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Objective: To measure long-term provider (physi-
cians and physician’s assistants) health maintenance
compliance 4 years after the completion of a grant-
funded project to improve provider compliance by
using a computer-based health maintenance tracking
system.

Design: Cross-sectional comparison of provider health
maintenance compliance for patients receiving computer-
based health maintenance tracking in 1992 and 1996.

Setting: Rural, multiple-office, nonprofit, fee-for-
service family practice.

Patients: Adults who had been seen by the practice in
the past 2 years.

Main Outcome Measures: Overall provider compli-
ancewith thecommonelementsof thehealthmaintenance
protocols in1992and1996.Providercompliancewithspe-

cific, individual preventive interventions was compared.

Results: Overall provider compliance was 83% in 1996,
compared with 80% in 1992. This difference was statisti-
cally significant (P = .05) but not clinically significant. Pro-
vider compliance was significantly higher in 1996 for 3
procedures: blood pressure determination, tetanus-
diphtheria immunization, and weight. It was unchanged
for 5 procedures: clinical breast examination, mammog-
raphy, Papanicolaou smears, cholesterol determination, and
fecal occult blood testing for colon cancer. Provider com-
pliance with obtaining a history of tobacco use declined.

Conclusion: Improvements in provider health mainte-
nance compliance associated with installation of a com-
puter-based health maintenance tracking system were
maintained 4 years after cessation of the formal re-
search intervention.
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C ONCEPTS OF evidence-
based preventive medi-
cine have become widely
accepted during the past
2 decades. However, pro-

vider (physicians and physician’s assis-
tants) compliance with preventive recom-
mendations has been less than ideal.1,2

Several authors have described strategies
and systems for improving provider com-
pliance with a comprehensive health main-
tenance program. Harris and colleagues3

studied nurse-initiated prompting and
computerized prompting. During the
5-year study period, they found that both
prompting systems (especially the com-
puter-based system) improved the rate of
performance of preventive procedures.
During a 24-month period, Dietrich et al4

studied the use of facilitators and educa-
tion programs to improve provider health

maintenance compliance. While educat-
ing providers about prevention im-
proved rates of mammography screening
alone, having a project facilitator help es-
tablish a routine office intervention sys-
tem improved rates for multiple preven-
tive procedures. McPhee et al5 used a
computerized tracking system to prompt
providers to perform health maintenance
procedures and found computer-based
tracking more effective than usual care af-
ter a 2-year study period.

In 1994, Frame and colleagues6 pub-
lished results of a 2-year prospective, ran-
domized, controlled trial comparing a com-
puter-based health maintenance tracking
system that generated annual provider and
patient reminders with a manual flowchart-
based tracking system in which patient re-
minders were triggered by provider re-
quest. At the end of the 2-year intervention,
overall provider compliance with the health
maintenance protocol increased 15 per-
centage points in the group receiving com-
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puter-based prompting and 4 per-
centage points in the manual tracking
group. The computer-based track-
ing group had significantly higher
provider compliance than the manual
group for 8 of 11 individual proce-
dures.

All of these studies showed im-
provement in provider compliance
during the period of intervention. A
crucial, and largely unanswered,
question is whether provider health
maintenance compliance gains are
maintained after the study ends.
What happens when grant funding
stops and the system has to exist on
its own merits? Is the new level of
provider compliance with the health
maintenance protocol maintained, or
does it drift back to levels seen be-
fore the intervention was imple-
mented? Dietrich et al7 published
data from four fifths of the prac-
tices in the Cancer Prevention in
Community Practice Project4 1 year
after the end of the study, showing
that improvements were main-
tained for stool occult blood test-
ing and breast self-examination but
declined for mammography and
clinical breast examination. No pre-
vious study has addressed the ques-
tion of the long-term effects of a
health maintenance prompting sys-
tem several years after the end of
grant funding.

This study reports long-term
provider health maintenance com-
pliance in the same Tri-County Fam-
ily Medicine practice studied by

Frame et al in 1991 and 1992.6 The
entire practice has been using the
computer-based tracking system de-
veloped as part of that project7 since
the end of the previous study. How-
ever, there has been no further grant
funding and no systematic pro-
vider reinforcements other than
those provided by the computer-
based tracking system. We report
provider health maintenance com-
pliance 4 years after the end of the
previous intervention.

METHODS

SETTING

Tri-County Family Medicine is a ru-
ral, nonprofit, fee-for-service, 5-
office practice with approximately
20 000 active patients located in
western New York State. In the origi-
nal study (Tri-County, 1992) pa-
tients were randomly selected from
4 of the 5 offices and allocated to
have health maintenance tracked ei-
ther by the new HTRAK computer-
based system developed for that
project or by the manual flowchart-
based system previously used by the
practice. (HTRAK is a computer-
based health maintenance tracking
system developed as part of the origi-
nal grant. The copyright is owned by
Tri-County Family Medicine, Dans-
ville, NY, 1990.) The fifth Tri-
County office was excluded from
both the original and the follow-up

study, since it is the practice of the
principal investigator (P.S.F.).

The HTRAK computer-based
health maintenance tracking sys-
tem has previously been described
in detail.8 To use the system, pro-
viders enter updated health main-
tenance data on the patient encoun-
ter form, along with the billing and
diagnostic data entered at the end of
a patient visit. Data entry person-
nel enter this health maintenance in-
formation into the billing com-
puter after each visit, at the same
time that billing and diagnostic data
are entered. Once a year, usually in
the month of the patient’s birth, the
system prints a provider reminder,
which is placed on the patient’s
chart. This reminder tells the pro-
vider at a glance which procedures
have been done and which proce-
dures are due for that patient. At the
same time, the computer system
prints an annual letter for all pa-
tients, reminding them of overdue
health maintenance and suggesting
that they make an appointment for
a health maintenance checkup if
needed.

Several changes were made to
the Tri-County health mainte-
nance protocol just after the Tri-
County 1992 study. Table 1 com-
pares the protocol used in 1991 to
1992 with that used from 1993
through 1996. In the current fol-
low-up study, we evaluated pro-
vider compliance only with proce-
dures that were in the protocol in

Table 1. Comparison of Tri-County Family Medicine Health Maintenance Protocols for Adults Between 1992 and 1996

1991-1992 1993-1996

Procedure Frequency Procedure Frequency

Blood pressure Every 2 y Blood pressure Every 2 y
Diphtheria-tetanus booster Every 10 y Diphtheria-tetanus booster Every 10 y
Weight Every 4 y Weight Every 4 y
Clinician breast examination Every 2 y before the age of 50 y;

every year after age 50 y
Clinician breast examination Every 2 y, ages 40-50 y;

every year after age 50 y
Papanicolaou smear Every 2 y to age 70 y Papanicolaou smear Every 2 y to age 70 y
Mammography* Every year after age 50 y Mammography* Every 2 y after age 50 y
Serum cholesterol Every 4 y to age 70 y Serum cholesterol Every 4 y to age 70 y
History of tobacco use* Once at any time History of tobacco use* Every 4 y
Fecal occult blood test* Every 2 y, ages 40-50 y;

every year after age 50 y
Fecal occult blood test*
Pneumococcal vaccine

Every year after age 50 y
Once after age 65 y

Teach self-examination† Every 10 y Teach injury prevention Every 10 y
Evaluate for osteoporosis risk Once at age 45-55 y History of alcohol use Every 4 y
Teach to report postmenopausal bleeding Every 10 y Complete physical examination Once as part of initial patient examination;

again at age 50-55 y

*Procedure included in both protocols but with a change in frequency recommendations.
†Gender-specific examination for lumps in multiple areas such as breasts, testes, and lymph nodes.
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both 1992 and 1996. Several proce-
dures (eg, fecal occult blood test-
ing, history of tobacco use, and
mammography) were included in
both protocols but had different fre-
quencies or were suggested for dif-
ferent age groups. These proce-
dures were included in the follow-up
analysis, and providers were ex-
pected to be compliant with the ap-
propriate 1992 or 1996 protocol.

Between 1990 and 1996, 1 phy-
sician left Tri-County and was
replaced by another, 1 physician’s
assistant left and was replaced, and
an additional physician’s assistant
was hired. Thus, 5 of 6 physicians
studied who were practicing with
Tri-County Family Medicine in 1996
and 3 of 5 physician’s assistants also
participated in the earlier study.

DATA COLLECTION

Provider health maintenance com-
pliance for a randomly selected cross
section of adult patients from the 4
Tri-County offices in 1996 was com-
pared with provider health mainte-
nance compliance for the patients re-
ceiving computer-based tracking at
the end of the 1992 study. A sample
size of 275 was considered ad-
equate to detect a clinically signifi-
cant 10% difference for most proce-
dures, with the use of an a of .05 and
80% power.

Patients older than 21 years and
born in the month of June were se-
lected from the Tri-County billing
computer and then separated by of-
fice. The sample size was adjusted
for each office on the basis of the
relative office size. As in the previ-
ous study, patients seen only in the
emergency department or living in
a group home were excluded from
the study. Patients without a com-
puter-generated provider reminder
attached to their chart or whose
chart could not be located on 2 sepa-
rate days were also excluded. In to-
tal, 81 patients were excluded.

Manual chart audits were per-
formed on a total of 271 charts. As
in the previous study, a provider was
considered compliant with a proce-
dure if the procedure was ad-
dressed (ordered, completed, of-
fered but refused, noted that it was
done elsewhere, or noted as not
needed for that patient) within 3

months of the recommended inter-
val. Information was gathered from
completed computer-generated pro-
vider reminders, progress notes in
the chart, laboratory slips, or corre-
spondence from outside providers
reporting on procedures.

DATA ANALYSIS

Characteristics of the 1992 and 1996
patient populations, with respect to
marriage, sex, and insurance sta-
tus, were compared with x2 tests.
Overall provider compliance for an
individual patient was calculated by
dividing the number of times pro-
cedures were addressed for that pa-
tient by the number of times they
were applicable. The 1992 and 1996
overall provider compliance rates
were calculated on the basis of only
procedures that were in both pro-
tocols. Overall provider compli-
ance excluding determination of
blood pressure and weight was also
calculated for both data sets in the
manner described above. This was
done because determining blood
pressure and weight is largely a nurse
function that is independent of pro-
vider compliance. We did not want
a high nurse compliance with de-
termining blood pressure and weight
to distort the true picture of overall
provider compliance. The 1996 lev-
els of overall provider compliance
were ranked and compared with
1992 values, by means of the Wil-
coxon rank sum test. This was re-
peated for overall provider compli-
ance excluding blood pressure and
weight.

Provider compliance for each of
the 9 individual procedures was cal-

culated by dividing the total num-
ber of times the procedure was ad-
dressed by the number of patients for
whom the procedure was indi-
cated. The 1996 percentage pro-
vider compliance for each proce-
dure was then compared with the
1992 result by means of a x2 test.

RESULTS

The population for this study was
not significantly different from the
original Tri-County study, with 73%
(1992) vs 68% (1996) married
(P = .09), 45% vs 51% male (P = .10),
and 91% vs 94% insured (P = .17).
The 1996 overall provider compli-
ance rate with the health mainte-
nance protocol (including blood
pressure and weight) was 83%,
slightly higher than the 1992 over-
all provider compliance rate of 80%.
This difference was statistically sig-
nificant (P = .05) but is not a clini-
cally important difference. Exclud-
ing blood pressure and weight
measurements, which are done by
nurses, the 1996 overall provider
compliance rate was 75% com-
pared with the 1992 rate of 71%. Al-
though this 4% difference is greater
than the 3% difference when blood
pressure and weight were in-
cluded, it did not reach statistical sig-
nificance (P = .19) because of the
smaller sample size.

Provider compliance rates with
individual procedures ranged from
45% to 99% (Table 2). Providers
were quite compliant with proce-
dures such as tobacco use history,
blood pressure, and weight. Proce-
dures such as serum cholesterol
level, diphtheria-tetanus booster, and

Table 2. Provider Compliance With Specific Preventive Procedures
Between 1992 and 1996

Procedure

1992 1996

PCompliance, % n* Compliance, % n*

Blood pressure 82 725 91 271 ,.001
Diphtheria-tetanus booster 56 725 70 271 ,.001
Weight 94 725 99 271 .001
Clinician breast examination 57 401 45 82 .06
Papanicolaou smear 62 342 55 121 .14
Mammography 56 140 67 45 .20
Cholesterol 64 625 69 250 .22
Fecal occult blood test 55 426 52 88 .59
History of tobacco use 93 725 82 271 ,.001

*Number of patient charts audited for which that procedure was applicable.
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mammography had slightly lower
compliance rates. Providers were
least compliant with fecal occult
blood testing, clinician breast ex-
aminations, and Papanicolaou
smears.

The 1996 provider compliance
rates were significantly higher than
the 1992 rates for blood pressure,
weight, and diphtheria-tetanus
booster (P,.001). There was no sig-
nificant difference between 1992 and
1996 provider compliance rates for
cholesterol screening, fecal occult
blood testing, clinician breast exami-
nations, mammography, and Papa-
nicolaou smears. Interestingly, the
1996 provider compliance rate for ob-
taining a history of tobacco use was
significantly lower than the 1992 rate
(P,.001). This may be the result of
a change in the health maintenance
protocol. In 1992 the criterion was
that a history of tobacco use had to
have been obtained once at any time,
while in 1996 the criterion was that
a history of tobacco use had to have
been obtained within the past 4 years.

COMMENT

This study demonstrates that the
improvements in provider compli-
ance with health maintenance pro-
cedures gained by using a compu-
ter-based tracking system can be
maintained over time in the ab-
sence of grant funding or special
external interventions. Even exclud-
ing nursing-dependent proce-
dures, such as measuring blood pres-
sure and weight, the 1996 overall
provider compliance rate was not
significantly different from the 1992
rate (which was significantly higher
than provider compliance rates when
a manual tracking system was used).

The results, however, are not
entirely positive. Provider compli-
ance rates for some individual pro-
cedures, especially Papanicolaou
smears (55%) and fecal occult blood
testing for colorectal cancer (52%),
are still far from ideal. One of the fail-
ures of the HTRAK software was that
it did not have a meaningful indi-
vidual provider compliance report
that could regularly inform provid-
ers of their compliance with spe-
cific procedures and be used to com-
pare and improve their behavior. We
had initially created such a report,

but it looked at all patients in the sys-
tem and reported the percentage
who were overdue for a specific pro-
cedure. The problem with this re-
port was that many of these pa-
tients had not been to the office in
several years, some had moved, some
were acute care patients from out of
the area, a few were deceased or in
nursing homes, and some just did
not respond to the mailed remind-
ers. The reports generated gave ob-
viously low provider compliance
rates that had no value for provider
reinforcement. A proper report of
provider compliance would give the
percentage of patients seen by the
provider within a specified period
who were overdue for a particular
procedure. Thus, the report would
include only patients for whom the
provider had had the opportunity to
offer health maintenance.

Limitations of this study in-
clude the usual limitations of a
manual chart audit method as well
as the fact that the data come from
a practice that includes 1 physician
(P.S.F.) who has had a strong inter-
est in prevention during the past 23
years. We specifically excluded the
office in which this physician prac-
tices, but his leadership may cer-
tainly affect the behavior of the other
providers.

Manual chart audit methods al-
ways run the risk that providers have
done procedures and not docu-
mented them properly. To give pro-
viders credit for any procedures per-
formed, we examined the whole
chart, including hospital discharge
summaries and consultant reports,
and not just the computer-gener-
ated health maintenance sheet. This
does not help if there is no documen-
tation at all, however. The relatively
low compliance with clinician breast
examination (45%), which contrasts
with the higher mammography com-
pliance (67%), could be explained by
providers not documenting breast ex-
aminations, which are frequently
done in conjunction with ordering a
mammogram.

This study has shown that com-
puter-based health maintenance
tracking is a valuable tool that can re-
sult in sustained improvements in
provider compliance with preven-
tiveprocedures.AspointedoutbyDie-
trich et al,4 however, tools alone do

not make a system that will neces-
sarily result in optimal provider and
patient health maintenance compli-
ance. A system is a process that in-
cludes defined responsibilities for its
participants, feedback to measure
progress, and reinforcements to mo-
tivate compliance. Above all, a sys-
tem must have an “owner,” a per-
son or institution vested in ensuring
that the process is carried out in a sys-
tematic, ongoing manner.

Systems cost money. In the
1992 study we determined it cost
$0.78 per patient per year to main-
tain the computer-based tracking
system.6 These costs were not re-
covered through increased patient
revenues. In the current climate of
cost containment and decreasing re-
imbursement rates, practices will
have to have a philosophical and fi-
nancial commitment to quality care
before they are likely to implement
effective prevention.

Ideally, provider health main-
tenance compliance should be 90%
to 100%, not the 50% to 80% found
in this study. What can be done to
further improve compliance with
preventive protocols? The in-
creased use of nurses or other of-
fice staff is one possible option. Har-
ris and colleagues3 showed that a
nurse-based system could be effec-
tive, although less effective than the
computer-based system. In this
study, 2 procedures done by nurses,
blood pressure and weight determi-
nation, had the highest compli-
ance. It is clear that nurses and other
staff need to be involved in the health
maintenance system and can imple-
ment effectively some or all of the
health maintenance protocol. Prac-
tices should not, however, delude
themselves into thinking this can be
done without additional costs. If staff
are to be expected to perform health
maintenance, they must have dedi-
cated time to do so and positive re-
inforcement for their efforts. Prac-
tices that simply dump health
maintenance into the job descrip-
tion of already busy staff will be dis-
appointed with the results.

Computer-based tools for
tracking and feedback are improv-
ing but have not yet reached the level
of sophistication needed to provide
practitioners a complete, user-
friendly “off-the-shelf” product that
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is readily available. Even at Tri-
County Family Medicine, with its
long history of innovation in this
area, a complete system including
routine feedback and meaningful re-
inforcements to improve compli-
ance is not fully established. We are
currently installing a new system
that we hope will be more efficient
and provide better feedback.

We believe major improve-
ments in provider compliance be-
yond the 50% to 80% range will not
be achieved by systems and peer
pressure alone without the addi-
tion of external reinforcements, ei-
ther financial or relating to privi-
leges and credentialing. The natural
reinforcements to do the right thing
that apply in treating acute illness do
not happen with preventive proce-
dures. If a physician sees a patient
with pneumonia and does not pre-
scribe appropriate antibiotics, im-
mediate negative feedback occurs.
The patient gets worse or perhaps
even needs hospitalization. If a phy-
sician omits appropriate preven-
tive procedures, there will be no im-
mediate negative feedback in most
cases. The negative consequences are
delayed and infrequent. There may
be, in fact, immediate positive rein-
forcements, such as having more
time to see a few more patients or
to leave the office earlier. The re-
port cards created by the National
Committee on Quality Assurance us-
ing the Health Employer Data In-
formation Set have demonstrated the
dramatic effect external reinforce-
ments can have on the prevention

orientation of managed care orga-
nizations. The British National
Health Service has effectively used
financial incentives to improve im-
munization compliance.9 It is ap-
propriate to provide practitioners
with direct financial incentives for
high levels of preventive care.

Increased patient involve-
ment is an effective way of improv-
ing provider (and patient) health
maintenance compliance. In the Tri-
County system, every patient re-
ceives a mailed, individualized,
yearly health maintenance status re-
port regardless of whether he or she
had an office visit. Patients are in-
structed to discuss these reports with
their physicians. When they do, it
provides a strong incentive for the
provider to offer appropriate health
maintenance. There is no reason in-
surers and managed care organiza-
tions could not offer patients finan-
cial incentives for complying with
preventive recommendations and
living healthy lifestyles.

This study has shown that pro-
vider health maintenance compli-
ance can be maintained over time
without grant funding. More stud-
ies of preventive interventions need
to report long-term real-world re-
sults so that the most effective, and
cost-effective, strategies can be de-
termined. Tools for improving pro-
vider compliance with health main-
tenance procedures are becoming
available. To provide the best pre-
ventive care possible, we must con-
tinue to develop and improve the de-
livery systems.
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Clinical Pearl

Sudden Cardiac Death in Hypertensive Patients

Hypertensive patients on non–potassium-sparing diuretics had a relative
risk of 1.8 (95% CI, 1.0-3.1) for sudden cardiac death compared with those on
potassium-sparing diuretics; this effect was lower in those on concurrent
b-blockers. However, b-blockers themselves were also associated with an
increased risk (1.7; 95% CI, 1.1-2.6). (Ann Intern Med. 1995;123:481-487.)
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