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Abstract
Background: Guideline-directed treatment of essential hypertension has grown more effective over the past two decades, yet

national control rates remain near half of treated patients, with the gap widest in rural primary care.

Objective: This analysis synthesizes published evidence on electronic health record (EHR) based interventions for hypertension

management and examines how their performance differs between rural and urban or academic primary care settings.

Methods: We synthesized randomized trials of EHR-embedded clinical decision support and home blood pressure telemonitoring,

national guideline and surveillance documents, and observational studies reporting blood pressure control stratified by practice

setting or rurality.

Results: Point-of-care decision support, home telemonitoring paired with pharmacist-led titration, and registry-driven recall each

show consistent control gains over usual EHR use, while rural practices show comparable benefit once patients are enrolled but

face structural barriers, staffing, travel distance, and connectivity, that limit reach and sustained use of these functions.

Conclusions: EHR presence alone does not close the rural hypertension control gap; closing it requires targeted investment in the

specific decision-support, telemonitoring, and registry functions the evidence supports, sized to the staffing and infrastructure

constraints of rural primary care.
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1. Introduction

Essential hypertension remains the single largest

modifiable driver of cardiovascular morbidity in adults,

and the guidelines that define its treatment have

converged over the past decade on the same conclusion:

lower, earlier, and more consistently controlled blood

pressure produces measurably better outcomes [1,2,3].

Despite that consensus, national surveillance data show

that barely half of adults with hypertension in the United

States have their blood pressure controlled to guideline

targets, a proportion that has plateaued and, in some age

bands, reversed since the mid-2010s [4,5,6]. The gap

between guideline and practice is not evenly distributed.

Patients cared for in rural primary care settings face a

distinct combination of longer travel distances to specialty

and laboratory services, thinner clinician staffing, and

lower continuity of pharmacy and monitoring

infrastructure, all of which erode the follow-up intensity

that hypertension control requires [7,8,9]. Insurance

status and language compound these barriers further,

producing disparities in preventive contact that predate

any single clinical encounter [10].

The widespread adoption of the electronic health record

(EHR) across American primary care over the past fifteen

years was framed, in part, as a tool for closing exactly this

kind of gap: a structured, searchable, longitudinal record

that could flag overdue follow-up, standardize order sets,

and generate population-level registries of patients whose

blood pressure is above target [11,12]. Whether that

promise has been realized in the settings where the

control gap is largest, rural and resource-constrained

primary care practices, is a narrower and less settled

question than the adoption statistics alone suggest. This

review synthesizes the published evidence on EHR-based

interventions for essential hypertension management,

with particular attention to how clinical decision support,

home blood pressure telemonitoring, and EHR-derived

population registries perform in rural primary care

compared with urban and academic settings, and what

the accumulated evidence implies for practices

attempting to close the rural hypertension control gap

using the record systems already in place.

2. Methods

We synthesized the published literature on EHR-based

interventions in hypertension management, drawing on

randomized controlled trials of clinical decision support

and telemonitoring, national guideline documents, and

observational and quality-improvement studies that

reported blood pressure control outcomes stratified by

practice setting or rurality. Studies were included where

the intervention was implemented through or alongside a

structured electronic record system and where blood

pressure control, defined according to the guideline

threshold in effect at the time of publication, was reported

as an outcome [13,14,15]. Because instrumentation,

control thresholds, and follow-up intervals vary

considerably across the underlying studies, we report

effect direction and approximate magnitude rather than

pooling estimates into a single summary statistic,

consistent with the heterogeneity of designs represented.

3. Results

Across the body of evidence reviewed, three recurring

intervention categories accounted for most of the

reported gains in blood pressure control: point-of-care

clinical decision support embedded in the EHR, home

blood pressure telemonitoring linked back to the record,

and registry-driven population management that uses

EHR data to identify and recall patients whose pressure

remains above target. Background trial evidence

establishes why these gains matter clinically: intensive

blood pressure control reduced cardiovascular events and

mortality relative to standard control in a large

multicenter trial, and earlier landmark comparisons of

antihypertensive drug classes established that consistent

control, more than any single agent choice, drives

outcome differences across regimens [16,17]. Guideline

bodies have subsequently framed EHR-supported
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monitoring and follow-up as a health-system-level lever

for translating that trial evidence into population-level

control [18].

4. EHR-based clinical decision support and blood
pressure control

The earliest rigorous evidence for computerized decision

support in hypertension came from a randomized trial

embedded in a Veterans Affairs and academic primary

care network, where physicians who received

computer-generated, evidence-based care suggestions at

the point of care achieved measurably better adherence to

hypertension and diabetes management guidelines than

physicians in the usual-care arm, establishing that the

effect of decision support operates through changed

clinician behavior at the visit rather than through

patient-directed channels alone [19]. A

cluster-randomized trial that layered provider alerts,

provider education, and patient education onto an

existing EHR found that the combination reduced the

proportion of patients with persistently uncontrolled

blood pressure, with the alert-and-education arms

outperforming education alone, suggesting that passive

documentation of an elevated reading is insufficient

without an active prompt directed at the clinician during

the encounter [20]. Point-of-care alerts identifying specific

barriers to guideline adherence similarly shifted

prescribing toward guideline-concordant intensification

when clinicians were shown the specific reason a regimen

fell short of target [21]. A multifaceted EHR-based quality

improvement system combining order sets, performance

feedback, and registry-based recall produced measurable

gains in guideline-concordant hypertension care, showing

the effect generalizes beyond single-encounter alerts to

sustained workflow change [22]. Randomized evaluation

of decision support directed specifically at blood pressure

management found modest but consistent improvement

in recording and control relative to usual EHR use [23].

Organizational analyses pairing information technology

with external incentives and structured chronic-disease

processes found technology alone accounted for only part

of the improvement, with organized care processes

contributing independently, relevant to rural practices

that have EHR infrastructure but lack staffing to build the

surrounding workflow [24]. Broader systematic review

evidence on EHR-supported population health functions

found heterogeneous effect sizes, strongest where

technology paired with a dedicated care-coordination role

[25].

Figure 1: Proportion of patients with controlled blood pressure under
usual electronic-record use versus point-of-care clinical decision
support, pooled approximately from a provider-alert cluster trial and
a computerized care-suggestion trial in primary care [20,19].

5. Home blood pressure telemonitoring and
pharmacist-led titration

Home blood pressure telemonitoring, particularly when

the transmitted readings are integrated back into the EHR

and reviewed by a pharmacist or nurse with authority to

titrate medication, produced some of the largest and most

consistent control gains identified in this review. A

randomized trial combining home monitoring, secure

web communication, and pharmacist-led medication

management achieved substantially higher blood

pressure control rates than usual primary care at twelve

months, establishing the model that subsequent trials

refined [26]. A cluster-randomized trial of the same

general approach, delivered across a large multispecialty

group practice with telemonitoring linked to centralized

pharmacist management, replicated the effect at a larger

scale and confirmed that the gain persisted when the

intervention moved from a single-site study to a
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distributed delivery model, a distinction directly relevant

to rural networks composed of geographically dispersed

clinics [27]. A large unmasked randomized trial of

self-monitoring with and without telemonitoring for

medication titration found that self-monitoring alone

produced meaningful reductions in systolic pressure, with

telemonitoring adding a further, if smaller, increment,

indicating that even the lower-infrastructure version of

the intervention, one that does not require continuous

data transmission, retains most of the benefit [28]. A

systematic review and meta-analysis of self-measured

blood pressure monitoring across dozens of trials

confirmed the direction and approximate magnitude of

this effect while noting that gains attenuate without a

structured co-intervention such as pharmacist review or

an EHR-based alert on out-of-range readings [29]. A home

blood pressure management trial delivered largely by

telephone and record-integrated feedback, rather than

in-person visits, achieved control gains of similar

magnitude, a delivery model with direct relevance to rural

patients for whom in-person follow-up visits carry the

largest marginal travel burden [30]. Comparative work

specifically contrasting rural and urban veterans enrolled

in the same home monitoring program found that rural

patients derived at least as much benefit as urban patients

once enrolled, suggesting that the barrier to benefit in

rural settings is more a matter of program reach and

enrollment than of the intervention working less well once

a patient is engaged [31]. A broader meta-analytic

synthesis of self-monitoring's downstream effects on

adherence and lifestyle behavior found consistent

secondary gains beyond the blood pressure reading itself,

reinforcing that home monitoring functions as an

engagement mechanism as much as a measurement tool

[32]. Digital patient-engagement tools layered onto

EHR-integrated monitoring, including patient-facing

dashboards and automated messaging tied to

out-of-range readings, have independently been

associated with improved hypertension control in a large

integrated delivery system, suggesting that the

engagement layer itself, distinct from the clinical review

that follows it, contributes to the effect [33].

Figure 2: Twelve-month blood pressure control rates under usual
primary care versus home telemonitoring with pharmacist-led
medication titration across two randomized trials of the model [26,27].

6. Rural-urban disparities in EHR access and
hypertension control

Even where the underlying interventions perform

comparably once delivered, rural practices face structural

barriers to delivering them at the same intensity as urban

and academic centers. National surveillance work has

repeatedly documented that rural residents are less likely

to receive recommended preventive services generally, a

pattern that extends to the follow-up visit frequency that

hypertension control depends on [7]. Access barriers

specific to the rural United States, including clinician

shortages, longer travel distances, and thinner broadband

infrastructure needed to support telemonitoring data

transmission, have been catalogued in detail and

identified as a structural, not merely behavioral,

explanation for lagging rural chronic-disease control [8].

Mortality data spanning two decades show a widening

rural-urban gap that includes cardiovascular causes

prominently, a trend that tracks the same period over

which EHR-based hypertension interventions were being

validated predominantly in urban and academic health

systems [34]. Successive editions of the Rural Healthy

People assessment have identified hypertension and

cardiovascular disease management as persistent unmet

priorities across rural regions, with access to structured
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chronic-disease infrastructure, including the staff needed

to act on EHR-generated registries, cited as a limiting

factor distinct from EHR adoption itself [35,36].

Foundational rural health services research has long

identified the combination of workforce shortage and

geographic dispersion as the structural core of the rural

care gap, a diagnosis that predates the EHR era but that

the record-based interventions reviewed here have only

partially addressed [9].

Table 1: Structural barriers to EHR-supported hypertension
management most frequently reported in rural primary care, drawn
from national access surveillance and rural health services research
[7,8,35,9].
Barrier Rural primary

care impact
EHR-dependent
function affected

Clinician and staff shortage Fewer visits
available for
follow-up titration

Point-of-care
decision support

Longer travel distance Lower attendance
at recheck visits

In-person
confirmation of
home readings

Thinner
broadband/connectivity

Reduced reach of
automated
telemonitoring

Home blood
pressure
telemonitoring

Limited care-coordination
staffing

Registry alerts less
often acted on

Recall and
adherence outreach

7. Medication adherence and population registries
in EHR-based hypertension management

Beyond point-of-care alerts and telemonitoring,

EHR-derived population registries improve control by

identifying patients who have fallen out of follow-up

entirely rather than optimizing care of patients already

engaged. Registry-based identification of gaps in refill

patterns has clarified how much uncontrolled

hypertension traces to adherence lapses invisible without

pharmacy-linked EHR data, a pattern documented in a

cohort whose refill continuity was disrupted by a regional

disaster and whose blood pressure trajectory tracked the

adherence gap closely [37]. Disparities in medication

adherence documented among Black patients with

hypertension, a population disproportionately

represented in many rural southern primary care panels,

underscore that registry-based recall must be paired with

adherence-support content tailored to the barriers a

population faces, not a generic recall message [38].

Outpatient EHR implementation studies tracking chronic

disease outcomes broadly found record-based care

processes improved outcomes modestly but consistently

across large health-system cohorts [39].

Care-coordination research on whether EHRs support the

handoffs and follow-up scheduling that registry-driven

recall depends on found substantial variation in whether

practices had configured systems for this function at all, a

gap that matters more where fewer staff can compensate

manually [14]. Related quality-of-care research linking

EHR presence to ambulatory quality found the

contribution depended heavily on how completely

structured data, rather than free text, populated the fields

registry logic depends on [15]. A meta-review of

self-management support concluded the most effective

programs combined a registry or recall mechanism with

self-management education, not either alone [40].

8. Discussion

Read together, the evidence supports a specific and

somewhat narrower conclusion than the broad claim that

EHR adoption improves hypertension control. The largest,

most consistently replicated gains come not from the

presence of an EHR itself but from specific,

resource-intensive functions layered onto it: point-of-care

decision support directed at the clinician during the

encounter, home telemonitoring paired with pharmacist

or nurse authority to titrate medication, and

registry-driven recall paired with adherence-support

content [19,26,27,20]. Each of these functions requires

staff time, workflow redesign, or connectivity

infrastructure beyond the base EHR license, which is

precisely the resource margin that rural primary care

practices are least likely to have [8,35]. This reframes the

rural hypertension control gap not as a technology

adoption problem, since EHR penetration in rural

practices now approaches parity with urban practices, but

as a problem of who can staff and sustain the functions
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that make the record clinically effective [11,12]. The

comparative finding that rural veterans derived

comparable benefit once actually enrolled in home

monitoring is consistent with this reframing: the

intervention itself does not appear to work less well in

rural settings, but rural practices appear less able to reach

and enroll the patients who would benefit [31].

The clinical stakes of closing this gap are substantial given

the magnitude of benefit in the underlying trial evidence

and the cost-effectiveness of achieving it. Intensive blood

pressure control was shown cost-effective at a population

level in formal economic analysis built on the same trial

evidence that established its clinical benefit,

strengthening the case that investment in staffing and

infrastructure for EHR-based interventions in rural

practices is defensible rather than discretionary [41].

Current guideline frameworks endorse system-level,

technology-supported approaches to hypertension

control, but the evidence reviewed here suggests guideline

endorsement alone will not close the rural gap without

targeted investment in the specific functions, decision

support, telemonitoring with clinical follow-through, and

adherence-aware registries, that actually move control

rates [1,18]. Disparities in baseline access documented

among insured but underserved populations indicate

these structural barriers operate before a rural patient's

first primary care contact at all [10].

9. Conclusion

Electronic health record systems have become nearly

universal in American primary care, but their contribution

to closing the persistent gap in hypertension control

between rural and urban patients depends on which

specific functions a practice has the staffing and

infrastructure to sustain, not on the presence of the record

system itself [11,4,5]. Point-of-care clinical decision

support, home blood pressure telemonitoring linked to

pharmacist-led titration, and registry-driven recall paired

with adherence support each carry consistent evidence of

benefit, and each requires resources that rural primary

care practices disproportionately lack [19,26,37]. Closing

the rural hypertension control gap through the EHR

systems already installed in these practices will require

deliberate investment in the surrounding workflow,

staffing, and connectivity that make those specific

functions operable, rather than continued reliance on

record adoption alone as a proxy for improved chronic

disease management [6,34].

10. References

1. Whelton, P.K., Carey, R.M., et al. (2018) 2017 ACC/AHA/AAPA/

ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline

for the Prevention, Detection, Evaluation, and Management

of High Blood Pressure in Adults. Hypertension, 71(6):

e13-e115.

2. James, P.A., Oparil, S., et al. (2014) 2014 Evidence-Based

Guideline for the Management of High Blood Pressure in

Adults: Report From the Panel Members Appointed to the

Eighth Joint National Committee (JNC 8). JAMA, 311(5):

507-520.

3. Chobanian, A.V., Bakris, G.L., et al. (2003) The Seventh Report

of the Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood Pressure: the JNC

7 report. JAMA, 289(19): 2560-2572.

4. Egan, B.M., Zhao, Y., et al. (2010) US trends in prevalence,

awareness, treatment, and control of hypertension,

1988-2008. JAMA, 303(20): 2043-2050.

5. Ostchega, Y., Fryar, C.D., et al. (2020) Hypertension prevalence

among adults aged 18 and over: United States, 2017-2018.

NCHS Data Brief, 364: 1-8.

6. Muntner, P., Carey, R.M., et al. (2018) Potential U.S. population

impact of the 2017 ACC/AHA high blood pressure guideline.

Circulation, 137(2): 109-118.

7. Casey, M.M., Thiede Call, K., et al. (2001) Are rural residents

less likely to obtain recommended preventive healthcare



Citation: Johansson K, Berg F, Nilsson L (2022) electronic health record analysis in the Management of essential
hypertension among rural primary care patients. Curr Trends Med, 4(1): 01-06.

Current Trends in Medicine
© 2022 Somato Publications. All rights reserved.

07 Volume 4 Issue 1 - 1001

services? American Journal of Preventive Medicine, 21(3):

182-188.

8. Douthit, N., Kiv, S., et al. (2015) Exposing some important

barriers to health care access in the rural USA. Public

Health, 129(6): 611-620.

9. Ricketts, T.C. (2005) Rural health in the United States.

American Journal of Public Health, 95(9): 1682. Oxford

University Press, New York.

10. Fiscella, K., Franks, P., et al. (2002) Disparities in health care

by race, ethnicity, and language among the insured:

findings from a national sample. Medical Care, 40(1): 52-59.

11. Blumenthal, D., Tavenner, M. (2010) The "meaningful use"

regulation for electronic health records. New England

Journal of Medicine, 363(6): 501-504.

12. Jha, A.K., DesRoches, C.M., et al. (2009) Use of electronic

health records in U.S. hospitals. New England Journal of

Medicine, 360(16): 1628-1638.

13. Bodenheimer, T., Sinsky, C. (2014) From triple to quadruple

aim: care of the patient requires care of the provider. Annals

of Family Medicine, 12(6): 573-576.

14. O'Malley, A.S., Grossman, J.M., et al. (2010) Are electronic

medical records helpful for care coordination? Experiences

of physician practices. Journal of General Internal Medicine,

25(3): 177-185.

15. Kern, L.M., Edwards, A., et al. (2014) The patient-centered

medical home, electronic health records, and quality of care.

Annals of Internal Medicine, 160(11): 741-749.

16. SPRINT Research Group, Wright, J.T., et al. (2015) A

Randomized Trial of Intensive versus Standard

Blood-Pressure Control. New England Journal of Medicine,

373(22): 2103-2116.

17. ALLHAT Officers and Coordinators for the ALLHAT

Collaborative Research Group. (2002) Major outcomes in

high-risk hypertensive patients randomized to

angiotensin-converting enzyme inhibitor or calcium

channel blocker vs diuretic. JAMA, 288(23): 2981-2997.

18. Carey, R.M., Muntner, P., et al. (2018) Prevention and control

of hypertension: JACC health promotion series. Journal of

the American College of Cardiology, 72(11): 1278-1293.

19. Tierney, W.M., Overhage, J.M., et al. (2003) Can

computer-generated evidence-based care suggestions

enhance evidence-based management of diabetes and

hypertension? A randomized, controlled trial. Health

Services Research, 38(4): 1103-1120.

20. Roumie, C.L., Elasy, T.A., et al. (2006) Improving blood

pressure control through provider education, provider

alerts, and patient education: a cluster randomized trial.

Annals of Internal Medicine, 145(3): 165-175.

21. Lin, N.D., Martins, S.B., et al. (2006) Identifying barriers to

hypertension guideline adherence using clinician feedback

at the point of care. AMIA Annual Symposium Proceedings,

2006: 494-498.

22. Persell, S.D., Kaiser, D., et al. (2010) Changes in performance

after implementation of a multifaceted

electronic-health-record-based quality improvement

system. Medical Care, 48(4): 350-357.

23. Hicks, L.S., Sequist, T.D., et al. (2006) Impact of computerized

decision support on blood pressure management and

control: a randomized controlled trial. Journal of General

Internal Medicine, 21(6): 622-628.

24. Casalino, L., Gillies, R.R., et al. (2003) External incentives,

information technology, and organized processes to

improve health care quality for patients with chronic

diseases. JAMA, 289(4): 434-441.

25. Kruse, C.S., Stein, A., et al. (2018) The use of electronic health

records to support population health: a systematic review of

the literature. Journal of Medical Systems, 42(11): 214.

26. Green, B.B., Cook, A.J., et al. (2008) Effectiveness of home

blood pressure monitoring, Web communication, and



Citation: Johansson K, Berg F, Nilsson L (2022) electronic health record analysis in the Management of essential
hypertension among rural primary care patients. Curr Trends Med, 4(1): 01-06.

Current Trends in Medicine
© 2022 Somato Publications. All rights reserved.

08 Volume 4 Issue 1 - 1001

pharmacist care on hypertension control: a randomized

controlled trial. JAMA, 299(24): 2857-2867.

27. Margolis, K.L., Asche, S.E., et al. (2013) Effect of home blood

pressure telemonitoring and pharmacist management on

blood pressure control: a cluster randomized clinical trial.

JAMA, 310(1): 46-56.

28. McManus, R.J., Mant, J., et al. (2018) Efficacy of

self-monitored blood pressure, with or without

telemonitoring, for titration of antihypertensive medication

(TASMINH4): an unmasked randomised controlled trial.

Lancet, 391(10124): 949-959.

29. Uhlig, K., Patel, K., et al. (2013) Self-measured blood pressure

monitoring in the management of hypertension: a

systematic review and meta-analysis. Annals of Internal

Medicine, 159(3): 185-194.

30. Bosworth, H.B., Powers, B.J., et al. (2011) Home blood

pressure management and improved blood pressure

control: results from a randomized controlled trial. Archives

of Internal Medicine, 171(13): 1173-1180.

31. Powers, B.J., Danus, S., et al. (2011) The effectiveness of home

blood pressure monitoring comparing rural and urban

veterans. Telemedicine and e-Health, 17(10): 760-766.

32. Fletcher, B.R., Hartmann-Boyce, J., et al. (2015) The effect of

self-monitoring of blood pressure on medication adherence

and lifestyle factors: a systematic review and meta-analysis.

American Journal of Hypertension, 28(10): 1209-1221.

33. Milani, R.V., Lavie, C.J., et al. (2017) Improving hypertension

control and patient engagement using digital tools.

American Journal of Medicine, 130(1): 14-20.

34. Cross, S.H., Califf, R.M., et al. (2021) Rural-urban disparity in

mortality in the US from 1999 to 2019. JAMA, 325(22):

2312-2314.

35. Bolin, J.N., Bellamy, G.R., et al. (2015) Rural Healthy People

2020: new decade, same challenges. Journal of Rural Health,

31(3): 326-333.

36. Gamm, L., Hutchison, L., et al. (2003) Rural Healthy People

2010: a companion document to Healthy People 2010. Texas

A&M University System Health Science Center, School of

Rural Public Health.

37. Krousel-Wood, M., Craig, L.S., et al. (2016) Medication

adherence in older clinic patients with hypertension after

Hurricane Katrina: implications for clinical practice and

disaster management. American Journal of the Medical

Sciences, 351(2): 160-168.

38. Ferdinand, K.C., Yadav, K., et al. (2017) Disparities in

hypertension and cardiovascular disease in blacks: the

critical role of medication adherence. Journal of Clinical

Hypertension, 19(10): 1015-1024.

39. Reed, M., Huang, J., et al. (2012) Outpatient electronic health

records and the clinical care and outcomes of patients with

diabetes mellitus. Annals of Internal Medicine, 157(7):

482-489.

40. Shahaj, O., Denneny, D., et al. (2019) Supporting

self-management for people with hypertension: a

meta-review of quantitative and qualitative systematic

reviews. Journal of Hypertension, 37(2): 264-279.

41. Bress, A.P., Bellows, B.K., et al. (2017) Cost-effectiveness of

intensive versus standard blood-pressure control. New

England Journal of Medicine, 377(8): 745-755.


