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This study builds upon a project that developed clinical criteria to identify undiagnosed hypertension patients
“hiding in plain sight” (HIPS) by examining patient characteristics to understand whether there are disparities in
hypertension diagnosis. We examined electronic health record demographic data for patients identified by the
HIPS criteria and subgroups at 3 Missouri health centers. Identified patients who returned for a follow-up visit
and were subsequently diagnosed with hypertension tended to be older, black/African American, uninsured,
and classified as having obesity. Younger, white, healthy weight females were less likely to be diagnosed.
These findings point to exploring possible biases/other nonclinical factors in hypertension diagnosis.
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C ARDIOVASCULAR DISEASE accounts for
1-in-7 US health care dollars spent—almost

$1 billion per day1—and accounts for 800 000
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deaths every year, representing almost a third of US
deaths.2 By 2030, direct medical costs linked to car-
diovascular diseases are projected to exceed $818
billion annually, while lost productivity costs could
surpass $275 billion.2 Many cardiovascular events
resulting in emergency department visits, hospital-
izations, and deaths are preventable with early de-
tection, lifestyle modifications, and treatment.1,3,4

Hypertension is a major risk factor for cardio-
vascular disease.5 Hypertension is second only to
cigarette smoking as a preventable cause of death
for any reason.3 Current data suggest over 14 mil-
lion people are not aware of their hypertension and
are, consequently, not taking medication for it or en-
gaged in other interventions to control their blood
pressure.6

Recently, efforts to leverage electronic health
records (EHRs) and other health information
technology to identify patients with undiagnosed
chronic conditions to ensure timely and appropri-
ate diagnosis and treatment have increased.7-13 New
guidelines for blood pressure management recom-
mend using health information technology to iden-
tify patients with elevated blood pressure who are
not diagnosed with hypertension.5 Further under-
standing the characteristics of those with undiag-
nosed hypertension is an important step to help clin-
ical care teams improve targeting and tailoring of
interventions for diagnosing hypertension.

BACKGROUND
Hypertension prevalence increases substantially
with age and varies greatly by sex, racial/ethnic
group, and comorbid conditions.5,14-16 Among
adults with a usual source of care, younger adults
who meet the clinical criteria for hypertension are
less likely than other adults to be diagnosed with hy-
pertension and less likely to be diagnosed in a timely
manner.13
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Access to health care has traditionally played a
role in timely diagnosis of chronic disease.17 Adults
without health insurance and/or a usual source of
care are less likely than those with insurance to re-
ceive routine preventive care, including screening
for high blood pressure.18,19 Males aged 15 to 50
years infrequently seek preventive care services, re-
gardless of insurance status,20 which could increase
their rates of undiagnosed hypertension.

Diagnostic inertia for hypertension—when a pa-
tient without known hypertension is classified as
normal by the medical staff when presenting with
elevated blood pressure—is also very real and may
occur as frequently as 1-in-3 cases of high blood
pressure.21 It has also been suggested that provider
expectations for who should have hypertension may
be a factor in who is diagnosed with hypertension.12

To address the problem of undiagnosed hyperten-
sion, a recent project funded by the Centers for Dis-
ease Control and Prevention and led by the National
Association of Community Health Centers used a
quality improvement approach to develop clinical
criteria to identify potentially undiagnosed hyper-
tension patients “hiding in plain sight” (HIPS) at
10 federally qualified health centers. These criteria
were then formatted into an algorithm (Figure 1)
that was embedded into clinical decision support
mechanisms to identify patients who might have un-
diagnosed hypertension both at the point of care
and using population health management strategies.
After implementation of algorithm-based interven-
tions, 31.9% of patients identified by the HIPS al-
gorithm who completed a blood pressure evaluation
were then formally diagnosed with hypertension.12

While age and barriers to accessing care have
clearly surfaced as determinants of appropriate hy-

Figure 1. Clinical criteria for the HIPS algorithm.
HIPS indicates hiding in plain sight.

pertension diagnosis in existing research,17-21 this
study builds on the HIPS project results by at-
tempting to understand whether there are other
patient characteristics associated with undiagnosed
hypertension. Identifying these additional charac-
teristics and potential disparities could help explain
whether hypertension diagnoses are being delayed
or missed in a systematic fashion affecting certain
groups; if so, this knowledge and awareness could
then be incorporated into care team training to re-
duce disparities in hypertension identification and
care.

METHODS
The institutional review board at A.T. Still Univer-
sity’s Kirksville College of Osteopathic Medicine in
Kirksville, Missouri, granted exempt status to this
study. This article was informed by the SQUIRE
Guidelines V2.0.22

Study population and data collection
We identified patients using an algorithm-based
query of EHRs on January 31, 2015. The HIPS algo-
rithm, the details of which are published elsewhere,
evaluated whether patients had elevated blood pres-
sure measurements documented in their EHR in the
past 12 months (Figure 1).12

From this point forward, patients identified by
the algorithm as meeting clinical criteria for hyper-
tension and therefore being potentially undiagnosed
with hypertension will be referred to as HIPS pa-
tients. We used EHR data to examine demographic
characteristics of adult HIPS patients as of January
31, 2015. These patients were tracked longitudi-
nally for 17 months (February 1, 2015, to June 30,
2016). Using this HIPS population, we aimed to un-
derstand the characteristics of patients who fell into
2 categories (Figure 2): (1) patients we could reach,
which includes patients identified by the HIPS al-
gorithm who returned for a visit between February
1, 2015, and June 30, 2016, during which blood
pressure was assessed and (2) patients we could not
reach, which includes those who were identified by
the HIPS algorithm but did not return for a visit be-
tween February 1, 2015, and June 30, 2016. Those
who could be reached were then dichotomized into
(A) patients for whom blood pressure was assessed
and hypertension was confirmed and formally di-
agnosed and (B) patients who were not diagnosed
within the study time frame.

Setting and participants
This study involved 3 multisite safety net health cen-
ter organizations in Missouri that provide primary
care to underserved areas or populations. These
organizations comprise a subset of the original
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Figure 2. Patients identified by the HIPS algorithm by return visit and hypertension diagnosis status.
HIPS indicates hiding in plain sight.

10 organizations in the HIPS project that were
able to follow patients longitudinally.12 Two health
centers’ physical clinic locations were urban (7
sites total) with patient populations who were
predominantly black/African American. A third
health center had both suburban and rural sites
(4 sites total), with a predominantly non-Hispanic
white population. In total, these centers served
51 393 adult patients aged 18 to 85 years at the
inception of this study (Table 1).

Data analysis
A descriptive analysis was conducted to summa-
rize demographic characteristics of the population
of patients identified by the HIPS algorithm as

well as features of subgroups delineated by re-
turn visit and hypertension diagnosis with regard
to age, sex, race (white, black/African American),
insurance status (insured/uninsured), housing status
(homeless/housing insecure) at the time of the study,
and obesity status using body mass index (BMI),
defined as obesity (BMI ≥30 kg/m2), overweight
(BMI 25-29.9 kg/m2), and healthy weight (BMI
<25.0 kg/m2). Insufficient data were available to ex-
plore analysis of ethnicity, smaller racial groups (eg,
Asian/Pacific Islander and Native American/Alaska
Native), poverty level, and other comorbidities.

Bivariate and multivariable statistical analyses
were performed to identify patient characteristics
associated with patients identified by the HIPS

TABLE 1. Health Center Demographic Characteristicsa,b

Demographics Health Center 1 Health Center 2 Health Center 3

Number of sites 4 4 3

Adult population (18-85 y old), n 22 553 14 697 14 143

Self-reported urbanicity of care
delivery locations

Urban Suburban/rural Urban

Racec, %

Non-Hispanic white 17.40 89.12 3.17

Black/African American 69.92 5.21 96.31

Ethnicity, %

Hispanic/Latino 11.11 5.13 0.25

Best served in another language, % 9.08 2.55 0.77

Patients ≤100% of poverty level, % 95.79 70.98 90.08

Patients ≤200% of poverty level, % 99.73 96.39 99.24

Uninsured, % 42.43 23.75 25.90

Housing insecure, % 8.23 1.87 19.23
aSource for all data: HRSA Health Center Data 2016 (as of December 31, 2016), available: https://bphc.hrsa.gov/uds/datacenter.aspx; except for
number of sites and adult population, which were reported directly from health centers during the project (as of June 30, 2016).
bRaw Uniform Data System (UDS) data were not available for analysis, so overall row totals could not be generated.
cIn the UDS, race and ethnicity are presented separately but are not completely mutually exclusive. Data on Hispanic/Latino ethnicity among the
black/African American population are not separated out and, therefore, there may be some overlap.

https://bphc.hrsa.gov/uds/datacenter.aspx
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algorithm. Among this group, we calculated bivari-
ate and multivariable risk ratios to identify char-
acteristics associated with those who did and did
not return for a visit where blood pressure was
assessed.23 Finally, we examined characteristics of
patients who had a visit and were subsequently di-
agnosed with hypertension compared with those
who had a visit but did not receive a diagnosis. Data
were analyzed using SPSS version 24.

RESULTS

Descriptive data
Overall, 4452 adults, ages 18 to 85 years, were iden-
tified by the HIPS algorithm in the 3 health centers
on January 31, 2015. Females constituted 61.9%
and blacks/African Americans represented 73.0%
of those identified. Nearly half were uninsured
(49.3%). The majority of people were younger than
65 years; 36.1% aged 50 to 64 years and 32.9%
aged 36 to 49 years, and 22.9% aged 18 to 35 years.

Over half of those identified were classified as obese
(55.0%), and 25.3% were classified as overweight
(Table 2).

Among these HIPS patients, 3248 (73.0%) re-
turned for a visit where blood pressure was as-
sessed and 1204 (27.0%) did not return during
the evaluation time frame. Of those who returned,
1400 (43.1%) were diagnosed with hypertension.
Patient characteristics for each group are described
in Table 2.

Predictors of return for a follow-up visit
Demographic variables significantly associated with
whether HIPS patients returned for a visit where
blood pressure was assessed included sex, race, age,
health insurance status, and obesity.

Table 3 provides the results of bivariate and mul-
tivariable analyses of patient characteristics tested
against whether they returned (n = 3248) or failed
to return (n = 1204). All predictors were entered
simultaneously for the multivariable analysis.

TABLE 2. Characteristics of Adult Patients Identified by the HIPS algorithm
by Return Visit Status and Hypertension Diagnosis Status

Patients Identified by the HIPS Algorithm HTN Diagnosis (Returned Group)

All Returned Did Not Return Diagnosed Not Diagnosed
Variable/Category n (%) n (%) n (%) n (%) n (%)

Total 4452 3248 (73.0) 1204 (27.0) 1400 (43.1) 1848 (56.9)

Sex

Male 1695 (38.1) 1145 (67.6) 550 (32.4) 529 (46.2) 616 (53.8)

Female 2757 (61.9) 2103 (76.3) 654 (23.7) 871 (41.4) 1232 (58.6)

Race

White 1202 (27.0) 833 (69.3) 369 (30.7) 290 (34.8) 543 (65.2)

Black/African American 3250 (73.0) 2415 (74.3) 835 (25.7) 1110 (46.0) 1305 (54.0)

Age, y

18-35 1020 (22.9) 719 (70.5) 301 (29.5) 201 (28.0) 518 (72.0)

36-49 1466 (32.9) 1058 (72.2) 408 (27.8) 456 (43.1) 602 (56.9)

50-64 1608 (36.1) 1205 (74.9) 403 (25.1) 614 (51.0) 591 (49.0)

≥65 358 (8.0) 266 (74.3) 92 (25.7) 129 (48.5) 137 (51.5)

Health insurance

Insured 2256 (50.7) 1596 (70.7) 660 (29.3) 610 (38.2) 986 (61.8)

Uninsured 2196 (49.3) 1652 (75.2) 544 (24.8) 790 (47.8) 862 (52.2)

Housing

Home 4287 (96.3) 3132 (73.1) 1155 (26.9) 1355 (43.3) 1777 (56.7)

Housing insecure 165 (3.7) 116 (70.3) 49 (29.7) 45 (38.8) 71 (61.2)

Obesity (BMI in kg/m2)

Normal weight (BMI <25) 877 (19.3) 618 (70.5) 259 (29.5) 224 (36.2) 394 (63.8)

Overweight (BMI 25-29.9) 1126 (25.3) 766 (68.0) 360 (32.0) 314 (41.0) 452 (59.0)

Obesity (BMI ≥30) 2449 (55.0) 1864 (76.1) 585 (23.9) 862 (46.2) 1002 (53.8)

Abbreviations: BMI, body mass index; HIPS, hiding in plain sight; HTN, hypertension.
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TABLE 3. Predictors of Return Visits Where Blood Pressure Was Assessed

Analysis of Return (n = 3248) vs Did Not Return (n = 1204)

Bivariate Multivariable

Variable RR 95% CI P Value RR 95% CI P Value

Sex

Male 1.0 1.0

Female 1.13 1.09-1.17 <.001 1.13 1.08-1.17 <.001

Race

White 1.0

Black/African American 1.07 1.03-1.12 .001 1.05 1.01-1.10 .022

Age, y

18-35 1.0 1.0

36-49 1.02 0.97-1.08 .364 1.02 0.97-1.02 .431

50-64 1.06 1.01-1.12 .014 1.08 1.03-1.14 .002

≥65 1.05 0.98-1.13 .156 1.12 1.04-1.21 .004

Health insurance

Insured 1.0 1.0

Uninsured 1.06 1.03-1.10 <.001 1.08 1.04-1.12 <.001

Housing

Home 1.0

Housing insecure 0.96 0.87-1.06 .455 1.00 0.90-1.10 .937

Obesity (BMI in kg/m2)

Normal weight (BMI <25) 1.0 1.0

Overweight (BMI 25-29.9) 0.97 0.91-1.02 .239 0.96 0.91-1.02 .173

Obesity (BMI ≥30) 1.08 1.03-1.13 .002 1.06 1.01-1.11 .018

Abbreviations: BMI, body mass index; CI, confidence interval; RR, risk ratio.

Multivariable analyses revealed that females were
13% more likely than males to return for a follow-
up visit (P < .001) and black/African American pa-
tients 5% more likely to return than white patients
(P = .022). Age was also predictive using the multi-
variable analysis, with patients aged 50 to 64 years
8% more likely to return (P = .002) and patients
65 years or older 12% more likely to return (P <

.004) than patients aged 18 to 34 years. Multivari-
able risk ratios also showed that uninsured patients
were 8% more likely to return than those with in-
surance (P < .001) and that weight also factored
into return rates, with patients who had obesity 6%
more likely to return than patients who were not
obese or overweight (P = .018).

Predictors of hypertension diagnosis
Table 4 provides the results of bivariate and mul-
tivariable analyses of patient characteristics tested
against whether a subsequent hypertension diagno-
sis was made (n = 1400) or not (n = 1848) for HIPS
patients who returned for a visit where blood pres-
sure was assessed. Variables significantly associated

with subsequent diagnosis included sex, race, age,
health insurance status, and obesity.

A bivariate risk ratio analysis revealed that
females were 10% less likely than males to be
diagnosed with hypertension (P = .008). When
controlling for other factors, this difference by sex
disappeared (P = .894). However, racial differences
in hypertension diagnosis were found when con-
trolling for other factors. Blacks/African Americans
who were identified by the HIPS algorithm were
39% more likely to receive a hypertension diag-
nosis after a return visit to assess blood pressure
when compared with whites (P < .001). Age also
remained a significant predictor of hypertension
diagnosis using a multivariable analysis; patients
were more than twice as likely if they were 65
years or older (P < .001) versus 95% more likely
(P < .001) if they were aged 50 to 64 years to be
diagnosed with hypertension when compared with
patients aged 18 to 35 years.

Being uninsured was predictive of receiving a
hypertension diagnosis using a multivariable test
(P < .001). Obesity also significantly factored into
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TABLE 4. Predictors of Subsequent Hypertension Diagnosis

Analysis of Hypertension Diagnosis Made (n = 1400) vs No Hypertension
Diagnosis Made (n = 1848)

Bivariate Multivariable

Variable RR 95% CI P Value RR 95% CI P Value

Sex

Male 1.0 1.0

Female 0.90 0.83-0.97 .008 0.99 0.91-1.09 .894

Race

White 1.0

Black/African American 1.32 1.19-1.46 <.001 1.39 1.24-1.55 <.001

Age, y

18-35 1.0 1.0 Reference

36-49 1.54 1.35-1.77 <.001 1.53 1.32-1.77 <.001

50-64 1.82 1.60-2.08 <.001 1.95 1.70-2.24 <.001

≥65 1.74 1.46-2.06 <.001 2.16 1.79-2.60 <.001

Health insurance

Insured 1.0 1.0

Uninsured 1.25 1.16-1.36 <.001 1.33 1.22-1.46 <.001

Housing

Home 1.0

Housing insecure 0.90 0.71-1.13 .357 0.88 0.69-1.14 .338

Obesity (BMI in kg/m2)

Normal weight (BMI <25) 1.0 1.0

Overweight (BMI 25-29.9) 1.13 0.99-1.29 .073 1.07 0.92-1.23 .392

Obesity (BMI ≥30) 1.28 1.14-1.43 <.001 1.42 1.25-1.61 <.001

Abbreviations: BMI, body mass index; CI, confidence interval; RR, risk ratio.

subsequent hypertension diagnoses for HIPS pa-
tients. Patients with obesity were 42% more likely
to be diagnosed with hypertension than healthy
weight patients when controlling for other variables
(P < .001).

A visual summary of characteristics that describe
the HIPS population and predictive characteristics
for each subgroup is shown in Figure 3.

DISCUSSION
Undiagnosed hypertension is a problem in the
United States. These analyses reveal factors that
may lead to disproportionate rates of undiagnosed
hypertension in certain populations.

Patients identified by the HIPS algorithm as
potentially undiagnosed for hypertension
Given that females comprised 62.3% of the adult
patients across the 3 health centers, it was not
surprising that 61.9% of the patients identified
by the HIPS algorithm were females. In contrast,
racial differences among HIPS patients represent a

significant difference from the overall population
served by these centers. Blacks/African Ameri-
cans represent 73.0% of patients identified versus
58.7% of patients overall in the participating
health center population. This finding is consistent
with national data from the 2015-2016 NHANES
Survey,14 which indicate that the prevalence of
hypertension among non-Hispanic black adults is
proportionately higher than among non-Hispanic
whites (40.3% vs 27.8%).

Other research has shown that social context,
not race, underlies higher hypertension rates among
the black/African American population.24,25 Specif-
ically, hypertension was found to be negatively
associated with neighborhood affluence. In one
study, significantly more blacks/African Americans
were found to meet the clinical criteria for hyper-
tension; however, after adjusting for neighborhood
affluence, racial differences in rates of hypertension
vanished.25 A retrospective study by Thorpe et
al24 found that social and environmental factors
explained a considerable amount of race difference
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Figure 3. Summary of characteristics of those identified by the HIPS algorithm and subgroups. HIPS
indicates hiding in plain sight.

in hypertension. Thus, it is possible that poverty
and other social determinants of health play an
important role in the race disparities we found in
hypertension diagnoses.

In addition to racial differences, our study found
that younger people may be at higher risk of hav-
ing their hypertension remain undiagnosed. Most
health centers serve a younger population of pa-
tients, with the proportion aged 18 to 64 years
in the 3 participating health centers representing
90.6% of their adult patients.26 Patients aged 18
to 64 years identified by the HIPS algorithm com-
prised 92.0% of patients, a small but potentially
meaningful difference. Of the HIPS patients in our
study who returned for a visit, those aged 18 to
35 years comprised 28% of the patients diagnosed
with hypertension, which is over 3 times higher than
the NHANES national hypertension prevalence rate
of 7.5% for this age group. This discrepancy sug-
gests younger people’s blood pressure may be more
likely to be dismissed when they have high readings
at office visits, a finding consistent with previous
research.13

Insurance status also factored into the charac-
teristics of those identified by the HIPS algorithm.
Nearly half of the HIPS patients were uninsured,
while the average uninsured rate at the participat-
ing sites was 32.5% for adults. Similar to younger
age, one explanation for the higher percentage of
uninsured patients found with potentially undiag-
nosed hypertension is that those without insurance
may historically have been more likely to have their
elevated readings disregarded and/or hypertension
diagnoses delayed when presenting with elevated
blood pressure readings at office visits. Previous

research has indicated that patient insurance sta-
tus has influenced clinician decision making and al-
tered clinical management.27 Thus, this higher-than-
expected percentage of uninsured patients identified
by the HIPS algorithm could point to disparities in
care for these patients even at health centers where
patients are cared for regardless of ability to pay.

The majority of patients identified by the HIPS al-
gorithm were classified as having obesity (55.0%).
By comparison, 31.7% of adults in Missouri are
obese overall and 38.6% of black/African Ameri-
can adults in Missouri are classified as obese.28 The
fact that over half of HIPS patients were classi-
fied as having obesity is not surprising, given the
known link between obesity and hypertension.29

What might be considered perplexing is why so
many patients with obesity remained potentially un-
diagnosed for hypertension, only to be identified
by our algorithm, given the general knowledge that
obesity is a risk factor for hypertension.

One possible explanation is that people with obe-
sity tend to have other comorbidities, including os-
teoarthritis, chronic back pain, gallbladder disease,
asthma, diabetes, and cancer,30 and perhaps ad-
dressing one or more of these other conditions took
precedence over diagnosing and managing hyper-
tension. Standardized treatment protocols that cue
abnormal blood pressure values to be addressed
even when blood pressure evaluation is not the pri-
mary cause of the patient visit may help promote
timely hypertension diagnosis. Obesity was the only
comorbidity collected in the HIPS data set. Explor-
ing whether complex patients are more likely to
have undiagnosed hypertension could be an impor-
tant future direction.
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Even though all patients were identified using
the same clinical criteria (either 2 systolic blood
pressure [SBP] measurements between 140 and
159 mm Hg or diastolic blood pressure [DBP]
measurement between 90 and 99 mm Hg or 1
SBP measurement ≥160 mm Hg or DBP measure-
ment ≥100 mm Hg), various patient characteristics
predicted whether or not a patient had a return visit
where blood pressure was assessed and whether or
not they received a hypertension diagnosis.

Factors associated with HIPS patients
returning for a follow-up visit
HIPS patients who returned for a visit can be de-
scribed as more likely to be female, classified as hav-
ing obesity, older (≥50 years), and black/African
American. A longitudinal analysis by Green and
Pope31 showed that sex is an independent predic-
tor for use of medical services. Thus, the finding
that females were more likely than males to have
had previously scheduled appointments and/or to
respond to prompts to have their blood pressure
evaluated is unsurprising. The propensity for pa-
tients with obesity to return for a visit in the follow-
up time frame is also not surprising; people with
obesity are more likely to have other health condi-
tions that might lead them to seek medical care.30

Moreover, advanced age is an established predictor
of increased health care visits.32

What is less clear is why HIPS patients who are
black/African American were more likely to have a
visit in the follow-up period. Data from the 2016
National Health Interview Survey indicate no mean-
ingful racial differences in regularity of interac-
tion with a health care provider.32 In addition, mis-
trust of the US health care system by blacks/African
Americans as a result of historic mistreatment is
well documented,33 a factor that could decrease
health care–seeking behavior, not increase it. That
our findings run counter to this evidence suggests
there may be something unique about health cen-
ters compared with other health care delivery or-
ganizations that have fostered greater trust among
blacks/African Americans both in seeking regular
health care and responding to outreach to have their
blood pressure checked.

HIPS patients who did not return for a visit where
blood pressure was assessed were more likely to
be white, male, between the ages of 18 and 35
years, insured, and either healthy weight or over-
weight but not diagnosed with obesity. These char-
acteristics align with previous research that found
males between the ages of 15 and 50 years sel-
dom seek preventive care services, irrespective of in-
surance status.20 Taken holistically, understanding
which patients meet the clinical criteria for hyper-

tension but are less likely to return for a visit is im-
portant so that more effective behavior change in-
terventions that specifically target these individuals
can be deployed.

Factors associated with HIPS patients
receiving a hypertension diagnosis
Overall, nearly half (43%) of patients identified
by the HIPS algorithm were diagnosed with hy-
pertension on follow-up in this study. This finding
reinforces the importance of deliberate efforts to
identify patients whose current and/or past blood
pressure measurements meet the clinical criteria for
hypertension to bring them back for assessment.
Specific factors were also associated with HIPS
patients receiving a hypertension diagnosis.

Age remained a strong predictor of whether a
HIPS patient received a formal hypertension diag-
nosis. Perhaps this is the case because these older pa-
tients had risk factors other than obesity that were
not assessed. However, as discussed previously, it is
also possible that expectations about which patients
should have hypertension may be creating bias to-
ward diagnosing older patients more quickly, while
taking a less aggressive approach with younger
patients.

Similar to age, when other factors were controlled
for, black/African American HIPS patients were sig-
nificantly more likely to be diagnosed with hyper-
tension than white patients. This cannot be easily
explained by the higher known prevalence of di-
agnosed hypertension among black/African Amer-
ican patients, since the pool of patients identified
all met the same clinical criteria described pre-
viously (HIPS algorithm). It is possible there are
other factors clinicians considered beyond those for
which we controlled; for example, other comor-
bidities, stress levels, and other social determinants
of health. However, these findings also suggest the
possibility of diagnosing behavior occurring based
on a certain demographic profile. Provider expec-
tations for who should receive a diagnosis may re-
inforce actual diagnosis of black/African American
patients at higher rates than whites and older pa-
tients at higher rates than younger patients. The
known higher prevalence of hypertension in older,
black/African American people can lead providers
to react more quickly to elevated blood pressure
readings and increase the likelihood of the provider
making a diagnosis.6,14,15,32

Being overweight or having obesity, known risk
factors for hypertension,30 also predicted hyperten-
sion diagnosis. Appropriately diagnosing these pa-
tients is certainly positive. The question is whether
subjective human decision-making layered onto
an objective use of data to identify patients with
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hypertension is leaving some patients at risk for
cardiovascular events linked to untreated
hypertension—healthy-weight people, similar to
the younger patients and white patients discussed
earlier, may be at risk for remaining undiagnosed
for hypertension.

Significantly more uninsured patients were sub-
sequently diagnosed with hypertension. One pos-
sibility for this discrepancy might be that, in the
context of a project focused on addressing undi-
agnosed hypertension, providers were more likely
to diagnose patients appropriately based on objec-
tive clinical criteria whereas previously uninsured
patients may have been less likely to be diagnosed
for hypertension. It warrants further exploration to
understand more fully whether bias regarding pa-
tients’ insurance status may cause them to receive
differential care for chronic disease in circumstances
where there is not explicit focus on diagnosing pa-
tients who meet the clinical definition of hyperten-
sion. Moreover, understanding the role of nonclini-
cal factors in both increasing rates of hypertension
in certain populations and how these factors influ-
ence hypertension diagnosis are important areas for
further study.

HIPS patients who are younger, white, female,
and/or who are healthy weight were less likely to
be diagnosed with hypertension. While some of
these patients were likely ruled out for hyperten-
sion because they had normal blood pressure mea-
surements at their return visit, others were missed
and remain hiding in plain sight with hyperten-
sion. Some of these people may have been cate-
gorized as having white coat hypertension—when
a patient has elevated blood pressure values in
a clinical setting, but normal blood pressure val-
ues elsewhere.34 White coat hypertension is dif-
ficult to evaluate accurately without automated
office blood pressure (AOBP) machine use or out-of-
office measurements.35 No evidence currently exists
to suggest that younger, white, female patients who
are healthy weight have white coat effect at higher
rates than people of other ages, races, and weights.
Thus, it is unlikely that this phenomenon explains
the higher proportion of patients in this group who
remained undiagnosed. It is possible that providers
could be taking a more conservative “wait-and-see”
approach with patients who do not fit the profile
of who they expect to have hypertension. This po-
tential bias is based on existing higher hyperten-
sion prevalence rates among patients who are older,
African American, and male.6,14,15,32

Future directions
Pairing data-driven interventions to identify undi-
agnosed hypertension with AOBP machine usage
and/or self-measured blood pressure monitor-

ing (SMBP) may help reduce bias and subjective
decision-making in hypertension diagnosis; since
AOBP machines and SMBP both yield more ac-
curate patterns of blood pressure measurements
over time than traditional in-office measurements,
these can help accelerate appropriate diagnosis and
treatment for true hypertension.5

Future studies could explore the role of nonclin-
ical factors in rates of hypertension in certain pop-
ulations and how these factors may influence hy-
pertension diagnosis. Specifically, additional studies
could examine the role of social determinants of
health in race disparities in hypertension preva-
lence. Moreover, the role of clinicians’ expectations
in timely hypertension diagnosis could also be ex-
plored; in particular, the propensity for clinicians to
move to a diagnosis more quickly in patients who
they believe are more likely to have hypertension.

Limitations
The HIPS algorithm did not distinguish between un-
documented hypertension and undiagnosed hyper-
tension. While the algorithm excluded patients with
hypertension diagnoses documented on their EHR’s
problem list or within an encounter, it could have
identified patients as having undiagnosed hyperten-
sion who may be receiving treatment but whose di-
agnosis was not documented in 1 of these 2 places.
However, prior research has found that treatment
for hypertension is strongly associated with having
a documented hypertension diagnosis.10 Thus, it is
unlikely that many in the HIPS sample who had no
diagnosis of hypertension in their EHR were being
treated for the disease. Further, there is no reason to
suspect that this situation of undocumented hyper-
tension was more or less likely among any demo-
graphic group.

In addition, we do not know which patients had
a single very elevated blood pressure reading ver-
sus 2 moderately elevated blood pressure readings
(or some combination) to meet the criteria that
identified them as potentially undiagnosed for hy-
pertension and we do not know what their ac-
tual blood pressure values were, either for identi-
fication by the HIPS algorithm or upon follow-up
assessment.

We do not know whether other comorbidities, ex-
cept obesity, may have impacted provider inclina-
tion to diagnose versus not diagnose in older pa-
tients in particular. Additionally, poverty level likely
played a role in return rates and hypertension diag-
nosis, but could not be analyzed due to insufficient
data. Poverty level may further translate to health
determinants like food insecurity, stress, and lack
of regular employment, which may be confound-
ing factors in understanding differences uncovered
in this study.
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Finally, health centers represent an underserved
population. The findings from this project may not
be generalizable to other patient populations.

CONCLUSIONS
This study provided an important first step toward
understanding the characteristics of patients with
undiagnosed hypertension, including those who met
the clinical criteria for hypertension using an al-
gorithm and those who were formally diagnosed
with hypertension. The variation in the attributes
of those identified by the HIPS algorithm and the
subgroups based on return visit and hypertension
diagnosis reveals important differences that are op-
portunities for future tailored intervention strate-
gies. In addition, differences illuminated between
these groups indicate a need to address possible bi-
ases toward diagnosing versus delaying/not diag-
nosing certain types of patients—important knowl-
edge and awareness that can be incorporated into
care team training to reduce disparities in hyperten-
sion identification and care. Finally, our study drew
further attention to the importance of understand-
ing the role of social context in hypertension among
blacks/African Americans.
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