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Objective: To measure the effect of telephone-based re-
minder/recall on immunization and well-child care (WCC)
visit rates among adolescents in urban practices.

Design: Randomized clinical trial of telephone-based re-
minder/recall over 18 months.

Setting: Four urban primary care practices.

Participants: Adolescents aged 11 to 14 years.

Intervention: Adolescents within practices were ran-
domized to study (n=1496) or control groups (n=1510).
The study group was sent audiotaped telephone remind-
ers about a scheduled or needed immunization or WCC
visit. Households were called weekly if there was no re-
sponse; telephone numbers were updated weekly. Con-
trols received standard care.

Results: Baseline demographics and immunization and
WCC visit rates were similar for study and control groups.

The intervention was largely ineffective in improving im-
munization or WCC visit rates. Although at the end of
the study, the study group had slightly higher hepatitis
B coverage (3 vaccinations)(62% vs 57.8%; P=.02), WCC
visits were the same (53% and 54%), and impact on other
vaccinations was minimal. The effect of reminder/recall
was equivalent across demographic subgroups (eg, age,
race/ethnicity, insurance). The major factor limiting in-
tervention effectiveness was inaccurate telephone num-
bers. Seventy-one percent of study subjects with single
telephone numbers throughout the study had a WCC visit
vs 25% of study subjects with multiple/changed tele-
phone numbers and 54% of controls (P�.001).

Conclusions: An intensive telephone reminder and re-
call system was only minimally successful in improving
immunization and WCC visit rates among urban ado-
lescents. Lack of success was largely owing to changed
or inaccurate telephone numbers.
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A NATIONAL HEALTH PRIOR-
ity is to improve immuni-
zation rates to reduce vac-
cine-preventable diseases.1

Studies have documented
effective strategies for improving child-
hood and adult immunization rates.2-12

In spite of the plethora of studies on
young children and older adults, surpris-
ingly little attention has been paid to ado-
lescent immunizations.13 Until recently,
adolescent immunizations involved only
catch-up and booster doses of tetanus vac-
cine and measles-containing vaccine. Dur-
ing the past decade, new hepatitis B,14-16

varicella,17 and influenza vaccination18

guidelines heightened attention to adoles-
cent vaccinations. Adolescent vaccina-
tions will soon become a major public health
and pediatric focus because of new poli-
cies regarding pertussis19-21 and meningo-
coccal22-25 vaccines; the development of
vaccines to prevent sexually transmitted in-
fections, including human papillomavi-

rus,26,27 herpes simplex,28 and chlamydia29;
and increasing emphasis on underused vac-
cines such as influenza,30,31 varicella,32 and
hepatitis A33 and B.34-36

In 1997, the Advisory Committee on
Immunization Practices (Atlanta, Ga),
the American Academy of Pediatrics (Elk
Grove Village, Ill), the American Acad-
emy of Family Physicians (Leawood,
Kan), and the American Medical Asso-
ciation issued recommendations to im-
prove the delivery of adolescent immuni-
zations.37 These guidelines highlighted
barriers to adolescent immunizations:
inability of health care professionals to
track and recall adolescents who need
vaccinations, missed opportunities for
vaccinations within health care settings,
and record scattering.35,38 Additional bar-
riers can involve parental consent, be-
cause parents are frequently absent dur-
ing adolescent health visits39; lack of
health insurance40; and problems with
access to health care.41-45
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Few studies have evaluated interventions for adoles-
cent immunizations. Studies of school-based adolescent
immunization programs have noted mixed success.46 Sys-
tematic telephone or mail reminder/recall systems, which
are often,4,5,47 but not always,48-50 effective for increasing
immunization rates among young children or adults, are
recommended for adolescents but have not been evalu-
ated for this vulnerable33,37,39 population. A study of let-
ter reminders to adolescents or parents noted poor re-
sponse rates51 and had no comparison group.

Our study evaluated the effectiveness of a systematic
telephone-based reminder/recall system on immuniza-
tion rates and well-child care (WCC) visits among ado-
lescents attending 4 urban primary care practices that serve
predominantly city residents.

METHODS

SETTING

The University of Rochester (Rochester, NY) Research Sub-
jects Review Board approved this study. The study was per-
formed at 4 urban primary care practices located in Rochester,
a city with a population of 250 000 and high rates of child pov-
erty52 within a county of 750 000 residents. The practices in-
cluded 2 pediatric group practices, a hospital-based pediatric
clinic, and a family medicine–based neighborhood health cen-
ter. These large practices are representative of urban primary
care practices and together serve 19% of the county’s children.

ELIGIBLE POPULATION

We analyzed each practice’s billing database for adolescents who
had1ormorevisitsateachsite.From5902potential subjectswith
a birth date between June 1, 1983, and May 31, 1987 (aged 11-14
yearsat thestartof theintervention),weexcluded(1)siblings(ran-
domlyselecting1childper family), (2) thosewithnopracticevis-
its within 24 months, (3) those residing outside the county, and
(4) those with no telephone number in the database. Prior power
calculations to detect a 10% improvement in baseline immuniza-
tion rates of 50% (power of 0.80; �=.05) within each practice re-
quiredmore than750adolescentsperpractice.From5902poten-
tial subjects, 3006 were eligible for randomization.

SUBJECTS

The 3006 subjects were stratified into 2 equal age groups (11-12
years and 13-14 years at the start of the study) and randomly al-
located into a study group (n=1496) or control group (n=1510)
using a random-number generator with the child as the unit of
randomization. Health care professionals were unaware of group
allocation for specific subjects because the intervention used re-
search personnel and reminders from a central office.

INTERVENTION (STUDY GROUP)

We used an automated telephone message reminder system (au-
todialer53), previously noted to improve preschool immuniza-
tion rates in 2 health clinics54,55 and a health maintenance orga-
nization setting.56 A medical record review at the beginning of
the study identified telephone numbers for the autodialers, a da-
tabase tracked adolescents needing reminders, and a research
assistant verified weekly upcoming appointments, recent WCC
visits or immunizations, and changes in telephone numbers. The
intervention mimicked an appointment-scheduling module that

is linked to a telephone-reminder system. The intervention oc-
curred between August 8, 1998, and February 29, 2000.

ALGORITHMS FOR TELEPHONE CALLS

Adolescents were called if they were due for an annual WCC
visit, a tetanus booster (�5 years since diphtheria and tetanus
toxoids and pertussis vaccination), or a hepatitis B vaccina-
tion according to Advisory Committee on Immunization Prac-
tices guidelines. A variable number of calls was placed depend-
ing on the need for immunizations or WCC visits and prior
response to reminder calls. The calls were voice recordings in
English to request a vaccination appointment or WCC visit or
to remind families of upcoming scheduled appointments. Calls
were made 6 days per week during the day or early evening.

During the initial 11 months of the 18-month clinical trial,
telephone calls were stopped if (1) recipients indicated from a
telephone menu option that the telephone number was incor-
rect, the adolescent had left the practice, or the parent re-
quested calls to be stopped or (2) 5 calls were placed within
30 days and no appointment was scheduled (“unresponsive
numbers”). After 11 months, the autodialer telephone re-
minder calls were restarted for those subjects with “unrespon-
sive numbers” to give families a second opportunity to re-
spond to subsequent reminders.

PARTICIPANT FLOW DURING THE STUDY

Based on medical record review at the end of the study, sub-
jects who had moved or subjects for whom no medical record
was found were considered “inactive” (132 study subjects and
168 controls). Because we performed an intention-to-treat analy-
sis, these subjects were considered “behind in immuniza-
tions” or “not having a WCC visit.”

MEASURES

The key independent measure was group assignment (study vs
control). Key demographic subgroups57-59 (Table1) delineated
from billing files included: subject’s age (11-14 years), sex, resi-
dence (inner city, rest of the city of Rochester, and suburbs), pri-
mary care practice (each of 4), insurance (6 categories), and race/
ethnicity (white non-Hispanic, black non-Hispanic, Hispanic,
orother/unknown).Analysesbyresidence,health insurance, and
race/ethnicitycombinedsubjectsacrosspracticesandagegroups.

Key dependent measures were obtained by blinded medi-
cal record reviews at the end of the study using a standardized
medical record review form. Quality assurance checks for 5%
of subjects noted more than 98% reliability.

Dependent measures were immunization-related outcomes:
(1) up-to-date rates (yes/no) for hepatitis B (first, second, and third
doses) and tetanus-diphtheria toxoids booster (Td); and (2) mean
number of days eligible for each vaccine during the study time
frame. Health care visit measures included (1) receipt (yes/no)
of WCC within the prior year and (2) mean number of days eli-
gible for WCC visits during the study time frame.

ANALYSES

Intention-to-treat analyses were performed for the 1496 study
and 1510 control subjects using �2 tests for categorical vari-
ables and t tests or analysis of variance for numeric variables.

For 2 key measures (the initial hepatitis B vaccination and a
WCC visit), Kaplan-Meier survival curves were generated to de-
termine the number of days eligible for a vaccine or WCC visit
throughout the 18-month study. Results for study subjects were
compared with results for control subjects using a log-rank test.
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POST HOC ANALYSIS

Becauselackoftelephones,incorrecttelephonenumbers,orchanged
numbers are common among impoverished families,47,48 we an-
ticipated that many study subjects would never receive the tele-
phonemessages.Thus,asingleposthocanalysiscomparedresults
forsubjectsforwhomonly1telephonenumberwasnotedthrough-
out the study vs subjects for whom multiple telephone numbers
werenoted throughout the study.Wesurmised that subjectswith
a single telephone number represented a less mobile60 subgroup
of familieswhomayhavehadgreaterexposure to the intervention.

RESULTS

DEMOGRAPHICS

Study and control groups were similar with respect to age
group, sex, practice, insurance, and race/ethnicity (Table 1).
Most were from the city of Rochester, many had Medicaid
coverage, and a high proportion were black or Hispanic.

IMPACT OF REMINDER/RECALL
ON IMMUNIZATION AND WCC RATES

At baseline, study and control groups were similar for hepa-
titis B and Td coverage and WCC visit rates. At the end of
the intervention, the study group had higher hepatitis B
coverage (3 vaccinations)(62.0% vs 57.8%; P=.02), but no
difference was noted in coverage for Td or WCC visit rates.
Although both study and control groups experienced in-
creases in coverage for hepatitis B and Td vaccinations, there
was a statistically significant difference between study and
control groups in the change in hepatitis B coverage but
not in the change in Td or WCC rates (Table 2).

Table 3 presents more detailed immunization and
health care visit information. Since some subjects were
never eligible for some immunizations, we assessed
whether eligible adolescents received immunizations or
WCC visits during the study. No statistically significant
differences were noted between study and control groups,
although there was a trend toward higher hepatitis B rates
(3 vaccinations) among study subjects. The mean num-
ber of days eligible for a vaccination or a WCC visit and
the mean number of WCC or other visits were also simi-
lar for study and control groups, except for slightly higher
rates of Td vaccination among study subjects.

IMPACT OF REMINDER/RECALL
ON SUBGROUPS

We examined immunization and WCC visits measures
for study vs control groups for the key demographic char-
acteristics in Table 1, and no substantive differences be-

Table 1. Baseline Demographic Characteristics of Study
and Control Adolescents*

Characteristic

Study
Adolescents,

%

Control
Adolescents,

%
P

Value

No. of adolescents 1496 1510
Age, y† .66

11 23.4 24.3
12 24.3 25.4
13 27.0 26.8
14 25.3 23.6

Male 49.5 52.1 .74
Residence‡ .20

Inner city of Rochester, NY 38.4 35.9
Rest of city of Rochester 24.3 23.7
Suburbs 37.3 40.4

Practice .94
Urban private practice 1 24.8 26.4
Urban private practice 2 30.7 31.1
Hospital-based clinic 26.7 25.9
Neighborhood health center 17.8 17.6

Insurance .76
Medicaid, fee for service 27.1 25.5
Medicaid, managed care

(includes SCHIP)
9.6 9.6

Private, fee for service 6.0 5.0
Private, managed care 42.5 44.1
Uninsured 2.6 3.0
Other or unknown 9.9 10.5

Race/ethnicity§ .24
White non-Hispanic 16.8 17.8
Black non-Hispanic 36.8 33.9
Hispanic 6.4 7.7
Other or unknown 39.9 40.6

Abbreviation: SCHIP, State Children’s Health Insurance Program.
*Demographic characteristics were obtained from the billing files

of the 4 practices.
†The study design stratified for age group (11-12 y and 13-14 y) but not

for other variables.
‡The inner city of Rochester is geographically the core of the city, while

the rest of the city involves other census tracts within the city boundaries.
The inner city has the highest rates of poverty, the rest of the city has
intermediate rates, and the suburbs have very low rates of poverty.59

§Race and ethnicity were not present in billing files for about 40%
of subjects.

Table 2. Up-to-Date Rates of Study
and Control Adolescents*

Characteristic
Study

Adolescents
Control

Adolescents

Difference
Between
Study and

Control
Adolescents

P
Value

Up-to-date
at baseline

Hepatitis B
(3 vaccinations)

45.1 44.0 1.1 .53

Td vaccination 24.7 23.8 0.9 .57
WCC visits

(�1 y since last)
52.3 54.2 0.1 .30

Up-to-date
at end of intervention

Hepatitis B
(3 vaccinations)

62.0 57.8 2.2 .02

Td vaccination 52.0 49.9 2.1 .27
WCC visits

(�1 y since last)
53.1 54.3 −1.2 .50

Change in up-to-date
Hepatitis B

(3 vaccinations)
�16.9 �13.8 3.1 .03

Td vaccination �27.3 �26.1 1.2 .50
WCC visits

(�1 y since last)
�0.8 �0.1 0.7 .80

Abbreviations: Td, tetanus-diphtheria toxoids; WCC, well-child care.
*Values are expressed as percentages unless otherwise indicated.
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tween study and control groups were noted. This sug-
gests that the reminder/recall intervention did not perform
differently for subgroups that varied by these demo-
graphic characteristics.

WANING BENEFIT
OF THE INTERVENTION OVER TIME

The intervention appeared to be marginally beneficial dur-
ing the first few months of the study, with benefit wan-
ing afterward. For example, during month 1, 87.8% of
study and 88.4% of control subjects needed a vaccina-
tion or WCC visit, 81% of study subjects were sent a tele-
phone reminder, and study subjects were more likely than
controls to have a visit within 3 months (study subjects,
40.4%; controls, 34.4%; P=.001) or a vaccination (study
subjects, 18.1%; controls, 11.6%; P�.001). For month
2, eligible study subjects again were more likely than con-
trols to have a visit (P�.05) or vaccination (P�.001).
Thereafter, benefits for WCC visits were no longer noted,

and after 4 months, benefits for vaccinations were no
longer noted.

The Figure shows Kaplan-Meier survival curves for
the proportion of adolescents eligible for hepatitis B vac-
cination (Figure A) or WCC visit (Figure B). The y-axis
shows the proportion eligible (starting with 1.0), and the
x-axis shows the days during the 18-month study. As seen
by comparing the “all study subjects” vs “all control sub-
jects” groups, more control subjects than study subjects
remained eligible for hepatitis B vaccination or WCC vis-
its in the early months of the study, but the effect waned
after several months.

FACTORS LIMITING EFFECTIVENESS
OF REMINDER/RECALL

Since the benefit of reminder/recall was minimal and lim-
ited to the initial months of the study, we examined fac-
tors that may have limited its effectiveness. Two factors
that accounted for some reminder calls being discontin-

Table 3. Immunization and Health Care Visit Status at the End of the Study

Outcome

Study Control

Difference
Between Study

and Control
Adolescents, %

P
Value

No. of
Adolescents
Eligible for

Vaccination*

Percentage of
Eligible Adolescents

Who Received
Immunization

or Visit†

No. of
Adolescents
Eligible for

Vaccination*

Percentage of
Eligible Adolescents

Who Received
Immunization

or Visit†

Received during study
Hepatitis B

Vaccination 1 484 34.1 549 34.1 0.03 .90
Vaccination 2 299 65.2 294 61.6 3.7 .30
Vaccination 3 384 65.6 355 59.4 6.2 .08

Td vaccination 1127 36.2 1151 34.3 1.8 .30
WCC visit 1496 64.6 1510 63.8 0.7 .70

No. of
Adolescents
Eligible for

Vaccination*

Mean No.
of Days

Eligible‡

No. of
Adolescents
Eligible for

Vaccination*

Mean No.
of Days

Eligible‡

Difference
Between Study

and Control
Adolescents, %

P
Value

Mean No. of days eligible
Hepatitis B

Vaccination 1 484 430 549 439 −2.1 .45
Vaccination 2 299 205 294 209 −1.7 .84
Vaccination 3 384 218 355 234 −7.3 .24

Td vaccination 1127 438 1151 454 −3.6 .02
WCC visit 1496 230 1510 242 −5.2 .16

No. of
Adolescents
Eligible for

Vaccination*
Mean No.
of Visits

No. of
Adolescents
Eligible for

Vaccination*
Mean No.
of Visits

Difference
Between Study

and Control
Adolescents,

No. (%)
P

Value

Mean No. of visits
WCC visits 1496 0.80 1510 0.77 �0.03 (�4.1) .20
Other visits 1496 2.15 1510 2.21 −0.06 (−2.7) .53
Appointments not kept§ 1496 0.56 1510 0.53 �0.02 (�4.7) .57

Abbreviations: Td, tetanus-diphtheria toxoids; WCC, well-child care.
*Number of adolescents who were eligible for the immunization at any time during the 18-month study period.
†Percentage of eligible adolescents who received the immunization or WCC visit during the intervention.
‡Mean number of days eligible among the subjects who were eligible for a vaccination or a WCC visit.
§Visits scheduled but not kept.
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ued were families (1) responding to the autodialer mes-
sage that the adolescent was no longer a patient of the
practice (3.4%) or (2) requesting calls to be discontin-
ued for no stated reason (9.8%). The major group in-
volved parents simply not responding to the reminders
with no explanation (62.8%), which eventually resulted
in the calls being “turned off.” We cannot determine the
proportion of these families that simply ignored remind-
ers vs wrong telephone numbers.

POST HOC ANALYSIS BY SINGLE
OR MULTIPLE TELEPHONE NUMBERS

The Figure also shows Kaplan-Meier survival curves for
the proportion of subjects eligible for hepatitis B vaccina-
tion (Figure A) or WCC visit (Figure B) among subjects
who had 1 vs more than 1 telephone number during the
study period. Fully 69% (n=1034) of study subjects had
2ormoredifferenttelephonenumbersduringthe18-month
study period. The one third of study subjects with a single
telephone number throughout the 18-month period were
far more likely (P�.001) to receive a hepatitis B vaccina-
tion and a WCC visit than were the study subjects who
had multiple telephone numbers. Results for other out-
comes followed a similar pattern.

COMMENT

An intensive autodialer-based telephone reminder and re-
call system was only marginally successful in improving
immunization rates and WCC visits among adolescents at-
tending 4 urban primary care practices. An initial effect
waned after several months. The small effect (4-7 percent-
age points) appears consistent with the small effect noted
in many reminder/recall studies.5,61 The intervention did
not appear to be any more or less effective for demo-
graphic subgroups stratified by age, geographic residence,
insurance status, and race/ethnicity. The major factor lim-
iting effectiveness of reminder/recall was inaccurate tele-
phone numbers. The initial improvements were probably
owing to the reminders reaching those families with accu-
rate telephone numbers or those who were going to re-
spond. Continued intervention had no effect.

Patient reminder/recall can improve immunization
rates4,5,54 and preventive visit rates62 in children or adults,
but several recent studies,47,48 including 1 autodialer-
based study63 focusing on urban infants, have failed to
find benefit. The most commonly cited reason for the lack
of effectiveness is difficulty in successfully contacting the
patient population, a concern regarding adolescents who
make few regular health care visits. In our study, lack of
an accurate telephone number was the major problem.
Of 1496 study subjects, 69% had at least 2 distinct tele-
phone numbers over 18 months. The subgroup that had
a single telephone number had markedly greater re-
sponse to the telephone reminders than did the sub-
group with 2 or more telephone numbers. Our findings
confirm that the effectiveness of the patient reminder/
recall is strongly associated with the accuracy of tele-
phone numbers or addresses, which was low among this
population.

Unfortunately, practices cannot discern beforehand
which families are likely to change their telephone num-
ber (or addresses). Practices should update telephone num-
bers during all patient encounters and obtain alternate con-
tact information such as mobile telephone numbers. Our
study also suggests that new vaccines requiring multiple
doses (eg, human papillomavirus vaccine) may pose a chal-
lenge forvaccinating theurbanadolescentpopulation.Given
that our intervention had some initial benefit, probably be-
cause it reached those families that could be reached, health
care professionals serving urban populations may con-
sider short-term reminder/recall interventions instead of
prolonged and intensive interventions.

We expect that the use of autodialers or similar tech-
nology will increase as computerized appointment sched-
uling modules are implemented.58 The costs of autodialer-
based reminder systems are relatively low if (1) telephone
numbers are updated electronically using links with bill-
ing systems and (2) the systems are used by hospital or
health systems that apply them to populations beyond ado-
lescents.54 As an example, 1 of the study practices has just
begun using an autodialer reminder system for scheduled
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Figure. Kaplan-Meier survival estimates for children eligible for hepatitis B
vaccination (1 vaccination) (A) and well-child care (WCC) visits (B). The
study group was stratified by “single telephone number” vs “multiple
telephone numbers.” “Single telephone number” included subjects who had
the same telephone number during the 18-month study period. “Multiple
phone numbers” included subjects who had more than 1 telephone number
within the 18-month study period. A, Log-rank test, all study subjects vs all
control subjects, P�.10. Study subgroups vs each other and controls,
P�.001. B, Log-rank test, all study subjects vs all control subjects, P�.10.
Study subgroups vs each other and controls, P�.001.
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appointments as part of a hospitalwide autodialer re-
minder system. Costs to the practice are only a few hun-
dred dollars per year because costs are distributed hospi-
talwide. Thus, even with very small increases in show rates,
this reminder system is probably revenue generating.

Our study highlights the importance of checking ado-
lescents’ immunization status at all visits and using vis-
its other than WCC visits as opportunities to immunize
adolescents. More than half the study group had at least
1 visit with a missed opportunity for vaccination with
hepatitis B or Td vaccine.

Our study has several limitations. The major threat
to generalizability is the study setting—urban practices
in a metropolitan area. Patient characteristics, the accu-
racy of telephone numbers, baseline immunization cov-
erage, and practice characteristics may differ in other set-
tings. Baseline vaccination rates were within the wide
spectrum of rates noted nationally.14,34,64 Demographic
characteristics of our population were similar to charac-
teristics of other urban settings. Also, although hepati-
tis B vaccination among adolescents will become less im-
portant (because of infant vaccination), it serves as a model
for human papillomavirus vaccination because that sched-
ule will be similar to the hepatitis B schedule.

One threat to internal validity is that we undoubt-
edly included adolescents who were not current pa-
tients of the practices because there was no perfect method
to select eligible adolescents. Some adolescents may have
received vaccinations elsewhere. The major limitation to
the intervention was the inability to determine accurate
telephone numbers in spite of the research assistant check-
ing medical records and web-based directories weekly.
Coordination of practice-based interventions with Med-
icaid managed care may improve effectiveness since the
requirements to reenroll into Medicaid managed care plans
provide opportunities for managed care organizations to
update patient contact information.

It is possible that the autodialer was not as effective
as a direct telephone call from a person would have been.
Studies are lacking comparing autodialer-based remind-
ers with person-to-person reminders. Further, we did not
attempt to ascertain vaccinations received outside of the
practice; however, in this community, few vaccinations
are provided to adolescents in schools or public health
clinics.61 Finally, we did not perform cost analyses be-
cause we were using a labor-intensive method to update
kept appointments and changes in telephone numbers.

We conclude that an intensive primary care practice-
based telephone reminder/recall intervention was only
marginally effective by slightly improving the receipt of
adolescent immunizations visits within these urban pri-
mary care practices. The critical factor associated with
success of the intervention was the accuracy of tele-
phone numbers, which was low among our population.

An implication for health care professionals is that prac-
tices are more likely to have success with patient reminder/
recall if they have accurate patient telephone numbers.
In these cases, even small practices may consider using
reminder systems. For practices within hospital or health
systems, practice-level costs of reminder/recall systems
may be low because costs would be distributed across an
entire system, and large numbers of patients beyond ado-

lescents could benefit. In these settings, an autodialer-
based reminder/recall system that has only a small effect
should still be considered. However, to achieve high lev-
els of preventive care among urban adolescents, more ag-
gressive strategies (such as outreach13,65 or combina-
tions of interventions) may be needed.

An implication for communities and public health is
that insomesettings,practice-basedpatientreminder/recall
might be only marginally effective in improving adoles-
cent vaccinations and preventive visits. These interven-
tionsmaybemoreeffective if combinedwithupdatedcon-
tact information from managed care organizations, immu-
nization registries, or integrated delivery systems. With
emerging new adolescent vaccines, aggressive strategies
will be needed to ensure high adolescent vaccination cov-
erage as well as receipt of preventive adolescent services.

Accepted for Publication: September 6, 2005.
Correspondence:PeterG.Szilagyi,MD,MPH,Department
of Pediatrics, Strong Memorial Hospital, Box 632, Roch-
ester, NY 14642 (peter_szilagyi@urmc.rochester.edu).
Funding/Support: This work was funded by the Cen-
ters for Disease Control and Prevention, Atlanta, Ga, and
Cooperative Agreement TS-622 from the Association for
Teachers of Preventive Medicine, Washington, DC.
Acknowledgment: We gratefully acknowledge the sta-
tistical consultation of Jason Roy, PhD.

REFERENCES

1. Centers for Disease Control and Prevention (CDC). Ten great public health achieve-
ments—United States, 1900-1999. MMWR Morb Mortal Wkly Rep. 1999;48:
241-243.

2. Gyorkos TW, Tannenbaum TN, Abrahamowicz M, et al. Evaluation of the effec-
tiveness of immunization delivery methods. Can J Public Health. 1994;85(suppl
1):S14-S30.

3. Shea S, DuMouchel W, Bahamonde L. A meta-analysis of 16 randomized con-
trolled trials to evaluate computer-based clinical reminder systems for preven-
tive care in the ambulatory setting. J Am Med Inform Assoc. 1996;3:399-409.

4. Udovic S, Lieu TA. Evidence on office-based interventions to improve childhood
immunization delivery. Pediatr Ann. 1998;27:355-361.

5. Shefer A, Briss P, Rodewald L, et al. Improving immunization coverage rates: an
evidence-based review of the literature. Epidemiol Rev. 1999;21:96-142.

6. Szilagyi PG, Bordley C, Vann JC, et al. The effect of patient reminder/recall in-
terventions on immunization rates: a review. JAMA. 2000;284:1820-1827.

7. Centers for Disease Control and Prevention. Vaccine-preventable diseases: im-
proving vaccination coverage in children, adolescents, and adults. a report on
recommendations from the Task Force on Community Preventive Services. MMWR
Morb Mortal Wkly Rep. 1999;48(RR-8):1-15.

8. Centers for Disease Control and Prevention (CDC). National, state, and urban area
vaccination levels among children aged 19-35 months—United States, 2002.
MMWR Morb Mortal Wkly Rep. 2003;52:728-732.

9. Centers for Disease Control and Prevention (CDC). Public health and aging: in-
fluenza vaccination coverage among adults aged � or =50 years and pneumo-
coccal vaccination coverage among adults aged � or =65 years—United States,
2002. MMWR Morb Mortal Wkly Rep. 2003;52:987-992.

10. Rodewald LE, Szilagyi PG, Shiuh T, et al. Is underimmunization a marker for in-
sufficient utilization of preventive and primary care? Arch Pediatr Adolesc Med.
1995;149:393-397.

11. Fairbrother G, Friedman S, DuMont KA, Lobach KS. Markers for primary care:
missed opportunities to immunize and screen for lead and tuberculosis by pri-
vate physicians serving large numbers of inner-city Medicaid-eligible children.
Pediatrics. 1996;97:785-790.

12. Rodewald LE, Szilagyi PG, Humiston SG, et al. A randomized study of tracking
with outreach and provider prompting to improve immunization coverage and
primary care. Pediatrics. 1999;103:31-38.

13. Schaffer SJ. The coming of age of adolescent immunization. Pediatr Ann. 2001;
30:342-345.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 160, FEB 2006 WWW.ARCHPEDIATRICS.COM
162

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ by a UNIVERSITY OF MUENSTER User  on 08/13/2014



14. Centers for Disease Control and Prevention (CDC). Vaccination coverage among
adolescents 1 year before the institution of a seventh grade school entry vacci-
nation requirement—San Diego, California, 1998. MMWR Morb Mortal Wkly Rep.
2000;49:101-102, 111.

15. Centers for Disease Control and Prevention (CDC). Hepatitis B vaccination—
United States, 1982-2002. MMWR Morb Mortal Wkly Rep. 2002;51:549-552, 563.

16. Centers for Disease Control and Prevention. Update: recommendations to pre-
vent hepatitis B virus transmission—United States. JAMA. 1999;281:790.

17. Immunization Action Coalition. Varicella prevention mandates. Available at: http:
//www.immunize.org/laws/varicel.htm. Accessed February 8, 2005.

18. Bridges CB, Harper SA, Fukuda K, Uyeki TM, Cox NJ, Singleton JA; Advisory Com-
mittee on Immunization Practices. Prevention and control of influenza: recom-
mendations of the Advisory Committee on Immunization Practices (ACIP) [pub-
lished correction appears in MMWR Morb Mortal Wkly Rep. 2003;52:526]. MMWR
Recomm Rep. 2003;52(RR-8):1-34.

19. Vitek CR, Pascual FB, Baughman AL, Murphy TV. Increase in deaths from per-
tussis among young infants in the United States in the 1990s. Pediatr Infect
Dis J. 2003;22:628-634.

20. Cherry JD. The science and fiction of the “resurgence” of pertussis. Pediatrics.
2003;112:405-406.

21. Edwards KM. Is pertussis a frequent cause of cough in adolescents and adults?
should routine pertussis immunization be recommended? Clin Infect Dis. 2001;
32:1698-1699.

22. Meningococcal disease and college students: recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep. 2000;
49:13-20.

23. Lingappa JR, Rosenstein N, Zell ER, Shutt KA, Schuchat A, Perkins BA. Active
Bacterial Core surveillance (ABCs) team: surveillance for meningococcal dis-
ease and strategies for use of conjugate meningococcal vaccines in the United
States. Vaccine. 2001;19:4566-4575.

24. Baker C. Meningococcal vaccine recommendation pending. AAP News [serial on-
line]. December 10, 2004. Available at: http://aapnews.aappublications.org/cgi
/content/full/e2004153v1. Accessed January 3, 2005.

25. FDA approves new vaccine for bacterial meningitis. WFTV.com Web site. Janu-
ary 18, 2005. Available at: http://www.wftv.com/health/4102986/detail.html. Ac-
cessed January 18, 2005.

26. Koutsky LA, Ault KA, Wheeler CM, et al; Proof of Principle Study Investigators.
A controlled trial of a human papillomavirus type 16 vaccine. N Engl J Med. 2002;
347:1645-1651.

27. Kulasingam SL, Myers ER. Potential health and economic impact of adding a hu-
man papillomavirus vaccine to screening programs. JAMA. 2003;290:781-789.

28. Skinner GR, Turyk ME, Benson CA, et al. The efficacy and safety of Skinner her-
pes simplex vaccine towards modulation of herpes genitalis; report of a pro-
spective double-blind placebo-controlled trial. Med Microbiol Immunol (Berl).
1997;186:31-36.

29. Christiansen G, Birkelund S. Is a Chlamydia vaccine a reality? Best Pract Res
Clin Obstet Gynaecol. 2002;16:889-900.

30. Szilagyi PG, Rodewald LE, Savageau J, et al. Improving influenza vaccination rates
in children with asthma: a test of a computerized reminder system and an analy-
sis of factors predicting vaccination compliance. Pediatrics. 1992;90:
871-875.

31. Daley MF, Barrow J, Pearson K, et al. Identification and recall of children with chronic
medical conditions for influenza vaccination. Pediatrics. 2004;113:e26-e33. Avail-
able at: http://pediatrics.aappublications.org/cgi/content/full/113/1/e26.

32. Vazquez M, LaRussa PS, Gershon AA, et al. Effectiveness over time of varicella
vaccine. JAMA. 2004;291:851-855.

33. Bardenheier B, Gonzalez IM, Washington ML, et al. Parental knowledge, atti-
tudes, and practices associated with not receiving hepatitis A vaccine in a dem-
onstration project in Butte County, California. Pediatrics. 2003;112:e269. Avail-
able at: http://pediatrics.aappublications.org/cgi/content/full/112/4/e269. Accessed
August 23, 2005.

34. Gonzalez IM, Averhoff FM, Massoudi MS, et al; Vaccine Safety Datalink Team.
Hepatitis B vaccination among adolescents in 3 large health maintenance
organizations. Pediatrics. 2002;110:929-934.

35. Centers for Disease Control and Prevention (CDC). Hepatitis B vaccination among
high-risk adolescents and adults—San Diego, California, 1998-2001. MMWR Morb
Mortal Wkly Rep. 2002;51:618-621.

36. Van Damme P, Van der Wielen M. Combining hepatitis A and B vaccination in
children and adolescents. Vaccine. 2001;19:2407-2412.

37. Centers for Disease Control and Prevention. Immunization of adolescents: rec-
ommendations of the Advisory Committee on Immunization Practices, the Ameri-
can Academy of Pediatrics, the American Academy of Family Physicians, and
the American Medical Association. JAMA. 1997;277:202-207.

38. Schaffer SJ, Humiston SG, Shone LP, Averhoff FM, Szilagyi PG. Adolescent im-

munization practices: a national survey of US physicians. Arch Pediatr Adolesc
Med. 2001;155:566-571.

39. Gordon TE, Zook EG, Averhoff FM, Williams WW. Consent for adolescent vac-
cination: issues and current practices. J Sch Health. 1997;67:259-264.

40. Irwin CE Jr, Burg SJ, Uhler C. America’s adolescents: where have we been, where
are we going? J Adolesc Health. 2002;31:91-121.

41. Maternal and Child Health Bureau; Health Resources and Services Administra-
tion US Department of Health and Human Services. Child Health USA 2002. Avail-
able at: http://www.mchb.hrsa.gov/chusa02/main_pages/page_54.htm. Ac-
cessed May 12, 2004.

42. Klein JD, Wilson KM, McNulty M, Kapphahn C, Collins KS. Access to medical
care for adolescents: results from the 1997 Commonwealth Fund Survey of the
Health of Adolescent Girls. J Adolesc Health. 1999;25:120-130.

43. Yu SM, Bellamy HA, Schwalberg RH, Drum MA. Factors associated with use of
preventive dental and health services among US adolescents. J Adolesc Health.
2001;29:395-405.

44. Zimmer-Gembeck MJ, Alexander T, Nystrom RJ. Adolescents report their need
for and use of health care services. J Adolesc Health. 1997;21:388-399.

45. Marcell AV, Klein JD, Fischer I, Allan MJ, Kokotailo PK. Male adolescent use of
health care services: where are the boys? J Adolesc Health. 2002;30:35-43.

46. Unti L, Coyle K, Woodruff BA; Demonstration Project Staff. A Review of Adoles-
cent School-Based Hepatitis B Vaccination Projects. Washington, DC: US De-
partment of Health and Human Services Public Health Service; 1996.

47. Briss PA, Rodewald LE, Hinman AR, et al. Reviews of evidence regarding inter-
ventions to improve vaccination coverage in children, adolescents, and adults:
the Task Force on Community Preventive Services. Am J Prev Med. 2000;18:
97-140.

48. Kempe A, Lowery NE, Pearson KA, et al. Immunization recall: effectiveness and
barriers to success in an urban teaching clinic. J Pediatr. 2001;139:630-635.

49. Daley MF, Steiner JF, Kempe A, et al. Quality improvement in immunization de-
livery following an unsuccessful immunization recall. Ambul Pediatr. 2004;
4:217-223.

50. Davis MM, Szilagyi PG. Can quality improvement reach into pockets of need for
childhood immunizations? Ambul Pediatr. 2004;4:224-225.

51. Harper P, Madlon-Kay DJ. Adolescent measles vaccination: response rates to
mailings addressed to patients vs parents. Arch Fam Med. 1994;3:619-622.

52. Monroe County Maternal/Child Health Report Card: December 2003. Health Ac-
tion: Priorities for Monroe County Web site. Available at: http://www.healthaction
.org/Maternal.html. Accessed January 3, 2005.

53. TeleVox Web site. Available at: http://www.televox.com/. Accessed January 3, 2005.
54. Dini EF, Linkins RW, Chaney M. Effectiveness of computer-generated telephone mes-

sages in increasing clinic visits. Arch Pediatr Adolesc Med. 1995;149:902-905.
55. Linkins RW, Dini EF, Watson G, Patriarca PA. A randomized trial of the effective-

ness of computer-generated telephone messages in increasing immunization vis-
its among preschool children. Arch Pediatr Adolesc Med. 1994;148:908-914.

56. Lieu TA, Black SB, Ray P, et al. Computer-generated recall letters for underim-
munized children: how cost-effective? Pediatr Infect Dis J. 1997;16:28-33.

57. Klein JD. Adolescents, health services, and access to care. J Adolesc Health. 2000;
27:293-294.

58. Newacheck PW, Hung YY, Park MJ, Brindis CD, Irwin CE Jr. Disparities in ado-
lescent health and health care: does socioeconomic status matter? Health Serv
Res. 2003;38:1235-1252.

59. Szilagyi PG, Schaffer S, Shone L, et al. Reducing geographic, racial, and ethnic dis-
parities in childhood immunization rates by using reminder/recall interventions in
urban primary care practices. Pediatrics. 2002;110:e58. Available at: http://
pediatrics.aappublications.org/cgi/content/full/110/5/e58. Accessed August 23, 2005.

60. Joffe GP, Rodewald LE, Herbert T, Barth R, Szilagyi PG. Doctor-switching and
utilization of health care by children on fee-for-service Medicaid. J Urban Health.
1999;76:322-334.

61. Jacobson Vann JC, Szilagyi PG. Patient reminder and patient recall systems to
improve immunization rates. Oxford, England: Cochrane Database of System-
atic Reviews. Updated May 30, 2005.

62. Campbell JR, Szilagyi PG, Rodewald LE, et al. Intent to immunize among pediatric
and family medicine residents. Arch Pediatr Adolesc Med. 1994;148:926-929.

63. O’Brien G, Lazebnik R. Telephone call reminders and attendance in an adoles-
cent clinic. Pediatrics. 1998;101:E6. Available at: http://pediatrics.aappublica-
tions.org/cgi/content/full/101/6/e6. Accessed August 23, 2005.

64. Fishbein DB. Immunization of adolescents: an update. Paper presented at: Cen-
ters for Disease Control and Prevention National Vaccine Program Office; June
2, 2005; Washington, DC.

65. Wood D, Halfon N, Donald-Sherbourne C, et al. Increasing immunization rates
among inner-city, African American children: a randomized trial of case
management. JAMA. 1998;279:29-34.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 160, FEB 2006 WWW.ARCHPEDIATRICS.COM
163

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ by a UNIVERSITY OF MUENSTER User  on 08/13/2014


