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IMMUNIZATION RATES FOR CHIL-
dren and adults are rising through-
out the United States, but cover-
age levels have not reached national

goals. In 1998, coverage levels for chil-
dren aged 19 to 35 months were 79%
for the combined vaccine series of 4
diphtheria-tetanus-pertussis, 3 polio, 1
measles-containing vaccine, and 3 Hae-
mophilus influenzae type b; 87% for 3
hepatitis B; and 43% for varicella.1 Cov-
erage levels for adults are lower; in
1997, only 65% of adults aged 65 years
or older received the influenza vac-
cine and only 45% had ever received
pneumococcal vaccine.2 Further-
more, immunization coverage levels are
not evenly distributed, with lower rates
occurring among impoverished popu-
lations3 and some primary care prac-
tices.4 As a result of low immuniza-
tion rates, vaccine-preventable diseases
still occur, as evidenced by the measles
epidemic during 1989-1991; the large
number of annual cases of varicella, per-
tussis, and hepatitis B; and the thou-
sands of annual deaths among adults
from influenza and pneumococcal in-
fections. Concern also exists that in-
corporation of new vaccinations will be
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Context Immunization rates for children and adults remain below national goals. While
experts recommend that health care professionals remind patients of needed immu-
nizations, few practitioners actually use reminders. Little is known about the effec-
tiveness of reminders in different settings or patient populations.

Objectives To assess the effectiveness of patient reminder systems in improving im-
munization rates, and to compare the effectiveness of different types of reminders for
a variety of patient populations.

Data Sources A search was performed using MEDLINE, EMBASE, PsychINFO, So-
ciological Abstracts, and CAB Health Abstracts. Relevant articles, as well as published
abstracts, conference proceedings, and files of study collaborators, were searched for
relevant references.

Study Selection and Data Extraction English-language studies involving patient
reminder/recall interventions (using criteria established by the Cochrane Collaboration)
were eligible for review if they involved randomized controlled trials, controlled before-
after studies, or interrupted time series, and measured immunization rates. Of 109 stud-
ies identified, 41 met eligibility criteria. Studies were reviewed independently by 2 re-
viewers using a standardized checklist. Results of studies are expressed as absolute
percentage-point changes in immunization rates and as odds ratios (ORs). Studies with
similar characteristics of patients or interventions were pooled (random effects model).

Data Synthesis Patient reminder systems were effective in improving immuniza-
tion rates in 33 (80%) of the 41 studies, irrespective of baseline immunization rates,
patient age, setting, or vaccination type. Increases in immunization rates due to re-
minders ranged from 5 to 20 percentage points. Reminders were effective for child-
hood vaccinations (OR, 2.02; 95% confidence interval [CI], 1.49-2.72), childhood in-
fluenza vaccinations (OR, 4.25; 95% CI, 2.10-8.60), adult pneumococcus or tetanus
vaccinations (OR, 5.14; 95% CI, 1.21-21.78), and adult influenza vaccinations (OR,
2.29; 95% CI, 1.69-3.10). While reminders were most effective in academic settings
(OR, 3.33; 95% CI, 1.98-5.58), they were also highly effective in private practice set-
tings (OR, 1.79; 95% CI, 1.45-2.22) and public health clinics (OR, 2.09; 95% CI,
1.42-3.07). All types of reminders were effective (postcards, letters, and telephone or
autodialer calls), with telephone reminders being most effective but costliest.

Conclusions Patient reminder systems in primary care settings are effective in im-
proving immunization rates. Primary care physicians should use patient reminders to
improve immunization delivery.
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slow, as evidenced by the slow uptake
of varicella vaccine.5

In an era of increasing complexity of
immunization schedules, increasing ex-
pectations about the performance of pri-
mary care, and large demands on pri-
mary care physicians, it is important to
understand and promote interven-
tions that work in primary care set-
tings. Recent reviews have identified
several promising strategies to im-
prove immunization rates.6-10 One strat-
egy recommended by the Task Force on
Community Preventive Services9 and
the Standards for Immunization Prac-
tices11 involves patient reminder/
recall systems.

Unfortunately, few primary care phy-
sicians actually use reminder/recall sys-
tems.12 Because many patients cannot
remember the recommended immuni-
zation schedule, the burden falls on pri-
mary care physicians to ensure that
their patients receive immunizations on
a timely basis. Recently, the burden on
the private sector has increased as more
patients have begun to receive immu-
nizations at their primary care physi-
cian’s office rather than at health de-
partment immunization clinics.13

If experts are recommending re-
minder/recall systems and individual
studies are demonstrating their effec-
tiveness, why aren’t these systems used
more frequently in primary care set-
tings? Several factors may impede their
incorporation. First, health care practi-
tioners may not perceive that indi-
vidual studies apply to their own prac-
tices. Pediatricians may not focus on
studies involving elderly adults, and in-
ternists may not be aware of studies in-
volving children. Some studies have been
performed in public health department
clinicsoracademic teachinghospital clin-
ics, and private practitioners may not
think that findings from such studies can
be applied to their settings. Further-
more, some vaccinations are given only
once, while others require multiple
booster doses, making it more difficult
to extrapolate findings from individual
regimens to all vaccinations.

A second barrier is that recommen-
dations about reminder/recall systems

have not been very specific.10,11 Pa-
tient reminders can be delivered by a
variety of methods (eg, telephone, mail)
and in different levels of intensity (eg,
single or multiple reminders). The most
useful recommendations are those that
are specific enough to be applicable in
real-world settings by large numbers of
practitioners. A third barrier is that
many primary care practices have
lacked the computerized technology to
track their patients’ immunization sta-
tus. Cost barriers may have also im-
peded use of computerized tracking and
reminder systems. However, recent ad-
vances in billing systems and comput-
erized immunization registries14 are
making such technology attainable and
affordable for a growing number of pri-
mary care practitioners.

We systematically reviewed the litera-
ture for studies of patient reminder/
recall systems to assess their overall ef-
fectiveness and to delineate particular
systems and situations that appear to be
most effective in improving immuniza-
tion rates. The study objectives were to
(1) assess the overall effectiveness of pa-
tient reminder/recall systems in improv-
ing immunization rates; (2) compare the
effectiveness of reminder/recall sys-
tems among populations that varied by
baseline immunization rates, age, pri-
mary care settings, or vaccination sched-
ules; and (3) compare the effectiveness
of different types of reminder/recall in-
terventions (eg, postcard, letter, tele-
phone), and frequency of prompts (eg,
single or multiple).

METHODS
We followed the methodological re-
view criteria established by the
Cochrane Collaboration.15 Specific for-
mats of the reviews can be found in the
Cochrane Reviewers’ Handbook,16 and an
electronic publication containing de-
tailed information about each study re-
viewed by this project is forthcoming
as part of the Cochrane Database of Sys-
tematic Reviews.17

Study Selection
We sought studies involving interven-
tions that reminded patients of immu-

nizations that were due or immuniza-
tion visits that were upcoming
(reminders) or immunizations that
were overdue (recall). Reminder/
recall systems could be delivered by let-
ter, postcard, telephone, autodialer (a
computerized telephone dialer pro-
grammed to generate multiple tele-
phone calls during a short time), or in
person. Reminder/recall cues could also
vary in their specificity (generic or pa-
tient-specific) and in their frequency
(single or multiple).

The key outcome measure was im-
munization rates, or the proportion of
the target population that was up-to-
date on recommended immuniza-
tions. We included studies with out-
comes for either individual vaccinations
or standard combinations of recom-
mended vaccinations (eg, all recom-
mended vaccinations by a specific date
or age).

Interventions that involved physi-
cian reminders, such as medical chart
or computer prompts, were not evalu-
ated unless they were used in combi-
nation with patient reminders. Stud-
ies with these combined interventions
were analyzed separately from studies
evaluating only patient reminders.

Three study designs were eligible for
review: randomized controlled trials,
controlled before-and-after studies,
and interrupted time series studies.
Studies had to meet initial published
design criteria to be eligible for full
review.

Search Strategy
A search was performed using the fol-
lowing bibliographic search engines:
MEDLINE, EMBASE, PsychINFO, So-
ciological Abstracts, and CAB Health
Abstracts; all databases were searched
from their inception dates through
1998. Most studies were identified us-
ing MEDLINE. Search terms included
the following text words and Medical
Subject Headings: remind$, track$, au-
todial$, postcard$, mail$, recall$, tele-
phone$, registry$, registries, reminder
systems, appointments & schedules, ap-
pointment$, information systems, com-
puters, immunization, immuniz$, immu-
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nization programs, vaccination, vaccin$,
innoculat$, prevention health services,
diphtheria, tetanus, whooping cough, po-
liomyelitis, polioviruses, haemophilus, in-
fluenza, measles, mumps, rubella, hepa-
titis b, pneumococcal infections, vaccines,
tetanus toxoid, and diphtheria toxoid.

Two authors (P.G.S. and R.M.K.) re-
viewed the lists of titles and abstracts
and used the inclusion criteria to se-
lect potentially relevant articles for full
review. The reference lists of all rel-
evant articles and reviews were back-
searched for additional studies. Publi-
cations of abstracts, proceedings from
scientific meetings, and files of study
collaborators were also searched for ref-
erences.

Inclusion Criteria
Articles were reviewed if they (1) in-
cluded a patient reminder/recall sys-
tem in at least 1 study arm; (2) re-
ported primary research; (3) studied
common nationally or internationally
recommended childhood or adult vac-
cines (unusual vaccines or vaccines for
travelers were excluded); (4) pro-
vided immunization coverage data; and
(5) were written in English. Studies ex-
amining the effect of patient reminder/
recall systems on other preventive ser-
vices were included only if they
reported on immunization rates sepa-
rately.

Data Abstraction and Review
Each study was read independently by
2 reviewers (P.G.S. and J.C.V.). Review-
ers were not blinded to authors (a re-
cent study found no significant bias as-
sociated with such nonblinding18).
Disagreements between reviewers were
resolved by a formal reconciliation pro-
cess to achieve consensus. Data abstrac-
tion was performed using a validated
checklist developed by the Cochrane
Collaboration Effective Practice and Or-
ganization of Care Group.19 For each in-
cluded study, information was col-
lected on the method of randomization
or assembly of control groups, blind-
ing, characteristics of subjects, setting
and nature of the interventions, and re-
sults. Numerous quality criteria were as-

sessed for each study design. For ran-
domized controlled trials, which were
the majority of included studies, assess-
ment criteria included concealment of
allocation, proportion of participants fol-
lowed up, blinded assessment of pri-
mary outcome measures, documenta-
tion of baseline data, reliability of
outcome measures, and protection of
contamination between study groups.

The primary outcome measures were
the percentage of patients who were im-
munized at the end of the study and the
difference, in absolute percentage
points, in immunization rates be-
tween groups receiving a reminder/
recall vs control groups.

We were interested in both the over-
all effectiveness of patient reminder/
recall and the relative effectiveness for
key subgroups defined by patient age
(child or adult), practice setting (aca-
demic medical center–based clinic, pub-
lic health department clinic, or pri-
vate practice), dates of study (before
1980, 1980-1989, or 1990-1998), type
of vaccination (universal, such as all
routine childhood vaccinations; or tar-
geted, such as influenza for high-risk
patients with specific chronic dis-
eases), type of reminder/recall inter-
vention (postcard, letter, telephone, au-
todialer , or combination), and
frequency of intervention (single or
multiple).

Analysis
Results are presented for individual
studies as absolute changes in immu-
nization rates (eg, .20-percentage-
point increase in intervention vs con-
trol group rates), rather than relative
rates, to allow for comparisons among
studies. When possible, odds ratios
(ORs) for being up to date or having re-
ceived vaccinations are shown for in-
tervention vs control patients. Studies
were also subgrouped according to the
key characteristics described herein. For
each subgroup and for all studies com-
bined, summary ORs were obtained us-
ing Review Manager, the computer pro-
gram for analyzing Cochrane Reviews.16

We analyzed the study results as a
funnel plot of the effect of reminder/

recall against the sample size (which we
used as a proxy for study precision since
variance in immunization rates was of-
ten not available). If publication bias ex-
isted, we expected that more precise
studies would be more likely to clus-
ter around null results.20 Such cluster-
ing was not found, suggesting that posi-
tive findings of published studies were
not due to publication bias.

Initially pooled results, weighted by
the sample size of each study, were cal-
culated using a fixed-effects model.
Pooled weighted results were also
generated for reminder type, patient
age, and major vaccine category. Het-
erogeneity of the results of individual
studies combined for each subgroup
comparison was tested using a x2 dis-
tribution with a .10 level of signifi-
cance. Because heterogeneity of the re-
sults was present for overall results and
within several subgroups, pooled re-
sults were ultimately computed using
a random-effects model for all com-
parisons, with studies sorted by key
characteristics. The random-effects
models had wider 95% confidence in-
tervals (CIs) than the fixed-effect mod-
els for all analyses, producing more con-
servative estimates of the effects of the
interventions. In addition, a qualita-
tive analysis (examining the strengths,
weaknesses, and unique characteris-
tics of each study) was performed to as-
sess possible factors leading to hetero-
geneity of results.

RESULTS
Literature Search Results

Ninety-two studies were identified by the
literature search. Seventeen additional
studies were found by back-searching. Of
the total 109 studies, 41 met eligibility
criteria and were included in the final re-
view (some studies had more than 1
study arm). The majority of excluded ar-
ticles lacked a control group, had a study
design that did not fit Cochrane criteria
(eg, descriptive or ecological studies),
were reviews instead of studies, or
used an outcome measure other than
immunizations (eg, preventive visits or
services).
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Overall Impact of Reminder/Recall
Interventions
We categorized studies into 4 groups ac-
cording to age (children or adults) and
type of immunization: (1) routine child-
hood immunizations (15 studies21-35); (2)
childhood influenza vaccinations that
target a high-risk group of children
rather than the entire child population
(2 studies36,37); (3) adult pneumococ-
cal or tetanus immunizations (7 stud-
ies38-44); and (4) adult influenza vacci-
nations (21 studies38,39,41,42,45-61). Four
evidence tables, including summaries of
each study, are available from the au-
thor by e-mail and will be available on
a forthcoming Cochrane review.17

Reminder/recall systems were found
to be effective in 33 (80%) of the 41 stud-
ies and were generally effective for both
children and adults and for both rou-
tine immunizations and targeted influ-
enza immunizations. For routine child-
hood immunizations, 12 of 15 studies
found positive effects, with the improve-
ment in immunization rates ranging
from 6 to 34 percentage points, and with
ORs generally in the range of 1.5 to 2.5
for intervention vs control groups. The
2 studies on childhood influenza im-
munizations found similar improve-
ments (.20 percentage points) in in-
fluenza immunization rates from very
low baseline rates of controls. Six of 7
studies of adult pneumococcal or teta-
nus immunizations reported signifi-
cant improvements, ranging from 4 to
27 percentage points, with most im-
proving by at least 20 percentage points.
Among the 21 studies of adult influ-
enza immunizations (4 of these also
studied pneumococcus or tetanus), 5
studies reported no improvement and 16
studies found significant improve-
ments, often greater than 20 percent-
age points for patients receiving a re-
minder/recall intervention.

One might expect that improve-
ment in immunization rates would be
easier to achieve at lower baseline lev-
els, with diminishing returns at higher
levels; however, this was not found. In
general, the degree of improvement in

immunization rates due to reminder/
recall was not associated with baseline
immunization levels, which ranged
from nearly 0% to 86%, as measured by
control groups or assessed at the start
of studies. Baseline rates were more than
80% in only a few cases and for influ-
enza vaccine were extremely low.

Effectiveness of Reminder/Recall
According to Patient
Characteristics
TABLE 1 shows pooled results of the ef-
fectiveness of reminder/recall systems
for randomized controlled trials, by pa-
tient age and vaccine group, study set-
ting, and decade of study. Reminder/
recall was effective for both children and
adults, for both universally recom-
mended routine childhood vaccina-
tions and influenza vaccination recom-
mended for high-risk children, and for
all types of adult vaccinations. Odds ra-
tios were generally higher than 2.0 for
intervention vs control group immu-
nization rates. Reminder/recall was
most effective in academic settings, with

somewhat lower but still positive re-
sults in private practice settings. There
was no clear trend by decade of study.

Effectiveness of Different
Reminder/Recall Systems
TABLE 2 shows pooled results for ran-
domized controlled trials comparing the
effectiveness of different types of re-
minder/recall systems for routine vacci-
nation of preschool children, child in-
fluenza vaccination, adult influenza
vaccination, and other adult vaccines.
The FIGURE shows ORs for immuniza-
tion rates for 6 different reminder/recall
systems. All types of reminder/recall sys-
tems appeared to improve immuniza-
tion rates, with ORs generally between
1.5 and 2.5 and improvement in immu-
nization rates of 5 to 20 percentage
points. Telephone reminders appeared
to be more effective than other types of
reminders, while letter reminders gen-
erally did not appear to have an advan-
tage over postcard reminders. The few
studies that evaluated patient reminder/
recall combined with physician prompts

Table 1. Effectiveness of Patient Reminder/Recall by Patient Characteristics

Characteristics
No. of

Studies*
Odds Ratio

(95% Confidence Interval)†

% Change in
Immunization Rates,

Median (Range)

Age and vaccine group
Children and adults

(all vaccines except
below)

21 2.49 (1.83-3.38) 15.0 (−2.0 to 34.0)

Children (influenza) 2 4.25 (2.10-8.60) 24.5 (23.0 to 26.0)

Adults (influenza)
$65 y 11 2.25 (1.45-3.50) 17.0 (−2.5 to 36.0)

With chronic illness 7 3.11 (2.50-3.86) 14.5 (−5.9 to 47.0)

$65 y with chronic illness 3 1.42 (0.70-2.87) 4.4 (−8.5 to 31.2)

Adults (pneumococcal ) 2 2.79 (0.85-9.12) 10.0 (0.0 to 20.0)

Study setting
Academic medical center 13 3.33 (1.98-5.58) 20.8 (0.0 to 31.2)

Academic and public
health department clinic

2 1.31 (0.68-2.53) 3.4 (−2.0 to 8.8)

Academic and private 1 6.61 (4.55-9.59) 21.0 (21.0)

Public health department clinic 8 2.09 (1.42-3.07) 14.1 (5.7 to 36.0)

Private 16 1.79 (1.45-2.22) 8.2 (−8.5 to 47.0)

Decade of study
1970s 2 2.51 (1.01-6.28) 18.4 (4.8 to 31.2)

1980s 18 2.85 (1.98-4.10) 17.6 (−2.0 to 36.0)

1990s 19 2.04 (1.64-2.54) 8.4 (−8.5 to 47.0)

*Some studies had more than 1 study arm (analyzed separately).
†Odds ratios were obtained from the random-effects model (pooled results, see “Methods” section of text).
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found results that were similar or slightly
better than that of studies using only pa-
tient reminder/recall.

Some studies used single patient re-
minders while others used 2 or more re-

minders. For the 31 randomized clini-
cal trials that includedat least1 studyarm
with single patient reminders, the OR for
being up to date at the end of the study
for intervention vs control groups was

2.18 (95% CI, 1.75-2.71), while for the
9 trials that had multiple reminders, the
OR was 2.82 (95% CI, 1.57-5.06).

Costs of Reminder Systems
Fifteen studies reported on costs, includ-
ing 8 pediatric studies22,23,26,27,31-33,35 and
7 studies of adults.40,41,44,48,57,59,61 Eight
studies estimated the cost-effectiveness
of reminder/recall systems.22,26,27,32,35,41,48,61

Costs varied widely across studies due
to (1) variability in methods of calculat-
ing costs and items included in analy-
ses (such as existing staff or computer
programming); (2) different types of re-
minders used, with telephone remind-
ers being more costly than letter or post-
card reminders, (3) different levels of
intensity of interventions, from single
postcard reminders to repeated remind-
ers plus home visits, and (4) different
study periods. Single reminders were less
costly than multiple reminders but also
were less effective. Costs of reminder sys-
tems used throughout a year (as in many
pediatric studies) were more expensive
than short-term reminders typical of in-
fluenza vaccination studies. Because of
different study methods, it was not pos-
sible to combine results of costs. In sev-
eral studies, the costs per patient were
less than $1, particularly in short-term
studies involving mailed reminders and
excluding computer or study design
costs.27,44,48,57,59 In the few studies that es-
timated cost-effectiveness, the esti-
mated cost per additional patient vacci-
nated varied widely, from less than $10
per patient22,26,27,41 to more than $10 per
patient,48 with some reporting even
higher costs.32,35 A short-term pediatric
study27 targeting 20-month-old chil-
dren for receipt of immunizations noted
a cost of $9.80 per child appropriately
vaccinated by age 24 months using an
autodialer reminder, $10.50 per child us-
ing a letter reminder, and $7 per child
using a combination of approaches. A
more comprehensive pediatric interven-
tion involving patient reminders and out-
reach throughout the year noted a cost
of $63 per child per year, with a cost-
effectiveness of $316 per year per addi-
tional fully vaccinated child.35 Several
studies noted that patient reminder sys-

Table 2. Effectiveness of Different Types of Reminder/Recall Systems for Children and Adults

Characteristics
No. of

Studies*
Odds Ratio†

(95% Confidence Interval)

% Change in
Immunization Rates,

Median (Range)

Preschool children
Postcard 2 2.15 (0.61-7.54) 18.2 (2.5 to 33.9)

Letter 5 1.50 (1.12-2.01) 12.3 (−2.0 to 22.2)

Telephone 1 4.25 (1.85-9.75) 34.0 (34.0)

Autodialer 4 1.51 (1.18-1.93) 8.2 (5.7 to 25.0)

Postcard and telephone 1 1.81 (1.11-2.95) 8.8 (8.8)

Tracking and outreach 2 3.42 (0.88-13.30) 17.1 (13.2 to 21.0)

All reminder/recall systems 14 2.02 (1.49-2.72) 15.5 (−2.0 to 33.9)

Patient and practitioner
reminders

2 3.99 (1.44-11.06) 19.6 (18.2 to 21.0)

Children (influenza),
vaccination letter reminder

2 4.25 (2.10-8.60) 24.5 (23.0 to 26.0)

Adults (influenza)
Postcard 5 1.82 (1.12-2.98) 10.6 (2.9 to 31.2)

Letter 11 2.25 (1.53-3.32) 7.0 (−8.5 to 47.0)

Telephone 5 4.27 (2.99-6.08) 25.6 (5.5 to 27.2)

All reminder/recall systems 18 2.29 (1.69-3.10) 7.0 (−8.5 to 47.0)

Patient and practitioner
reminders

2 3.42 (2.11-5.54) 22.5 (16.0 to 28.9)

Adults (other)
Letter 5 5.14 (1.21-21.78) 3.8 (0.9 to 27.4)

Telephone 2 9.61 (7.60-12.14) 24.1 (20.8 to 27.4)

All reminder/recall systems 5 5.14 (1.21-21.78) 10.6 (0.9 to 27.4)

Patient and practitioner
reminders

2 2.24 (1.82-2.76) 14.0 (0 to 22.0)

*Some studies had more than 1 study arm (analyzed separately).
†Odds ratios were obtained from the random effects-model (pooled results, see “Methods” section of text).

Figure. Effectiveness of Different Types of Patient Reminder/Recall Systems for All Ages
Combined

Reminder/Recall 
System

Postcard 8 1.91 (1.27-2.88)

Letter 23 2.57 (1.83-3.59)

Telephone 8 5.52 (3.90-7.79)

Autodialer 4 1.51 (1.18-1.93)

Postcard 
and Telephone 1 1.81 (1.11-2.95)

Tracking 
and Outreach 2 3.42 (0.88-13.30)

All Systems 38 2.50 (2.00-3.13)

Patient and 
Practitioner Prompts 6 3.16 (2.10-4.75)

No. of 
Studies

OR (95% CI)

1

OR (95% CI)
0 85 6 7432

OR indicates odds ratio; CI, confidence interval. Error bars indicate 95% CIs.
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tems had the added benefit of increas-
ing preventive visits and receipt of
preventive services in addition to immu-
nizations,32,33,35 making cost-effective-
ness difficult to assess but increasing the
benefits of the immunization interven-
tion.

Analysis of Studies That
Found No Improvements
Since 20% of studies did not find im-
provements in immunization rates due
to patient reminder/recall systems, we
performed a qualitative analysis of study
characteristics for the 8 studies that
noted no improvements.25,31,33,39,54,56,59,60

Three of these studies involved chil-
dren. Seven studies involved mailed re-
minders and 1 evaluated an autodialer
reminder.31 Authors or reviewers noted
the following concerns that might have
contributed to the failure of these stud-
ies to find significant effects: 1 study
clearly focused more on a 15-minute
postpartum educational discussion than
the reminder25; 2 studies used remind-
ers targeting preventive visits rather than
immunizations33,39; 2 studies had small
sample sizes31,39; 2 studies noted signifi-
cant improvements in 1 subgroup but
not another54,60; in 1 study, the authors
noted a possible ceiling effect with high
baseline influenza immunization rates
(55%-65%) among controls59; and in 1
study, reviewers noted extremely low
immunization rates (,2% for adult teta-
nus),39 suggesting that other factors were
somehow impeding immunization de-
livery. This qualitative analysis did not
find clear trends among these studies in
terms of practice setting, patient popu-
lation, or type of reminder/recall used.

COMMENT
The findings from this systematic re-
view of the literature support the gen-
eral recommendation8-11 that all pri-
mary care practitioners should consider
patient reminder/recall systems to im-
prove immunization coverage levels of
their practices. We found that reminder/
recall was effective for both children and
adults; in all types of medical settings,
including private practices, academic
medical centers, and public health de-

partment clinics; and for universally
recommended vaccinations such as rou-
tine childhood vaccinations as well as
targeted vaccinations such as influ-
enza vaccine. In addition, all types of
patient reminder/recall systems were
found to be effective, with increases in
immunization rates tending to be 5 to
20 percentage points. Telephone re-
minders were most effective, while there
were no major differences in effective-
ness among different types of mailed re-
minders. More intensive reminder/
recall systems, such as those using
multiple reminders, appeared to be
more effective than single reminders.
In studies that evaluated costs, patient
reminder systems required a non-
trivial expense but led to spillover ben-
efits by increasing preventive visits or
receipt of other preventive services.

This study has several limitations.
First, we used the Cochrane criteria for
selecting studies based on study design
and methodological criteria, and some
studies were excluded because they did
not meet these rigorous criteria. While
this strategy improved our ability to es-
timate the true impact of patient re-
minder systems, it is possible that some
excluded studies may have had differ-
ent findings and that the impact of re-
minder systems may be different when
rigorous study conditions are not used.

Second, the scope of the review was
limited to studies published in En-
glish. At least 1 study has found that
randomized controlled trials pub-
lished in English were more likely to
have positive findings than studies pub-
lished in German journals.62 How-
ever, such language bias was not noted
in other studies.63 In addition, 9 stud-
ies included in the current review were
performed outside the United States; all
9 studies found positive effects of re-
minder/recall systems.

A third potential limitation in-
volves publication bias: the majority of
studies were located from MEDLINE or
references from other studies. Be-
cause publication bias typically re-
sults in failure to publish studies with
negative or null findings,64-66 it is pos-
sible that our findings of positive out-

comes in 33 of 41 reviewed studies is
partly affected by publication bias and
that the impact of reminder/recall is
lower than noted in this review. We at-
tempted to minimize publication bias
by searching the files of the investiga-
tors and immunization experts, search-
ing references of published reviews for
abstracts, and reviewing abstracts or
proceedings of major scientific meet-
ings. In addition, the funnel plot analy-
sis discussed herein did not find that
more precise studies clustered around
null results, thereby increasing the plau-
sibility of the positive findings.

A fourth set of limitations involves as-
pects of the systematic review process.
We grouped studies according to key
characteristics of either the patient popu-
lation or the intervention. We defined
these groups a priori, and they repre-
sent standard groupings used in other
studies.However, it ispossible thatwhere
differences were noted by group, fac-
tors other than the intervention might
have accounted for these differences.
Limitations of the standard Cochrane re-
view criteria are published elsewhere.67

Our method of pooling data has limi-
tations, particularly in light of the het-
erogeneity of some of the data that is
often present in meta-analyses.68,69 Be-
cause these reminder/recall studies were
performed for a variety of popula-
tions, using different interventions, in
multiple settings, and across 3 de-
cades, it is not surprising that there is
interstudy heterogeneity in the re-
sults. Because of this heterogeneity, we
performed a qualitative analysis of study
characteristics that might explain dif-
ferences in findings among the 8 stud-
ies that had negative findings, and al-
though it was easy to find explanations
for the negative findings in each study,
we did not note consistent trends. We
used random-effects analyses, which
had consistently more conservative re-
sults (wider 95% CIs) than fixed-
effects models. In 1 subgroup (adult in-
fluenza vaccinations), a single study by
Baker et al57 had more than 24000 sub-
jects and small but significant effects of
reminder/recall, while most of the other
studies in that group had clinically
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larger positive effects of reminder/
recall. The large sample size and small
effect of the 1 study resulted in hetero-
geneity within this subgroup but also
resulted in a conservative effect on the
pooled results by reducing the overall
impact of reminder/recall.

Because patient reminder/recall sys-
tems appear to be effective in all set-
tings that were evaluated, we recom-
mend that all primary care physicians
seriously consider incorporating re-
minder/recall into their practices. Phy-
sicians should review the different types
of reminder/recall systems and tailor
systems to their own needs. While tele-
phone reminders are most effective,
they are also more costly and have not
been studied extensively in children ex-
cept for the use of autodialers, which
were found to have smaller but posi-
tive effects. Practical issues relevant to
choices of the reminder/recall system
include characteristics of current com-
puter systems, staffing, accuracy of pa-
tient telephone numbers or addresses,
availability of computer program-
mers, and estimated patient respon-
siveness to different types of remind-
ers. Practitioners today can tailor their
billing systems to function as reminder/
recall systems for simple procedures,
such as selecting all patients aged 65
years or older for reminders about in-
fluenza or pneumococcal vaccination.
Many billing systems have recently in-
corporated separate modules that can
track immunization status.

A critical issue involves the complex-
ity of rules required for a reminder/
recall system. The simplest scenario in-
volves elderly adults, because no special
immunization algorithm is needed and
eligible patients can be selected by birth
dates. A slightly more complex sce-
nario involves “flagging” patients with
chronic problems, such as asthma, that
would require influenza vaccination.
More sophisticated algorithms are re-
quired to track prior immunization sta-
tus, particularly for the complicated pe-
diatric immunization schedule. A
promising route involves practitioners
linking with computerized immuniza-
tion registries that are being developed

throughout the United States. These reg-
istries already contain the necessary al-
gorithms to assess up-to-date status of
children and could be modified to de-
liver patient reminders. Finally, data-
bases of managed care organizations can
be modified to become reminder/recall
systems. For practitioners, the useful-
ness of such databases depends on the
proportion of a practice’s patients cov-
ered by the managed care plan and the
accuracy of the database information.

Overall, the technology exists to in-
corporate patient reminder/recall into
routine primary care practice. There are
additional benefits to the patient and
practice beyond improving immuniza-
tion rates. Studies have shown that pa-
tients who are behind in immuniza-
tions are also behind in other measures
of preventive care70,71 and that reminder/
recall systems targeting immunizations
can also have spillover effects to im-
prove other aspects of preventive care35

if they are used within primary care prac-
tices. Second, patients generally appre-
ciate being reminded by their physi-
cian, and such reminder/recall systems
may actually improve the patient-
physician relationship. Third, in fee-for-
service settings, patient reminder/recall
systems can increase revenues by in-
creasing visits.

Since patient reminder/recall sys-
tems for immunizations have been
shown to be effective in a variety of set-
tings, we recommend that future re-
search be focused on implementation is-
sues: how to implement reminder/
recall in an efficient manner across large
numbers of practices, means to effec-
tively use computerized registries for pa-
tient reminder/recall, and demonstra-
tion on a large-scale population level of
whether these interventions improve im-
munization rates. These questions will
be particularly important for certain new
vaccines, such as the conjugate pneu-
mococcal vaccine for children or sea-
sonal vaccines (like influenza vaccine),
for which “catch-up” strategies or tim-
ing issues become important.

The use of patient reminder/recall sys-
tems provides the primary care practi-
tioner with real-life experience at prac-

ticing population-based care by
improving the care for the entire popu-
lation served by the practice. Although
medicine is traditionally taught and prac-
ticed one patient at a time, and preven-
tive services such as immunizations are
delivered to individual patients, the mea-
sures of success (such as immuniza-
tion rates) are population-based. Such
population-based primary care, while
not easy to practice in a busy setting, has
the potential to improve the quality of
care and performance of primary care
practitioners.
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