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Abstract: This research reports level of blood pressure control
and ability to maintain newly discovered hypertensives in a munici-
pal hospital setting by use of family- and self-monitored home blood
pressure units. Three hundred ninety-six patients were randomized
into family- and self-monitored blood pressure groups and a control
group. Findings indicate that the use of either self- or family-read
cuffs is effective in the first six months of treatment in lowering
blood pressures. The data are suggestive of a beneficial effect of the

Introdiuction
The exponential growth in research on hypertension

during the last decade results primarily from the recognition
that standard medical regimens are effective in reducing the
undesirable sequelae of uncontrolled hypertension. 1-3 Two
of the major areas of research involve screening programs,4-9
and the problem of maintaining patients on antihypertensive
therapy which is part of a broader area regarding the
maintenance of behavioral change. 10-12

To facilitate compliance and its correlate, blood pres-
sure control, a number of intervention strategies have been
tested including locating a hypertension specialty clinic in
the community,3 6'320 locating a hypertension treatment
clinic in or near the work site, 8,21-23 establishing specialty
clinics within university medical clinics,2425 providing in-
tense follow-up for hypertension patients to assure appoint-
ment keeping,2627 providing various forms of social support
and education,28-32 and providing patients with self-monitor-
ing blood pressure cuffs.33-37 These interventions for improv-
ing the control of blood pressure have met with varying
levels of success.

There is evidence that most physicians overestimate the
level of compliance with medical recommendations.38,39 For
the practicing physician, most of the available strategies can
require complex initial procedures, and therefore are of
questionable value to him or her. One exception is the use of
readily available blood pressure cuffs by hypertensive pa-
tients. Many physicians recommend that patients take their
own blood pressure. The utility of this recommendation has
not been tested over a long period of time for newly
discovered hypertensive patients in a municipal hospital
setting under controlled experimental and randomized con-
ditions.

The objectives of this research are: to evaluate the
efficacy of providing the patient with immediate feedback on
the course of his/her disease by home blood pressure (BP)
measurement as a mechanism for facilitating BP reduction;
and to determine if the adjunct use of home BP measurement
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use of cuffs for up to 18 months; however, with additional time in the
study, no differences in the level of blood pressure control could be
demonstrated between groups. The use of family-monitored blood
pressure cuffs produces a lower drop-out rate than does the use of
no cuff. The effect on drop outs is substantial for the first year of
treatment, but beyond 12 months, the family-read cuff is also more
effective than no cuff in reducing drop outs. (Am J Public Health
1984; 74:704-709.)

is effective in maintaining controlled BP for a time period
greater than that required for an initial BP reduction.

Three specific hypotheses were tested: I) the use of a
home blood pressure cuff administered by a patient-selected
significant other (usually a family member identified by the
patient) will enhance BP reduction over either a self-admin-
istered blood pressure cuff group or a "standard treatment"
group; 2) the use of a self-administered blood pressure cuff
will enhance blood pressure reduction over a "standard
treatment" group; and 3) fewer patients will drop out of
treatment from the significant other administered group than
from either the self-administered or "standard treatment"
groups.

Methods

Patients in this project lived in inner-city Indianapolis
and were predominantly low income and Black. The study
was conducted in the Medicine Clinic of a large, urban,
university affilitated municipal hospital. The hospital serves
a broad spectrum of the community and also has responsibil-
ity for the medical care of the county's indigent population.

Patients entered into this study were either newly
discovered hypertensive patients or previously treated pa-
tients who had been untreated for at least one year. Study
patients were identified from screening and referral from a
community screening effort9 and from programs both in the
community and the hospital outpatient clinics and emergen-
cy room.

Criteria required for admission to the study included:
age 16-70 years; consecutively elevated BPs in one of the
following ranges: 1) three successive diastolic BPs 2/95 mm
Hg if age >30 or -/90 mm Hg if age 16-30 years, or 2) two
diastolic blood pressures >/100 mm Hg, or 3) one diastolic
blood pressure >/120 mm Hg; medical problems manageable
by a nurse practitioner on most visits.*

All patients were examined by a physician at entry and
received a data profile which included a CBC, SMA-12,
creatinine, potassium, urinalysis, chest x-ray, and ECG.
Following an informed consent procedure approved by the
Institutional Review Board, patients were assigned to nurse
practitioners for management and randomization.

Each patient was asked to identify another person who
would be able to take his/her BP daily (a significant other).
The patient was assessed for his/her general ability to follow

* Only one patient was excluded from the study due to complex medical
problems.
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directions, to read with reasonable accuracy the mercury
column of the blood pressure unit, and to hear the first and
fifth Korotkoff sounds through practicing accurate measure-
ment of blood pressure by use of a teaching stethoscope. All
patients received education by the nurse practitioner that
included the nature of high blood pressure, the conse-
quences expected from uncontrolled high blood pressure,
the benefits attributable to lowering blood pressure to nor-
mal levels, and the need to keep appointments and take
medications as prescribed. The entire assessment, educa-
tion, and subsequent teaching of the use of the blood
pressure cuff took approximately one hour.

After a random start for the first patient seen each week,
new patients were assigned sequentially to three groups: a
family blood pressure group (FBP), a self blood pressure
group (SBP), or a control group (CTL). Figure I presents a
branching diagram of patient placement into the various
groups. Those persons with no significant other and inade-
quate hearing and/or vision were excluded from this study
since they could not be randomized. Only a small proportion
of the patients could not take their own BP but had someone
at home who could take it; therefore, the FBP group- is
smaller than either the SBP or CTL groups. In addition, due
to the branching system used for randomizing patients into
groups, the CTL group is the largest of the three groups.
Because of the nature of the interventions, it was not
possible to blind this study.

Patients were seen usually every two to four weeks until
BPs were controlled and then every two to four months. The
drug treatment, which remained unchanged for the duration
of the study, consisted of a "stepped approach" with a
diuretic foundation to which was added singly or in combina-
tion reserpine, hydralazine, propranolol, or alpha methyldo-
pa. Other antihypertensive medications were used infre-
quently. Turnover among nurse practitioners was minimal
for the duration of the study reported here.

Patients and significant others were taught by their
nurse practitioner to use the blood pressure units typically
on the second visit subsequent to the initiation of treatment.
Teaching was sometimes delayed a bit longer because of the
logistics of patients bringing a significant other with them.

Blood pressures were recorded at each clinic visit by the
patient's nurse practitioner and reported to the patient. In
addition, study patients with either FBP or SBP units were
questioned about the home use of their unit and were
periodically rechecked for accuracy.

Cleared for Assignment
to Protocol (406)

Adequate Hearing Inadequate Hearing
and Vision (3761 and/or Vision (30t

Family 12481 No Fami y (128) Familym20 iNo Family (10)
(Dropped frorn

study)

FBP (67)1 FBP (12)

SBP 1821 SBP (62)

CTL (99) CTL (66) CTL (8)

Number of
Patients in

Experimental
Intervention

FBP = (79)

SBP - (144)

CTL - (173)

FIGURE 1-Branching Diagram for Entrance into Experimental Interventions
(Numbers in Group)

A mean BP for each patient was calculated for each six-
month interval in the study.** Six-month intervals were used
since it was felt that this would allow adequate clinical time
to bring BP under control as well as to provide enough data
points during the history of the project for statistical analy-
sIs.

Since patients were added continuously to the project
population over several years, analyses are made by time
units (six-month periods) after treatment started. Although
data are available on some patients for up to six years,
analysis is done on the first 36 months of the patient's
involvement in the study. This cut off assures adequate
numbers of patients for the calculation of tests of statistical
significance.

Results
A total of 396 persons met the criteria for inclusion in

the study and were randomized into the treatment groups.
Table I documents the age, sex, and race characteristics of
each group and indicates that the population and pre-
treatment BP were relatively homogeneous across the three
groups. In addition, each group had equal numbers of blood
pressure readings prior to treatment, and the number of days
between initiation of treatment and learning to use the two
types of blood pressure units did not vary between the FBP
and SBP groups.

When comparing the two FBP groups, those with and
those without adequate hearing and vision (Figure 1), no
statistically significant differences in blood pressures were
found at any point in the study. There are no differences
between the two SBP groups nor between the three CTL
groups at any time. Hence the two FBP groups were
combined, as were the two SBP groups and the three CTL
groups.

The various outcome blood pressure measures over
time and by group (Figure 2) show that the major outcome
variable, diastolic blood pressure (DiaBP), was controlled
(c</95 mm Hg) for all groups at each interval. As anticipated,
after a major reduction of DiaBP following the initiation of
treatment, there was a slight decrease in this measure in each
group for the duration of the study reported here. Per cent at
GOAL increases with time as does the difference between

** While the SBP and FBP groups were asked to record their own BPs,
only the nurse practitioner's measurements were used for this calculation.

TABLE 1-Age, Sex, and Race Characteristics by Experimental BP
Intervention

Experimental Intervention

FBP SBP CTL TOTAL
Characteristics (N = 79) (N = 144) (N = 173) (N = 396)

% Female 57.0 59.9 56.7 57.9
% Black 72.1 80.3 74.6 76.2
Mean Age (years) 47.2 47.3 47.7 47.4
Mean Pre-treatment
Blood Pressure 166.5/107.0 168.2/109.7 167.2/108.6 167.4/108.7

NOTE: FBP = Family-monitoring Blood Pressure Group
SBP = Self-monitoring Blood Pressure Group
CTL = Control Group
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pre-treatment DiaBP at each interval (A). While the CTL
group appears to perform better on the outcome variables
past the 24th month, there are no statistically significant
differences between the groups past the 18th month.

Table 2 indicates that the FBP and SBP groups' DiaBP
results are lower than that of the CTL group at the 0-6
month interval, and the per cent of FBP group members at
GOAL BP is greater than either the SBP or the CTL group.

The reduction in DiaBP from the pre-treatment period
to each time interval (A) using a paired comparisons test
indicates that at the end of six months the SBP group had the
greatest reduction (mean A = 17.3 mm Hg); at the 7-12
month interval, the SBP A is greater than that of the FBP and
the CTL.*** Following the end of one year in the project,
the difference between the pre-treatment DiaBP and the
mean DiaBP for each six-month period reaches a plateau of
about 18 to 20 mm Hg, and remains there for the duration of
each patient's involvement in the project.

At 18 months, the significantly lower DiaBP in the FBP
group when compared to the SBP and CTL groups is
consistent with the project's hypotheses; but the fact that
there are no significant DiaBP differences in the preceding
six-month period suggests that significance in the 13-18
month period may be a statistical artifact. Following 18
months, there appear to be minimal differences in DiaBP or
in the per cent of the patient population at GOAL BP
between any of the groups.

*** This project may have encountered the same problem as did the
research reported by Carnahan and Nugent,.3 i.e., the greater reduction in the
SBP group may be attributable to the slightly higher pre-treatment DiaBP
found in this group and the slightly lower pre-treatment DiaBP of the FBP
group.

TABLE 2-Measures of Blood Pressure
Time

Control, by Group and Over

A/

A

16 p

15 F

Pre-
Treatm

*n 9I II

lent 0-6 7-12 13-18 19-24 25-30 31-36

Time in Program (months)

FIGURE 2-Outcome Variables Measuring Blood Pressure Control by Group
and Over Time

Reduction in DiaBP
Intervals X % at from Pre-Treatment

(in months) Group N DiaBP GOAL A (mm Hg)

FBP 79 107.0 0 -
Pre-Treatment SBP 144 109.7 0

CTL 173 108.6 0 -
FBP 79 91 .0* 71.1 t 16.3

0-6 SBP 144 92.8* 56.4t 17.3*
CTL 173 94.6* 49.1 t 14.3*
FBP 77 90.8 61.4 16.7t

7-12 SBP 125 89.9 70.9 20.1t
CTL 149 92.0 63.6 17.0t
FBP 70 88.Ot 75.0 19.1

13-18 SBP 119 90.6t 71.1 19.3
CTL 132 90.7t 68.5 18.2
FBP 64 89.8 68.8 17.3

19-24 SBP 108 90.8 66.7 19.9
CTL 116 89.9 71.6 19.0
FBP 50 89.6 70.0 17.6

25-30 SBP 83 89.9 71.1 20.0
CTL 94 88.5 77.5 20.8
FBP 26 89.8 72.0 20.3

31-36 SBP 47 89.2 75.6 18.7
CTL 54 86.6 89.8 22.7

*p < .05 for difference between FBP and CTL and/or SBP and CTL.
tp < .05 for difference between FBP and SBP and/or FBP and CTL.
tp < .05 for difference between FBP and SBP and SBP and CTL.
NOTE: FBP = Family-monitoring Blood Pressure Group

SBP = Self-monitoring Blood Pressure Group
CTL = Control Group
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TABLE 3-Drop Outs by Experimental BP Intervention

Number (%) of Number (%) of
Drop Outs in Drop Outs in

Intervention 36 Months First Year

FBP (N = 79) 18 (22.8)* 2 (2.5)t#
SBP (N = 144) 44 (30.6) 12 (8.3)t
CTL (N = 173) 63 (36.4)* 24 (13.9)t
TOTALS (N = 396) 125 (31.6) 38 (9.6)

'Difference significant at p < .02.
tDifference significant at p < .05.
tDifference significant at p < .003.
NOTE: FBP = Family-monitorng Blood Pressure Group

SBP = Self-monitoring Blood Pressure Group
CTL = Control Group
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While data for these patients are available for up to six
years, no further statistically significant results were found.
Numbers in each group at subsequent intervals diminish due
to drop outs and to patients not being in the study population
at that interval.

Table 3 indicates that the FBP intervention had fewer
drop outs during the three-year study duration reported here
than did the CTL group. The FBP first-year drop outs are
significantly fewer than those from the SBP group and the
CTL groups. No other drop out differences at any time
period are significant for the duration of the study.

The high drop out rates for the CTL group and the
slightly lower but still significantly higher drop out rate for
the SBP group early in the study, when contrasted with the
low FBP group drop out rate, may help to explain some of
the clinical findings in Table 2. The increase in those at
GOAL for the SBP and CTL groups may be attributable to
drop outs self-selecting from among those for whom the
treatment regimen did not work.

The use of life table analysis4042 presents another mech-
anism for understanding the effects of the experimental
interventions on the drop outs from the patient population.
Using the actuarial method42 of computing survival curves4'
produces a cumulative probability statement of staying in
treatment at each time interval.: For the FBP group, the
probability of remaining in treatment for 18 months is .8849.
The cumulative probabilities for the SBP and CTL groups
are lower (.8247 and .7623, respectively). At each subse-
quent time interval the cumulative probabilities of staying in
treatment are greatest for the FBP and lowest for the CTL
group. Figure 3 depicts the survival curves or conditional
probabilities of staying in treatment for each of the three
groups. These findings are consistent with the hypotheses
that the use of a blood pressure cuff is more effective in
keeping hypertensive patients in the medical system, and
that the family-read cuff is more effective than the self-read
cuff in keeping the hypertensive patients in the medical
system. Using the Mantel-Haenszel test for survivorship,43-45
the equivalent of the log-rank test,"4 indicates that of the
possible comparisons only the difference between the FBP
and CTL groups is statistically significant (X2 = 4.92, df = 1,
p < .05) in maintaining patients in the medical system.

Discussion

The findings indicate that the use of blood pressure
cuffs, either the self- or family-read cuff, is more effective in

t Life Table analysis available from author on request.

.55
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CTL

12 18 24 30

Time in Program (months)

FIGURE 3-Conditional Probabilities of Staying in Treatment ("Survival") by
Time in Program

decreasing drop outs and achieving lower blood pressure, in
the short run, than the use of no home cuff. At the conclu-
sion of the first 18 months under treatment for those who
remain in the system, over two-thirds have achieved GOAL
BP regardless of the intervention. For each consecutive six-
month period, the overall proportion of those at or below
GOAL increases.

In comparing these results with those of other studies
using blood pressure cuffs, it appears that even for newly
discovered hypertensives, when the confounding of experi-
mental interventions is eliminated, the use of either self or
other monitored blood pressure cuffs is only moderately
effective. Carnahan and Nugent33 used self-monitoring cuffs
for six months with a mean reduction of about 10 mm Hg
diastolic before concluding that the use of cuffs by patients in
a Veterans Hospital setting was insignificant. Haynes, et
al,35 followed a small group (n = 20) of previously non-
compliant persons using self-monitored cuffs and demon-
strated, as did the present study, a significant diastolic blood
pressure reduction at the end of six months but no significant
difference between the group receiving cuffs and a control
group of 18 patients at the end of one year. In a later study by
the same group,36 the confounding of various interventions
was eliminated but the results were similar: the use of self-
recording blood pressure cuffs is not significantly more
effective than standard treatment at the end of six months in
the program. The only other study found in the literature37
which used blood pressure cuffs also lasted for a duration of
six months. While those using cuffs had a more substantial
decrease in diastolic blood pressure, the nature of the design
used did not allow one to separate the effect of the use of
cuffs from their other simultaneously introduced interven-
tions.

Our study adds to the literature on the use of blood
pressure cuffs in several ways. First, it appears that even
with newly discovered hypertensive patients, the use of
blood pressure cuffs as a way of monitoring the progress of
their disease, provides substantial short-term benefits. Sec-
ond, although the literature suggests that involvement of a
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patient-selected significant other should enhance commit-
ment,'3 47-49 in our study the effect of a significant other on
blood pressure control seems to be of short duration, possi-
bly due to waning interest.

In our study, maintenance in the system was facilitated
by the use of a blood pressure cuff. The beneficial short-term
effect of a significant other (FBP) on keeping patients in the
system is probably due to the added interest and support of
family in the patient's progress. After a patient's GOAL
blood pressure is achieved, no further reduction is clinically
warranted. Unless ongoing long-term studies can show that
the drop out rate remains low through use of blood pressure
measurements, then this study has demonstrated short-term
(one to one and one-half years) but no long-term benefit in
providing home blood pressure measurements to randomly
assigned, unselected new hypertensive patients in a munici-
pal hospital. Potential benefits from the use of home blood
pressure measurements may include use in aiding the early
reduction of blood pressure in new hypertensive patients,
the earlier detection of rising BP, use in reducing early drop
outs, or use in selected patients such as patients whose blood
pressures are difficult to control.
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I Training Course at JHU on Control of Biohazards in Research Labs

A five-day training course on "Control of Biohazards in the Research Laboratory" will be held
July 16-20, 1984, cosponsored by the Department of Safety and Environmental Health, Johns Hopkins
University, and the Department of Environmental Health Sciences, JHU School of Hygiene and Public
Health. The course, designed to provide instruction on the recognition and control of hazards in
research involving infectious agents, oncogenic viruses, recombinant DNA, chemical carcinogens and
other toxic agents, will present lectures and demonstrations on the practices and procedures of hazard
control. For information, brochure and registration procedures contact:
Byron S. Tepper, PhD Dr. Jacqueline Corn
Director, Safety and Environmental Health Director, Continuing Education Program
426 Hampton House, JHU JHU School of Hygiene and Public Health
624 North Broadway 615 North Wolfe Street
Baltimore, MD 21205 Baltimore, MD 21205
(301) 955-5918 (301) 955-2609
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