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SUMMARY 
 

Background: Automated algorithms are a type of health information technology that often 

leverage the electronic health records (EHR) of patients to support clinical diagnostic and 

management decisions; these algorithms may be important tools to identify patients with 

undiagnosed conditions, such as hypertension, and provide timely intervention to treat and 

manage those conditions. However, quantitative evidence of the effectiveness of these 

algorithms to detect undiagnosed conditions in real-world settings, and especially in 

socioeconomically and racially diverse populations, is insufficient. This evaluation examined 

patients identified as having hypertension with an automated algorithm and compared the 

characteristics of those with a diagnosis in their electronic health record to those without such a 

diagnosis. It further explored differences in the identification of potentially undiagnosed patients 

by socioeconomic factors, utilizing an ethnically diverse sample of adults within the Queen’s 

Clinically Integrated Physician Network (QCIPN), a large health system in Hawaiʻi. 

 

Methods: We conducted a secondary data analysis of de-identified EHR of patients within the 

Queen’s Health System. To be eligible, patients had to be 18 years of age or older and treated at 

1 of 6 clinics in the QCIPN during the period of July 2, 2018 and July 1, 2021 (N=14,497). 

Patients with resolved hypertension, those diagnosed with hypertension within one year of the 

end of the data period, those with end-stage renal disease, those taking medication but with no 

diagnosis for hypertension, and those that expired during the data period were subsequently 

excluded from further analyses. Included patients were summarized by patient characteristics, 

including age group, sex, race/ethnicity, categorical body mass index, tobacco use, alcohol use, 

and comorbid health conditions (N=13,709). Potentially undiagnosed hypertension was based on 

systolic and diastolic blood pressure measurements; among those meeting the eligibility criteria 

with two or more consecutive blood pressure readings of ≥140/90 over the past 3 years or one 

reading of ≥160/100 in the past year. Proportions and Wald 95% confidence intervals were 

calculated for undiagnosed hypertension compared to all patients with ostensible hypertension 

(physician-diagnosed and flagged) across patient characteristics. 

 

Results: Our findings suggest that 51.8% of the total 13,709 included patients in our sample had 

hypertension on record of an active diagnosis and those with high blood pressure readings. 



  3 

Among the ostensible hypertension cases (N=7,503), 4.9% were flagged as potentially 

undiagnosed hypertension. The probability of being flagged significantly differed by nearly all 

factors considered, including age group, ethnicity, clinic, and diabetes status. Patients in the 

youngest (18-40 years old) age group were significantly more likely to be flagged (18.4%) 

compared to all other age groups. Relative to White patients (6.8%), Filipino (4.1%), and Japanese 

(3.7%) patients, along with patients of unspecified ethnicity (3.3%), were less likely to be flagged. 

Clinic 5 had the greatest proportion of patients flagged with potentially undiagnosed 

hypertension (14.8%), significantly higher than all other clinics. Patients with ostensible 

hypertension, who were previously diagnosed with diabetes or prediabetes, had the lowest 

proportion of potentially undiagnosed hypertension (1.3% and 3.3%, respectively), while those 

with an unknown diabetes status (11.4%) or any A1C value recorded had a significantly greater 

proportion of potentially undiagnosed hypertension cases. A significantly greater percent of 

patients on Medicaid were flagged (11.1%) compared to Medicare patients (3.3%). Lastly, a 

substantially greater proportion of patients with diagnosed pre-hypertension had ostensible 

hypertension without a formal diagnosis (42.2%). 

 

Conclusion: The algorithm examined in this evaluation indicated that QCIPN is aptly identifying 

patients with hypertension. Younger patients with elevated blood pressure are not being 

diagnosed with hypertension as frequently as older patients despite the large impact on future 

health. Clinics that have strong physician champions and panel management had a lower 

proportion of potentially undiagnosed hypertension. Clinic 5 had high physician turnover during 

the COVID-19 pandemic, which may have led to a drop in proper hypertension diagnoses. The 

next steps may include: following up with patients with potentially undiagnosed hypertension to 

confirm a hypertension diagnosis to further examine the effectiveness of the algorithm, exploring 

which actions were taken by physicians and clinical staff after a patient was flagged to 

understand clinical procedures that may be impacting diagnosis of hypertension, and examining 

whether patients achieved a normotensive status through the actions prompted by the algorithm 

in order to establish if the algorithm can lead to improved health outcomes for patients. 

 

 

 

 

 



  4 

Key Points: 

1. Our evaluation provided evidence that less than 5% of patients with high blood pressure 

were flagged as a potentially undiagnosed hypertension case. 

2. Patients were more likely to be flagged if they were younger, non-Filipino or non-

Japanese, a patient at the Clinic 5, had an unknown diabetes status and A1C 

measurement, on Medicaid, and diagnosed with pre-hypertension. 

3. QCIPN should focus on confirming that those flagged are actually undiagnosed 

hypertension cases, accounting for measurement method, and establishing the 

effectiveness of algorithm prompted interventions and referrals to lifestyle change 

interventions at reducing hypertension.  
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INTRODUCTION 
 

 Hypertension affects approximately half of the total adult population in the 

United States (US),1 with the worldwide number of adults with hypertension doubling 

over the last three decades.2 In the US, hypertension presents a substantial financial 

burden, with the total associated medical costs estimated at $131 billion USD annually.3 

An influential component to the development of many life-threatening cardiovascular 

outcomes, such as stroke, coronary heart disease, and heart failure,4 hypertension is 

strongly associated with premature mortality.5 In 2019, the Center for Disease Control 

(CDC) listed hypertension as a primary or contributing cause of over half a million deaths 

in the US alone.6 Despite extant and robust clinical standards in the US for diagnosing 

and managing hypertension,7 undiagnosed hypertension remains a significant public 

health issue in both the US and around the world.2,8 Given both the substantial economic 

burden and health risks associated with hypertension, identification of potentially 

undiagnosed hypertensive patients is needed to reduce the impact hypertension has on 

both the health care system and those who suffer from the condition. 

Health Information Technology (HIT), which encompasses many types of systems 

and technologies designed to improve outcomes and reduce costs, may provide a crucial 

opportunity in identifying patients with undiagnosed hypertension.9 Automated 

electronic health records (EHR) algorithms are a type of HIT that have been used to 

identify patients with many potentially undiagnosed chronic conditions, such as 

diabetes10-12 and hypertension.8,13-16 These algorithms may identify potential cases 

based on abnormal test results found in their EHR, scan a patient’s problem list for active 

diagnoses, and flag patients that fit a clinical definition, but lack record of diagnosis or 

management of the condition. Not only can such technology notify providers regarding 

patients in need of follow-up, but it may link flagged patients to personalized resources 

and community-based interventions to further improve management and support.17 

While hypertension is a prevalent issue and one that appears underdiagnosed in many 

situations, it is also a condition that is highly amenable to clinical algorithms given the 

ubiquity of blood pressure assessments during routine clinical encounters. 
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Despite the promising potential, limited empirical research considers the 

application of HIT in practice and if, or how, innovations actually improve health 

outcomes or reduce health disparities. Implementation failures and unintended 

consequences are significant concerns of HIT, as are the technology’s impact on 

operational workflows and those engaged with it.18 These areas are deeply 

understudied, despite HIT’s extraordinary growth.19 Of the published HIT interventions, 

many are complex and/or resource intensive, casting doubt on their long-term 

sustainability in routine practice.20 New HIT is not necessarily designed or implemented 

using evidence-based protocols, nor rigorously evaluated with the findings translated 

across research or practice communities.19,21,22 Moreover, some critics of HIT algorithms 

have expressed concerns regarding poor performance in minority groups, data security 

concerns, and low provider satisfaction.23 Impact on populations with significant health 

disparities is particularly understudied. Consequently, it is important to evaluate EHR 

algorithms aimed at identifying undiagnosed hypertension within disparate and 

understudied groups across multiple sociodemographic determinants to elucidate their 

utility more fully in identifying patients and supporting interventions.  

Hawaiʻi-based health systems offer a unique opportunity to assess the use of 

these algorithms within a population largely comprised of substantially understudied and 

underrepresented groups, including Native Hawaiians, Other Pacific Islanders, and 

diverse Asian groups.24 Adults in Hawaiʻi have the highest predicted prevalence of 

undiagnosed hypertension in the US, with some groups  experiencing a disproportionate 

burden of cardiometabolic conditions.18,25 These findings point to disparities in 

healthcare access, delivery, utilization and quality, highlighting the urgent need to detect 

undiagnosed conditions, such as hypertension, and evaluate whether currently 

implemented, HIT-facilitated, detection methods are being applied equitably and 

effectively across disparate groups. To address the critical research gaps regarding the 

implementation and effectiveness of automated algorithms in clinical practice on health 

disparities within understudied populations, as well as provide important lessons that 

may be generalized to other health systems serving diverse peoples, we examined an 

algorithm designed to identify patients with undiagnosed hypertension implemented 
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within the Queen’s Clinically Integrated Physician Network (QCIPN), a physician 

organization within the Queen’s Health System (QHS), the largest healthcare system in 

Hawaiʻi.  The current evaluation aims to identify how many patients are potentially 

undiagnosed with hypertension among patients with evidence of hypertension in their 

EHR.  This evaluation additionally compares the sociodemographic characteristics of 

potentially undiagnosed patients with diagnosed patients identified by an automated 

algorithm. Through this work, we hope to provide important lessons that may be 

generalized to the larger QHS, as well as to other health systems serving diverse 

populations. 

 

METHOD 
 

HDOH Hypertension Algorithm in QCIPN 

 The evaluation of clinical algorithms that leverage HIT, including EHR, is a national 

priority, under the CDC’s 1815 Cooperative Agreement (CDC-1815) to improve the 

health of Americans through prevention and management of diabetes, heart disease, and 

stroke. Through the CDC-1815 Cooperative Agreement, the Hawaiʻi Department of 

Health (HDOH) collaborated with the QHS to implement an EHR algorithm designed to 

identify patients with undiagnosed hypertension and prompt management efforts by 

health providers within QCIPN. Formed in 2014, QCIPN is a physician organization and 

consists of 800 providers across the 5 inhabited islands in the state of Hawaiʻi. Notably, 

the current CDC-1815 strategy focused on priority populations with high chronic 

disease burden, such as Native Hawaiians and Other Pacific Islanders and those of low 

incomes. 

The algorithm was implemented within QCIPN utilizing Epic, a common EHR 

system that is used by QHS. QHS prepared a de-identified dataset derived from patient 

EHR with information on which patients were flagged by the algorithm. A de-identified 

dataset was extracted by QHS using the HDOH-developed algorithm, and delivered to 

the Healthy Hawaiʻi Evaluation Team (HHET) at the University Hawaiʻi of Mānoa for 

analysis.  
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Design 

 This was a secondary data analysis of de-identified EHR data collected utilizing 

the hypertension algorithm. Use of these data for evaluation was approved by the 

University of Hawaiʻi Institutional Review Board (Protocol#: 2019-00128).  

 

Setting 

The EHR algorithm was implemented across 7 clinics on the island of Oʻahu within 

the QCIPN organization. Information from these clinics were limited to data collected 

from July 2, 2018 to July 1, 2021. 

 

Population 

Eligible patients were 18 years or older and had at least one encounter with a 

physician at one of the 7 selected clinics within QCIPN during the three-year data 

period. However, one clinic was excluded from the analysis due to their small sample size 

(N=3). The clinical algorithm was programmed to exclude certain patients from being 

flagged: (1) those with resolved hypertension (i.e., hypertension that is no longer on the 

problem list and no elevated reading in the data period to otherwise indicate the patient 

has potentially undiagnosed hypertension), (2) those with a formal diagnosis that were 

only screened for hypertension within one year prior to the end of the measurement 

period, (3) those with an active diagnoses of end-stage renal disease (ascertained 

through EHR using ICD-9 codes: 585.5, 585.6, V42.0, V45.1, and V56, and ICD-10 

codes: N18.5, N18.6, Z49, Z94.0, Z91.15, and Z99.2), (4) those with no hypertension 

diagnosis but were taking hypertension medication, and (5) those that were deceased by 

the end of the measurement period.  

 

Measures 

The focus of our evaluation was patients with potentially undiagnosed 

hypertension, defined by those flagged by the algorithm, but without an active 

hypertension diagnosis. Three groups were derived from patients EHR: 1. physician-

diagnosed hypertension, 2. potentially undiagnosed hypertension (also referred to as 
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flagged), and 3. no indication of hypertension (also referred to as not flagged). Physician-

diagnosed hypertension cases were unresolved cases of hypertension derived from the 

patients’ active problem list identified through ICD-9 codes 401-405 and 410.9, and 

ICD-10 codes I10-I15 and I21.3. Among patients without a hypertension diagnosis on 

the patients’ active problem list, potentially undiagnosed hypertension was ascertained 

from EHRs utilizing continuously measured systolic and diastolic blood pressure among 

those without a prior hypertension diagnosis based on the algorithm’s flagging criteria: 

two measurements ≥140/90 in the past three years, or one measurement ≥160/100 in 

the past year. Lastly, no indication of hypertension cases were patients that were not 

flagged by the algorithm based on the above criteria and did not have hypertension 

based on the ICD-9 and ICD-10 codes on their active problem list. Ostensible 

hypertension was defined as patients within the physician-diagnosed hypertension 

(number 1 above) and potentially undiagnosed hypertension groups (number 2 above). 

Sociodemographic measures were extracted from patients’ EHRs problem lists, 

encounter diagnoses, and/or social histories. The measures included age (at extraction 

date) group ([18, 39) years; [39, 65) years; [65,85) years; or [85,106] years), sex 

(male/female), race/ethnicity (White, Native Hawaiian, Other Pacific Islander, Filipino, 

Japanese, Chinese, Korean, Other Asian, Black, Hispanic, or Other), most recent 

categorical BMI (underweight, <18.5; normal, [18.5, 25.0); overweight,  [25.0, 30.0); or 

obese, ≥30.0), any mental health conditions (yes/no; ICD-10 codes F20-F29, F30-F39, 

F40-F48, and F60-F69), any tobacco use (yes/no; ICD-10 codes F17, F17.20-F17.22, 

F17.29, Z72.0, Z57.31, Z72.0, Z77.22, and Z87.891), any alcohol use (yes/no; extracted 

from social history), diabetes/prediabetes status (ICD-10 codes E08, E09, E10, E11, E13, 

and R73.03) or most recently available hemoglobin A1C from laboratory tests (diagnosed 

diabetes, diagnosed prediabetes, potentially undiagnosed diabetes [A1C: 6.5 or greater 

with no diagnosis], potentially undiagnosed prediabetes [A1C: 5.7-6.5 with no diagnosis], 

or missing information [no diabetes diagnosis, prediabetes diagnosis, and A1C]), and pre-

hypertension on the patient’s problem list (yes/no; ICD-10 code R03.0). Coding for the 

multiple response race/ethnicity variable was derived using the following rules: 1) if 

Native Hawaiian was one of the multiple ethnicities listed, “Native Hawaiian” was coded, 
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2) if a non-White ethnicity was listed with a White ethnicity, the non-White ethnicity 

was coded, and 3) if there was more than one non-White ethnicity listed, “Other Asian” 

was coded; all patients endorsing more than one non-White ethnicity (N = 4) were 

multiple Asian ethnicities (e.g., Japanese and Korean). Hispanic was considered an 

exception to the above rule, such that patients identifying their race as Hispanic were 

maintained in the analysis. That is, Hispanic patients that were mixed with a non-

Hispanic ethnicity (e.g., Mexican and Filipino, Puerto Rican and Portuguese, etc.) were 

categorized as Hispanic; only seven Hispanic patients were mixed, none of which 

violated rule 1 above (i.e., no Hispanic patient in the sample were also Native Hawaiian 

by ethnicity). All sociodemographic measures were selected for their known or 

hypothesized associations with hypertension.  

Figure 1 presents the derivation of the final analytic sample after applying the 

algorithm. Of the 14,497 eligible patients, 49.2% had active hypertension in their 

problem list (physician-diagnosed hypertension). Of the 7,364 patients without a 

hypertension diagnosis, 788 (10%) were excluded for meeting one or more of the five 

exclusions (on hypertension medications: n=490, end-stage renal disease: n=43, patient 

deceased by end of measurement period: n=109, hypertension resolved: n=67, and/or 

screened for hypertension recently with no diagnosis: n=117). In total, the algorithm 

identified 6,206 patients in the no indication of hypertension (not flagged) group, 7,133 

physician-diagnosed hypertension cases, and 370 potentially undiagnosed hypertension 

(flagged) cases. Based on the combination of physician-diagnosed and flagged cases, a 

total of 7,503 cases of ostensible hypertension were identified in the sample. 
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Figure 1. Sample Derivation using the QCIPN Algorithm 

 
Acronyms: BP = blood pressure 

 
Statistical Methods 

All analyses were conducted using R version 4.1.2 with integrated development 

environment RStudio version 1.4.1106. Sample characteristics were summarized using 

descriptive proportions within groups (i.e., age, sex, race/ethnicity, etc.) across all 

patients and among the following subsamples: physician-diagnosed hypertension, 

potentially undiagnosed hypertension (flagged), no indication of hypertension (not 

flagged), and patients excluded from the sample. Proportions of patients by sample 

characteristics were summarized by frequency and column-percentage to compare the 

distribution of patients between each subsample. Next, we limited the sample to patients 

with ostensible hypertension (i.e., flagged and physician-diagnosed patients). We 

compared the percent, and 95% confidence intervals (95%CI) for the percent, of patients 
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flagged by the algorithm among ostensible hypertension cases across sample 

characteristics, including age group, sex, ethnicity, insurance provider, categorical BMI, 

clinic, mental health conditions, tobacco use, alcohol use, pre-hypertension, diabetes 

status, and A1C. Lastly, to further explore the effect of the COVID-19 pandemic on risk 

of potentially undiagnosed hypertension, we compared the percent flagged among 

patients with potential hypertension across QCIPN clinics before and after the first 

statewide Stay-At-Home order, which took effect on March 25, 2020, in Hawaiʻi.  

 

RESULTS 
 

Patient Characteristics by Hypertension Status 

Table 1 presents the distribution of sociodemographic characteristics of included 

patients (N = 13,709) stratified by potentially undiagnosed hypertension (N = 370), 

physician-diagnosed hypertension (N = 7, 133), and no indication of hypertension (N = 

6,206). Furthermore, Table 1 presents the distribution of those excluded by the 

algorithm (N = 788) and the number of missing by each factor. Overall, a greater 

proportion of the sample were between 40 to 65 years in age (40.8%) and female 

(55.7%). White was the most prevalent racial/ethnic group among the included patients 

(26.7%); however, Asian subgroups combined accounted for nearly half of patients 

(48.8%). A third (33.8%) of patients were of normal BMI compared to overweight (32.0%) 

and obese (31.1%), while only 3.1% were classified as underweight. Most patients were 

primarily sampled from Clinic 1 (37.5%) and used commercial HMSA (42.7%) or Medicare 

(33.7%) as their health insurance provider. Across the total patient sample, 25.2% had a 

record of some mental health-related condition, 9.4% had a record of tobacco use, and 

45.7% had a record of alcohol use. Many patients lacked information on diabetes status 

(38.0%); however, 21.3% had diagnosed diabetes and 17.6% had diagnosed prediabetes 

recorded on their problem list. Only 3.7% of the patient sample had pre-hypertension on 

their problem list. Excluded patients did not differ significantly from the overall sample 

across most factors except age. 
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Patients with physician-diagnosed hypertension were proportionally older, male, 

Native Hawaiian or Asian (including Filipino, Japanese, and Chinese), and overweight or 

obese relative to patients without hypertension. Most patients with no indication of 

hypertension used commercial HMSA (55.3%) as their health insurance provider, while a 

slight majority of diagnosed patients were on Medicare (51.9%). Mental health and 

tobacco use were similarly distributed among the physician-diagnosed and the no 

indication of hypertension groups; however, most patients in the latter had a record of 

alcohol use (52.8%), while only 39.6% of patients with physician-diagnosed hypertension 

used alcohol. Similarly, the proportions of both diagnosed diabetes (36.3%) and 

prediabetes (22.7%) were greater in the physician-diagnosed hypertension group 

compared to patients with potentially undiagnosed hypertension or no indication of 

hypertension; most patients with no indication of hypertension had an unknown 

diabetes status and A1C (61.9%) 

Patients with no indication of hypertension derived more frequently from Clinic 1 

(45.5% versus 30.7%). Approximately 20% of diagnosed patients, and only about 6.5% of 

the undiagnosed or no hypertension groups, came from Clinic 3. More patients with 

potentially undiagnosed hypertension saw providers practicing at Clinic 5 (37.8%) than 

any other QCIPN clinic. 
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Table 1. Sample Characteristics by Potentially Undiagnosed Hypertension, Physician-Diagnosed Hypertension, No Indication of 
Hypertension, and Excluded Patients (N = 13,709) 

  

Total Sample† 

Potentially 
Undiagnosed 
Hypertension 

(Flagged) 

Physician-
Diagnosed 

Hypertension 

No Indication of 
Hypertension  
(Not Flagged) 

Excluded 
Missing 

  N = 13,709 N = 370 N = 7,133 N = 6,206 N = 788 
  N (column-%) N (column-%) N (column-%) N (column-%) N (column-%) 
Age Group       
 [18,40) years 2,879 (21.0) 57 (15.4) 253 (3.6) 2,569 (41.4) 100 (12.7) 

0  [40,65) years 5,588 (40.8) 167 (45.1) 2,724 (38.2) 2,697 (43.5) 341 (43.3) 

 [65,85) years 4,155 (30.3) 124 (33.5) 3,165 (44.4) 866 (14.0) 262 (33.3) 

 [85+] years 1,087 (7.9) 22 (6.0) 991 (13.9) 74 (1.2) 85 (10.8) 
Sex       

 Female 7,639 (55.7) 194 (52.4) 3,587 (50.3) 3,858 (62.2) 448 (56.9) 
0 

 Male 6,070 (44.3) 176 (47.6) 3,546 (49.7) 2,348 (37.8) 340 (43.2) 
Race/Ethnicity       

 White 3,666 (26.7) 115 (31.1) 1,569 (22.0) 1,982 (31.9) 255 (32.4) 

0 

 Native Hawaiian 1,227 (9.0) 38 (10.3) 663 (9.3) 526 (8.5) 80 (10.2) 

 Other Pacific Islander 367 (2.7) 10 (2.7) 192 (2.7) 165 (2.7) 27 (3.4) 

 Filipino 2,351 (17.1) 56 (15.1) 1,326 (18.6) 969 (15.6) 103 (13.1) 

 Japanese 2,839 (20.7) 71 (19.2) 1,851 (26.0) 917 (14.8) 155 (19.7) 

 Chinese 875 (6.4) 24 (6.5) 512 (7.2) 339 (5.5) 52 (6.6) 

 Korean 274 (2.0) 7 (1.9) 140 (2.0) 127 (2.1) 18 (2.3) 

 Other Asian 353 (2.6) 12 (3.2) 140 (2.0) 201 (3.2) 28 (3.6) 

 Black 228 (1.7) 8 (2.2) 84 (1.2) 136 (2.2) 10 (1.3) 

 Hispanic 271 (2.0) 10 (2.7) 97 (1.4) 164 (2.6) 15 (1.9) 

 Other 1,258 (9.2) 19 (5.1) 559 (7.8) 680 (11.0) 45 (5.7) 
Categorical BMI       

 Normal 4,572 (33.8) 115 (31.1) 1,979 (28.0) 2,478 (40.9) 253 (32.6) 
205 

 Overweight 4,326 (32.0) 132 (35.7) 2,372 (33.5) 1,822 (30.0) 234 (30.1) 
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 Obese 4,204 (31.1) 109 (29.5) 2,529 (35.7) 1,566 (25.8) 246 (31.7) 

 Underweight 413 (3.1) 14 (3.8) 200 (2.8) 199 (3.3) 44 (5.7) 
Clinic       

 Clinic 1 5,136 (37.5) 122 (33.0) 2,190 (30.7) 2,824 (45.5) 304 (38.6) 

0 

 Clinic 2 2,148 (15.7) 19 (5.1) 1,002 (14.1) 1,127 (18.2) 233 (29.6) 

 Clinic 3 1,938 (14.1) 24 (6.5) 1,497 (21.0) 417 (6.7) 50 (6.4) 

 Clinic 4 1,808 (13.2) 45 (12.2) 1,017 (14.3) 746 (12.0) 51 (6.5) 

 Clinic 5 1,706 (12.4) 140 (37.8) 806 (11.3) 760 (12.3) 106 (13.5) 

 Clinic 6 973 (7.1) 20 (5.4) 621 (8.7) 332 (5.4) 44 (5.6) 
Payer       
 Commercial (other) 1,756 (12.9) 44 (11.9) 720 (10.1) 992 (16.1) 95 (12.1) 

73 

 HMSA Commercial 5,825 (42.7) 150 (40.7) 2,268 (31.9) 3,407 (55.3) 287 (36.6) 
 Medicaid 1,039 (7.6) 42 (11.4) 338 (4.8) 659 (10.7) 62 (7.9) 
 Medicare 4,594 (33.7) 124 (33.6) 3,685 (51.9) 785 (12.7) 324 (41.3) 
 Military 365 (2.7) 7 (1.9) 75 (1.1) 283 (4.6) 14 (1.8) 
 Other 61 (0.4) 2 (0.5) 21 (0.3) 38 (0.6) 2 (0.3) 
Mental Health       

 No 10,255 (74.8) 257 (69.5) 5,433 (76.2) 4,565 (73.6) 535 (67.9) 
0 

 Yes 3,454 (25.2) 113 (30.5) 1,700 (23.8) 1,641 (26.4) 253 (32.1) 
Tobacco Use       

 No 12,376 (90.6) 338 (91.4) 6,487 (91.1) 5,551 (90.1) 687 (87.5) 
55 

 Yes 1,281 (9.4) 32 (8.7) 637 (8.9) 612 (9.9) 98 (12.5) 
Alcohol Use       

 No 7,366 (54.3) 197 (53.7) 4,289 (60.4) 2,880 (47.2) 441 (56.7) 
150 

 Yes 6,203 (45.7) 170 (46.3) 2,812 (39.6) 3,221 (52.8) 337 (43.3) 
Diabetes Status & A1C‡       

 Diagnosed Diabetes 2,913 (21.3) 33 (8.9) 2,592 (36.3) 288 (4.6) 216 (27.4) 

0  Diagnosed Prediabetes 2,414 (17.6) 56 (15.1) 1,617 (22.7) 741 (11.9) 142 (18.0) 

 A1C [4.3,5.7)% 2,144 (15.6) 82 (22.2) 992 (13.9) 1,070 (17.2) 140 (17.8) 

 A1C [5.7,6.5)% 1,006 (7.3) 41 (11.1) 702 (9.8) 263 (4.2) 48 (6.1) 
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 A1C [6.5,17]% 18 (0.1) 2 (0.5) 12 (0.2) 4 (0.1) 2 (0.3) 

 Unknown 5,214 (38.0) 156 (42.2) 1,218 (17.1) 3,840 (61.9) 240 (30.5) 
Pre-Hypertension       

 No 13,198 (96.3) 289 (78.1) 7,022 (98.4) 5,887 (94.9) 746 (94.7) 
0 

 Yes 511 (3.7) 81 (21.9) 111 (1.6) 319 (5.1) 42 (5.3) 
Acronyms: BMI = Body mass index; HMSA = Hawaii Medical Service Association 
†Patients in the total sample does not include patients reported in the “Excluded” or missing columns 
‡Patients in the A1c categories did not have a diagnosis for either Prediabetes or Diabetes 
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Potentially Undiagnosed Hypertension by Patient Characteristics 

 Figures 2-8 present the percent of potentially undiagnosed hypertension (flagged) 

patients by select patient characteristics: age, race/ethnicity, QCIPN clinic, diabetes 

status, health insurance provider, pre-hypertension status, and other patient factors. In 

all figures, the displayed percentages are calculated by the number of potentially 

undiagnosed hypertension cases over the total number of ostensible hypertension cases 

(physician-diagnosed hypertension and potentially undiagnosed hypertension) across 

each group. Additionally, 95% confidence intervals are displayed graphically in each bar 

chart to illustrate groups that significantly differed from one another. 

 
Age 

Younger patients were more frequently flagged with potentially undiagnosed 

hypertension relative to older patients (Figure 2). Patients in the youngest (18-40 years 

old) age group were significantly more likely to be flagged (18.4%) compared to all other 

age groups. Similarly, 5.8% of patients with potentially undiagnosed hypertension were 

in 40-65 years group, which was significantly greater than those in the 65-85 years 

group (3.8% flagged) and the 85-106 years group (2.2% flagged).  

 
Figure 2. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases across all Ostensible 
Hypertension Cases by Age in Years 
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Race/Ethnicity 
Across race/ethnicity, the risk of potentially undiagnosed hypertension differed 

between some groups (Figure 3). Hispanic patients with ostensible hypertension 

appeared to have the highest risk of being flagged (9.3%). However, this estimate only 

significantly differed from flagged Japanese patients (3.7%). Relative to White patients 

(6.8%), Filipino (4.10%), and Japanese (3.7%) patients, along with patients of unspecified 

ethnicity (3.3%), were less likely to be flagged, but these differences were not 

statistically significant 
 
Figure 3. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases across all Ostensible 
Hypertension by Race/Ethnicity 

 
Acronyms: OPI = Other Pacific Islander 
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QCIPN Clinic 
The proportion of potentially undiagnosed hypertension differed across QCIPN 

clinics (Figure 4). Clinic 5 had the greatest proportion of patients with potentially 

undiagnosed hypertension (14.8%), significantly higher than all other performing 

locations, followed by: Clinic 1 (5.3%), Clinic 4 (4.2%), Clinic 6 (3.1%), Clinic 2 (1.9%), and 

Clinic 3 (1.6%). Clinic 1 and Clinic 4 had a significantly greater proportion of potentially 

undiagnosed hypertension relative to the three remaining performing locations. 

 
Figure 4. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases across all Ostensible 
Hypertension by QCIPN Clinic 

 
 
Diabetes Status 
 Figure 5 presents the proportions of potentially undiagnosed hypertension cases 

by diabetes status and A1C among patients with hypertension. Patients with 

hypertension previously diagnosed with diabetes or prediabetes had the lowest 

proportion of potentially undiagnosed hypertension (1.3% and 3.3%, respectively). The 

proportion of patients flagged as potentially undiagnosed hypertension cases was 

significantly greatest among those with missing diabetes and A1C information (11.4%). 

While patients without a formal diagnosis for either prediabetes or diabetes with an A1C 

of 6.5 or greater had a proportionally greater number of flagged cases (14.3%) than other 
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diabetes statuses, it was not significantly different than the overall average. However, 

the proportion of patients with potentially undiagnosed hypertension was significantly 

greater among patients with an A1C between 4.3 and 5.7 than those with diabetes or 

prediabetes diagnosis. 

 

Figure 5. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases across all Ostensible 
Hypertension by Diabetes, Prediabetes, and A1C 

 
Acronyms: Dx = diagnosis 
Patients in the A1c categories did not have a diagnosis for either Prediabetes or Diabetes 
 

 

Health Insurance Provider 
Figure 6 presents the proportion of potentially undiagnosed hypertension by 

health insurance provider. Patients on Medicaid had the highest proportion of flagged 

cases (11.1%) across the different health insurance categories, while those on Medicare 

had the lowest proportion of patients with potentially undiagnosed hypertension (3.3%). 

HMSA Commercial, the second largest category of insurance provider (second to 

Medicare) among hypertension cases, had a significantly greater proportion of patients 

with potentially undiagnosed hypertension (6.2%) than the overall average rate of 

ostensible hypertension in the total sample (4.9%), whereas the proportion of potentially 

undiagnosed hypertension using other insurance providers (i.e., Military, Other 

Commercial, Other) did not differ from the average. 
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Figure 6. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases across all Ostensible 
Hypertension by Health Insurance Provider 

 
Acronyms: HMSA = Hawaii Medical Service Association 
 
 
 
 

Pre-Hypertension Status 
 Patients with diagnosed pre-hypertension had a significantly greater proportion of 

potentially undiagnosed hypertension (42.2%) relative to those without pre-

hypertension (4.0%) (Figure 7). The difference in proportion between these group 

(38.2%) makes pre-hypertension the strongest sociodemographic indicator of potentially 

undiagnosed hypertension observed in our analysis. 

 
Figure 7. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases across all Ostensible 
Hypertension by Pre-Hypertension 

 
 
Other Patient Factors 
 Figure 8 presents the proportions of potentially undiagnosed hypertension 

(flagged) cases by all other factors considered in the evaluation, including the patient’s 
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gender, BMI category, diagnosed mental health condition(s), record of tobacco use, and 

record of alcohol use. Only having a record of mental health conditions (6.2%) and 

alcohol use (5.7%) appear to be associated with hypertension diagnosis status among 

ostensible hypertension patients, while the proportion of potentially undiagnosed 

hypertension across the other factors did not significantly differ from overall average. 
 

Figure 8. Percent of Potentially Undiagnosed Hypertension (Flagged) Cases by Gender, BMI 
Category, Mental Health, Tobacco Use, and Alcohol Use across all Ostensible Hypertension 
 

 
Acronyms: BMI = Body mass index 
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 Flagging Across Clinics Before and After the COVID-19 Pandemic 

Table 2 presents the proportion of potentially undiagnosed hypertension cases by 

QCIPN clinic before and after the first Stay-At-Home order related to the COVID-19 

pandemic took effect in the state of Hawaiʻi. All clinics except Clinic 1 had a greater 

proportion of patients flagged as potentially undiagnosed hypertension in the period 

following the Stay-At-Home order, with the largest difference observed in Clinic 5, 

where the percent of potentially undiagnosed hypertension went from 8.9% before the 

order to 16.9% in the period after. The difference in the percent of potentially 

undiagnosed hypertension patients across the remaining clinics was less than half that of 

Clinic 5 (<4.0% difference). 

 

 

  

Table 2. Number of Potentially Undiagnosed Hypertension Cases Before and After the First Stay-At-
Home Order in Hawaiʻi by Clinic 

QCIPN Clinic 

Percent 
of 

Patients 
Flagged 

Before Stay-at-Home Order 
07/02/2018-03/24/2020 

After Stay-at-Home Order 
03/25/2020-07/01/2021 Percent 

Difference 
in Flagged 
before and 

after 

Number 
of 

Patients 
Flagged 

Total 
Number 

of 
Patients 

Percent 

Number 
of 

Patients 
Flagged 

Total 
Number 

of 
Patients 

Percent 

Clinic 5 14.8% 22 246 8.9% 118 700 16.9% 8.0 

Clinic 1 5.3% 32 544 5.9% 90 1768 5.1% -0.8 

Clinic 4 4.2% 4 97 4.1% 41 965 4.2% 0.1 

Clinic 6 3.1% 0 78 0.0% 20 563 3.6% 3.6 

Clinic 2 1.9% 7 601 1.2% 12 420 2.9% 1.7 

Clinic 3 1.6% 1 86 1.2% 23 1435 1.6% 0.4 

Total 4.9% 66 1652 4.0% 304 5851 5.2% 1.2 
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DISCUSSION 
 

 This evaluation described the frequency of and factors associated with potentially 

undiagnosed hypertension as identified by an automated algorithm implemented in a 

large healthcare system in Hawaiʻi. We found that as many as 4.9% of the 7,503 patients 

with ostensible hypertension (physician-diagnosed and flagged) in our sample could 

potentially have undiagnosed hypertension based on blood pressure measurements 

found in their EHR. The observed differences by patient characteristics highlighted 

several groups disproportionately flagged by the algorithm. The probability of patients 

flagged for potentially undiagnosed hypertension significantly differed by age group, 

ethnicity, performing location, diabetes status, insurance provider, and pre-hypertension 

diagnosis. Patients with potentially undiagnosed hypertension tended to be younger, 

belong to an ethnic group other than Filipino or Japanese, from Clinic 5, had an unknown 

diabetes status and A1C measurement, on Medicaid, and diagnosed with pre-

hypertension. Lastly, the probability of being flagged did not appear to significantly differ 

by gender, BMI category, or tobacco use. 

 We found that less than 5% of patients with ostensible hypertension were 

flagged as potentially undiagnosed hypertension; this was less than the predicted 

prevalence of 6.5% undiagnosed hypertension in Hawaiʻi,18 suggesting that the clinics in 

QCIPN may be doing slightly better than expected at identifying patients with 

hypertension. A study of approximately 9 million US patients comparing the number of 

observed hypertension cases and the number of predicted cases (utilizing the Million 

Hearts Hypertension Prevalence Estimator Tool) found that the nearly 13% of patients 

with hypertension may not be formally diagnosed with the condition.13   Similarly, 

utilizing a large sample of patients within the OCHIN, Inc (formally known as the Oregon 

Community Health Information Network) community health network, a collaboration of 

community health centers across 14 states in the US, Huguet and colleagues26 found 

that 37.3% of patients had undiagnosed hypertension, with 24.9% of cases remaining 

undiagnosed for the five-year duration of the study period. Despite methodological 

differences, these estimates far exceed the estimated probability of being flagged 
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observed in our evaluation, suggesting that the algorithm implemented within QCIPN is 

performing well. 

While our data suggest that the overall prevalence of undiagnosed hypertension 

may be low, approximately 1 in 8 patients in the 18 to 40 years old age group, 1 in 10 

patients in the missing diabetes/prediabetes/A1C group, and 1 in 10 patients in the 

Medicaid group, were flagged as a potentially undiagnosed case. The differences by age 

are further reflected by the lower proportion of potentially undiagnosed hypertension on 

Medicare compared to Medicaid recipients. One explanation for these observations may 

be that patients with hypertension at a younger age are less likely to be assigned a 

hypertension diagnosed relative to those in older age groups.27,28 Younger patients may 

be difficult to reach as they record lower levels of health care service utilization 

compared to older patients.29,30 Moreover, differences in health care utilization may 

provide a cogent explanation for not only the differences by age group but also for the 

differences in percent flagged by diabetes, prediabetes, and A1C measurement. That is, 

patients that use health care services more often would be more likely to be diagnosed 

with other conditions such as diabetes or prediabetes, or have an A1C measurement in 

their records, compared to those with missing information; patients with missing 

information on one condition may be more likely to be missing an appropriate 

hypertension diagnosis as well. Additionally, providers may not view hypertension in 

young adulthood with the same urgency as in older adults given the older age at which 

serious hypertension-related outcomes tend to occur.31 However, with early onset 

hypertension associated with hypertension in later life and a greater odds of 

cardiovascular mortality compared to late onset.28,32 Our findings thus underscore a 

critical need to improve the recognition of hypertension in young adulthood. 

The large proportion of patients with potentially undiagnosed hypertension 

having been diagnosed with pre-hypertension may have many explanations. For 

example, providers may consider other patient factors not captured in our data to 

diagnose hypertension; some providers may be more willing to assign a pre-hypertension 

diagnosis, while being more cautious when considering a hypertension diagnosis. 

Therefore, the high proportion of potentially undiagnosed hypertension cases with 
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diagnosed pre-hypertension may not necessarily be due to a lack of care but may reflect 

a limitation of relying solely on recorded blood pressure measurements to identify 

undiagnosed patients. Alternatively, given that the algorithm’s criteria for flagging a 

patient was higher than the most recent guidelines (i.e., the cut-point under the 

American Heart Association 2017 guideline is greater than or equal to 130/80 for stage I 

hypertension),7 the higher proportion of pre-hypertension among undiagnosed 

hypertensive patients may indicate a potential misclassification. A phenomenon known 

as masked hypertension, or masked uncontrolled hypertension, may offer an explanation 

for this potential misdiagnosis. Masked hypertension occurs when a patient has normal 

blood pressure reading in office while having hypertensive readings out of the 

physician’s office (e.g., at-home or ambulatory readings).33 If certain providers within 

QCIPN were less likely than others to consider at-home blood pressure measurements in 

their diagnostic decision-making, this might explain why patients with diagnosed pre-

hypertension were more likely to be flagged by the algorithm. Given the strong 

association between masked hypertension and pre-hypertension, the higher proportion 

of patients with pre-hypertension among the undiagnosed group may indicate masked 

hypertension as an underlying driver of missed diagnoses.34 

 The differences by performing location were notable, such that nearly 15% of 

hypertension patients at Clinic 5 potentially had undiagnosed hypertension, while 

patients from Clinic 2 and Clinic 3 had markedly few patients flagged by the algorithm. 

While we are unable to determine the factors contributing to this difference, the high 

percentage of patients with potentially undiagnosed hypertension at Clinic 5 may be 

related to a lack of adaptation, or a drastic change in clinical needs of patients served by 

this clinic, during the COVID-19 pandemic. Telehealth use increased dramatically during 

the COVID-19 pandemic, yet access to remote care differed by population subgroups.35 

Secondary analyses comparing the proportion of patients flagged as potentially 

undiagnosed hypertension before and after the Stay-At-Home order was passed in 

Hawaiʻi (March 25, 2020) revealed that the proportion of potentially undiagnosed 

hypertension cases at Clinic 5 increased to 16.9% from 8.9%. In addition, Clinic 5 

experienced a significant turnover in providers during the data period; specifically, two 
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of the four full-time providers left the clinic. Prior studies demonstrate associations 

between physician turnover and reductions in timely care,36 patient satisfaction, and 

organizational stability.37 Losing half of the full-time providers may have resulted in 

delays in new provider workflow orientation and/or a lack of access to care while 

patients are being turned over to new providers. While one explanation for the lower 

proportions of potentially undiagnosed hypertension at other locations may similarly 

relate to a lower provider turnover rate, another potential explanation for the success of 

sites like Clinic 3 may be that they have physician champions whose care is centered 

around population health and chronic condition management. Providers at this location 

are known within the system for their focus on appropriate coding, panel management, 

and case managers who monitor blood pressure. 

 

Limitations 

Our evaluation has several limitations. First, all variables utilized in the analysis 

were derived from an EHR with no direct evaluator-patient contact; as a result, we were 

unable to follow up with patients flagged by the algorithm to confirm undiagnosed 

hypertension. Second, selection bias through both health care access/utilization may 

affect the generalizability of our findings to the outpatient population of QHS. 

Individuals that are unable or unwilling to see a health provider may be more likely to 

have hypertension but lack a formal diagnosis, especially those without other co-

occurring conditions that may prompt health services utilization. Therefore, the 

estimates of potentially undiagnosed hypertension and associated characteristics 

obtained from this report should not be generalized to those outside of the patient 

population. Third, the lower sample size in certain variables of interest may have limited 

our ability to detect significant differences between group (e.g., specific race/ethnicity 

groups, A1C measurements, and other health insurance provider). Moreover, the 

race/ethnicity categories utilize the Office of Management and Budget categories used 

in federal reporting; therefore, the Hispanic category is derived from race rather than 

ethnicity.38 Hawaiʻi also utilizes a different race/ethnicity categorization scheme to 

account for a large proportion of multiracial residents (nearly 25%).39 Given this 
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categorization scheme, certain race/ethnicity groups (i.e., non-White groups) in this 

evaluation may include substantial proportions of multiethnic patients. Aside from the 

multiethnic nature of our sample and Hawaiʻi as a state, the collection of information on 

race/ethnicity is complex and challenging for several inherent reasons, including a lack of 

standard definitions, differences between the constructs of race and ethnicity, and the 

influence of acculturation and assimilation, among others.40 In addition, our sample was 

limited to patients with at least one encounter in the last 3 years. Therefore, the 

implemented algorithm would be unable to flag patients overdue to follow-up; that is, 

patients with blood pressure measurements from up to 3 years ago may be flagged 

based on what may now be irrelevant data. Lastly, masked hypertension remains a 

persistent limitation in studies examining undiagnosed hypertension, with a prevalence 

reported around 10-17% using daytime measurements; the prevalence of masked 

hypertension may be far greater when accounting for daytime, nighttime, and 

ambulatory measurements.41 Masked hypertension may be especially problematic if 

some QCIPN providers were less likely to log at-home blood pressure measurements. 

While we believe that masked hypertension is unlikely to differentially affect participants 

by patient characteristics, it may offer another potential explanation for the higher 

proportion of flagged participant at the Clinic 5 location; that is, providers at this clinic 

may have been less likely to record out-of-office blood pressure relative to the other 

performing locations during the COVID-19 pandemic or physician turnover. 
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RECOMMENDATIONS 
 

Our findings warrant further investigative efforts to understand the underlying 

reasons certain patients lacked a formal hypertension diagnosis despite having blood 

pressure measurements that clearly indicate hypertension. Next steps for QCIPN could 

be to further examine the flagged undiagnosed hypertension cases to see whether the 

algorithm correctly flagged individuals as undiagnosed hypertension cases. That is, one 

way to assess the specificity and sensitivity of the algorithm (i.e., the algorithm’s ability 

to correctly identify undiagnosed hypertension) would be to identify patients with 

potentially undiagnosed hypertension that were further examined by their provider and 

ascertain how many were confirmed to have hypertension. Additionally, QCIPN could 

explore which actions were taken following a flag, and whether properly flagged patients 

were able to achieve a normotensive status through these actions; the latter may help to 

reveal the effectiveness of such automated algorithms in clinical practice. Lastly, record 

of how the blood pressure was measured (at-home, ambulatory, or in-office) may allow 

future evaluations to further examine the underlying drivers of flagged cases. 
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CONCLUSION 
 

Our evaluation underscores the value of leveraging EHR algorithms in identifying 

patients with potentially undiagnosed hypertension and highlights several 

sociodemographic factors associated with the lack of diagnosis. The algorithm examined 

in this evaluation indicated that QCIPN is doing well in identifying patients with 

hypertension; the proportion of patients with potentially undiagnosed hypertension was 

far lower than that of studies utilizing larger samples of patients across the United 

States. QCIPN should continue to deploy the hypertension algorithm and work to 

capture the groups of patients that seem to be less likely to be diagnosed (e.g., younger 

patients). 

A major strength in integrating algorithms designed to identify patients with 

undiagnosed hypertension is their potential to not only prompt provider follow-up but to 

link patients with potentially undiagnosed hypertension to personalized referral services. 

For instance, with smoking being an important risk factor in hypertension 

development,42 patients flagged by the algorithm who smoke may be automatically 

linked to programs like the Hawaii Tobacco Quitline services. Similarly, algorithms may 

link some patients with potentially undiagnosed hypertension to behavioral change 

programs tailored to their needs based on factors such as BMI and age. QCIPN should 

continue to refer patients into treatment or lifestyle change programs, within the QHS 

system and the surrounding community, and ensure that providers are knowledgeable 

about programs to refer patients flagged with potentially undiagnosed hypertension. 

This evaluation provides evidence that QCIPN and other health systems should continue 

to leverage HIT in identifying, preventing, and managing patients with hypertension.  
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