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Self-monitoring of blood pressure actively
involves patients in hypertension management.
However, the usefulness of self-monitoring of
blood pressure may be limited by inaccurate
patient reporting. The study objective was to
assess reliability of patient blood pressure report-
ing over 6 months. Forty-nine subjects with Joint
National Committee stage 1 or 2 hypertension
were enrolled. Unaware that the monitors elec-
tronically store readings, the subjects were asked
to check and record outpatient blood pressures
twice weekly. Stored and written readings were
compared. On average, patient-recorded blood
pressures were equivalent to stored monitor val-
ues 80% or more of the time. Reliability of
patient self-reporting was sustained over the 6-
month study period. Notably, patients did not
selectively report lower blood pressure readings.
The overall mean self-reported and stored moni-
tor blood pressures were nearly identical: blood
pressure (+SD) 134+16.8/78+11.6 mm Hg and
135+19.6/80+13.3 mm Hg, respectively. The reli-
ability of self-reporting of blood pressures for
many patients supports the potential usefulness of
self-monitoring of blood pressure in hypertension
management. (] Clin Hypertens. 2002;4:259-264,
273) ©2002 Le Jacq Communications, Inc.
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An estimated 50 million Americans with hyper-
tension are at increased risk for acute myocar-
dial infarction, stroke, congestive heart failure, and
end-stage renal disease.! Despite this, 75% of hyper-
tensive individuals have poorly controlled blood
pressure.2 One major reason is that hypertension is
largely asymptomatic.! Additionally, growing evi-
dence suggests that office-based blood pressures are
measured too sporadically to adequately represent a
patient’s typical blood pressure.3# Outpatient blood
pressures, compared to office readings, may better
predict left ventricular hypertrophy and cardiovas-
cular mortality risk.5-8

Oscillometric home sphygmomanometers for
self-monitoring of blood pressure have recently be-
come available to the general public. Like home
blood glucose measurement in managing diabetes,
and expiratory peak flow assessment in managing
asthma, patient self-monitoring of blood pressures
may result in improved identification and control of
hypertension.9-15

While home sphygmomanometers have been
greeted with some initial enthusiasm by both
patients and physicians,!0,16 there is concern that
patients might under-report uncontrolled blood
pressures to their provider. This possibility was pre-
viously investigated utilizing electronic home moni-
tors, sphygmomanometers containing a computer
memory chip.17.18 Mengden and Johnson, with their
collaborators, concluded that up to one half of
patients erroneously reported pressure values when
compared to electronically stored readings. These
studies also found that patients may report readings
not contained in the monitor, or selectively omit
monitor readings. These two studies, 1-2 weeks in
duration, did not address the long-term accuracy of
patient self-reporting of blood pressures.

We designed this study to assess the long-term
accuracy of patient self-reported blood pressures
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compared to electronically stored readings in pri-
mary care patients with hypertension. Based on pre-
vious studies of home monitor use, we anticipated
high levels of inaccuracy. We expected that patients
in primary care might seek to “please” their physi-
cians by selectively reporting well controlled blood
pressures, perhaps even creating fictitious readings.
Our first research hypothesis was that patient-report-
ed blood pressures would not consistently match
electronically stored pressures. Our second research
hypothesis was that electronically stored pressures
unreported by patients would be higher, on average,
than reported pressures.

METHODS

This prospective, single-blind cohort design study
was conducted in an urban, university-based family
practice. The study protocol was approved by the
University’s Institutional Review Board. In this
practice, 40,000 outpatients receive care from 30
attending physicians, 33 physicians-in-training (res-
idents and fellows), and five nurse practitioners.
The data analyzed were collected as part of a larg-
er prospective, randomized, controlled trial of the
effect of self-monitoring of blood pressure on hyper-
tension management.

Patient Selection/Eligibility Criteria

Patients, ages 20-75, receiving medication for
Joint National Committee (JNC) VI stage 1 or 2
(mild or moderate) essential hypertension were eli-
gible. To minimize risks of uncontrolled hyperten-
sion to the patient, patients with JNC VI stage 3
hypertension were excluded.

We used a clinical and financial database to gener-
ate a list of patients with a billing diagnosis of hyper-
tension (ICD-9 code, 401.1 or 401.9) from any office
visit in 1999. Because certain medical conditions could
either complicate hypertension or the ability to record
blood pressures regularly, we excluded patients with a
psychiatric diagnosis of dementia, schizophrenia,
or major depression, and those with ongoing drug-
or alcohol-related diagnoses, chronic obstructive
pulmonary disease, cirrhosis, Alzheimer’s disease,
metastatic cancer, or HIV/AIDS.

We asked the physicians of potential subjects to fur-
ther exclude patients already using self-monitoring,
patients with secondary causes of hypertension, and
morbidly obese patients, as extra-large arm cuffs were
not available.

Study Protocol

After obtaining informed consent and collecting
demographic information (age, sex, race, education-
al level, occupation, concomitant diseases, and med-
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ications), the study coordinator instructed patients
in the proper use of a home blood pressure monitor
(Omron model HEM-725 CIC [Intensive Control];
Omron Healthcare, Inc., Vernon Hills, IL). Both
standard and large cuffs were available and cus-
tomized to the size of each patient’s arm circumfer-
ence. This monitor uses the same technology as the
previously validated Omron model HEM-507 CP
monitor. 19 A special feature of this monitor is the
inclusion of a memory chip that stores up to 350
readings; stored data can be directly downloaded
into a computer. Patients were not informed of this
feature, although the study protocol allowed for dis-
closing this information if they asked. The Omron
monitors were initially calibrated with in-office blood
pressure devices.

Patients were asked to measure their pressures
twice a week, taking two consecutive readings each
time. They were instructed to record these blood
pressure readings at the time of measurement,
together with the corresponding time of measure-
ment, in a calendar-format diary with tear-out pages
specifically designed for the study. The calendar con-
tained enough space for patients to enter up to four
blood pressures on any given day. Patients were
instructed to tear off completed pages and mail them
to the study coordinator in the business reply envelopes
supplied.

We asked patients to take a minimum of four
blood pressure measurements per week, but did
not instruct patients to limit their use of the moni-
tor. Also, we did not specifically instruct patients to
record their pressures simultaneously with monitor
use. Our intention was both to simplify the study
protocol and allow us to assess the frequency of
actual monitor use by patients.

Measure of Accuracy

During the course of the study, we observed that
many patients recorded blood pressures in the
written diaries identical to pressures recorded by
the monitor, but with dates that conflicted with the
monitor date of measurement. For example, some
patients may have misaligned the dates by record-
ing in the diary using a date that was 1 week later
or earlier than the actual date, even though the
blood pressures agreed exactly.

This led us to our primary measure of agree-
ment, in which self-reported and monitor-stored
pressures were defined as “matching.” We defined
a match as a pair of self-reported and monitor-
stored blood pressures with <2-mm Hg difference
in systolic and diastolic pressures, recorded by
patients in their diaries within 1 week of the mon-
itor date. While previous short-term studies have
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required matched self-reported and monitor-stored
readings to have identical days and times, we
attempted to create a definition that would more
closely approximate how diary readings would be
recorded by patients in actual practice, especially
given the long duration of this study.

The percent agreement for each patient was cal-
culated by dividing the number of self-reported
blood pressures that matched monitor-stored pres-
sures by the total number of self-reported blood
pressures. A distribution of these percentages was
formed, and the median calculated. This reliability
assessment was performed only for months in
which the patient returned written diary readings.

To determine whether there was a difference in
reported and unreported blood pressure record-
ings, we also calculated the mean of the unmatched
and matched monitor readings (stored in the mon-
itor, with no matching diary reading) for each
patient. In addition to measuring agreement, we
also collected data on patient demographics (age,
ethnicity, educational level, duration of hyperten-
sion), and on utilization of both the monitor and
diary sheets.

RESULTS
We enrolled 52 patients, 49 of whom completed
the study. One patient dropped out due to “per-
sonal life stress;” another discontinued participa-
tion for “insurance reasons.” Another patient
shared her monitor with her husband; therefore,
we did not include her blood pressure readings in
our data analysis. Data from the remaining 49 sub-
jects are included in all subsequent analyses. Three
quarters of the patients were female, and approxi-
mately two thirds were African American. The
mean patient age was 56, and the mean education-
al level was 1 year beyond high school (Table I).
No subjects were aware of the presence of the
memory chip contained within the monitor.
Patients both used the monitor and recorded
diary readings for a mean of 5.1 months. During
this time interval, the mean number of diary read-
ings reported was 76.5; the mean number of mon-
itor readings stored was 100.5. Over the 6-month

study period, the number of patients completing at
least the minimum number of requested readings
dropped from 85% to 45% (Figure 1). Figure 2
illustrates the total number of diary and monitor
readings completed by patients. All patients used the
monitor more often than the minimum number of
times requested; nearly all (96%) had unmatched
diary readings (diary recordings that did not match
with electronically monitored readings).

The median percent agreement for the 49 sub-
jects was 80%, with a range of 18%—-100%. One
third of subjects had 90% or higher percent agree-
ment (Table II). The consistency of agreement
between patient-reported and monitor values was
maintained throughout the 6-month study period,
with a minimum monthly median value of 75% in
month four (Figure 3). Patients with controlled
and uncontrolled (systolic >140 or diastolic >90)
hypertension at baseline recorded pressures with
the same degree of accuracy.

Patients did not selectively record lower blood pres-
sure readings in their diaries. The overall mean self-
reported blood pressure was nearly identical to the
mean monitor-stored blood pressure: blood pressure
(+SD) 134+16.8/78+11.6 mm Hg; monitor-stored:
135+19.6/80+13.3 mm Hg. Approximately one half
(47%) of patients had mean matched and unmatched
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Figure 1. Attenuation in patient compliance with blood
pressure study protocol over 6 months. Patient compli-
ance was defined as completing the minimum number
of requested readings (four per week) using both the
written diary and the electronic monitor.
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Number of monitor and diary readings taken per month
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Figure 2. Monthly median monitor-recorded and self-
reported (diary) blood pressure readings. In this plot,
the short, wide bars represent the median number of
readings per month. The long, thin, extending lines
represent the 10th to 90th percentile range of these
median values for the 49 patients in our study.

systolic readings that were within 5 mm Hg of
each other, while 63% of patients had mean
matched and unmatched diastolic readings with-
in 5 mm Hg of agreement (Table III). Overall,
78% and 90% of patients, respectively, possessed
mean matched/unmatched systolic and diastolic
readings within 10 mm Hg of agreement.

DISCUSSION

The median level of agreement between self-
recorded blood pressures and blood pressure read-
ings stored in the home monitor memory chip for
subjects in this study was 80%, with one third of
subjects recording pressures with better than 90%
accuracy. While mean compliance with recording
and measuring the minimum number of requested

90% to 10% spread of agreement

% Agreement
3
®
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Figure 3. Range (10th to 90th percentile) of agreement
over time (6-month study period). In this plot, the
open box represents the median percent agreement for
each month. The long, thin, extending lines represent
the 10th to 90th percentile range of these median val-
ues for the 49 patients in our study.

readings declined from 85% to 45% over time, the
reliability of recorded readings, which was the pri-
mary end point of the study, was maintained.
Patients who reported pressures reliably did so
consistently over the entire 6-month study period.
These findings suggest that patients who report
blood pressures reliably during an initial trial peri-
od would continue to do so over a prolonged peri-
od of time.

Johnson et al.18 found that the majority of their
subjects reported at least two self-reported readings
that differed from electronically monitored readings
by more than 10 mm Hg (83%/62 %, respectively,
for systolic/diastolic readings). In our study, 13 sub-
jects had mean matched and mean unmatched sys-
tolic or diastolic readings that differed by more
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than 10 mm Hg. While 10 mm Hg represents a
large difference in blood pressure measurement
clinically, we expected to find a discrepancy of this
magnitude in more than the 26 % of patients in our
results.

We decided to link self-reported pressures with
monitor-stored pressures that were within 1 week of
each other. In order to simplify the study protocol,
we instructed patients to record blood pressures
accurately; we did not stress the need to record dates
with strict accuracy. Therefore, we surmised that
patients were probably less concerned with record-
ing the exact date of the blood pressure recordings
correctly.

Patients may have written their monitor pres-
sures down at the time of the reading for later trans-
fer to the diary, promoting inaccuracy in recording
the date of the actual recording. Given the calendar
diary format, it would have been relatively simple to
transpose readings incorrectly by a day or week’s
time. We plan to collect data on this issue in a future
study. Also supportive of our conclusion that many
patients report home blood pressures accurately was
that the mean difference between self-reported and

electronically stored pressures in our patients was
clinically insignificant (0.7 mm Hg systolic and 1.4
mm Hg diastolic).

Mengden and Johnson and their collabora-
tors!7:18 found that up to 100% of patients failed to
report values from the electronic monitor. We were
not surprised to find, similarly, that 100% of our
patients had a larger number of monitor readings
than diary readings. In fact, we expected patients in
our study to have more monitor readings for sever-
al reasons. We anticipated that use of the monitor
would stimulate patient interest in following their
blood pressures, resulting in a higher number of
monitor readings. Accordingly, we did not instruct
patients to limit their use of the monitor.

The resulting number of monitor readings was
consistently higher than the number of diary read-
ings throughout the entire 6-month study, which
provides evidence suggestive of sustained interest in
home monitor use. Also, space was limited in the
diary format, perhaps discouraging patients from
recording additional readings beyond the four per
week they were instructed to record. Finally, some
stored readings may have been blood pressures of
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friends or relatives of study subjects who used the
monitor, although we instructed patients not to share
their monitors with others.

While all patients used the monitor more often
than the minimum number of times requested, they
did not selectively delete aberrant readings. The
overall mean self-reported and monitor-stored blood
pressures were nearly identical. Comparing mean
matched and unmatched blood pressure readings,
nearly one half of patients’ systolic and diastolic
readings were within 5 mm Hg of agreement, while
80% of patients’ systolic and diastolic readings
agreed within 10 mm Hg. While only one half of
mean matched and unmatched readings were with-
in 5 mm Hg of each other, physicians are likely to
use the overall mean of home readings clinically.
Therefore, the finding that the mieans of total
patient-reported and monitor-stored readings, both
systolic and diastolic, were nearly identical is both
reassuring and supportive of the potential usefulness
of home blood pressure readings in hypertension
management.

Mengden and Johnson and colleagues!7-18 also dis-
covered that over one half (52%-63%) of their sub-
jects added values not found in the monitor. In our
study, 96% of patients reported “phantom” readings
(unmatched diary readings) as well. Although we
instructed patients to record only readings generated
by the home monitor in their diaries, some patients
may have recorded readings obtained elsewhere (i.e.,
drugstore, at the doctor’s office, etc.).

The fact that this study was conducted in a single
urban family practice with a small number of mildly
hypertensive patients limits the generalizability of
our results. Additionally, we may have overestimated
the reliability of patients’ self-reporting, if patients
made extra efforts to report their pressures accurate-
ly because they knew they were being observed in a
research protocol. However, the fact that patients
were unaware that their reported blood pressures
were being “checked” by the electronic memory chip
somewhat argues against this.

Our results are similar to those from prior studies,
where many subjects misreported pressures. However,
we were also able to demonstrate that one half of our
patients, a significant proportion, reported pressures
with 80% or better reliability over a 6-month period
of time. These findings should serve to stimulate con-
tinued inquiry in response to concerns regarding the
reliability of self-reported blood pressures that were
raised following the publication of earlier studies.20
Further studies, using larger numbers of subjects, are
needed to predict characteristics of patients likely to
report pressures consistently and reliably. Conversely,
for patients anticipated to report blood pressures less
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accurately, electronic monitors with a memory chip
could be used.

As with home glucose monitoring in diabetes, self-
monitoring of blood pressure has the potential to
actively involve patients in hypertension disease man-
agement and control. Sharing of blood pressure data
between patient and provider fosters a partnership
approach to hypertension management, and could
promote heightened interest and compliance with
taking medication. Additionally, home blood pres-
sures give medical providers additional data to better
inform their hypertension decision-making. The relia-
bility and durability of self-reporting of blood pres-
sures found in this study supports the potential use-
fulness of self-monitoring of blood pressure in man-
aging hypertension.

Results of this study were presented at the Meeting of the
National Primary Care Research Group (NAPCRG), Amelia
Island, FL, November 2000 and the American Society of
Hypertension Meeting, San Francisco, CA, May 2001.
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