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Childhood immunization is a widely accepted
public health strategy and an indicator of ade-
quate health care use. Vaccinations are one of
the simplest and most effective approaches to
protecting the health of our children.' How-
ever, immunization levels are not as high as
they should be.? Healthy People 2010 objec-
tives call for administration of recommended
vaccines to 90% or more of children by the
age of 2 years and elimination of disparities
in primary health key indicators, including
immunizations.>>

Recent studies show that these goals are far
from being met.®” More than 85% of children
aged 19 to 35 months have been projected to
have coverage for diphtheria, tetanus, and
pertussis and varicella. In addition, more than
909% have been projected to have coverage
for measles, mumps, and rubella (MMR);
hepatitis B; and polio and approximately 73%
are projected to have coverage for the 4:3:1:3
series (4 or more doses of diphtheria and
tetanus toxoids and the pertussis vaccine [DTP/
DT, 3 or more doses of poliovirus vaccine, 1
or more doses of measles-containing vaccine
[MCV], and 3 or more doses of Haemophilus
influenzae type b [Hib]).>* Although these
results are promising, there are disparities in
immunization rates among minority and vul-
nerable populations. There are also inconsis-
tencies in administration of vaccinations dur-
ing children’s first 2 years of life.

Many studies have examined factors that
contribute to whether or not children are up to
date on recommended immunizations as well
as immunization compliance rates." ™™ A study
conducted by the Centers for Disease Control
and Prevention showed that 18% of children
in the United States receive the recommended
vaccinations within their first 2 years of life.®
Luman et al. showed that 55% of children
lacked the recommended vaccinations during
the first 2 years of life and that 9% received all
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recommended vaccinations at the recom-
mended ages.”® Hughart et al. found a strong
link between the demographic characteristics of
a child’s family and undervaccination.’ In addi-
tion, research has shown that minority children
in general, but particularly minority children
who live below the poverty line, are less likely
than are White children to have received the
recommended vaccines by age 2 years.”

Immunization rates are also affected by
race/ethnicity, age, and type of vaccine. In
one study focusing on children who entered
kindergarten in 1992, immunization rates
were examined retrospectively from the ages
of 2 to 48 months. At age 16 months, 45%
of non-Hispanic White children had been
vaccinated, as compared with 25% of Black
children, 30% of American Indian children,
30% of White Hispanic children, and 28%
of Asian/Pacific Islander children.” In 2001,
the Centers for Disease Control and Preven-
tion reported that 77% of children aged 19
to 35 months were up to date on the 4:3:
1:3 series.”® Williams et al. reported that
substandard immunization rates were most
prevalent among members of disadvantaged
populations.®

Objectives. We examined the effects of maternal and provider characteristics
on the up-to-date immunization status of children.

Methods. We used data from the 2003 National Immunization Survey to deter-
mine variations in children’s up-to-date status in the 4:3:1:3 immunization series.

Results. Low maternal educational levels and low socioeconomic status were
associated with high 4:3:1:3 series completion rates. Also, completion rates were high
in Hispanic and non-Hispanic Black families with low income-to-poverty ratios.

Conclusions. We found that children of less educated mothers and children in
Hispanic and non-Hispanic Black families with low income-to-poverty ratios were
more likely to have completed the 4:3:1:3 series. Although the reasons for these
results need further exploration in other data sets, possible factors are Hispanics’
positive cultural attitudes regarding the needs and importance of young children
and provision of information on immunizations to low-income minority mothers
who access government-subsidized health care programs. (Am J Public Health.
2007,;97:259-266. doi:10.2105/AJPH.2005.076661)

Some of the factors that affect whether or
not children are up to date on immunizations
include economic, provider, and parental var-
iables; availability of vaccines; and vaccina-
tion policies. In addition, children in house-
holds with 2 or more other children, children
with unmarried mothers having no postsec-
ondary education, non-Hispanic Black chil-
dren, children whose families use public im-
munization service providers, and children in
families in which more than 1 physician pro-
vides immunizations are at increased likeli-
hood of experiencing immunization delays
(ie., delays of 30 days or more above the
recommended vaccination point).?® Improve-
ments in rates of compliance with national
immunization guidelines are imperative. Mell
et al. showed that the rate of full compliance
with recommended immunization guidelines
was about 35.6%, and they showed that
29.7% of children had missed opportunities
for immunizations.**

Dombkowski et al. showed that children
whose parents had health insurance coverage
and a primary source of medical care were
more likely than children with no coverage or
source of care to have been vaccinated at

Kim et al. | Peer Reviewed | Research and Practice | 259



appropriate ages, and these factors also led to
increases in up-to-date immunization rates;
however, provider characteristics did not
have a major influence on up-to-date status.
Health insurance coverage was associated
with a 13% increase in the likelihood of age-
appropriate vaccination and a 2% increase in
up-to-date status for MMR.?* In comparing
children who had a usual source of care and
received at least some of their vaccinations
from that source with children who did not
have a usual source of care, Santoli et al.
found that the former had 1.15 times the
odds of being up to date for the 4:3:1:3 se-
ries.”> Moreover, several studies have exam-
ined the role of maternal characteristics in
immunization rates and found associations
between undervaccination and maternal fac-
tors such as marital status, race, education,
poverty, and age.>**® Given these findings, it
is essential that system-level factors (i.e., ac-
cess to a usual source of care and health in-
surance) and maternal factors be integrated
into programs designed to improve immuniza-
tion rates.?*?9

The purpose of this study was to assess the
effects of maternal and provider characteris-
tics on children’s up-to-date status on age-
appropriate immunization series. We also ex-
pected that unforeseen factors might have
effects on up-to-date status. We hypothesized
that rates of completion of the 4:3:1:3 immu-
nization series would vary according to ma-
ternal sociodemographic characteristics and
number of children aged younger than 18
years in the household and that delays in
completion of age-appropriate immunizations
would be associated with economic barriers
as well as maternal racial/ethnic background.

METHODS

We obtained data for the study from the
2003 version of the National Immunization
Survey (NIS). The NIS, sponsored by the Na-
tional Immunization Program, was a random-
digit-dialing nationwide household survey
focusing on vaccinations.*® The target popula-
tion was children who were aged 19 to 35
months and living in the United States at the
time their mothers were interviewed. The
children covered in the 2003 survey were
born between January 2000 and July 2002.
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Information derived from interviews was
validated via mail surveys completed by the
health care providers who administered the
children’s vaccinations.

NIS data are gathered from 78 Immuniza-
tion Action Plan areas consisting of the 50
states, the District of Columbia, and 27 large
urban areas. These data provide detailed ret-
rospective longitudinal information on vacci-
nation completion rates and timing as well as
sociodemographic characteristics of the child,
mother, and family.

The original sample included 30930 chil-
dren. Our sample was selected according to
the following criteria: the child had complete
provider records indicating the extent to
which vaccines were administered in a timely
manner (n= 13 013); household records were
available showing the child’s up-to-date status
on the 4:3:1:3 immunization series (n=
21738); and there were no missing data on
maternal characteristics included in the statis-
tical analyses. We recognized that by including
the first criterion just described children in
our sample would have a higher likelihood of
being up to date.>® The final sample included
11 860 children aged 19 to 35 months.

Federal guidelines recommend that chil-
dren complete the 4:3:1:3 immunization se-
ries by age 18 months.” Because all of the
children in our study sample were aged 19 to
35 months, the 4:3:1:3 immunization series
should have been completed by the time our
data were collected. The results of prelimi-
nary analyses indicated some inconsistencies
between household and provider records of
children’s up-to-date status. We expected such
inconsistencies as well as inaccuracy of infor-
mation, because not all households reported
up-to-date status using information from their
written vaccination record. In all of our multi-
variate analyses, we accounted for these dis-
crepancies with control for information from
the vaccination record. The NIS collected in-
formation about children’s providers and veri-
fied up-to-date status through reviews of im-
munization records received directly from
providers.

We constructed event indicators from a set
of provider records that included a timetable
of vaccine administrations with respect to
birth date. In particular, we used providers’
records on the timing of the fourth DTP/DT,

third polio, third Hib, and first MCV vaccines.
We classified children as being up to date (ac-
cording to national guidelines) on immuniza-
tions if they had been administered all of the
vaccines included in the 4:3:1:3 immuniza-
tion series by age 18 months. We classified
children as not being up to date if they had
not been administered all of the vaccinations
in the 4:3:1:3 immunization series by their
18th month. We constructed a duration vari-
able to determine the number of months be-
tween birth and completion of the 4:3:1:3
immunization series.

Characteristics assessed as predictors of
up-to-date status included mother’s age and
educational level, race and ethnicity of child,
number of children in the family aged youn-
ger than 18 years, mother’s marital status,
and family income-to-poverty ratio (IPR).
We used child’s race/ethnicity as a proxy of
mother’s race/ethnicity because the NIS does
not report the mother’s race and ethnicity.
Although the NIS collects data on other vari-
ables that can be used as a proxy of mother’s
race/ethnicity (e.g., language in which inter-
view is conducted), we believe that child race/
ethnicity is the best alternative, assuming that
all mothers are biological mothers.

We used the IPR, which compares people’s
income with their poverty threshold (which
was determined using family income, number
of persons in the household, number of chil-
dren in the household, and the 2002 US
Census poverty thresholds) and is expressed
as a fraction, to explore possible variations in
up-to-date status according to socioeconomic
status. The IPR can be used not only to cate-
gorize people as above or below the poverty
line but also to measure degree of poverty.
An IPR of less than 1 indicates that a family
is below the poverty level; an IPR of 1 indi-
cates that a family is at the poverty level; and
an IPR of greater than 1 indicates that a fam-
ily is above the poverty level. We recoded
raw IPR values to construct 4 categories: less
than 1, 1 to 1.99, 2 to 2.99, and 3 or more.

We calculated weighted percentages for
maternal and provider variables according to
children’s up-to-date status. We used univari-
ate logistic regression analyses to assess vari-
ables in terms of their significance as predic-
tors of up-to-date status. Variables shown to
be significant univariate predictors, as well as
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TABLE 1—Weighted Percentages for the Maternal and Provider Characteristics Used in the
Analyses for the Full Sample, by Up-to-Date (UTD) Immunization Status: US National

Immunization Survey, 2003

UTD Status, Weighted % (SD)

Sample Not UTD utD p?
Mother’s age, y .001
<29 45.7(0.8) 50.7 (1.6) 44.4(0.9)
>30 54.3(0.8) 49.3(1.6) 55.6 (0.9)
Mother’s educational level .001
Less than high school 18.1(0.7) 19.5 (1.5) 17.7(0.8)
High school 29.8 (0.7) 32.7(1.6) 29.1(0.8)
Some college 23.2(0.7) 24.1(1.4) 23.0 (0.7)
College 28.9 (0.6) 23.7(1.2) 30.3(0.7)
Child's race/ethnicity® .001
Non-Hispanic other/multiracial 8.6 (0.4) 8.3(0.8) 8.6 (0.5)
Non-Hispanic Black 11.4(0.5) 16.1(1.4) 10.2 (0.5)
Hispanic 23.9(0.6) 22.7(1.4) 24.2(0.7)
Non-Hispanic White 56.1 (0.7) 52.9(1.6) 57.0(0.8)
No. of children aged younger than 18 years .001
>4 13.3(0.6) 19.1(1.4) 11.8(0.6)
2-3 61.2(0.8) 61.5 (1.6) 61.1(0.8)
1 25.5(0.6) 19.4 (1.3) 27.1(0.7)
Mother’s marital status .001
Divorced/separated/widowed,/ deceased 7.9(0.4) 9.9(1.0) 7.4(0.5)
Never married 18.7 (0.6) 23.9(1.5) 17.3(0.7)
Married 73.4(0.7) 66.2 (1.6) 75.3(0.8)
Income-to-poverty ratio .001
<1 25.6 (0.7) 29.4 (1.6) 24.6 (0.8)
1-1.99 25.0(0.7) 27.9(1.5) 24.2(0.8)
2-2.99 15.5(0.5) 16.0 (1.2) 15.4 (0.6)
>3 33.9(0.7) 26.7 (1.4) 35.8(0.8)
Information reported from vaccination card .001
No 36.6 (0.7) 439 (1.7) 34.7(0.8)
Yes 63.4(0.7) 56.1 (1.7) 65.3(0.8)
Provider offers comprehensive care .004
All providers 84.7(0.5) 80.6 (1.4) 85.7(0.6)
Some but not all providers 7.5(0.4) 9.1(0.9) 7.1(0.4
No provider/provider unknown 7.8(0.4) 10.3 (1.1) 7.1(0.4)
Provider offers acute illness care .058
All providers 74.8 (0.6) 71.7 (1.5) 75.6 (0.7)
Some but not all providers 9.4(0.4) 10.8 (1.0) 9.0(0.5
No provider/provider unknown 15.9 (0.5) 17.5(1.3) 15.4 (0.6)
Provider offers follow-up visits .038
All providers 77.1(0.6) 739 (1.5) 78.0(0.7)
Some but not all providers 9.4 (0.4) 10.6 (1.0) 9.0 (0.5
No provider/provider unknown 13.5(0.5) 15.5(1.3) 13.0 (0.6)
Provider offers after-hours telephone services .003
Al providers 62.7 (0.7) 58.5 (1.6) 63.9(0.8)
Some but not all providers 10.5 (0.5) 13.2(1.1) 9.8(0.5)
No provider/provider unknown 26.8 (0.7) 28.3(1.5) 26.4(0.8)
Continued
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those of obvious theoretical importance, were
included in subsequent multivariate analyses.
We used the Kaplan—Meier method to cal-
culate weighted quartile estimates of elapsed
time before completion of the 4:3:1:3 series
and assessed log-rank tests for equality over
strata of 2 variables of theoretical importance,
race/ethnicity and number of children aged
younger than 18 years in the household.
Using variables we had identified as possible
univariate predictors, we constructed multi-
variate Cox proportional hazard regression
models to examine whether maternal charac-
teristics were predictive of variations in rates
of children’s up-to-date status on the 4:3:1:3
series. In particular, we examined how each
factor contributed to delays in completion of
age-appropriate immunizations. All statistical
analyses were performed with SUDAAN with
adjustment for the substantial oversampling
of Immunization Action Plan areas and mem-
bers of certain minority groups in the NIS.*!

RESULTS

Table 1 shows sample characteristics (n=
11 860) stratified according to up-to-date
status, that is, by completion (n=9510) or
noncompletion (n=2350) of the 4:3:1:3 im-
munization series by the age of 18 months.
Forty-six percent of children in the sample
had mothers who were aged 29 years or
younger. A majority of the mothers either
were high-school graduates or had com-
pleted more than 12 years of education. His-
panic and non-Hispanic White children
made up 23.9% and 56.1% of the sample,
respectively. Most children (61.2%) were
from households with 2 or 3 children aged
younger than 18 years; 26% resided in
households with IPRs below 1. Sixty-three
percent of households used information from
the vaccination record to report immuniza-
tion status.

Table 1 also presents the weighted percent-
ages for provider variables, stratified accord-
ing to child’s up-to-date status. Most providers
offered comprehensive care (84.7%), care for
acute illnesses (74.8%), follow-up visits
(77.1%), and after-hours telephone services
(62.7%) and participated in the Vaccines for
Children program (77.4%). Only 25% of pro-
viders offered Special Supplemental Nutrition
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Program for Women, Infants, and Children
(WIC) services or other similar services. Ap-
proximately 62% of facilities were private
(61.80%); only 14.8% were public.
Weighted Kaplan—Meier survival curves
were assessed for number of children aged
younger than 18 years in the household
and child’s racial/ethnic background (data
not shown). Results from log-rank tests al-
lowed us to reject the equality assumption
(P<.001). This finding partially supported
our hypothesis that up-to-date rates would
vary according to child race/ethnicity and
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TABLE 1—Continued
Provider offers WIC program or services .048
All providers 25.4(0.7) 25.2(1.5) 25.5(0.7)
Some but not all providers 8.9(0.5) 11.3(1.1) 8.3(0.5)
No provider/provider unknown 65.7 (0.7) 63.6 (1.6) 66.3 (0.8)
Provider offers other services 038
All providers 7.8(0.4) 9.7 (1.0) 7.3(0.4)
Some but not all providers 6.4 (0.4) 7.1(0.9) 6.2 (0.4
No provider/provider unknown 85.8(0.5) 83.2(1.3) 86.5 (0.6)
Provider reports vaccines to immunization registry 175
All providers 33.7(0.7) 31.4(1.5) 34.3(0.8)
Some but not all providers 8.8(0.4) 9.5(0.9) 8.6 (0.5)
No provider 38.4(0.7) 37.9(1.6) 38.5(1.6)
Unknown 19.2 (0.6) 21.2(1.4) 18.6 (0.7)
Provider participates in Vaccines for Children program .067
Al providers 77.4(0.6) 76.0 (1.4) 77.8(0.7)
Some but not all providers 6.3(0.3) 7.9(0.9) 5.8(0.4)
No provider 8.3(0.4) 7.3(0.8) 8.5(0.5)
Unknown 8.0(0.4) 8.9(1.0) 7.8(0.4)
Provider facility type 184
Al public 14.3(0.5) 149 (1.1) 14.2 (0.6)
Al hospital 7.8(0.4) 7.7(0.9) 7.9(0.5)
All private 61.8(0.7) 58.7 (1.6) 62.7 (0.8)
All military/other 15(0.2) 1.2 (0.3) 1.6 (0.2)
AllWIC 0.3(0.1) 0.3(0.2) 0.2(0.1)
Mixed (1 or more of these subcategories) 9.7(0.5) 11.3(1.1) 9.2(0.5)
Unknown 4.6 (0.3) 5.9(0.8) 4.3(0.3)
Unweighted sample, no.° 11860 2350 9510
Weighted sample, no. 2968008 619771 23482371
Note. WIC = Special Supplemental Nutrition Program for Women, Infants, and Children. National Immunization Survey data
include information relating to UTD status on individual vaccinations as well as several vaccination series. Information about
children’s providers was collected, and UTD status was verified via reviews of immunization records received directly from
providers. Provider records included accurate information on vaccine administration, and age was reported in months and
days. As a result of rounding, column values may not sum to 100.
*Univariate logistic regression models were used to screen for possible predictors of UTD status. Matemal characteristics with
P values below .05 were included in subsequent multivariate analyses.
®Used as a proxy for mother's race/ethnicity.
“Reflects number of respondents included in the analysis.

number of children aged younger than 18
years in the household.

Figure 1 shows cumulative percentages of
children completing the 4:3:1:3 immunization
series according to mother’s race/ethnicity
and household IPR. Children with Hispanic
mothers and children residing in households
with IPRs below 1 were most likely to have
received the required immunizations at or
before 18 months from birth.

Table 2 shows hazard ratios (HRs; ratios
of median survival times) and 95% confi-
dence intervals (CIs) derived from weighted

multivariate Cox regression analyses. Longer
survival times reflected delays in the timely
completion of the 4:3:1:3 immunization se-
ries. Models 1 through 3 suggested that
mother’s age and educational level did not
have any added effects on rates of 4:3:1:3
immunization series completion among His-
panics or non-Hispanic Blacks.

Model 4 showed that children of non-
Hispanic Black mothers (HR=0.85; 95%
CI=0.75, 0.97) were significantly less likely
than children of non-Hispanic Whites to have
completed the 4:3:1:3 immunization series
within 18 months of their birth. Also, model
4 suggested that children of young mothers
had a decreased likelihood of completing the
4:3:1:3 immunization series by this point; the
completion rate was 7% lower among chil-
dren of mothers aged 29 years and younger
(HR=0.93; 95% CI=0.86, 0.99) than
among children of mothers aged 30 years
and older. Marital status and low IPR did not
contribute significantly to further variability
in completion rates among children of non-
Hispanic Black or Hispanic mothers.

Model 6 (Table 2) shows the full model
including all of the predictors assessed. Our
results confirmed previous findings indicat-
ing that the presence in the household of
more than 1 child aged younger than 18
years is predictive of delay in completion of
the 4:3:1:3 immunization series. Completion
rates in families with 4 or more children
aged younger than 18 years (HR=0.68;
959% CI=0.59, 0.78) and those with 2 or 3
children (HR=0.85; 95% CI=0.79, 0.91)
were 32% and 15%, respectively (the refer-
ence group in these comparisons was fami-
lies with 1 child).

Lower completion rates were associated
with single motherhood; the rate among chil-
dren of mothers who had never been married
was 14% (HR=0.86; 95% CI=0.76, 0.96),
whereas the rate among children of mothers
in all other marital status categories com-
bined was 17% (HR=0.83; 95% CI=0.73,
0.96). After we controlled for other factors,
completion rates were higher among children
of mothers with less than 12 years of educa-
tion (HR=1.16; 95% CI=1.01, 1.33) than
among children of mothers with college de-
grees. Delays in completion were associated
with IPRs above 3.
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Immunization Survey, 2003.

In model 7 (Table 3), we tested whether
or not the relationships between mother’s
minority status and rate of timely completion
of the 4:3:1:3 immunization series varied
according to differences in IPRs. We in-
cluded interaction terms between mother’s
race/ethnicity and IPR. We found that the
effects of low IPRs on timely completion
were significantly different among non-
Hispanic Blacks and Hispanics. In a compari-
son of mothers residing in households with
IPRs below 1 and mothers residing in
households with IPRs above 3, hazard ratios
for completing the immunization series were
49% higher for those of non-Hispanic Black
ethnicity (HR=1.04) and 12% higher for
those of Hispanic ethnicity (HR=1.12). Rela-
tive to mothers in the reference category,
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FIGURE 1—Weighted cumulative percentages of children up to date on the 4:3:1:3
immunization series, by race/ethnicity (a) and income-to-poverty ratio (IPR) (b): National

those residing in households with IPRs
above 3, the hazard ratio for timely comple-
tion was 13% (HR=0.81) lower for non-
Hispanic Black mothers residing in house-
holds with IPRs between 1 and 1.99.

We then assessed degrees of variation
within racial/ethnic groups in rates of 4:3:1:3
immunization completion attributable to IPR.
We estimated the main effects model (model 6)
separately with each racial/ethnic group (data
not shown). Among non-Hispanic Blacks, IPR
contributed significantly to variations in com-
pletion rates. The rate of timely completion
was 74% higher among non-Hispanic Blacks
living in households with IPRs below 1 than
among non-Hispanic Blacks living in house-
holds with IPRs above 3 (HR=1.74; 95%
CI=1.17, 2.58). There were no significant

IPR-specific differences among non-Hispanic
Whites or Hispanics.

DISCUSSION

Our results suggest that the presence in a
household of more than 1 child aged youn-
ger than 18 years is associated with delays in
completion of recommended immunizations.
We found that other predictors had varying
influences on completion of the 4:3:1:3 im-
munization series. In particular, single moth-
erhood significantly predicted delays in
completion of appropriate immunizations.
Completion rates also varied according to
mothers’ sociodemographic characteristics.
The significant differences in immunization
rates observed among non-Hispanic Blacks
and Hispanics further suggest that lower
rates of immunization coverage may con-
tribute to continued health disparities in
these groups.

Immunization coverage among children
has increased over the years.**~>* However,
as indicated in this study, disparities continue
in the up-to-date status of children aged
19-35 months. Other studies have shown
that such disparities are increasing and thus
pose a major problem in bridging the gap in
immunization rates among children in differ-
ent racial/ethnic groups.’*3® Chu et al.*® as-
sessed immunization coverage rates among
non-Hispanic White, non-Hispanic Black,
Hispanic, and Asian preschool children and
showed that, from 1996 to 2001, rates of
inequality in coverage between non-Hispanic
White and non-Hispanic Black children in-
creased by an average of 1.1% per year, with
an increase of only 0.5% per year between
non-Hispanic White and Hispanic children.

If the problem of low immunization rates is
to be addressed, the many factors that con-
tribute to low rates, including missed opportu-
nities, inadequate provider participation in
WIC services, parental beliefs, and cultural
factors, must be identified. In so doing, paren-
tal, provider, and system-level causes must be
recognized. Once these factors have been
identified, community-level intervention pro-
grams must be developed to address the role
of each of these groups in existing immuniza-
tion gaps as well as the role they can play in
eliminating disparities.
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TABLE 2—Results of Multivariate Cox Proportional Hazard Regression Analyses (Hazard Ratios [HRs]

and 95% Confidence Intervals [Cls]) Estimating Effects of Selected Characteristics on

Completion of 4:3:1:3 Immunization Series: US National Immunization Survey, 2003

Child’s race/ethnicity
Non-Hispanic other/multiracial
Non-Hispanic Black
Hispanic
Non-Hispanic White (reference)

Mother’s age, y
<29
30 (reference)

Mother's educational level
Less than high school
High school
Some college
College (reference)

No. of children aged younger than

18 years
>4
2-3
1 (reference)

Mother's marital status

Divorced/separated/widowed/
deceased

Never married

Married (reference)

Income-to-poverty ratio
<1
1-1.99
2-2.99
>3 (reference)

Information reported from vaccination

card (control variable)

Model 1, HR (95% Cl)

Model 2, HR (95% CI)

Model 3, HR (95% Cl)

Model 4, HR (95% CI)

Model 5, HR (95% CI)

Model 6, HR (95% Cl)

0.98 (0.88,1.09)
0.84 (0.74,0.95)**
1.11(1.02, 1.21)**
1.00

0.98 (0.81,1.09)
0.84 (0.74,0.96)**
1.11(1.02, 1.22)**
1.00

0.96 (0.90, 1.03)
1.00

0.98 (0.88,1.09)
0.84 (0.74,0.96)**
1.10 (1.01, 1.21)*
1.00

0.97 (0.90, 1.04)
1.00

1.04(0.91,1.18)
0.86 (0.96, 1.04)
0.99 (0.91,1.08)
1.00

0.96 (0.86,1.07)
0.85(0.75,0.97)**
1.11(1.01,1.22)*
1.00

0.93 (0.86, 0.99)*
1.00

1.11(0.97,1.25)
0.99 (0.91,1.07)
1.02 (0.94,1.11)
1.00

0.69 (0.60, 0.79)***
0.86 (0.80, 0.92)***
1.00

0.97 (0.87,1.09)
0.89(0.78,1.02)
1.12 (1.02, 1.23)*
1.00

0.95(0.88,1.02)
1.00

1.16 (1.02, 1.32)*
1.02 (0.94,1.11)
1.04 (0.95,1.13)
1.00

0.68 (0.59, 0.77)***
0.85(0.79, 0.91)***
1.00

0.84(0.73,0.96)**

0.86 (0.77,0.97)**
1.00

No 0.82 (0.76,0.88)***  0.82(0.76,0.88)***  0.82(0.76,0.88)***  0.83(0.77,0.89)***  0.83(0.78,0.89)***
Yes (reference) 1.00 1.00 1.00 1.00 1.00

0.97 (0.87,1.08)
0.89 (0.78,1.02)
1.11(1.01,1.22)*
1.00

0.95(0.88,1.03)
1.00

1.16 (1.01, 1.33)*
1.03(0.94,1.12)
1.05 (0.96, 1.14)
1.00

0.68 (0.59, 0.78)***
0.85(0.79,0.91)***
1.00

0.83(0.73,0.96)***

0.86 (0.76, 0.96)***
1.00

1.01(0.89,1.13)
0.97 (0.88,1.08)
0.93(0.85,1.02)
1.00

0.83(0.78,0.89)***
1.00

Note. All variables included in the multivariate models were treated as time fixed (non-time dependent). A total of 9510 children completed the vaccination series.

*P<.05; **P<.01; ***P<.001.

Previous studies focusing on health care
use have shown that Hispanics and members
of other minority groups are less likely to
use health care services than non-Hispanic
Whites.>” Interestingly, we found the oppo-
site pattern among Hispanic mothers and
mothers at lower educational levels. After
control for mother’s age, educational level,
and marital status; number of children aged
younger than 18 years in the household,;
and household IPR, the rate of 4:3:1:3
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immunization completion was significantly
higher among children of Hispanic mothers
than among children of non-Hispanic White
mothers (HR=1.11; 95% CI=1.01, 1.22).
This result is noteworthy given that 72% of
Hispanics in our sample lived in households
with low IPRs. Interaction effects between
mother’s race/ethnicity and IPR further sug-
gested that completion rates were higher in
Hispanic and non-Hispanic Black families
with low IPRs.

We believe that these patterns observed
among Hispanic and non-Hispanic Black
low-income families are probably attributable
to cultural differences and government-
subsidized health care programs available to
such families. One important factor that we
believe best explains the interactions found
involves the WIC immunization require-
ments. Low-income minority families tend to
receive WIC services more frequently than
non-Hispanic White families, and they must
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TABLE 3—Full Model Including Interaction Effects Between Mother’s Race/Ethnicity and
Family Income-to-Poverty Ratio: US National Immunization Survey, 2003

Child’s race/ethnicity
Non-Hispanic other/multirace
Non-Hispanic Black
Hispanic
Non-Hispanic White (reference)
Income-to-poverty ratio
<1
1-1.99
2-2.99
>3 (reference)
Interaction effects®
Non-Hispanic other/multiracial x IPR <1
Non-Hispanic other/multiracial x IPR 1-1.99
Non-Hispanic other/multiracial x IPR 2-2.99
Non-Hispanic Black < IPR <1
Non-Hispanic Black < IPR 1-1.99
Non-Hispanic Black x IPR 2-2.99
Hispanicx IPR <1
Hispanicx IPR 1-1.99
Hispanic x IPR 2-2.99

Hazard Ratio (95% Confidence Interval)

0.98 (0.85,1.13)
0.63 (0.47,0.84)***
0.97 (0.80,1.18)
1.00

0.87(0.74,1.01)
0.93 (0.83,1.05)
0.92 (0.83,1.02)
1.00

0.89 (0.64,1.25)
1.11(0.83,1.49)
0.95(0.70, 1.30)
1.90 (1.32, 2.74)***
1.48 (1.01,2.19)*
1.20(0.75,1.91)
1.33(1.02, 1.74)*
1.13(0.88, 1.47)
1.13(0.84,1.52)

%nteraction terms between child’s race/ethnicity and IPR.
*P<.05; ***P<.001.

comply with the program’s immunization re-
quirements. Environmental factors could
have played a role as well. That is, providers
in minority communities are more likely to
offer WIC programs and services. The avail-
ability of clinics and community centers of-
fering free vaccinations also could have con-
tributed to these higher rates.

Cultural and ethnic difference in preventive
health measures may further explain the
higher rates of immunization coverage among
Hispanics. Hispanic cultures involve strong
family values, and parents tend to be more
protective of their children.*® Thus, the His-
panic culture’s emphasis on well-being of chil-
dren may amplify awareness of preventive
health measures, leading to higher rates of
immunization in this population.

Limitations

In 2001, results of the NIS showed that
most Hispanic parents believed immuniza-
tions should be received equally by all

February 2007, Vol 97, No. 2 | American Journal of Public Health

Note. IPR=income-to-poverty ratio. Model 7 included all variables used in the main effects model (model 6), but parameters
are not shown here. A total of 9510 children completed the vaccination series.

children. Although percentage differences
were not large, vaccination rates were highest
among Hispanics; therefore, we expected that
Hispanic parents would be more likely to
seek adequate vaccination for their children.
Although such data were not available from
the NIS, it would be interesting to explore in
more depth the ways in which parents make
decisions about immunizations and to assess
their attitudes toward health care.

Most studies that examine immunization
rates are limited in that they use large vol-
umes of cross-sectional data to measure
whether up-to-date status varies in different
subgroups. Our results present a more accu-
rate description of rates of age-appropriate
immunization over time. Additional studies
can continue to improve our knowledge re-
garding disparities in immunization rates.
Large national surveys, such as the one used
in this study, are limited in that they do not
provide detailed understandings of groups
facing multiple social inequities. Our data

were also limited in that we could not exam-
ine individuals living in non—Immunization
Action Plan areas, and we lacked information
on Asian Americans. Future studies should
address these issues.

Conclusions

It is imperative that we focus on maternal
characteristics that are barriers to immuniza-
tion. It is also important that we understand,
as shown by the results of this study, that less
educated mothers and poor mothers from
certain minority groups (in this case, Hispanic
and non-Hispanic Black mothers in families
with low IPRs) can be diligent in ensuring
that their children received the recom-
mended immunizations. Encouragement on
the part of medical care and Medicaid pro-
viders and increased availability of such
programs as Medicaid and WIC will help
increase immunization rates. Providing low-
income minority mothers with the necessary
information about the importance of immu-
nization can overcome lack of formal educa-
tion and empower them to take advantage of
the opportunities available to protect their
children from preventable diseases. Interven-
tions that target individuals and efforts to ad-
dress system-level factors such as health in-
surance coverage and usual source of care
must work in tandem if disparities in immu-
nization are to be eliminated. W
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