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Little has advanced the medical care of
children more than vaccines. Immuni-
zation rates for children are improving
but still fall short of national guide-
lines." Increasing diligence in preven-
tative care programs and policies will
be required to reach unimmunized
children and to achieve national goals.
Moreover, the situation is becoming in-
creasingly complicated with the addi-
tion of new vaccines for both young
children and adolescents. Successful
use of immunizations relies on high de-
grees of compliance within the popula-
tion and organization within medical
practices, but there is still uncertainty
regarding which interventions aimed
at increasing vaccination rates are
successful.

The patient-held vaccination record is
an often-used but not well-studied in-
tervention. In addition, there are vary-
ing opinions regarding its importance
and inconsistent emphasis on its
usefulness as a tool.2* Vaccination
records might have effects in 3 promi-
nent ways. First, use of the vaccination
record has the potential to increase
knowledge regarding vaccines and de-
mand by parents and patients for vac-
cines. Second, the record may act
through communication within and be-
tween practices. Third, the record may
reduce missed opportunities to immu-
nize children by acting as a prompt to
parents and providers.

Despite widespread use of vaccination
records, there is little objective infor-
mation on their effectiveness. A 1999
literature review found the evidence
on the subject to be inconclusive,’ par-
ticularly with respect to children.
Since then, a possible association of
vaccination records with improved im-
munization rates was noted,® although
other authors questioned whether
such records are cost-effective, de-
spite their proven popularity.2478 The
use of this simple tool deserves to be
explored further, because a true asso-
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ciation with increased vaccination
rates might induce changes in epide-
miological and clinic-related policies
that could be implemented quickly.

[t is quite possible that the vaccination
record plays a larger role in certain
situations. Situations in which commu-
nication is increasingly important may
benefit the most. Of particular interest
are cases in which multiple health
care providers are used and in which
there are multiple children in 1 house-
hold, because such children are at risk
for underimmunization.! The objective of
this study was to determine whether the
use of vaccination records was associ-
ated with increased vaccination rates,
with particular attention to children who
were at risk because of an increased
need for good communication.

METHODS

An analysis was performed on the
public-use files of the National Immuni-
zation Survey (NIS) from 2004 to 2006.
The National Immunization Program of
the Centers for Disease Control and
Prevention sponsors these surveys,
and the National Center for Health Sta-
tistics conducts them. The methods
of the surveys were published else-
where.? In brief, these are national, val-
idated, stratified, random-digit-dialing
telephone surveys of households with
children 19 to 35 months of age. Demo-
graphic and immunization information
regarding all age-eligible children is
gathered from the parents in this in-
terview. Vaccination data are gathered
directly from the identified vaccine
provider for surveyed children.’® For
the purposes of this study, it is impor-
tant to note that the NIS does not use
data from the vaccination record as
part of the assessment of up-to-date
(UTD) status. Adjustments are made
for biases resulting from nonrespond-
ing and non—telephone-containing
households. Children without ade-
quate provider data were not included

in this analysis. Over the time period
examined, the recommended vaccines
for a child 2 years of age were
diphtheriatetanus-acellular  pertussis/
diphtheria-tetanus vaccine, poliovirus
vaccine, measles-containing vaccine,
Haemophilus influenzae type b vac-
cine, hepatitis B vaccine, pneumococ-
cal conjugate vaccine, influenza vac-
cine, and varicella zoster vaccine.

The main outcome was a provider
record ofthe child being UTD. For these
analyses, UTD was defined as 4
diphtheriatetanus-acellular ~ pertussis/
diphtheria-tetanus vaccine, 3 poliovi-
rus vaccine, 1 measles-containing vac-
cine, 3 Haemophilus influenzae type
b vaccine, and 3 hepatitis B vaccine
doses. This outcome was defined
within the public-use files of the NIS.
Pneumococcal conjugate vaccine, in-
fluenza vaccine, and varicella zoster
vaccine were not examined because the
uptake of these vaccines might not have
been stable over the period studied.

The primary predictor was parental
report of the presence of a patient-
held vaccination record. During the in-
terview, the respondent was asked
whether a written record of the child’s
vaccination history was available. If
the record was available, then the re-
spondent was asked to read informa-
tion directly from the record.”® This
record was not used by the NIS in the
assessment of UTD status.

Variables were chosen to explore the
relationships of demographic features
with both vaccination record use and
UTD status, with emphasis on known
risk factors for underimmunization,
and to explore issues of communica-
tion and prompting.'® For race and
ethnicity, we used a composite race
variable defined by the NIS as His-
panic, white (non-Hispanic), black
(non-Hispanic), and all others (non-
Hispanic). The surveys allowed respon-
dents to indicate multiple races. Re-
spondents who indicated multiple

Downloaded from www.pediatrics.org by on February 17, 2010


http://www.pediatrics.org

races were included in the category of
all others if they did not indicate His-
panic ethnicity.

Maternal education was recorded in 4
categories in the data. This variable
was dichotomized as <12 years ver-
sus =12 years. Depending on the data
collection year, poverty was recorded
in either 2 or 3 categories within the
data. We dichotomized poverty status
as above or below the poverty line. The
language in which the interview was
conducted was categorized as English,
Spanish, or other. The number of chil-
dren in the home was reported in 3
categories, that is, 1, 2 or 3, and =4.
Analyses were performed at each of
these variable levels. The number of
health care providers giving and re-
porting vaccines was recorded in the
data and was dichotomized as 1 versus
>1 for the purpose of our analyses.

The associations between each vari-
able level and the proportion UTD were
assessed with corresponding 95%
confidence intervals (Cls). Bivariate
analyses compared the possession of
avaccination record with UTD status at
each variable level. The significance of
differences inthe mean proportions of
UTD was determined with f tests. Pa-
rameters were considered significant
ifthe Pvalue was <.05 orthe Cl did not
include 1.

We modeled the independent effect of
a parent-held vaccination record on
UTD by using logistic regression. The
model included the dependent vari-
able of being UTD and the independent
variables of vaccination record pos-
session, race/ethnicity, maternal edu-
cation, poverty level, language, num-
ber of children in the home, state
of residence, and number of vaccine
providers.

To account for the complex survey de-
sign, the appropriate strata, clusters,
and weights were applied by following
NIS recommendations, for evaluation
of children with adequate provider

PEDIATRICS Volume 125, Number 3, March 2010

data. Each year’s NIS data set included
weights appropriate for inferences to
the population of children 19 to 35
months of age inthat year inthe United
States. For analysis of our 3-year data
set without overweighting of observa-
tions, the weight for each observation
was divided by 3. This had the effect of
making the weighted data set the aver-
age for the target population of chil-
dren over the time period studied. The
3 years of data were merged and
weights were adjusted by following NIS
recommendations. A weighted popula-
tion of 5 940 204 children, which repre-
sented the average US population of
children 19 to 35 months of age over
the 3-year period studied, was used in
this cross-sectional analysis.

The NIS data are publicly available and
deidentified. This secondary analysis
qualified for exemption from institu-
tional review board approval. We per-
formed our data extraction and recod-
ing by using SAS 9.1 (SAS Institute,

TABLE 1 UTD Status and Use of Records

ARTICLES

Cary, NC) and conducted analyses ap-
propriate for this multistage, complex
survey by using Stata 8.0 (Stata, Col-
lege Station, TX). The Stata software
permits the inclusion of the survey de-
sign variables in the analysis and thus
addresses the complex sampling ap-
propriately, to achieve the best ap-
proximate variances for population es-
timates. Unless stated otherwise, all
rates reported are weighted to reflect
population-based estimates.

RESULTS

The immunization rate for children 19
to 35 months of age over 2004-2006
was 80.8%. Similar to previously re-
ported national data,' there was varia-
tion inthe vaccination rates among the
levels of the variables studied. Table 1
presents the proportions of UTD chil-
dren according to each variable indi-
vidually. There were significant differ-
ences for each variable level with the
exception of language. Black, Hispanic,

Variable Proportion, Estimate (95% Cl), %
utD With Vaccination
Record
All 80.8 (80.2-81.3) 40.8 (40.1-41.5)
Vaccination record
Yes 83.9 (83.1-84.7)
No 78.6 (77.8-79.4)
Race/ethnicity
White 82.5 (81.9-83.2) 38.5 (37.6—-39.3)
Black 76.8 (75.2-78.5) 28.7 (26.8-30.5)
Hispanic 79.6 (78.3-80.8) 51.3 (49.7-52.8)
Other 79.8 (77.8-81.8) 38.6 (36.3—40.9)

No. of children in household
1
2o0r3
=4
Maternal education
=12y
<12y
Poverty status
Above poverty level
Below poverty level
No. of providers
1
Multiple
Language
English
Spanish
Other

85.9 (84.9-86.8)
80.8 (80.0-81.5)
72.0 (70.3-73.8)

81.7 (81.1-82.3)
76.9 (75.3-78.5)

82.5 (81.9-83.1)
76.9 (75.6-78.2)

82.5 (81.8-83.2)
77.3 (76.3-78.4)

80.9 (80.3-91.5)
80.1 (78.3-82.0)
81.4 (76.1-86.6)

42.0 (40.6-43.3)
41.0 (40.1-41.8)
38.0 (36.1-40.0)

39.5 (38.8-40.2)
46.0 (44.1-47.9)

44.7 (43.1-46.3)
38.9 (38.1-39.6)

36.8 (35.9-37.6)
49.6 (48.4-50.9)

37.6 (36.9-38.3)
57.9 (55.7-60.1)
46.2 (39.9-52.6)
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or other race/ethnicity was associated
with lower immunization rates, com-
pared with white race. Other respon-
dent characteristics that were associ-
ated with lower immunization rates
are having multiple children in the
home, low maternal education, income
below the poverty level, and having
multiple providers.

There were differences among vari-
able levels inthe use of the vaccination
record (Table 1). The majority of re-
spondents did not have the child’s vac-
cination record in their possession
(59.2% [95% Cl: 58.5%—59.9%]). There
were statistically significant differ-
ences between ethnicities, with His-
panic subjects wusing vaccination
records most and black subjects least.
Families with multiple children were
less likely to have vaccination records
in their possession than were those
with 1 child. This relationship reached
statistical significance only when 1
child was compared with =4 children,
although a trend of sequential de-
creases with increasing numbers of
children was seen. Maternal education
of <12 years, income below the pov-
erty level, having multiple providers,
and having the interview conducted in
Spanish all demonstrated the largest
proportions of children with vaccina-
tion records available, with statisti-
cally significant differences.

For each variable category, a compar-
ison of the proportions of those UTD
was made between children with vac-
cination records and those without
(Table 2). For all variables, having a
vaccination record was associated
with higher immunization rates. This
was significant at the P << .05 level for
all variable levels with the exception of
Spanish and other languages. For the
whole population, subjects with vacci-
nation records had higher vaccination
rates (83.9% vs 78.6%; P << .0001).
Among ethnicities, the largest effect
was seen in the other category (84.8%

e470 MGELLIGOTT and DARDEN

TABLE 2 Proportion UTD When Vaccination Record Is Used

Variable Proportion, Estimate (95% Cl), % P
UTD With Vaccination ~ UTD Without Vaccination  Difference?
Record Record
All 83.9 (83.1-84.7) 78.6 (77.8-79.4) 5.4 <.001
Race/ethnicity
White 86.2 (85.2-87.2) 80.3 (79.4-81.2) 5.9 <.001
Black 80.4 (77.5-83.3) 75.4 (73.3-77.5) 5.0
Hispanic 81.4(79.7-83.2) 77.6 (75.7-79.5) 3.8
Other 84.8 (82.3-87.3) 76.6 (73.8-79.5) 8.2
No. of children in household
1 88.2 (86.9-89.5) 84.2 (82.9-85.5) 4.0 <.001
20r3 83.9 (82.8-85.0) 78.6 (77.6-79.6) 5.3
=4 76.0 (73.3-78.7) 69.6 (67.4-71.9) 6.4
Maternal education
=12y 84.5 (83.6-85.5) 79.8 (79.0-80.6) 47 <.001
<12y 81.6 (79.6-83.7) 72.9 (70.5-75.2) 8.7
Poverty status
Above poverty level 86.6 (85.8-87.4) 79.9 (79.0-80.8) 6.7 <.001
Below poverty level 80.1 (78.2-82.0) 74.3 (72.6-76.2) 5.8 <.001
No. of providers
1 84.6 (83.5-85.6) 81.3(80.4-82.1) 3.3 <.001
Multiple 82.8 (81.4-84.2) 71.9 (70.3-73.5) 10.9 <.001
Language
English 84.7 (83.8-85.6) 78.6 (77.8-79.3) 6.1 <.58
Spanish 81.1(78.8-83.4) 78.8 (75.8-81.8) 2.3
Other 84.1 (78.4-89.7) 79.0 (70.7-87.3) 5.1

aDifference is the calculated value of the proportion UTD with a vaccination record minus the proportion UTD without a

vaccination record.

vs 76.6%; P << .0001), followed by white
(86.2% vs 80.3%; P << .0001), black
(80.4% vs 75.4%; P < .008), and His-
panic (81.4% vs 77.6%; P < .003). A
larger increase in UTD proportions
was noted for variables associated
with high risks for underimmunization
that likely would benefit from im-
proved communication, such as multi-
ple children in the home (2 or 3 chil-
dren: 83.9% vs 78.6%; P < .0001; =4
children: 76.0% vs 69.6%; P << .0005),
low maternal education (81.6% vs
72.9%; P<<.0001), and multiple provid-
ers (82.8% vs 72.9%; P << .0001).

Table 3 presents the multivariate
model. Controlling for all variables,
having a vaccination record was asso-
ciated with a 62% increase in the odds
of being UTD, compared with not hav-
ing a vaccination record (odds ratio
[OR]: 1.62 [95% Cl: 1.49—1.77]). For rac-
es/ethnicities other than white, there
was a significant reduction in the pro-
portion UTD for black race only in this
analysis. The odds of being UTD were

TABLE 3 Multivariate Analysis Results

Variable OR (95% Cl)

Vaccination record

Yes 1.62 (1.49-1.77)2

No Reference
Race/ethnicity

White Reference

Black 0.83 (0.73-0.93)2

Hispanic 0.94 (0.82-1.06)@

Other 0.89 (0.77-1.03)2
No. of children in household

1 Reference

20r3 0.70 (0.63-0.77)2

=4 0.46 (0.40-0.52)2
Maternal education

=12y Reference

<12y 0.77 (0.68-0.87)2

Poverty status
Above poverty level
Below poverty level
No. of providers
1 Reference

Reference
0.86 (0.77-0.95)2

Multiple 0.70 (0.65-0.76)2
Language

English Reference

Spanish 1.29 (1.07-1.54)2

Other 0.93 (0.63—1.39)

aSignificantly different from the reference group. State of
residence is not shown.

inversely related to the number of chil-
dren in the household (2 or 3 children:
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OR: 0.70 [95% CI: 0.63—0.77]; =4 chil-
dren: OR: 0.46 [95% Cl: 0.40—0.52]). Ma-
ternal education <12 years (OR: 0.77
[95% Cl: 0.68—0.871), income below
poverty level (OR: 0.86 [95% CI: 0.77—
0.951), and multiple providers (OR: 0.70
[95% Cl: 0.65—0.76]) all decreased the
odds of being UTD. The interview being
conducted in Spanish, compared with
English, increased the odds of being
UTD, with controlling for the other vari-
ables (OR: 1.29 [95% Cl: 1.07—1.54]).

Vaccination record use was variable
according to state, ranging from 19%
in Indiana to 57% in Kansas. Inclusion
of state of residence as an indepen-
dent variable in the regression model
is reflected in the results in Table 3.

Figure 1 is a graphical display of the
multivariate analysis results. State
was included in the regression model,
although it is not included in Fig 1. The
possession of a vaccination record
was a strong predictor of being UTD,
relative to the other variables.

DISCUSSION

The NIS data set is a powerful aid inthe
effort to understand the immunization

With Vaccination Record”
Black Race®

Hispanic Race®

Other Race®

2-3 Children in Home*®
4+ Children in Home® ——
< 12 Years Maternal Education®
Below Poverty Line®

Multiple Providers'

Spanish Language®

gaps among young children in the
United States. A consistent, positive as-
sociation of vaccination rates and vac-
cination record use was seen in both
bivariate and multivariate analyses.
Improved odds of being UTD with
the use of patient-held vaccination
records were seen across diverse pop-
ulations. Moreover, several of the
groups with factors that identify chil-
dren who are epidemiologically at high
risk for underimmunization, such as
those with low income and multiple
children in the home, seem to benefit
the most.

The improved immunization rates
associated with use of vaccination
records support the hypothesis that
the records improve communication
between caregivers and providers.
This is consistent with the relatively
large improvements seen with fami-
lies with multiple children, low mater-
nal education, and multiple providers.
The sequentially larger improvements
in vaccination rates seen with increas-
ing numbers of children in the home
suggest that vaccination records may

Other Language®

0 0.2 04 0.6 0.8

1

12 14 16 18 2

Odds Ratio

FIGURE 1

0dds of being UTD according to variable (graphical display of the multivariate model). The points
represent ORs relative to the reference group, and the bars represent the corresponding 95% Cls.
State of residence was included in the model. @ Reference: without a vaccination record. ® Reference:
white race. ¢ Reference: 1 child in the home. 9 Reference: =12 years of maternal education. ¢ Refer-
ence: above the poverty line. f Reference: 1 provider. & Reference: English language.
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have increasing importance in busy
households.

Vaccination records have the potential
to increase the likelihood of children
receiving vaccinations by acting at
both the provider and caregiver levels.
For providers, the record may act as a
prompt to check on the vaccination
status of the child more often, such as
during sick visits. From the caregivers’
perspective, having a sense of owner-
ship over the child’s health mainte-
nance may be beneficial or simply hav-
ing the card as a reminder in the home
may contribute to the effect. Keeping
track ofthe record also may give par-
ents insight into their child’s health
maintenance process. This may lead
to reductions in excess immuniza-
tions and associated excess costs.
Whether the vaccination record
serves as a reminder or an organiza-
tional tool, it seems to have a signif-
icant role in improving vaccination
rates when communication is in-
creasingly important.

There was a large improvement in UTD
proportion for children with multiple
providers. This suggests that the vac-
cination record may act as a tool for
communication between practices.
Therefore, these data also may inform
the discussion on electronic registry
use, because it is worth considering
that a registry may have similar suc-
cess with vaccination improvements.

The cross-sectional data provided by
the NIS limit the ability to infer causal-
ity. The vaccination record may actas a
surrogate marker for caregiver traits
such as organizational ability or may
represent a difference in provider
structures or performance. The signif-
icant, persistent effects seen across
all variables studied suggest that the
vaccination record is more than just a
marker, particularly with the larger
associations seen in the categories of
intuitive interest, as noted above. An-
other potential limitation is that only

ed71
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children with adequate provider data
could be used, although the weights
applied in the analyses do account for
this. Also, there likely is variability
across states and regions in policies
regarding the use of the vaccination
record, which is not addressed with
this study.

The fact that the use of the vaccination
record varies across populations sug-
gests that the vaccination record’s
usefulness as a tool is inconsistently
emphasized. Clinics differ in how much
they use or ask for the vaccination
record, and families likely have differ-
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