation models estimated the difference-in-differences in costs between
groups over time.

Results: Among 925 insured patients with an isolated hypertensive BP, the pre-to-post change in
overall costs averaged $22 more for TeenB P CDS versus UC patients over 12 months, but this
difference was not statistically significant (p=0.723). Among 159 insured patients with incident
hypertension, the pre-to-post change in overall costs over 12 months was higher by $227 per
person on average for TeenBP CDS versus UC patients, but this difference also was not
statistically significant (p=0.313).
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Conclusions: The TeenBP CDS intervention was previously found to significantly improve
identification and management of hypertensive BP in youth, and in this study, we find that this tool
did not significantly increase care costs in its first 12 months of clinical use.
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Introduction

Methods

Based on reviews and recommendations from expert panels sponsored by the National
Institutes of Health and the American Academy of Pediatrics,12 blood pressure (BP) is
routinely measured in children and adolescents during primary care visits.34 However,
competing examination priorities—and sometimes, difficulty in evaluating BP levels—have
tended to interfere with clinical recognition of hypertension during routine pediatric visits.
5-7 Elevated BP in childhood has been shown to track into adulthood,8-11 suggesting that
early identification and intervention could reduce lifetime risk of subsequent cardiovascular
complications. As a result, there remains a need to assist primary care clinicians in
diagnosing hypertension in youth. Although much has been written about the prevalence and
natural history of hypertension in childhood,12-1? little has been written about the potential
cost related to methods for improving diagnosis and management.

The TeenBP study was a primary care clinic-randomized controlled trial comparing an
electronic health record (EHR) based clinical decision support (CDS) to assist in the
recognition and management of elevated BP versus usual clinical care. Previously published
findings indicated that the TeenBP CDS improved clinical recognition of incident
hypertension in youth (54.9% vs. 21.3%, p<0.001) and increased rates of dietitian referral

(17.1% vs. 3.9%, p=0.001) and additional hypertension workup (9.4% vs. 4.2%, p=0.046).
16,17

As health systems consider whether to implement TeenBP, or a similar CDS with
demonstrated effectiveness in improving hypertension recognition in youth, they will need to
understand the corresponding costs and effects on care patterns. Such decision support
systems may affect costs by increasing the number of follow-up encounters and tests or the
complexity coding levels of certain clinical visits. Conversely, these tools may help
clinicians deliver more efficient care by reducing the number of encounters and tests needed
to deliver the same result. This study investigates this issue by assessing the costs and
patterns of care associated with the TeenBP CDS intervention.

Study design and subjects

The TeenBP study was a two-arm clinic-randomized controlled trial conducted in primary
care clinics at HealthPartners, an integrated health system in the Minneapolis-St. Paul
metropolitan area. To be included in the current cost analysis, patients had to meet the
following criteria: (a) age at enrollment 10-17 years, (b) no prior hypertension diagnosis, (c)
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height measurement recorded within the prior year, (d) =1 hypertensive BP measured during
a primary care visit at a Health Partners study site between April 15, 2014 and April 14,
2016, and (e) continuous Health Partners insurance coverage for the full 12 months pre- and
post-enrollment in this study, with coverage gaps no longer than 30 days (Figure 1). Heights,
weights, and BP were routinely measured by licensed practical nurses or medical assistants
using standardized procedures for rooming patients. Clinical criteria for isolated
hypertensive BP (=1 BP at or above the 95t percentile) and incident hypertension (=3 visits
with BP at or above the 95™ percentile) were defined according to national guidelines
available during the study, including the Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents (Fourth Report).! Detailed
descriptions of the study design and environment have been published elsewhere.16-18 This
study was approved by the HealthPartners Institutional Review Board with a waiver of
informed consent for the implementation and evaluation of the TeenBP CDS and is
registered on ClinicalTrials.gov (NCT01760239).

Comparators

Clinics were randomized to TeenBP CDS intervention and usual care control arms. The
intervention clinics used TeenBP, a web-based EHR-linked, CDS system designed to support
identification and management of hypertensive BP in adolescents aged 10-17 during
primary care visits. The TeenBP CDS system is activated when a clinic rooming staff
member enters a BP measurement into the EHR, prompting exchange of clinical data from
the current and prior visits—including height, weight, problem lists, encounter diagnoses,
medications, and laboratory data—for processing by web-based CDS algorithms that
generate a display within the EHR showing current and prior BP percentiles (within 2 years)
and clinically actionable suggestions for the clinician, as described in Appendix Table 1.
Clinicians treating patients in usual care clinics did not have access to the TeenBP CDS.
Clinical recognition of hypertension for patients in either arm was ascertained by least 1 of
the following: (1) outpatient discharge diagnosis of hypertension (ICD-9 401-405 and
ICD-10 110) or elevated BP (ICD-9 796.2 and ICD-10 R03.0), (2) hypertension or elevated
BP documented in the clinical note, (3) hypertension or elevated BP documented in the after
visit summary, (4) hypertension or elevated BP added to the problem list, (5) a workup for
secondary causes of hypertension or end-organ damage, or (6) antihypertensive medication
being prescribed.

Time horizon and study perspective

Changes in patient costs in the 12 months following their study index visit relative to their
costs in the preceding 12 months are compared from a health system perspective.

Data sources

Utilization of healthcare services was collected using insurance claims data systems.
Outpatient care delivered in primary care and specialty care settings was classified using
Current Procedural Terminology, Fourth Edition codes (CPT-4), and filled prescriptions for
medications were classified using 11-digit General Product Identifier codes. Overall costs
were composed of clinic-based (which included utilization related to primary care, urgent
care, cardiology and nephrology specialty care, laboratory, and radiology) and pharmacy
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costs. Appendix Table 2 details the classification codes used to identify each category of
utilization. Clinic visits with evaluation and management services for new (CPT -4 99201-
99205) and established patients (CPT-4 99211-99215) were also specifically identified with
a corresponding coding for complexity—Level 1 (CPT-4 99201/99211) to Level 5 (CPT-4
99205/99215)—assigned. Following standard guidance for economic evaluations,1® we
included all claims within each category—uwithout attempt to distinguish attribution of costs
specifically affected by the intervention—in primary comparisons; however, we stratified
utilization associated with hypertension- or cardiovascular-related specialty care, labs, and
medications for contextual and secondary comparison purposes.

To derive healthcare costs, claims were converted to dollar amounts using Total Care
Relative Resource Values™ (TCRRVs), which are a nationally standardized set of measures
endorsed by the National Quality Forum?° and derived from Centers for Medicare and
Medicaid Services (CMS) relative value units (RVUs). TCRRVs extend CMS RVU
measures to include utilization categories, such as laboratory services and medications,
which do not have CMS RVU weights.2! Specifically, TCRRVs for the year 2015, the
midpoint of study enrollment, were used to convert all claims to represent 2015 U.S. dollars.

To quantify the typical costs of deploying the TeenBP CDS, the study team estimated the
number of hours needed for a pediatrician (or similar clinician), EHR system application
developer, and project manager to implement an existing CDS in an EHR system, conduct
training for a care system of 20 clinics, and maintain the CDS implementation over time.
Median hourly wages for the closest matching occupation of each role were obtained from
National Occupational Employment and Wage Estimates data and benefits for employees in
health care were obtained from Employer Costs for Employee Compensation data.23
Compensation costs were converted to 2015 dollars for comparability to reported medical
care costs.24

Statistical analysis

All statistical analyses were 2-sided and conducted by “intention-to-treat,” and p-values of
less than 0.05 were considered statistically significant. Differences in baseline characteristics
between arms were assessed using t-tests for continuous variables and Chi-square tests for
categorical variables. Standard health econometric and specification testing methods,
described below, were used to assess the incremental differences in healthcare costs between
study arm. Specifically, healthcare care costs and utilization were analyzed using a
generalized estimating equation model with a time x study arm interaction term that
accounted for the correlation in each subjects’ repeated measures over time. The appropriate
distribution family was determined using the modified Park test (typically gamma
distributed) and the goodness of fit using a log link function was tested using modified
Hosmer and Lemeshow and Pregibon link tests. Analyses controlled for covariates
statistically imbalanced between comparison groups (e.g., age, race, and insurance status at
baseline). Confidence intervals were estimated using a Huber/White heteroscedasticity-
robust sandwich estimator. Statistical analyses were conducted using Stata version 11
(StataCorp, College Station, TX).
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Among the 3,173 patients meeting study inclusion criteria with at least one BP =95th
percentile, 488 patients in the TeenBP CDS arm and 437 patients in the usual care (UC)
control arm met the additional insurance coverage criteria for inclusion in the primary cost
analysis (Figure 1 and Appendix Table 3). Patients in TeenBP CDS clinics were slightly
older (13.9 vs. 13.6 years, p<0.05), more likely to be white (69.3% vs. 58.8%, p<0.01), and
less likely to have public insurance (19.3% vs. 26.3%, p<0.01) compared to their
counterparts in the usual care clinics (Table 1). Otherwise, the two arms were statistically
balanced in their baseline characteristics.

There were no statistically significant pre-to-post differences in 12-month costs between the
TeenBP and UC arms for patients with at least one BP =95th. Overall medical costs in the
TeenBP CDS arm. increased by $357 (95% confidence interval [CI]: $270 to $445, p<0.001)
vs. $336 (95% Cl: $255 to $417, p<0.001) in the UC arm ($22 difference, 95% CI: -$97 to
$140, p=0.723) (Table 2). The largest mean pre-to-post differences in per-person costs were
observed in primary care ($17 lower in the TeenBP CDS clinics, p=0.407), cardiology and
nephrology specialty care ($26 higher in the TeenBP CDS clinics, p=0.090), and radiology
($24 higher in the TeenBP CDS clinics, p=0.402). The change in urgent care costs differed
by about $1 per patient over 12 months (95% CI: -$13 to 14, p=0.942), and the change in
laboratory costs—overall and when limited to routine BP- or cardiovascular-related tests—
were just slightly lower among TeenBP CDS patients (less than $5 per patient per year,
P=0.853), with similarly wide confidence intervals. The average change in pharmacy costs
was within $1 per patient per year between arms, whether overall (lower in UC clinics,
p=0.967) or only for medications to treat BP (lower in TeenBP clinics, p=0.262). Appendix
Table 4 shows that there were no statistically significant differences in clinic visit counts or
coding levels between arms, but pre-to-post visit counts were lower with slightly higher
coding levels in TeenBP compared to UC clinics

Among the 472 patients meeting criteria for incident hypertension (=3 visits with BPs =95
percentile), 104 in the TeenBP CDS arm and 55 in the UC arm met criteria for inclusion in
the secondary cost analysis based on having continuous insu.ance enrollment (Figure 1 and
Appendix Table 3). Baseline characteristics for these patients were statistically similar
between study arms (Appendix Table 5). Of the patients with incident hypertension, 60
(58%) were recognized in the TeenBP clinics vs only 15 (27%) in the UC clinics.

Table 3 compares patient costs in the TeenBP and UC clinics for the patients with incident
hypertension between the two study arms and by whether their hypertension was clinically
recognized. The mean pre-to-post change in overall costs over 12 months was higher by
$227 (95% ClI: -$214 to $667, p=0.313) per person in the TeenBP CDS arm compared to
usual care; however, neither the difference in these costs, nor within any subcategory, were
statistically significant. Among patients with hypertension that was clinically recognized,
regardless the study arm, differences were more pronounced. Most notably, the change in
total clinic-based ($505 per person per year, 95% ClI: $66 to $943, p=0.024) and
cardiovascular-related laboratory costs ($32 per person per year, 95% CI: $10 to $53,
p=0.004) were significantly higher in patients with clinically recognized compared to
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patients with unrecognized hypertension; however, overall costs were not significantly
higher for the clinically recognized group ($393 per person per year, 95% CI: $-95 to $881,
p=0.114). Appendix Table 6 suggests part of the increased total clinic-based costs may be
attributed to more clinic visits associated with hypertension recognition (0.61 per person per
year, 95% CI: —0.28 to 1.49, p=0.178), but is less likely due to increased complexity coding
levels of visits (-0.01, 95% CI: —0.24 to 0.23, p=0.954). The pre-to-post difference in costs
for children and adolescents who had their incident hypertension recognized was higher in
the TeenBP CDS $964 (95% $437 to $1,491, p<0.001) compared to the usual care study arm
$429 (95% CI $233 to $625, p<0.001) ($535 difference, 95% CI: -$27 to $1,097, p=0.062).
The pre-to-post difference in overall costs for patients who did not have their incident
hypertension re cognized was lower in the TeenBP CDS $405 (95% ClI: $120 to $691,
p=0.005) compared to the usual care study arm $528 (95% CI: $133 to $923, p=0.009) (-
$123 differed, 95% CI: -$610 to $365, p=0.622). Although incident hypertension was
associated with significant increases in utilization costs regardless of clinical recognition
status, these increases were not significantly different between study arms. Comparing
between study arms and clinical recognition status, pre-to-post overall costs were $658
higher for patients with recognized vs. unrecognized hypertension in TeenBP clinics relative
to usual > are clinics (95% CI: -$84 to $1,399, p=0.082). This difference was also not
statistically significant, nor was the case for any subcategory of costs.

Table 4 describes the estimated costs of deploying the existing TeenBP CDS to a care system
with 20 clinics. Implementing the existing CDS would involve extracting health record data
elements (such as BP measurements, height, weight, medications, and lab values) to a web
service that runs the CDS algorithm and building components within the health record to
deliver the CDS at the point of care (such as via a link or automated pop-up within the
EHR). We estimated this would require 160 hours each for a pediatrician and project
manager to oversee with 480 hours of an EHR system application developer’s time to do the
technical deployment. In addition, we estimated 40 hours for the pediatrician and project
manager to develop training materials and 40 hours (2 hours per 20 clinic sites) to present
in-person at each site during a designated staff training time. These activities total an
estimated $75,673 in upfront costs to deploy the existing CDS. An additional $25,224
annually is estimated for ongoing CDS maintenance, which may include updating data
routines and algorithms as EHR data elements or care guidelines change over time.

Discussion

Despite recommendations that BP measurement should be part of the routine examination of
children and the relation of childhood elevated BP to development of adult hypertension, BP
is measured in only 40 to 70 percent of pediatric clinic visits in the United States.34:25
Moreover, elevated or hypertensive BP levels often are missed, with rates of clinical
recognition as low as 8-13%.%~7 The association of high BP with cardiovascular disease has
been well-established in adults,?® but adverse associations also have been reported in
childhood.2” Therefore, methods to ensure office BP measurement and assist in evaluating
BP levels would be beneficial, but introducing additional methodology into office practice
raises questions about value and cost. We have previously found that use of TeenBP, an
electronic health record (EHR) based clinical decision support (CDS) system, significantly
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improves clinical recognition of incident hypertension in youth and clinical evaluation for
hypertension. We now show that use of the TeenBP CDS did not significantly increase
clinical care and pharmacy costs per patient per year when compared to patients clinically
recognized with hypertension in clinics not using the CDS. We also show that the TeenBP
CDS did not significantly affect the frequency of clinical visits or their complexity coding
levels, but results suggest some potential offset in costs from modestly fewer clinic visits of
slightly higher complexity coding. Thus, we conclude that CDS tools may improve
identification and management of hypertension in youth without a significantly increased
cost.

Elevated BP has been found to increase annual costs by $209%8 and the annual cost of
hypertension in children has been estimated to exceed $9,000 per patient per year.2 In
comparison, total annual costs for general pediatric care average about $3,000 per patient
per year.30 In contrast, we found that clinical recognition of hypertension among youth was
associated with a significant increase ($505 per person per year) in clinic-based costs. This
finding is not surprising, because children and adolescents diagnosed with hypertension
should receive some additional medical attention to rule out secondary causes of
hypertension and screen for other evidence of cardiovascular risk factors. Our findings
suggest that part of this increase may be attributable to additional follow-up visits, but
additional laboratory and diagnostic work-up explains most of this increase. The use of BP
medications increased slightly ($6 per person per year) among patients with clinically
recognized versus unrecognized hypertension, but this difference was not statistically
significant. More broadly, our findings contrast with national data showing an increase in
use of antihypertensive medications among adolescents.3!

Studies on cost of blood pressure measurement, including using CDS, for identification of
hypertension in youth are sparse, and the present study appears to be the first economic
analysis of a randomized implementation of an electronic health record system designed to
improve identification and management of hypertension in children and adolescents.
Prospective studies have evaluated the clinical effectiveness of CDS tools for pediatric
populations,32-34 but we are not aware of any that have evaluated their impact on healthcare
utilization.

The costs for implementing the TeenBP CDS, once developed, could not be directly
measured in this study because we were unable to separate the costs related to research,
development, and pilot testing. However, we estimated that the cost for a similar care system
to deploy the existing TeenBP CDS would require about $76,000 upfront and $25,000 per
year thereafter. For the 29,302 potentially eligible patients reached over two years of accrual
and one year of follow-up in this study, this translates to $3.64 per patient (or an average
$1.21 per patient per year over three years). This may be a high or low estimate depending
on the environment. A previous study estimated that implementation and maintenance of an
existing CDS would involve 10 percent of a programmer’s time and 5 percent of a
physician’s time over a year, approximated to cost $19,300 annually in 2009 dollars,3® but
this may be an optimistic estimate for many environments. Because deployment costs are
anticipated to be largely fixed, the per patient per year cost of implementing TeenBP would
scale favorably for care systems that serve larger patient populations. In addition, further
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development and adoption of data standardization and application programming interfaces
(APIs) in EHR systems could conceivably lower costs for adoption and maintenance of CDS
tools for all care systems to near- negligible levels in the future.3’

Several factors constrain the interpretation of these data. Given the high variance and
skewness in per patient costs, the study sample was not powered on economic outcomes—
meaning statistical non-significance could reflect insufficient sample size—and our findings
were limited to patients who had HealthPartners insurance in the 12 months pre- and post-
index (which limited eligible individuals to 29% of youth with =1 hypertensive BP and 34%
with =3 hypertensive BPs). No significant differences in baseline characteristics were
observed between the included or excluded samples for those with =3 hypertensive BPs, but
there were significant differences in race, ethnicity, and diagnosis of depression or anxiety in
the included sample with =1 hypertensive BP. In addition, most of the health benefits—and
potential cost offsets—from improved BP recognition and management in youth would be
expected to occur over a much longer period due to delayed or prevented cardiovascular
complications as adults. A broad base of evidence indicates that high BP during childhood is
predictive of hypertension and cardiovascular outcomes in adulthood,8-11 and a consortium
of 7 large cohort studies is in the process of combining data to better understand this link.38
Yet little is known about the potential cost savings from early detection of hypertension in
children. To address this issue, we plan to conduct a microsimulation model analysis,
extending our analysis to include longer-term outcomes, while accounting for the
uncertainty in how hypertensive BP during childhood manifests in adulthood. Such an
analysis is needed to deepen our understanding of the full long-term value of upfront
investments to improve BP care in youth. Comparisons of patients by status of clinical
recognition of hypertension may be confounded by uncontrolled for differences in the
patients recognized in each study arm. Lastly, this study was a part of a pragmatic trial
implemented in an integrated health system, and the outcomes should be replicated in other
healthcare settings and populations.

Conclusion

Hypertension in youth presents a unique set of challenges: it usually occurs with an absence
of symptoms, calculating and evaluating BP percentiles is a complicated endeavor, and most
youth with an isolated hypertensive BP have normal BP at follow-up. Nevertheless,
recognition of children with an incident hypertensive BP is relevant to preventive health care
because of tracking of childhood elevated BP into adult hypertension. The TeenBP CDS
intervention was previously found to significantly improve identification and management of
hypertensive BP in youth. In this study, we now report that use of the CDS did not
significantly increase costs of care above usual care, affirming the potential practicality of its
use as a part of routine care of children and adolescents in large ambulatory primary care
practices.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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20 primary care clinics with patients aged 10-17 years with 21 BP recorded
and no prior hypertension diagnosis from April 15, 2014 to April 14, 2016
31,579 patients

v

v

Randomized to TeenBP Intervention arm (10 clinics)
17,037 patients with >1 BP recorded

Randomized to Usual Care arm (10 clinics)
14,542 patients with 21 BP recorded

Patients excluded:

= Lack of height
measurement
(n=913)

A\ 4

Patients excluded:

= Lack of height
measurement
(n=1,364)

v

Potentially eligible patients
16,124 patients

Potentially eligible patients
13,178 patients

v

v

Patients with 1 BP 295th %-tile (n=1,530)

Patients with 1 BP 295th %-tile (n=1,643)

v

v

v

Included in 21 hypertensive BP analysis (Primary)
488 patients (809 excluded due to no
HealthPartners insurance coverage, 223 due to
incomplete coverage)

Included in 21 hypertensive BP analysis (Primary)
437 patients (951 excluded due to no
HealthPartners insurance coverage, 255 due to
incomplete coverage)

Patients with > 3 visits with BPs 295th %-tile (n=267)

Patients with > 3 visits with BPs 295th %-tile (n=205)

v

v

Included in incident HTN analysis (Secondary)
104 patients (120 excluded due to no
HealthPartners insurance coverage, 43 due to

Included in incident HTN analysis (Secondary)
55 patients (121 excluded due to no HealthPartners
insurance coverage, 29 due to incomplete
coverage)

incomplete coverage)

v

v

v

Clinically recognized
incident HTN
60 patients

Clinically unrecognized
incident HTN
44 patients

Clinically recognized
incident HTN
15 patients

Clinically unrecognized
incident HTN
40 patients

Figure 1. Summary of Patient Eligibility
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Table 1.

Baseline Characteristics of Study Patients with Full Insurance Coveragea and =1 Hypertensive BP

All TeenBP CDS Intervention  Usual Care
(N=925) (n=488) (n=437)
Age, mean (sd) 138 (22)? 139 22)? 136 (2.1)?
Girls (%) 489 (52.9) 265 (54.3) 224 (51.3)
Race (%)
White 595 (64.3)° 338 (69.3)° 257 (58.8)°
Black 146 (15.8)° 63 (12.9)° 83 (19.0)°
Asian 124 (13.4)° 63 (12.9)° 61 (14.0)°
Other 60 (6.5)° 24 (4.9)° 36 (82)°
Hispanic (%) 34 (3.7) 18(3.7) 16 (3.7)
Insurance (%)
Private 716 (77.4)° 304 (80.7)° 322 (73.7)°
Public 209 (22.6)° 94 (19.3)° 115 (26.3)°
BP percentile (%)
SBP 299™ percentile 150 (16.2) 84 (17.2) 66 (15.1)
SBP =95 and < 99" percentile 545 (58.9) 282 (57.8) 263 (60.2)
DBP =95 percentile only 230 (24.9) 122 (25.0) 108 (24.7)
BMI percentile (%)
<85th 406 (43.9) 214 (43.9) 192 (43.9)
85-95th 224 (24.2) 123 (25.2) 101 (23.1)
205th 295 (31.9) 151 (30.9) 144 (33.0)
ADHD diagnosis (%) 119 (12.9) 65 (13.3) 54 (12.4)
Anxiety or depression diagnosis (%) 89 (9.6) 52 (10.7) 37 (8.5)

Notes: sd = standard deviation; BP = blood pressure; sd = standard deviation; BMI = body mass index; SBP = systolic BP; DBP = diastolic BP;
ADHD = attention deficit hyperactivity disorder.

a .. - . . . . .
Full insurance coverage indicates continuous insurance coverage (gaps no larger than 30 days) in the 12 months pre and post meeting study index
criteria with =1 hypertensive BP measurement (295th percentile, based on age, sex, and height).

by <00s.

<001
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Table 2:

Medical Care Costs for Patients with >1 Hypertensive BP

TeenBP CDS (n=488) Usual Care (n=437)
Mo PRIy ChanEffon Sudyarmditntalchug: o
Clinic-based Costs
12 months, pre-index 472 383
12 months, post-index 777 305 662 279 27 (-78to 131) 0.618
Primary Care Visit Costs
12 months, pre-index 227 201
12 months, post-index 402 175 393 192 =17 (=57 to 23) 0.407
Urgent Care Visit Costs
12 months, pre-index 34 35
12 months, post-index 37 3 37 2 1(-13to 14) 0.942
Cardiology and Nephrology Specialty Care Visit Costs
12 months, pre-index 8 5
12 months, post-index 39 31 10 26 (-4 to 55) 0.090
Laboratory Costs
12 months, pre-index 105 80
12 months, post-index 156 52 136 56 -5 (=55 to 45) 0.853
Laboratory Costs, BP-related
12 months, pre-index 13 9
12 months, post-index 21 8 18 9 -1(-6to04) 0.742
Laboratory Costs, CV-related
12 months, pre-index 15 10
12 months, post-index 26 11 22 12 -1(-7tob) 0.704
Radiology Costs
12 months, pre-index 97 58
12 months, post-index 150 53 87 29 24 (-321t0 79) 0.402
Pharmacy Costs
12 months, pre-index 247 267
12 months, post-index 302 55 321 54 1 (-47 to 49) 0.967
Pharmacy Costs, HTN-related
12 months, pre-index 3 0
12 months, post-index 2 -1 1 1 -1(-3t01) 0.262
Overall Costs
12 months, pre-index 712 657
12 months, post-index 1,069 357 993 336 22 (97 to 140) 0.723

Notes: BP = blood pressure; Cl = confidence interval; CV = cardiovascular; HTN = hypertension. Costs presented in this table were measured in

the 12 months before and after the first date patients met study criteria with at least one hypertensive BP measurement (295th percentile, based on
age, sex, and height). Clinic-based costs comprise of the sum of primary care visit, urgent care visit, cardiology and nephrology specialty care visit,
laboratory, and radiology costs. Overall costs comprise of the sum of clinic-based and pharmacy costs. Codes for identifying costs in each category
are described in Appendix Table 1. Mean and incremental changes in costs were estimated using a generalized estimating equation model with a

Acad Pediatr. Author manuscript; available in PMC 2021 August 01.
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time x study arm interaction term and covariate adjustment for age, race, and insurance status at baseline. The 95% confidence intervals account for
patient random effects and were estimated using a Huber/White robust sandwich estimator. All costs are in 2015 U.S. dollars.
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Medical Care Costs for Patients with Incident Hypertension

Table 3:

Page 16

TeenBP CDS (n=104) vs.
Usual Care (n=55)

Patients with clinically recognized incident HTN vs. patients with unrecognized incident
TN

(Al
m—_ﬂ{% Recognized [B]
) ) Efgnized HTN: Unrecognized [A]-[B] Study
Differential (n=75) vs. TeenBP CDS HTN: TeenBP arm
change from p. unrec; nized p. (n=60) vs. CDS (n=44) vs. differential p.
baseline, Value (%-84) Value usual Care Usual Care change from Value
Mean (95% differer_1tia| (n=15) (n=40) baseline,
Cl) chanae from differential differential Mean (95%
baseling Mean change from change from
(95'0/ cly baseline,  baseline, Mean
° Mean
Clinic-based 221 (-180to 0.280 505 (66 to 943) 0.024 370 -96 465 (-209 to 0.176
Costs 622) 1,140)
Primary =70 (=205 to 0.308 57 (67 to 182) 0.368 -101 -93 -9 (-268 to 0.949
Care Visit 65) 251)
Costs
Urgent 7 (=42 10 55) 0.787 -13 (=55 to 30) 0.564 -63 54 =117 (=255 to 0.094
Care Visit 20)
Costs
Cardiology 68 (—33 to 169) 0.185 120 (-19 to 258) 0.091 135 -23 158 (-16 to 0.074
and 332)
Nephrology
Specialty Care
Visit Costs
Laboratory 117 (228 to 0.507 208 (-117to 0.209 268 -62 329 (-195to 0.218
Costs 461) 532) 853)
14 (-6 to 33) 0.165 24 (50 43) 0.012 0 11 -10 (-47 to 0.591
Laboratory 27)
Costs, BP-
related
20 (-1to 41) 0.061 32 (10 to 53) 0.004 8 13 -5(-461to 36) 0.811
Laboratory
Costs, CV-
related
Radiology 100 (-95 to 0.315 133 (122 to 0.307 131 27 104 (242 to 0.556
Costs 295) 387) 450)
Pharmacy 6 (-139 to 151) 0.939 -112 (-238 to 0.083 164 =27 192 (-43 to 0.108
Costs 15) 427)
Pharmacy -1(-8t05) 0.671 6 (-1to 14) 0.092 -3 -4 1(-16to 18) 0.926
Costs, HTN-
related
Overall Costs 227 (214 to 0.313 393 (-95to 881) 0.114 535 -123 658 (-84 to 0.082
667) 1,399)

Notes: BP = blood pressure; Cl = confidence interval; CV = cardiovascular; HTN = hypertension. Costs presented in this table were measured in

the 12 months before and after the first date patients met study criteria with at least one hypertensive BP measurement (295th percentile, based on
age, sex, and height). Comparisons labeled as X vs. Y indicate the costs for patients in group X minus the costs for patients in group Y. Clinic-
based costs comprise of the sum of primary care visit, urgent care visit, cardiology and nephrology specialty care visit, laboratory, and radiology

costs. Overall costs comprise of the sum of clinic-based and pharmacy costs. Codes for identifying costs in each category are described in

Appendix Table 1. Mean and incremental changes in costs were estimated using a generalized estimating equation model with a time x study arm
interaction term. The 95% confidence intervals account for patient random effects and were estimated using a Huber/White robust sandwich
estimator. All costs are in 2015 U.S. dollars.
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Table 4:

Estimated Deployment Costs for Existing TeenBP CDS in New Care System with 20 Clinics

Hours First Year Cost  Ongoing Annual Cost

CDS Implementation

Pediatrician (or similar clinician) 160 $17,276

Programmer 480 $33,429

Project manager 160 $10,886
CDS Training

Pediatrician (or similar clinician) 80 $8,638

Project manager 80 $5,443
CDS Maintenance

Pediatrician (or similar clinician) 80 $8,638

Programmer 160 $11,143

Project manager 80 $5,443
Total $75,673 $25,224

Notes: CDS = clinical decision support. CDS implementation may include extracting health record data elements (such as blood pressure
measurements, height, weight, medication lists, and lab values) to a web service that runs the CDS algorithm and building components within the
health record to deliver the CDS at the point of care (such as via a link or automated pop-up within the EHR). CDS training involves developing
training materials and delivering in-person training sessions at 20 clinic locations. CDS maintenance may include updating data routines and
algorithms as EHR data elements or care guidelines change over time. Hourly wage for a pediatrician is based on U.S. Bureau of Labor Statistics

(BLS) code 29-1065 (Pediatricians, General).22 Hourly wage for an EHR system application developer (programmer) is based on BLS code 15—

1133 (Software Developers, Systems Software).22 Hourly wage for a project manager is based on BLS code 11-9199 (Managers, All Other).22

Hourly compensation costs include fringe benefits at a rate of 30% of total compensation for employees in the health care sector.23 All costs are in

2015 U.S. dollars.
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