
Obtaining valid data describing processes and
outcomes of care is central to quality assess-
ment and improvement. Traditionally, such

data could be obtained from a variety of sources includ-
ing administrative databases, medical records, and
patient surveys. Administrative databases contain infor-
mation typically collected for billing purposes or to
track utilization, including demographics, diagnoses,
and procedure codes. Such databases allow cost-effi-
cient study of large numbers of cases but lack the clini-
cally detailed information available from medical
records.1-3 Increasingly though, clinically detailed infor-
mation such as laboratory and vital signs data are
becoming incorporated into comprehensive informa-

tion systems.3,4 The completeness and accuracy of these
data systems are often in question.5,6 Consequently,
assessment of their validity remains necessary.

Hypertension is an important condition whose treat-
ment is in need of quality improvement.7 It affects more
than 50 million Americans and more than 1 million vet-
erans.8,9 Despite readily available, effective therapy for
lowering blood pressure (BP) and preventing cardiovas-
cular morbidity and mortality8,10-12 most patients with
hypertension have inadequate BP control.13-18 In the
1999-2000 National Health and Nutrition Examination
Survey, 69% of patients with a diagnosis of hypertension
had a BP reading greater than or equal to 140/90 mm
Hg.8 Further, several studies have shown that despite
reported familiarity and agreement with national hyper-
tension guidelines, clinicians tolerate higher BPs than
are recommended.13,19-21

Improving hypertension care requires ongoing
assessment. Unadjusted BP control is the only widely
used measure to assess hypertension care, used by both
the Health Plan Employer Data and Information Set
(HEDIS) and the Department of Veterans Affairs (VA)
performance review program.22,23 Unlike many other
performance indicators that involve first examining
automated data and then reviewing the medical chart if
data are not available, hypertension assessment has tra-
ditionally relied solely on chart review.24 This is at least
in part because BP data may be recorded by several
individuals. In most ambulatory clinics, a nurse takes
an initial BP and documents this reading in an intake
note. Clinicians may then do additional BP measure-
ments, which are documented in their medical notes.
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Objective: To determine whether extractable blood pressure
(BP) information available in a computerized patient record system
(CPRS) could be used to assess quality of hypertension care inde-
pendently of clinicians’ notes. 

Study Design: Retrospective cohort study of a random sample
of hypertensive patients from 10 Department of Veterans Affairs
(VA) sites across the country. 

Methods: We abstracted BPs from electronic clinicians’ notes
for all medical visits of 981 hypertensive patients in 1999. We
compared these with BP measurements available in a separate
vitals signs file in the CPRS. We also evaluated whether assess-
ments of performance varied by source by using patients’ last doc-
umented BP reading. 

Results: When the vital signs file and notes were combined, a
BP measurement was taken for 71% of 6097 medical visits; 60% had
a BP measurement only in the vital signs file. Combining sources,
43% of patients had a BP reading of less than 140/90 mm Hg; by site
this varied (34%-51%). Vital signs file data alone yielded similar
findings; site rankings by rates of BP control changed minimally.

Conclusions: Current performance review programs collect
clinical data from both clinicians’ notes and automated sources as
available. However, we found that notes contribute little informa-
tion with respect to BP values beyond automated data alone. The
VA’s vital signs file is a prototypical automated data system that
could make assessment of hypertension care more efficient in
many settings.
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For those settings with computerized patient record
systems (CPRS), the initial vital signs information
recorded by the nurse also may be entered into a sepa-
rate data field of the record, which may then be readily
extracted. In previous work, we found that only 1 BP
reading was taken at most visits, which usually was
present in the nurse’s intake note.14 In a setting where
this information is entered directly into the computer-
ized record, it is unknown how much information would
be lost by examining only these automated vital signs
data, and whether using only these data would impact
quality measurement.

The current study compares the availability and
agreement of BP measurements from an extractable
data field of the CPRS with BP measurements obtained
from clinicians’ notes. We address the following 3
questions:

1. How complete is the automated BP information?
2. What factors are associated with discrepancies

between the automated data and the clinicians’
notes?

3. How do judgments about the quality of hyperten-
sion care vary based on the data sources used? 

Lessons learned from our experience may be useful
to other researchers and individuals interested in meas-
uring healthcare quality. 

METHODS

This is a retrospective cohort study that analyzed VA
databases. The VA, as the largest integrated healthcare
system in the United States, provides care to more than
4 million veterans and is considered to be a leader in
establishing “a multifunctional integrated electronic
medical record system.”25-27

Study Subjects and Sites
We identified individuals with hypertension who were

receiving regular outpatient medical care at 10 VA sites
across the country during 1999. (A site comprises a hos-
pital-based outpatient clinic and associated community-
based outpatient clinics.) Selected sites had been
entering BP measurements into a separate vital signs file
of the CPRS and using electronic clinicians’ notes for
medical clinics, both as of at least January 1, 1999.

We used a national administrative VA database, the
OutPatient Clinic file, to identify eligible subjects. To
be eligible, patients needed to have at least 1
OutPatient Clinic–listed hypertension diagnosis
(International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] code 401,

402 or 405) in 1998 and to be regular VA users (ie, ≥2
OutPatient Clinic–listed medical clinic visits at least 6
months apart in 1999). The study sample was randomly
selected from among all eligible patients stratified by
site. We sought 100 patients per site and achieved a
final sample size of 981.

Data Collection and Sources
We used the VA’s CPRS, known as the Veterans

Health Information Systems and Technology Archi-
tecture, and the OutPatient Clinic file. The Veterans
Health Information Systems and Technology Archi-
tecture, which is maintained at the hospital within a
site, contains multiple files, including those with clini-
cal data such as vital signs, laboratory and radiologic
test results, pharmacy data, problem lists, and provider
notes. It also contains an administrative-encounter file
with diagnoses and procedures from all clinic visits that
is transferred to a central VA data repository in Austin,
Texas, and incorporated into the OutPatient Clinic
file.28 At the clinic level, BP measurements usually are
taken by a nurse and either directly entered into a sep-
arate vital signs file with structured data entry fields in
the CPRS, or reported on encounter forms and then
entered by a clerk into this file. Additional BP data may
be available through provider notes, which are either
dictated and transcribed or typed directly into the
provider notes file of the CPRS. (These clinical files are
not yet routinely transferred centrally.)

Study data were collected during the 12 months in
1999. For automated data, patient demographics, ICD-
9-CM–coded diagnoses, and medical clinic visit dates
were obtained from the OutPatient Clinic file; BP meas-
urements were extracted from the CPRS vital signs file.
Vital signs file data were merged with OutPatient Clinic
visit information such that a visit was assigned to each
BP recording. For dates with multiple clinic visits, such
as visits to primary care and a general surgical clinic, we
assigned all BP recordings to the medical clinic. 

Clinicians’ notes from all medical visits of selected
patients were obtained by accessing each site’s local
intranet and printing a hard copy. (As mentioned, the
file containing these notes also is part of the CPRS, but
the information would not be considered automated
because it is free text.) An experienced nurse-abstractor
then extracted note information including visit type,
date, and BP. Blood pressure information from nurses’
intake notes or clinicians’ note entries that used an
object template taken from the vital signs file were
ignored because we were interested in whether the cli-
nician took additional BP readings. 

A 5% random sample of charts (a chart comprises all
clinical notes on a given patient) was reviewed by one of
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the authors (A.M.B.) for interrater reliability. Observed
agreement on the presence and value of all readings was
96%. The only discrepancies found related to the pres-
ence of a BP reading rather than to its value. Such dis-
crepancies were more likely to occur for patients who
had more than 6 visits and more than 5 BP readings
available, with one or the other reviewer missing an
available BP. 

Statistical Analyses
Completeness of Automated Blood Pressure

Information. First, we determined whether BP meas-
urements were available in the CPRS vital signs file. Our
denominator consisted of all OutPatient Clinic–identi-
fied medical clinic visits in 1999. We examined the per-
centage of visits with at least 1 BP measurement, as well
as the percentage with 2 or more measurements. If mul-
tiple identical BP values were found in the vital signs file
for the same day, we deleted duplicates. 

Next, we examined how much additional BP infor-
mation would be obtained by combining vital signs file
data and information available in clinicians’ notes. We
used the same denominator and eliminated duplicate
values in the notes. We examined the amount of infor-
mation lost by calculating the differences between
sources overall and by site. 

Discrepancies Between Sources. For visits with BP
measurements available in both sources, we compared
the number and value of BP recordings in the clinicians’
notes with those in the vital signs file. We cross-tabu-
lated visits by number of automated BP measurements
against the number of BP measurements from the cor-
responding visit notes. Additionally, we checked
whether each BP recording in the vital signs file had an
exact match in the clinicians’ notes, and noted the fre-
quency of visits at which this match occurred. We
checked for a match using both individual BPs from a
given source and the average of available BPs.

We also examined whether BP documentation dif-
ferences between sources (both in terms of BP pres-
ence and average BP value at a given visit) were
because the BP was high and therefore the clinician
was more likely to repeat the measurement and report
it in his or her note. We used the average BP in the vital
signs file at a given visit and determined whether it was
high (≥140/90 mm Hg). We tested whether visits with
vital signs file BPs versus those with BPs in both
sources were more or less likely to have a high BP read-
ing by using the chi-square test. We similarly compared
the BPs of matching and nonmatching visits. 

Variation in Judgment of Blood Pressure Control.
We first examined differences in BP control (BP
<140/90 mm Hg) at the individual visit level. We then

determined patient-level control by calculating the
average BP for each patient at his or her last visit of the
year for which a BP value was available. We calculated
the percentage of patients with a BP less than 140/90
mm Hg, examining results by source for the whole sam-
ple and testing for site differences by using the chi-
square test. We again computed differences between
combined sources and the vital signs file alone. 

RESULTS 

Baseline sample characteristics are presented in
Table 1. The number of patients per site varied from 71
to 103 because of differential adoption of electronic
notes by site. There were 6097 visits to primary care,
medical subspecialty clinics, and urgent and emergent
care. Of these, 3987 were primary care visits; 629 were
subspecialty primary care visits (general internal medi-
cine, geriatrics, women’s clinic, hypertension, cardiolo-
gy, spinal cord clinic); and 1481 were subspecialty,
urgent care, or nursing visits. 

How Complete Are the Data?
Sixty percent of all medical visits had at least 1 BP

measurement in the vital signs file (Table 2).
Combining automated (vital signs file) and clinician
note information, 71% of visits had at least 1 recorded
BP measurement (Table 2). Therefore, 11% of visits had
a BP measurement in the clinicians’ notes that was not
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Table 1. Baseline Characteristics of 981 Patients With
Hypertension

Characteristic No. (%)

Age, y* 65.3 ± 11.1

Male sex 951 (97)

Nonwhite race 112 (11)

Number of antihypertensive medications
0 87 (9)
1 249 (25)
2 309 (31)
3 194 (20)

≥4 142 (15)

Selected coexisting conditions
Diabetes mellitus 322 (33)
Hyperlipidemia 442 (45)
Coronary artery disease 339 (35)
Cerebrovascular disease 79 (8)
Tobacco use 192 (20)

*Mean ± SD.



in the vital signs file. By site, the amount of available
information lost using only the vital signs file varied
from 1% to 35% (P < .0001; data not shown). Only 2% of
visits had 2 or more BP measurements in the vital signs
file, whereas 15% of visits had at least 2 BP measure-
ments recorded by combined sources. Thus, 13% of vis-
its had a second BP measurement in the clinicians’
notes that was not in the vital signs file. 

What Factors Are Associated With 
Discrepancies Between Sources?

A BP measurement was available in both the vital
signs file and the clinicians’ notes for 1361 visits.
Seventy-nine percent (1070/1361) of these visits had
only 1 BP measurement in each source. The BP meas-
urement matched exactly for 50% (678/1361) of these
visits. Of these matching visits, 99% (674/678) had only
1 BP measurement in each source. 

Conversely, 50% (683/1361) of the BP measure-
ments taken during visits did not match exactly. Fifty-
eight percent (396/683) of these visits had only 1 BP
measurement in each source. Of the 287 visits with
more than 1 BP measurement available in either
source, 188 visits had 1 BP value that matched and 237
visits had multiple BP measurements only in the clini-
cians’ notes; 30 visits had multiple BPs only in the vital
signs file. 

Next we examined whether BP documentation differ-
ences between sources were related to BP level. Of the
4350 visits with a BP measurement in either source, 2316
had a BP measurement only in the vital signs file. Of
these 2316 visits, 57% had a high BP reading (≥140/90
mm Hg), compared with 63% of visits with a BP measure-
ment in both sources (P = .02). Thus, a clinician-noted
BP value was more likely if the intake or vital signs file BP
was high. Of the 1361 visits with a BP measurement in
both sources, 78% of visits where the average BP values
did not match had a measurement indicating uncon-

trolled BP in the vital signs file only, com-
pared with 48% of visits where the BP
measurements did match (P < .0001). This
suggests the clinician was more likely to
repeat the BP measurement when the
intake value was high, resulting in non-
matching values, rather than just tran-
scribe the intake BP (matching values). 

How Do Judgments of 
Blood Pressure Control Vary 
Based on the Data Source?

At the visit level, only 61 visits would
have been misclassified depending on the
source. At 48 visits, the BP would have

been classified as uncontrolled according to the vital
signs file, but would have been considered controlled
when the combined source was used. At 13 visits, the
BP would have been classified as controlled according to
the vital signs file, but would have been considered
uncontrolled when the combined source was used. 

At the patient level, using only automated data, the
BP of 41% of the patients was controlled (see Table 3).
Using both sources yielded similar results in terms of
overall control and site rankings by percent control.
Overall, 43% of patients had controlled BP, and the most
a site changed ranking was by 2 places (Table 3). Thus,
the extra information provided in the notes changed the
assessment of BP control for a given patient in fewer
than 2% of cases. In those few cases, the BP changed
from uncontrolled to controlled. 

If one assumed patients with missing BP measure-
ments had uncontrolled BP (≥140/90 mm Hg) at their
last visit, this assumption made minimal difference to
overall results or site rankings, even for the site missing
the most data (10/101 patients), when just automated
information was used. Health Employer Data and
Information Set and the VA’s performance review pro-
gram use the lowest available BP and assume the BP is
uncontrolled if missing.22,23 Analyzing by both these cri-
teria made little difference to results (data not shown). 

DISCUSSION

Current assessments of BP control rely largely on
chart review and are therefore time-consuming and lim-
ited in scope. If valid BP data were available in auto-
mated form, this would make evaluations of BP control
and quality of hypertension care more useful by encom-
passing more cases and allowing more timely feedback
of information to providers, so that corrective actions
would be more likely.29
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Table 2. Prevalence of Visits With at Least 1 or 2 Blood Pressure
Measurements, by Source

Mean ± SE, % (No.)

Vital Signs File + 
Visits (n = 6097) Vital Signs File Notes*

With >1 blood pressure measurement 60.3 ± 0.6 71.4 ± 0.6
(3677) (4350)

With ≥2 blood pressure measurements 1.9 ± 0.2 14.6 ± 0.5
(115) (890)

*Notes are electronic clinicians’ notes.



In the present study, we found
that most BP data were available
in an automated form in the vital
signs file of the VA’s CPRS and
that most medical visits had only
1 BP measurement available
regardless of source. Of the 22%
of visits with BP values available
in both the automated data and
the clinician’s notes, half the time
the BP in the clinician’s note was
a duplicate of the vital signs file
BP, suggesting that the clinician
was simply taking this informa-
tion from the vital signs file or the
nurse’s note and incorporating it
into his or her note. As expected,
clinicians were more likely to
repeat the BP measurement when
the initial readings by nurses
were high, but this situation did
not occur very often. Most repeat
measurements were not apprecia-
bly different, and their inclusion
did not significantly affect judg-
ments of control. Despite addi-
tional BP values available in the
notes at 11% of visits, the per-
centage of patients with con-
trolled BP did not change appreciably when comparing
automated data with automated data plus notes. 

No other studies have attempted to validate auto-
mated BP readings or other vital signs data in this way.
One other study by Goldstein et al examined recorded
BP values and assessments of control, although its
methods were somewhat different.30 These researchers
studied chart BPs, comparing the BP in the initial note
by the nurse (which is comparable to the CPRS vital
signs file) with BP measurements done by clinicians for
350 patients participating in a hypertension interven-
tion study, at 2 separate primary care visits at the Palo
Alto, California, VA, a site also used in our study. The
BP was rechecked at 48% of visits where patients had
uncontrolled BP and 38% of all visits. For approximate-
ly 25% of visits, patients who had an initial uncontrolled
BP reading had a controlled BP at clinician recheck.
Given their findings, Goldstein et al argue for including
repeat BP measurements in quality assessments.
However, our data show that, despite this site having
the highest percentage (26%) of visits with 2 or more
available BP measurements in the combined source, BP
values at only 18 of 656 (2.7%) visits changed from
uncontrolled to controlled when clinician information

was considered (data not shown). The study by
Goldstein et al was presented as a meeting abstract, so
full details were not available. However, it is likely that
dissimilar methods account for the discrepant results.
Further, our methods better reflect those of current per-
formance review programs. 

Most of the available studies of automated data ele-
ments have used claims data to examine the validity of
diagnoses or process measures.24 Few have examined
the use of automated clinical data for process or out-
come measures, and only 1 other study has looked at
BP. Kerr et al compared automated data from a central
VA diabetes registry with medical record data (both
electronic and paper) with respect to diabetes quality
measures including the measurement and level of con-
trol of BP, low-density lipoprotein (LDL) cholesterol,
and glycosylated hemoglobin (HbA1c).

27 They also inves-
tigated whether combining information from both
sources (compared with using either source alone)
affected quality assessments for approximately 800 vet-
erans receiving diabetes care in 1999. They found lower
rates for all process measures using automated data,
compared with either the medical record or with both
sources combined. Unlike our study, they found fewer
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Table 3. Blood Pressure Control by Source*

*Blood pressure control was determined by using the average of blood pressure measure-
ments at the last visit for which blood pressure was available.
†Sites are ranked 1 to 10, from highest to lowest percentage based on the vital signs file.
‡The total number of patients per site varied from 71 to 103. At site 6, electronic clinic notes
were available for only 71 hypertensive patients. 
§There were no significant differences between sites.

% Patients With Blood Pressure 
<140/90 mm Hg

% Difference 
No. of Vital Signs File Rank Between 

Site† Patients‡ Vital Signs File + Notes Change Sources§

1 103 50.5 50.5 0 0.0

2 101 46.5 48.5 -1 2.0

3 103 46.5 48.5 +1 2.0

4 100 40.4 43.0 -1 2.6

5 101 41.1 43.0 0 1.9

6 71 41.2 45.1 +2 3.9

7 101 38.5 39.6 -1 1.1

8 99 38.8 40.4 +1 1.6

9 101 36.6 38.6 0 2.0

10 101 31.7 33.7 0 2.0

Whole sample 981 41.2 43.1 — 1.9



BP measurements available in the automated data than
the chart. For the process measure of the proportion of
patients with a BP measurement in 1999, the respective
proportions by source were 84%, 99%, and 99% for auto-
mated data, medical record, and combined sources. If
we were to construct a similar measure, 98% of our sam-
ple’s patients would have a BP measurement according
to the automated data, whereas only 33% would have a
BP measurement based on clinician note data alone;
when the sources are combined, 100% would have a BP
measurement. These differing results may have
occurred because Kerr et al collected the BP data at dif-
ferent time periods within sources and perhaps because
they used a different, less complete, automated source.
However, like our study, the Kerr et al study found that
overall rates for outcome measures, including the per-
centage of patients with BP less than 140/90 mm Hg,
LDL cholesterol less than 130 mg/dL, or HbA1c less than
9.5%, were comparable regardless of source, although
they could not construct a combined BP control meas-
ure because BP data were measured at different time
periods.

Thus, we are the first to examine an automated data-
base with BP measurements and compare it with med-
ical notes from the same time period. We found it
yielded as much or more information than medical note
review and gave assessments of performance compara-
ble to those of a combined measure using automated
data and notes. 

Our data are already a few years old. However,
increased automation and familiarity with the VA’s
CPRS have occurred over this time period. Blood pres-
sure information is now more likely to be entered into
the database and is more likely to be entered directly by
the nurse who took the measure, as opposed to a third
party. Thus, newer vital signs file data should be even
more accurate and complete. (In this study, 673 visits
had a BP value only in the notes, which is unlikely to
occur in the present VA ambulatory clinic setting.)

There is no way to know the true reliability and accu-
racy of data entered into the vital signs file or clinicians’
notes because we have no control over the measure-
ment, documentation, and data entry process. This is
true for all information systems and medical records. 

Site 6 had the fewest patients because of difficulty
finding patients with available electronic notes. Also at
this site, assessment of performance regarding BP con-
trol varied the most by source. It had the lowest per-
centage of BP values entered into the vital signs file and
the second highest percentage with BP values only in
the notes. This site was clearly behind the others in the
adoption of the electronic record and also in the entry
of BP measurements into the vital signs file. This likely

has changed with time so that there will be less of a dis-
crepancy between the 2 sources. 

Because we could not analyze by individual clinician,
we do not know whether such assessments would vary
by source. However, most visits were associated with
only 1 BP value in either source, with more visits hav-
ing information available in the vital signs file than in
the notes. With increased adoption of the vital signs file,
we would expect that those visits where only 1 BP value
was available only in the notes would now have that
information entered into the vital signs file. Therefore,
clinician assessments should be consistent between
sources.

All healthcare systems face the challenge of develop-
ing effective methods for assessing the quality of care. In
the case of hypertension, such assessments require
accurate BP information. Although this study only
examined VA data systems and settings, it is likely that
non-VA clinicians behave similarly with regard to BP
measurement. We believe that by implementing or
enhancing existing medical record systems with similar
extractable data fields, other healthcare organizations
also may find that they are able to make more efficient
decisions about hypertension care. Moreover, such sys-
tems could incorporate other clinical data fields that
could be likewise extractable, making clinically detailed
information more readily obtainable and facilitating
monitoring of various quality indicators across many
medical conditions. These could include information
such as whether a pneumococcal vaccination was given
or a foot exam performed on a patient with diabetes.27

Current performance review programs collect clini-
cal data from both clinicians’ notes and automated
sources as available.22 Given the demonstrated com-
pleteness of automated BP data in the electronic record,
we believe assessments of hypertension care can be
made based on these data alone, making such evalua-
tions more efficient. Where effective databases do not
currently exist, the VA’s vital signs file is a prototypical
clinical computerized data system that could be easily
adopted by other settings. 
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