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Abstract

BACKGROUND—Hypertension is an important risk factor for cardiovascular diseases.
Electronic health records (EHRs) may augment chronic disease surveillance. We aimed to develop
an electronic phenotype (e-phenotype) for hypertension surveillance.

METHODS—We included 11,031,368 eligible adults from the 2019 IQVIA Ambulatory
Electronic Medical Records-US (AEMR-US) dataset. We identified hypertension using three
criteria, alone or in combination: diagnosis codes, blood pressure (BP) measurements, and
antihypertensive medications. We compared AEMR-US estimates of hypertension prevalence and
control against those from the National Health and Nutrition Examination Survey (NHANES)
2017-18, which defined hypertension as BP >130/80 mm Hg or =1 antihypertensive medication.

RESULTS—The study population had a mean (SD) age of 52.3 (6.7) years, and 56.7% were
women. The selected three-criteria e-phenotype (=1 diagnosis code, =2 BP measurements of
=130/80 mm Hg, or =1 antihypertensive medication) yielded similar trends in hypertension
prevalence as NHANES: 42.2% (AEMR-US) vs. 44.9% (NHANES) overall, 39.0% vs. 38.7%
among women, and 46.5% vs. 50.9% among men. The pattern of age-related increase in
hypertension prevalence was similar between AEMR-US and NHANES. The prevalence of
hypertension control in AEMR-US was 31.5% using the three-criteria e-phenotype, which was
higher than NHANES (14.5%).
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CONCLUSIONS—Using an EHR dataset of 11 million adults, we constructed a hypertension
e-phenotype using three criteria, which can be used for surveillance of hypertension prevalence
and control.
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Nearly half of American adults have hypertension, which contributed primarily or as a
factor to 516,955 deaths in 2019 in the United States.12 Improving hypertension prevention
and control has the potential to avert substantial morbidity and mortality.2 For example, a

5 mm Hg reduction in systolic blood pressure (BP) is associated with a 10% lower risk

of major cardiovascular events.* To measure hypertension burden and evaluate progress in
hypertension prevention and control, it is important to monitor hypertension trends at the
population level 56

Hypertension surveillance can guide public health and clinical efforts to lower BP.”
Traditional chronic disease surveillance systems are considered the gold standard,

such as the National Health and Nutrition Examination Survey (NHANES).8 However,
these systems are resource-intensive, cross-sectional, and often have delays in results
dissemination.® Electronic health record (EHR) data could be leveraged to augment public
health surveillance.? EHR data are timely and rich in clinical detail and objective measures,
which are ideal characteristics for surveillance.”-10 EHR data may also help identify gaps in
health services, as they allow for near-real-time analyses.11

Many decisions are required to define an EHR-based hypertension electronic phenotype
(e-phenotype), which can yield different prevalence estimates. Such decisions include which
phenotyping approach to use; which data elements to include; which BP cutoffs to apply;
and the timeframe for analysis.12-14 Despite promising findings at the state- and local-level
using EHR phenotypes, such algorithms have yet to be implemented at the national level

for surveillance purposes.1>16 The overarching goal of this work, therefore, is to construct
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an EHR-based e-phenotype to augment hypertension surveillance in the United States. The
three aims are: (i) to develop candidate e-phenotypes for hypertension; (ii) to guide the
selection of an e-phenotype for hypertension surveillance based on NHANES estimates; and
(iii) to report the prevalences of hypertension and control.

Data and study populations

EHR data.—We used the IQVIA Ambulatory Electronic Medical Records-US (AEMR-US)
dataset (May 2021 release), in the Observational Medical Outcomes Partnership (OMOP v5)
format. The OMOP common data model serves to standardize the structure and content of
observational data.1” Data were extracted using the IQVIA E360 Platform. The AEMR-US
data are collected from over 100,000 healthcare providers, with information from over

76 million patients who had face-to-face outpatient visits since 2006. Approximately 40%
of the outpatient facilities were primary care, and the rest were specialists. All data are
de-identified.

There were 18,185,788 unique patients in AEMR-US 2019 (not weighted to be
representative of the US population). After removing 0.5% patients with “mis-bridged”
records (i.e., discordant sexes, states, or years of birth) and restricting age to 18-79 years,
14,091,431 records were screened for exclusion (Figure 1). Consistent with the electronic
clinical quality measure CMS165v10, we excluded patients with end-stage renal disease
(0.2%), those with pregnancy-related events (9.3% of females aged 18-44 years), and those
in hospice, palliative, or long-term care (0.1%).18 We also excluded 20.0% patients without
one BP (one systolic and one diastolic BP measured on the same day). Patients without BP
measurements could dilute the denominator, e.g., visits to specialists instead of primary care
(Supplementary Table S1).1° The final analytical sample was 11,031,368.

Hypertension in AEMR-US is described in the “phenotyping hypertension” section, and
cases identified through any of the candidate e-phenotypes are considered “suspected
hypertension”. Among patients with suspected hypertension with at least one BP in 2019,
hypertension control was based on the most recent BP measurement.18 We examined control
at both BP <130/80 mm Hg and <140/90 mm Hg cutoffs.

NHANES.—NHANES is a survey designed by the National Center for Health Statistics,
Centers for Disease Control and Prevention (CDC).2° The NHANES uses a stratified,
multi-stage, probability cluster sampling design to collect data from a representative sample
of the US population. Detailed methods are published elsewhere.29 We used data from the
NHANES 2017-18 cycle, and used mobile examination center weights and design variables
for the analysis.

We screened the records of 8,704 participants for eligibility. We sequentially excluded
3,553 participants aged <18 years or >79 years, 55 pregnant women, 247 without BP
measurement, and retained 4,849 participants (weighted mean age 46.1 years; 50.6%
women) (Supplementary Table S2).
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In NHANES, hypertension was defined as BP = the cutoffs (130/80 or 140/90 mm Hg)
based on an average of up to three measurements using a standardized protocol, or self-
reported antihypertensive medication use. Hypertension control was defined as BP <130/80
mm Hg or <140/90 mm Hg (using same-day average BP).

Phenotyping hypertension

Covariates

We used three criteria to identify suspected hypertension: diagnosis codes, BP
measurements, and prescription of antihypertensive medications.

Diagnosis codes.—We imported hypertension diagnosis codes in International
Classification of Diseases, Clinical Modification (ICD-9-CM 401.x to 405.x, and ICD-10-
CM 110 to 115) into the E360 platform. Because we used the AMER-US data in the OMOP
format, all source ICD codes were mapped to OMOP standard codes to identify eligible
patients. Each standard code had an associated standard name, and we incorporated key
standard names into an enhanced search. Guided by clinician input, we manually cleaned
the exported standard codes (Supplementary Table S3). We finalized 113 standard codes to
identify hypertension based on diagnosis codes.

BP measurements.—A patient must have high BP measurements on two or more days
to be classified as having hypertension. We defined high BP based on the 2017 American
College of Cardiology/American Heart Association (ACC/AHA) cutoffs of >130/80 mm
Hg.2! We conducted additional analyses using the 2003 Joint Committee (JNC 7) cutoffs of
>140/90 mm Hg.22 Biologically implausible values were excluded: systolic BP <30 or >300
mm Hg, and diastolic BP <20 or >150 mm Hg.

Medications.—A list of antihypertensive medications was developed to align with the
2017 ACC/AHA guideline.2! We imported names of the single agents into the E360
platform and mapped them to RxNorm codes to create standard code lists. We manually
cleaned the lists to remove products not approved for hypertension (see Supplementary
Methods and Table S4 for details). The final code list had 3599 RxNorm codes.

Candidate e-phenotypes.—We built candidate e-phenotypes using one or more of

the criteria: =1 diagnosis code, high BP measurements on =2 days, =1 antihypertensive
medication, or a combination thereof. The selection of an e-phenotype was guided

by comparing hypertension prevalence estimates in AEMR-US to those in NHANES.
Because the care-seeking patient population in AEMR-US likely differs from the NHANES
population in important ways, we did not expect a perfect match. The purpose of comparing
these two datasets was to assess how each e-phenotype compared against existing national
estimates for hypertension.

Covariates included age, sex, race, and ethnicity, body mass index (BMI, cleaned via the R
package “growthcleanr” based on the Daymont et a/.23 algorithm), smoking status (current
smokers), and diabetes status (adapted from the SUPREME-DM algorithm).24 Details are in
Supplementary Methods.
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Statistical analysis

We performed descriptive analyses for selected e-phenotypes and covariates. We first
investigated the overlaps of the suspected hypertension as identified by various criteria,
which was based on an “AND” relationship among criteria. We then calculated hypertension
prevalence for each candidate e-phenotype using an “OR” relationship among criteria. We
compared crude and age-standardized hypertension and control prevalences in AMER-US
against those in NHANES. Age-standardization was conducted using the direct method
based on in the 2010 US census.

The main measurement period covered January 1 through December 31, 2019. The
denominator included eligible patients in 2019, and the numerator included suspected
hypertension in 2019. Because hypertension is a chronic condition, suspected cases may

not be captured within a 1-year period. We conducted analysis for an extended period,
which spanned from January 1, 2018 through December 31, 2019. The denominator was still
eligible patients from 2019, but the numerator included suspected hypertension in 2018 or
2019 (Figure 1).

We conducted a set of sensitivity analyses using the subset of NHANES adult participants
who had at least one healthcare visit in the past year. The overall NHANES population

is representative of the US population, which may not be the case for the care seeking
sub-population.

We used SAS (v9.4, Cary, NC, USA) to analyze AMER-US data; SAS SUDAAN (v9.4,
Cary, NC, USA) for NHANES data; R (v4.1.2, Vienna, Austria) and Lucidchart (South
Jordan, UT, USA) for data visualization. This activity was reviewed by CDC and conducted
consistent with applicable federal law and CDC policy.

Data availability

The data underlying this article are proprietary and cannot be shared publicly. However,
standard codes for the e-phenotype will be shared upon request.

RESULTS

The mean (SD) age of the study population was 52.3 (16.7) years, and 56.7% were women
(Table 1). Over 65% were White, 8% Black, and about 2% were Asian. Approximately
10.3% adults were current smokers, and 14.7% had diabetes. The mean (SD) BMI was 29.9
(7.1) kg/m2, which is at the upper range of overweight for adults. The number of patients
who were identified using single hypertension criterion varied between 1,103,481 (10.0%, 2
BP >140/90 mm Hg) to 4,257,341 (38.6%, antihypertensives). About 90% of adults with one
or two hypertension diagnosis codes were prescribed at least 1 antihypertensive medication.

Of all patients with suspected hypertension, 25.5% were identified by all three criteria
simultaneously in the main measurement period using BP =130/80 mm Hg (Table 2).

Patients meeting two criteria were more common than those meeting all three: 61.9%

had a diagnosis code and an antihypertensive medication, 31.7% had =2 high BP and

an antihypertensive medication, and 27.8% had a diagnosis code and =2 high BP.
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Approximately 41.7% of patients with suspected hypertension did not have a diagnosis code
in the main study period. The proportion of patients identified by all three criteria increased
in the extended period.

Crude hypertension prevalence increased with age (Figure 2). Using the three-criteria e-
phenotype with BP =130/80 mm Hg, the prevalence steadily increased: 24.9%, 55.2%, and
72.7% for age groups 18-44, 45-64, and 6579 years, respectively, which followed a similar
pattern to those in NHANES (25.9%, 60.3%, and 75.3% for the corresponding groups)
(Figure 2A—C; Supplementary Table S5). Patterns in hypertension prevalence identified
through the three-criteria definition were the most similar to NHANES, despite slightly
lower estimates in the 45-64 years age group.

Age-standardized hypertension prevalence was higher when using combinations of criteria
than a single criterion, and the highest estimate was observed using the three-criteria e-
phenotype with BP >130/80 mm Hg in AEMR-US (42.2%), which was similar to NHANES
(44.9%) (Figure 3A). The prevalence for women was 39.0% in AEMR-US and 38.7%

in NHANES (Figure 3B), and for men, 46.5% in AEMR-US and 50.9% in NHANES
(Figure 3C). Hypertension prevalence was consistently higher when using an extended
period compared to the main measurement period (Supplementary Table S6).

Patients in AEMR-US had higher age-standardized BP control prevalence (31.5%) than
those in NHANES (14.5%) when using the BP <130/80 mm Hg cutoffs (Table 3). In
AEMR-US, crude BP control estimates was the highest in 65- to 79-year-old patients
(35.7%), which was slightly higher than NHANES participants in the same age group
(30.8%).

In sensitivity analyses examining BP cutoffs of 2140/90 mm Hg, compared to estimates
using BP cutoffs of 2130/80 mm Hg, hypertension prevalence was consistently lower across
candidate e-phenotypes that contained BP measurement as a criterion, as expected (Figures
2D-F and 3D-F). In the sensitivity analysis using the subset of the NHANES population
with healthcare visit (mean + SD age 49.4 + 7.4 years; 54.5% women), hypertension
prevalence estimates were consistently higher in the care-seeking subgroup than in the
original NHANES population (Supplementary Table S7).

DISCUSSION

In this EHR study of 11 million adults, we developed an e-phenotype for hypertension
surveillance. We adopted an iterative, rule-based process to construct each component of the
e-phenotype. Guided by NHANES estimates, we selected a three-criteria e-phenotype for
hypertension: =1 diagnosis code, =2 BP measurements of 130/80 mm Hg or higher, or =1
antihypertensive medication within a 1-year measurement period.

Researchers in the UK conducted an equivalent analysis. They selected the combination of 1
diagnosis code and 2 high BP (=140/90 mm Hg).13 In our study, we added antihypertensive
medications to the e-phenotype, which enhanced its performance when evaluated against
NHANES across age and sex strata. The difference between our e-phenotypes could be

due to different data sources, exclusion criteria, methodologies (e.g., age-standardization
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in our study), and vocabularies of medical codes. Despite these differences, both studies
demonstrated the potential of leveraging EHR data for national hypertension surveillance.
A US study using de-identified EHR data reported that the best hypertension algorithm
without narrative fields was derived from normalized ICD codes, medications, and BP
measurements, consistent with our three-criteria e-phenotype selection.2>

Because we built an enhanced search for hypertension diagnosis codes, we retrieved more
patients than merely importing ICD codes into AEMR-US. Nevertheless, among all patients
with suspected hypertension, over 40% did not have a diagnosis code and may have been
“hiding in plain sight” (in care but undiagnosed).26 Banerjee and colleagues?’ reported that
in the outpatient setting in the United States, hypertension diagnosis rates are suboptimal. In
addition, some patients may have been diagnosed previously, but the code was not captured
even within the extended period. It is also possible that the diagnosis was documented in
the unstructured fields (e.g., clinical notes) but not in the structured elements, though this
phenomenon may vary across facilities.2829

Using our selected e-phenotype, we observed that only one third of patients in AEMR-US
had controlled blood pressure (BP <130/80 mm Hg), which is suboptimal. However, this

is a higher proportion than in NHANES, which may be explained by several factors. First,
AEMR-US is a care-seeking population, whereas, NHANES includes participants in and
outside of the healthcare system. This potential selection bias in AEMR-US may lead to the
observation of better BP control. Second, we only examined BP control among patients with
at least one BP in 2019 in AEMR-US. These patients may have had more clinical visits and
better hypertension management than those without BP measurements. Third, the timepoints
of BP measurements differed: In AEMR-US, we identified hypertension using high BP

on two or more days, and determined control using the most recent BP; in NHANES,
hypertension and control were both based on the same-day average of BP measurements. To
be assessed as having hypertension in NHANES, patients necessarily either had uncontrolled
BP or a medication; there was no opportunity for a patient to have had high BP and then

to have had their BP controlled, due to the same-day assessment. Anyone with transient or
chronic high BP could have been classified as both having hypertension and uncontrolled
hypertension in NHANES.

We evaluated an EHR-based e-phenotype against a nationally representative survey; such
comparisons must be interpreted with caution. Patients in an EHR dataset are a “care
seeking” population, who differ from the general population in health status and healthcare
access. Selection bias is a known issue in EHR-based research, and it is likely that we
captured older, sicker, and wealthier patients than the national average.3° In addition, each
criterion of the hypertension definition in AMER-US and NHANES may not align exactly.
The AEMR-US dataset has hypertension diagnoses codes, which were not available in
NHANES. High BP was identified by different-day BP measurements in AEMR-US, vs.

a same-day average in NHANES. In addition, the self-reported medications in NHANES
were ascertained specifically for hypertension treatment, whereas in AEMR-US medications
had lower specificity (i.e., may have been taken for non-hypertension purposes), and there
may be a high prevalence of non-adherence to prescribed medications.3! Because diagnosis
codes were likely to be the most reliable component of a hypertension e-phenotype in EHR

Am J Hypertens. Author manuscript; available in PMC 2024 February 27.
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data, followed by BP measurement, we only examined the two-way candidate e-phenotype
that included these two criteria. The exclusion criteria also differed between AEMR-US and
NHANES in our analyses.

This study had several limitations due to the nature of EHR data, which are generated
primarily for clinical billing and documentation. First, biases, data quality issues (e.g.,

the quality of BP measurements may vary across clinics), and missingness are general
concerns when using EHR data.10:30:32.33 The potential issue of low representativeness
could be partly observed in the lack of information from Hispanic patients in AEMR-US.
Given these potential biases and the high degree of missingness of race and ethnicity

data, it is challenging to use EHR data to assess health disparities. Development of

reliable and contextualized imputation and weighting methods could partially address this
limitation. Second, AEMR-US data only have EHR-level information, and we do not

know whether a medication was filled, picked up at a pharmacy, or taken by the patient.
Third, assessing hypertension based on antihypertensive medications could also incur false
positives and artificially inflate the apparent hypertension prevalence, as some patients
without hypertension may be prescribed these medications for other conditions such as heart
failure. Fourth, we could not strictly follow the CMS165v10 specifications, particularly in
terms of frailty, for which we provided detailed explanation in the Supplementary Methods.

This work has notable strengths. To our knowledge, despite extensive efforts in EHR-based
phenotyping in the clinical research setting, this is the first hypertension e-phenotype
constructed specifically for public health surveillance at the national level in the United
States.15:16,:25:34.35 Each criterion within the e-phenotype was developed based on an
iterative review process by a team of clinicians, epidemiologists, health services researchers,
and pharmacists. We also aligned the exclusion criteria with a widely used clinical quality
measure.1® There are also advantages inherent to EHR data, including a large patient
population with high national coverage (albeit not nationally representative), a far-reaching
and cross-cutting common data model that allows the e-phenotype to be applied to other
OMOP databases, as well as opportunities for longitudinal analyses.10:16

Through this study, we demonstrated that a viable hypertension e-phenotype can be
developed and applied to EHR data in the United States for surveillance purposes. This
research shows that public health researchers and practitioners, health services researchers,
and health care professionals can help identify, validate, and promote standard definitions
for health conditions using EHR data. Despite the challenges associated with secondary use
of EHR data for public health purposes, improving EHR data utilization and interpretation is
immensely valuable as part of an effort to modernize chronic disease surveillance systems.

Supplementary Material

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

Constructing hypertension e-phenotypes in AEMR-US. *The denominator for pregnancy:
females aged 18-44 years (N = 2,876,436); All other items used the denominator noted
as “100%”. Abbreviation: IQVIA AEMR OMOP, IQVIA Ambulatory Electronic Medical
Record-US dataset, in Observational Medical Outcomes Partnership format.
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Figure 2.

Crude hypertension prevalence by age in AEMR-US 2019 based on selected criteria,
compared with NHANES 2017-18. Main measurement period, 2019. Abbreviations:
AEMR-US, IQVIA Ambulatory Electronic Medical Record-US dataset (2019); BP,
blood pressure, 22 BP measurements; DX, =1 diagnosis code; Antihypertensives, =1
antihypertensive medication; NHANES, National Health and Nutrition Examination
Survey (2017-18); Hypertension in NHANES: BP >140/90 or 130/80, or self-reported
antihypertensive medication use.
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Figure 3.

Age-standardized hypertension prevalence by sex in AEMR-US based on selected criteria,
compared with NHANES. BP cutoffs are consistent between NHANES and AEMR-

US in each panel. Main measurement period, 2019. Abbreviations: AEMR-US, IQVIA
Ambulatory Electronic Medical Record-US dataset (2019); BP, blood pressure, =2 BP
measurements; DX, =1 diagnosis code; Antihypertensives, =1 antihypertensive medication;
NHANES, National Health and Nutrition Examination Survey (2017-18); Hypertension in
NHANES: BP =140/90 or 130/80, or self-reported antihypertensive medication use.

Am J Hypertens. Author manuscript; available in PMC 2024 February 27.



Page 15

‘uoisuaadAy auiyap 01 suoredlpaw aAlsusuadAynue Buisn \A_:oH

‘SsjuaWIaINSEaW dg (21]0ISeIP pue 01]0ISAS) Aep-1Uaialllp OM] 24aM SJUBWBINSeaW dg "uoisuanadAy aulep 01 sjuswainsesw 4g buisn >_:o,N

's3p09 sisoubelp (z J0) T= 01 s1agal (g 10) X AT ‘uoisusuadAy aunap 03 sapod sisoubelp Buisn AjuQ
¥

"UOITRIASP pJepUElS ‘S ‘9pod sisoubelp ‘X ‘ainssaid poojq 'dg ‘xapul ssew Apog ‘[IAIG (6T0Z) 19Se1ep SN-PI0day [edIPaA 21U04199]T AloreInquiy VIADI ‘SN-HINTY :SUOIEBIASIGOY

Heetal.

78z
(e 8T1e
82T
§'99
6'2¢

(tT'oo

(DT
A%

0'00T
0'sT
TS
4]
91
0'89
0T

815
(521) 609
(%9°'8¢) Tve'252'y

58z
(C N4
6'GT
Gee
6'TT

r'oe

(9'¢) ¥
00

S€L
el
9'9
4]
ST
§'99
6'TT

11§
(TeT) T'09
(%0°0T) T8Y'€0T'T

L've
W2 e1e
L'yt
809
0'L1

(AR

e
00

619
L'€T
9
4]
91
7’89
6'6

T°€S
(ryT) ¥'28
(%6°52) £95'298'Z

9'9g
(e eee
ST
9'89
6'1€

ot

(a4
0

8'¢6
¥t
9'S
T0
L'T
1'89
STT

€05
(STT) ¥'29
(%6'8T) £85'880'Z

0z
(@D oze
Gel
§'99
8'0¢

(ot

€1z
0T

168
a4
0's
4]
L'T
L'19
11

6°6
(8TT) 819
(%i'62) 580'8vZ'E

06T
(T2) 662
€01
€0L
ooy

(T'00

(AR
70T

9'8¢
18T
R4
¥'0
4
8'99
08

1’95
(L91) €28
(%60°00T) 89€'TE0'TT

#% 'saqela
(@s) ueaw ‘;w/Bx ‘INg
0% ‘18OWS JudLInd
% ‘BH ww 06/07T> d€ Isale]
% ‘BH WW 08/0£T> dd 15a1e]
(€ZTe)))

ueIpaw ‘BH WW 06/0HT= SIUSWAINSEaW dg JO JaquinN

(401

uelpaw ‘BH ww 08/0ST< SIUBWAINSEAW dg 40 JaquIinN
9 ‘1eak T 1sed ay) ul 49 oN

\\mH:wEw‘_:mme dd

9% ‘uoljeaIpaw anIsuauadAyiue T paqsald
umouxun
JENTe)
JluedsiH
uelsy
SHUM
>oelg
§% "Aluye/eey
% ‘UBWOM
(as) uesw ‘sieak ‘aby

(%) 8z1s ajdwes

H>_co sanlsualadAynuy

BH ww 06/0¥T =

BH ww 08/0€T <

Xac

Xart

| Aluo SjUsLUBINSEs W dg

*>_co S9p03 sisoubelq

syuaned a|qibie |1V

sonsLisloRIRYD

Author Manuscript

SN-YINTV ul uoisuauiadAy Joy sadAjouayd-a ayepipued uo paseq uonendod Apnis ayl Jo sansLIBIdRIRYD

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2024 February 27.



Page 16

Heetal.

‘wyiioBle paystignd e uo paseq sieak Oz < S)Npe 10} Sem UOITeuLIoUl maogm_n_%

"Z5€ 01 0 Wouy abuel S)UBLIBINSEAW dg JO Jaquinu 8yl ‘(6T0Z—8T0Z) poliad Jeak-om) 8y Ul SluswaINsesw dg T= Yum syusied a)qibije m:oE<\\

“Jans] Jused ay1 1e erep A1uspl o1UyI8 [BI0R 8NJ] JO SSO| 3SNed AeL UIIYM ‘pIalf 8UO Ul AIDIUYIS puB 8Je) SauIquiod <_>O_m

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2024 February 27.



Page 17

Heetal.

Author Manuscript

“UOITRDIIUBPI 8SBD J0J J0TRIBWNU B Ul poliad %orgy00] 8y se BuiAIss 8T0Z YIM ‘6T—-8T0Z ‘poliad papusixe ‘6T0z ‘pouiad c_m_\,_%

‘uoneaIpaw anisusuadAynue 3o uondiosaid aow 1o U0 ‘seAisusHadAYNUR ‘slusWBINSEaW dg YBIyY 210w 10 0M} 'dg ‘S8pod sisoufelp aiow 10 8Uo ‘X

/
‘Buipeay uwnjod AJepuoIas ayl Ul PajesIpul 1 uwnjod Yyaea 4o} (900T) J0JeuIwousp ayl
¥

*9p02 sisoubelp ‘X ‘ainssaid poojq ‘dg ‘e1ep SN-pJ0day [BaIpaIA 21U04108[T Alorenquiy WVIAOI ‘SN-HINTY :SUOIRIASIGOY

a4 0vT Tee G'Ge sanisuauadAynue pue 4g pue Xa
dejiano elie1I0-931y L

(0074 LT 4] 29 sanIsuauadAynue pue 4g

€'6€ 9'GY 18T 92 sanisuauadAynue pue X

7T 77 §¢ €¢ dg pue Xd
dey4ano eLaII9-0M L

€71¢ AT 62T €8T auoJe sanIsuaadAynuY

€L 6'v 6'cc [2A) suole dd

144 9 €¢ v auole Xd

uoLIB)LIo a1buls

(%) 9Tr'ers's =N (%) 622158y =N (%) 887999 =N (96) L98695'G =N
poriad papusixg pouad ureyy  §POMed papuRIx3y gPol3d UreiN

B W 06/001= dd B W 08/051S dd h* uoisuauadAy paloadsns Jo uonedliuap|

SN-YINTV Ul BLI211ID 831 Jo ‘om] ‘auo Buisn uoisualiadAy pajoadsns Buiney se paulep sjusiied

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2024 February 27.



Page 18

Heetal.

's1eak 6/-G9 pue ‘y9-Gy ‘yr—8T sdnoib abe Buipnjoul ‘sariobares abe s,snsuad SN OTOZ UO paseq uoN_Emc:Bm%

‘sanisuaadAynue Buise) payodal 1o 4g ybiy pey oym syuedionied ate SGNWHN 404 J0reuiwousp mc.rﬂ

‘suolrealpaw aAlsuauadAynue 10 ‘4g ybiy z Jo ‘epoa sisoubelp T Jo adAjousyd-a ayy Buisn uoisusniadAy Buiney se paiyiuapi syusijed ate SN-YIAFY 104 Jojeulwiousp mﬁk

"Pa]10J3U0IUN SSIMIBYIO0 :PBJ|0JIU0D PaIapIsuod si 1 ‘(AjaAoadsal ‘BH ww 06/04T> 10 ‘08/0ST>) Siulod 401D 8y} Uy} SS3| S1aM
SJUBLLIBINSEAW dg 1U8081 1SOW By JI :poliad JusLIBINSEaW Ulew 8y} BULINP JUBWaINSeaW dg auo 1ses| 18 YIM ‘sased uoisualadAy pa1oadsns se paiynuap! aiem oym sjuaied Buowe s 03u0d uoisualsdAH
¥

‘31qeaijdde jou ‘,—,, {(8T—2T0Z) ASAINS UOIRUIWEXT UOILINN PUE UYIjeaH [euoneN ‘SINVHN ‘ainssald poo|q ‘dg ‘erep SN-pJ0day [e2IPaIA 21U0193]3 AloleInquiy WVIADI ‘SN-HINTY :SuoieIAaIqqy

- v'er - L'L9 6/-99

- Tov - L99 ¥9-Gv

- [A5 - G99 v¥-8T
Jeak ‘dnoub abe Ag

L'8€ 9y 129 ¢'99 dleN

eer 414 8'0L 689 8lewsH
xas Ag
oor 'Sy 8'99 ¢'L9 |eloL

BH ww 06/0vT> d4

- 8'0¢ - L'GE 6/-99

- 9'0¢ - c¢oe ¥9-Gv

- 6'S - €71€ Y781
Jeak ‘dnoub abe Ag

0€T 891 ¢'9¢ 9'0€ dleN

€L 9Ce T9¢ 8've 8lews
xas Ag
SY1 761 1€ 8'¢ce |eloL

BH ww 08/0£T> dg

9% ‘sousjenasd paziprepuels-aby 04 ‘aousfenaid spnuy % ‘gdouslenald pazipaepuels-aby o «aauspeasad apnuD

+SINVHN 1SNENIY - % Mco_mcmutmg\f 8]1041U02 Y1IM Susied

xas pue abe Aq ‘8T-2T0Z SINVHN pue SN-HINIV Ul 6T0Z Ul uoisusiadAy psjjonuod
‘€ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Hypertens. Author manuscript; available in PMC 2024 February 27.



	Abstract
	Graphical Abstract
	METHODS
	Data and study populations
	EHR data.
	NHANES.

	Phenotyping hypertension
	Diagnosis codes.
	BP measurements.
	Medications.
	Candidate e-phenotypes.

	Covariates
	Statistical analysis
	Data availability

	RESULTS
	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

