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Objectives.-To assess the effectiveness of two serial registry
reminder protocols and the interactive effects of reminders with
child characteristics on immunization rates.
Methods.-At an inner city practice network in New York City
we randomized 1662 children aged 6 weeks-15 months due or
late for a diphtheria-tetanus-pertussis (DTaP) to 3 groups: con-
tinuous reminders (as needed), limited reminders (up to 3) and
controls, for 6 months. Reminders were triggered by the hospital
registry and immunizations were tracked with both the hospital
and city registries. Analyses were based on intention to treat.
Results.-At randomization, the study groups were comparable
(9.2 months of age, 77% Latino, 86% Medicaid, 49.3% up-to
date). A quarter of the children were sent false reminders, 15%
had incorrect contact information, and 15% had missed oppor-
tunities for vaccination. In the univariate analysis, reminders
improved coverage rates, but only for the children sent continu-

ous reminders (51.2% vs. 44.9% controls,/) < .01). Multivariate
analysis showed reminders had no independent effect on immu-
nization outcomes. Age, up-to-date and Medicaid status at ran-
domization were strong predictors of a child receiving any
subsequent immunization. However, reminders interacted syner-
gistically with Medicaid to increase the likelihood of receiving
an immunization.
Conciusion.-At an inner city practice network, registry remind-
ers were not effective at improving immunization outcomes due
to major system barriers. Immunization registries are powerful
vehicles for identifying children in need of immunizations and
generating reminders but system challenges must be addressed if
this promise is to be achieved in inner city practices.
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minders; inner city
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R eminders have promise for improving immuniza-
tion coverage in primary care settings ''^ and
being valuable tools in narrowing the gap in im-

munization coverage between poor, minority children and
their more affluent counterparts.'' Yet reminders are little
used for immunizations because of lack of resources or
difficulty in identifying children who need itnmuniza-
tions."* Registries can address some of these barriers, since
they enable identification of children due for immuniza-
tions and can generate reminders.^ Registry-generated re-
minders could be widely applicable because, nationwide,
nearly half of children <6 years participate in a registry.*

Early studies of the effectiveness of immunization reg-
istry reminders were encouraging.^"'^ However, effective
implementation of registry reminders in inner-city prac-
tices has proven particularly challenging."*"'^ In these
communities, high rates of mobility lead to inaccurate
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contact information.^° Additionally, discontinuity of pri-
mary care contributes to record scatter and incomplete
immunization data.̂ '"^"* Reminder effectiveness could
also depend on access to services and availability of in-
surance, but this has not yet been documented. Use of
serial reminders could be one way to address some of
these problems in itiner-city practices, yet, to date the few
studies examining the effect of serial reminders have had
mixed results.^'^

The objective of this study was to conduct a randomized
controlled trial to assess the relative effectiveness of two
serial registry reminder protocols at an inner-city practice
network. To begin to address the access issues, we also
examined how child and practice characteristics interacted
with reminders to affect outcomes. A secondary objective
was to test a single vaccine algorithm to trigger the re-
minders.

METHODS

Study Setting
The study was conducted at a network of five commu-

nity-based pediatric practices affiliated with an academic
health center in an inner-city community in New York
City. The network is the major pediatric health care pro-
vider in the community (60 000 pediatric visits in 2001,
10 000-25 000 per practice). Most visits (85%) were
covered by Medicaid (<20% managed care). At the time
of the study, the network did not have reminder systems in
place.
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EzVAC, a provider-based registry, is a web-based sys-
tem launched in 2000 to consolidate immunization records
for a hospital health care system, EzVAC is linked to the
hospital billing system and includes all children born or
receiving care at the hospital or affiliated practices. Im-
munizations are entered at the point of service. On a
weekly basis, EzVAC reports to the New York Citywide
Immunization Registry (CIR), a population-based registry.
New York City providers are mandated to report to CIR;
over 90% of providers report to CIR, and of these, 80% do
so regularly (Amy Metroka, personal communication, No-
vember 2003 email). At the time of the study, the registry
linkage was unidirectional from EzVAC to CIR, Providers
could look up CIR case by case, but in practice relied on
EzVAC for immunization decisions. Thus, to reproduce
current practice, we only used EzVAC to trigger the re-
minders. To assess the internal validity of EzVAC, we
compared immunizations in EzVAC and the paper medi-
cal records, Befoi"e the study and using Centers for Disease
Control and Prevention methodology, we audited the
records of 3343 randomly sampled 6-35-month-olds with
at least one visit to the network.̂ "* For the 4:3:1:3 immu-
nization series (diphtheria-tetanus-acellular pertussis

[DTaP], polio, measles-mumps-rubella [MMR], and Hae-
mophilus influenza b [Hib]), we found 99% agreement
between EzVAC and the paper records for 6-11-month-
olds and 76% for 12-23-month-olds, At the end of the
study, we found 95% agreement among 125 randomly
selected children <24 months (data not shown). We also
examined the external validity of EzVAC by comparing
immunizations from EzVAC at randomization to those in
both EzVAC and CIR at the end of the study (see Results),

Study Design, Sampte, and Randomization
We used a randomized controlled design. Children were

eligible for randomization if they were aged 6 weeks to 15
months, had made at least one visit to the network, and
were due or late for a DTaP dose (Eigure). The eligibility
criteria used only one vaccine, DTaP, because its schedule
overlaps with other immunizations and DTaP 4 is the dose
with the lowest coverage in the 4:3:1:3 series nation-
wide,̂ "'' We calculated a desired sample size of 1662 to
achieve a power of 80% and a Type 1 error of 5%.^^ Due
to limitations in practice capacity, randomization was car-
ried out weekly, sequentially building the sample until the
desired number was attained. We programmed EzVAC to
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identify eligible children every week, randomly sample a
fraction (12%) of those eligible, and then randomly assign
those sampled to 1 of 3 study groups; continuous remind-
ers (as many as needed), limited reminders (up to 3), and
controls. Randomization was conducted from July 29,
2001 to September 9, 2001, but the 345 children enrolled
in the 2 weeks before September 11, 2001 were excluded,
and randomization was extended to the weeks of Septem-
ber 23, 2001 and September 30, 2001. Once randomized,
children remained in the study group for a period of 6
months. The final sample included 1662 of 13 886 eligible
children: 549 randomized to continuous reminders, 552 to
limited reminders, and 561 to control group.

Every week, EzVAC determined whether children in
the two reminder groups needed a repeat reminder for the
previous dose or a reminder for a new dose. The reminders
consisted of registry-generated postcards with the photo-
graph of a baby and a standard bilingual English/Spanish
message: "Dear parent: Our records indicate tha t . . . now
needs 1 or more immunizations. If you haven't already,
please call our clinic at . . . to make an appointment."
Postcards were returned for 13.6% of children who were
sent reminders (150 out of 1101). At the end of the study,
two address verification surveys confirmed the reliability
of the postcard return rate. The study was given exempt
status by the Columbia University Medical Center Insti-
tutional Review Board.

Measures
We measured two immunization outcomes at 3 and 6

months postrandomization: (1) received any subsequent
immunization and (2) age-appropriate, up-to-date (UTD)
status. The practices followed the schedule of the Advi-
sory Committee on Immunization Practices.^^ We mea-
sured the following independent variables, all obtained
from the child's record in EzVAC: gender, date of birth,
ethnicity (Latino vs other), insurance status (Medicaid vs
other), practice site (small vs larg), and initial UTD status.
Age-appropriate UTD rates are reported for DTaP and
4:3:1:3 as follows: 1 DTaP, 1 polio, and 1 Hib by 3
months; 2 DTaP, 2 polio, and 2 Hib by 5 months; 3 DTaP,
2 polio, and 2 Hib by 7 months; 3 DTaP, 2 polio, 1 MMR,
and 2 Hib by 16 months; and 4 DTaP, 3 polio, 1 MMR,
and 3 Hib by 19 months. Eor 29 children in the study who
had a DTaP dose ordered but not given due to vaccine
shortage, we simulated DTaP as given on the date ordered.
We also calculated the rate of missed opportunities to
vaccinate, defined as the failure to simultaneously admin-
ister any vaccination for which a child was eligible. '̂*
Immunizations were tracked with EzVAC. At the end of
the study, for each child not UTD in EzVAC, we looked
for additional immunizations in their records in CIR. Of
immunizations documented at the end of the study, 84%
were in EzVAC (in network); 16% were only in CIR (out
of network).

Statistical Analysis
We performed outcome analyses by intention to treat.

Student's t test was used to evaluate the differences be-

tween outcomes across study groups. Multivariate logistic
regression models were used to estimate predictors of
receiving an immunization and being UTD 3 months post-
randomization. The models included 1) child characteris-
tics at study randomization: age (0-5 months, 6-11
months, and 12-18 months). Latino ethnicity, Medicaid,
and UTD status; 2) practice size (large vs small: large
>IO 000 visits/year); and 3) study group. We estimated
models for each study group (continuous reminders, lim-
ited reminders, and control) and compared the coefficients
between the models. Analyses were conducted with SPSS
version 1 LO (SPSS Inc, Chicago, 111).

RESULTS
At randomization, there were no significant differences

among the groups with regard to age (mean 9. 2 months,
SD 4.4 months), gender (53% males), ethnicity (77%
Latino), Medicaid (86%), and 4:3:1:3 UTD rate (48.1%
control group, 50.2% limited reminder group, 49.5% con-
tinuous reminder group). Children were sent an average of
3.4 reminders in the continuous group, 2.6 reminders in
the limited group, and 0 reminders in the control group. Of
the 3323 reminders sent, 36% were for DTaP 1, 27% for
DTaP 2, 22% for DTaP 3, and 15% for DTaP 4.

In the univariate analysis, reminders had no significant
effect on the likelihood of receiving a subsequent immu-
nization, but did affect coverage rates. Reminders signif-
icantly increased immunization coverage for both DTaP
and the 4:3:1:3 series, but only for the children sent
continuous reminders (3 months postrandomization:
51.2% continuous reminders vs 44.9% controls, f < .01;
6 months postrandomization: 44.1% continuous reminders
vs 39.2% controls, P < .05; Table 1). Coverage for chil-
dren sent limited reminders was not significantly better
than controls. Missed opportunities averaged 15% and did
not differ by study group or practice size.

The multivariate analysis showed that age, UTD, and
Medicaid status at randomization were strong predictors of
a child receiving any subsequent immunization, but prac-
tice size had no significant effect on immunization out-
comes (Table 2). After controlling for child characteristics
and practice size, reminders had no independent effect on
the probability of children receiving any immunization or
being UTD 3 and 6 months postrandomization. However,
reminders reduced the effect of prior UTD status on re-
ceiving immunizations for the limited reminder group. In
addition, reminders affected the relation between Medic-
aid and immunizations. In the control group, children on
Medicaid were no more likely to receive an immunization
than children without Medicaid, but in the reminder
groups children on Medicaid were more likely to receive
an immunization (limited reminders, OR = 5.2; CI,
1.6-16.6; continuous reminders, OR = 3.1; CI, 1.1-9.0).
The predictive power of the multivariate models ranged
from 68% to 75%. At 3 months, children sent continuous
reminders had 6.3% (95% CI 4.0-12.1%) higher rates of
immunization than the controls (51.2% vs. 44.9% CI:
47.0-55.4% vs 40.8-49.0%, p < .01).
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Table 1. Immunization Status by Study Group (N = 1662)

Study Group

Continuous reminders
Limited reminders
Control

n

549
552
561

At
Randomization

Up-to-date
4:3:l:3t %

49.5
50.2
48.1

3 Months

Received Any
Immunization %

46.8
47.8
45.1

Postrandomization

Up-to-date
DTaPt %

56.5
54.9
52.9

Up-to-date
4:3:l:3t %

51.2**
46.4
44.9

6 Months

Received Any
Immunization %

55.7
56.0
54.4

Postrandomization

Up-to-date
DTaP %

50.1*
48.2
45.8

Up-to-date
4:3:1:3 %

44.1*
42.0
39.2

tDiphtheria-tetanus-acellular pertussis.
1:4 DTaP:3 polio: 1 MMR:3 Hib.
*p < .05.
**p < .01.

Misclassification of Vaccine Doses and False
Reminders

A quarter of the children (n = 425, 25.6%) were mis-
classified as due or late for a DTaP dose and were sent
false reminders. Of these, a small number of children (n =
68) had been vaccinated at the network, but data entry to
EzVAC had been delayed. Most false reminders were sent
to children (n = 357) who were vaccinated by out-of-
network providers. The misclassified children were evenly
distributed across study groups. The average rate for miss-
ing data for a DTaP dose was 30%. Applying the calcu-
lation I - (1 - missing rate per dose) ** (number of
doses),^^ the misclassification error for the four DTaP dose
series would be 76%.

DISCUSSION
Immunization registry reminders triggered by a

provider-based registry were not effective at an inner-city
practice network in New York City. The lack of effectiveness
can be attributed to three major system barriers: incomplete

immunization data, inaccurate patient contact information,
and provider missed opportunities. In our study, 1 in 4
children was sent false reminders, 1 in 6 could not be reached
due to incorrect addresses, and 1 in 6 was not vaccinated due
to provider missed opportunities. If registry-based reminders
are to be effective, the assessment of immunization status
must be accurate at the reminder date; contact information
needs to be current to insure that families actually receive the
reminders, and lastly, providers must be primed and ready to
vaccinate when children return for the requested immuniza-
tions.

The first challenge to registry reminders in inner-city
practices is to complete documentation of immunizations.
With incomplete documentation, reminders triggered by
the registry have unacceptable rates for false reminders,
which we documented through registry linkages. Record
scatter was the major source of incomplete data. Linkage
between registries is part of the solution to this problem,^*
but the completeness of data in the registry also depends
on the consistency and timeliness of provider reporting. In

Tabie 2. Multivariate Models of Immunization Status (3 Months Postrandomization)

Characteristics at
Randomization

Child
Age (reference: 12-17 mo)

1-5 mo
6-11 mo

Ethnicity (reference; not
Latino)

Latino
Insurance (reference: not

Medicaid)
Medicaid

Up-to-date at randomization
Small practice
Study group

Received Any Immunization

Control Group

OR 95% CI*

7.16 3.14-16.3
1.37 0.79-2.38

1.08 0.63-1.85

2.32 0.60-8.92
2.96 1.76-4.98
1.20 0.74-1.94

Overall correct
= 0.69

Sensitivity =
0.76

Specificity =

0.59
n = 561

Limited
Reminders

OR 95% CI

4.65 2.03-10.6
0.84 0.50-1.44

0.80 0.46-1.40

5.20 1.62-16.6
1.85 1.11-3.11
1.44 0.91-2.26
1.11 0.81-1.53
Overall correct

= 0.68
Sensitivity =

0.79
Specificity =

0.54
n = 552

Continuous
Reminders

OR 95% CI

3.02 1.53-6.00
1.27 0.73-2.20

I.OI 0.60-1.69

3.07 1.05-9.02
3.16 1.89-5.30
1.21 0.75-1.94
1.01 0.73-1.40
Overall correct

= 0.69
Sensitivity =

0.78
Specificity =

0.59
n = 549

Control Group

OR 95% CI

1.33 0.67-2.62
1.60 0.87-2.94

0.96 0.55-1.70

1.94 0.49-7.73
7.77 4.45-13.6
0.93 0.56-1.53

Overall correct
= 0.73

Sensitivity =
0.76

Specificity =
0.69

n = 561

Up-to-date

Limited
Reminders

OR 95% CI

1.25 0.62-2.51
1.20 0.68-2.14

1.14 0.65-2.00

1.90 0.66-5.45
5.83 3.37-10.1
0.92 0.58-1.47
0.94 0.67-1.30
Overall correct

= 0.71
Sensitivity =

0.75
Specificity =

0.67
n = 552

Continuous
Reminders

OR 95% CI

0.54 0.28-1.07
2.16 1.10-4.22

0.79 0.45-1.39

2.16 0.73-6.38
10.8 5.77-20.3
0.78 0.47-1.30
1.25 0.89-1.76
Overall correct

= 0.75
Sensitivity =

0.82
Specificity =

0.65
n = 549

*CI indicates confidence interval.
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our study, despite using two registries as sources of data,
immunization coverage and false reminder rates are likely
to be underestimated. This may be especially true for older
children due to the cumulative nature of missing data,^^
Strategies to enhance provider reporting through incen-
tives such as hnkage to the Vaccines for Children Program
merit further study. Another solution is to facilitate timely
provider documentation of immunization through web-
based entry of data at the point of service. The second
challenge to registry reminders in inner-city practices is to
maintain accurate contact information for a population
with high rates of mobility and discontinuity of care.
Alternative procedures for updating addresses in registries
may include linkages to Medicaid and managed care plans,
which may have more current contact information. The
third challenge to registry reminders is to decrease pro-
vider missed opportunities,''*""'"^'' Quality improvement
strategies to reduce missed opportunities need to be cou-
pled with reminders to improve their effectiveness.

An intriguing finding of our study was the variation in
reminder impact, depending on the child's age, prior im-
munization status, and Medicaid, In this inner-city com-
munity, there was a synergism between Medicaid and
reminders. Families on Medicaid have greater access to
health care,^^ and this may have enhanced their respon-
siveness to reminders. Future reminder interventions could
further explore mechanisms for taking advantage of this
synergism among the Medicaid-insured, A study innova-
tion was the use of a simplified reminder algorithm based
on DTaP, Given the increased probability of false remind-
ers with each additional vaccine for which reminders are
sent, the use of a single vaccine indicator could help
reduce false reminders.

In conclusion, this study identified system challenges in
meeting the promise of registry-based reminders to im-
prove immunization coverage in inner-city practices,
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