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Although childhood immunization coverage
in the United States has reached an all-time
high," racial/ethnic disparities persist at the
national and local levels, even when the ef-
fects of socioeconomic differences are consid-
ered. ™ Although gaps in childhood immu-
nization coverage among racial/ethnic groups
decreased during the past decade and are
substantially smaller than gaps for most other
health care indicators,® we have a national
commitment to “leave no child behind.” Elim-
inating disparities is one of the Healthy People
2010 goals® and one of the 6 overarching
goals identified in the Institute of Medicine’s
Crossing the Quality Chasm report.” In the
present study, we examined racial/ethnic dif-
ferences in immunization coverage rates
among United States children aged 19 to 35
months during the years 1996 through 2001.

METHODS

The National Immunization Survey (NIS) is
conducted annually by the Centers for Dis-
ease Control and Prevention to estimate vacci-
nation coverage among the US population of
19- to 35-month-old children. The NIS is a
random-digit-dialed survey of households with
age-eligible children followed by a mail survey
of the eligible children’s vaccine providers to
obtain vaccination information. Analyses of
NIS data focus on sampled children whose
providers respond to the survey. Although use
of provider data in combination with house-
hold data significantly reduces response error,
provider-reported vaccination status is not
without error and can lead to slight underre-
porting of “true” vaccination coverage levels.
Details of NIS methods appear elsewhere."®°

During the random-digit-dialed portion of
the NIS interview, respondents identify their
child’s race/ethnicity. Respondents are given
the following racial categories from which to
choose: White, Black, American Indian, Asian,
Hispanic, and other.® For the period 1996
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of 0.8% each year.

through 2001, we calculated the percentages
of Hispanic, non-Hispanic White, non-Hispanic
Black, and non-Hispanic Asian children who
were up to date for the 4:3:1:3:3 series (4 or
more doses of diphtheria and tetanus toxoids
and [acellular] pertussis vaccine; 3 or more
doses of poliovirus vaccine; 1 or more doses
of measles-containing vaccine; 3 or more
doses of Haemophilus influenzae type b vac-
cine; and 3 or more doses of hepatitis B vac-
cine). Yearly sample sizes varied, but only
slightly. For 2001, sample sizes were as fol-
lows: Hispanic, 4676; non-Hispanic White,
14 052; non-Hispanic Black, 3555; and non-
Hispanic Asian, 925. We did not consider
other racial/ethnic groups because the num-
ber of children surveyed was small.

Using these coverage levels, we plotted ro-

bust regression models'*"

of annual changes
in the differences in immunization coverage
rates between non-Hispanic Whites and non-
Hispanic Blacks, Hispanics, and Asians, re-
spectively. In robust regression analyses, itera-
tively reweighted least squares are used to
estimate both regression coefficients and stan-
dard errors. The procedure assigns weights to
each of the observations, with high leverage

or influence receiving a lower weight. The

Objectives. We examined current racial/ethnic differences in immunization cov-
erage rates among US preschool children.

Methods. Using National Immunization Survey data from 1996 through 2001,
we compared vaccination coverage rates between non-Hispanic White, non-His-
panic Black, Hispanic, and Asian preschool children.

Results. During the 6-year study period, the immunization coverage gap be-
tween White and Black children widened by an average of 1.1% each year, and
the gap between White and Hispanic children widened by an average of 0.5%
each year. The gap between White and Asian children narrowed by an average

Conclusions. Racial/ethnic disparities in preschool immunization coverage rates
have increased significantly among some groups; critical improvements in iden-
tifying, understanding, and addressing race/ethnicity-specific health care differ-
ences are needed to achieve the Healthy People 2010 goal of eliminating dis-
parities. (Am J Public Health. 2004,;94:973-977)

slopes of these straight-line models indicated
annual changes in differences between immu-
nization coverage rates among non-Hispanic
Whites and the other racial/ethnic groups as-
sessed (with the exception of random varia-
tion, which was constant for all years). A posi-
tive slope signals increasing differences, and a
negative slope signals decreasing differences.
Pointwise 95% confidence intervals (Cls)
were calculated for each regression line. All
calculations were performed with Stata (ver-
sion 7)™ and Minitab (version 12.2)."

We used robust regression for 2 reasons.
First, our data contained several possible out-
liers, such as coverage rates among Hispanics
in 2001 and among non-Hispanic Asians in
1996. The results of robust regression are
much less sensitive to outliers than those of
the more familiar ordinary least squares re-
gression.'”" Second, least squares regression
is valid only when differences between ob-
served and fitted values are normally distrib-
uted. In our study, histograms of differences
(data not presented) suggested skewed distri-
butions, which could cast the results of ordi-
nary least squares regression into serious
doubt but would have relatively little impact
on the results of robust regression.”
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[3=1.14; 95% Cl=0.46, 1.83; P=.01.
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Note. 4:3:1:3:3=4 or more doses of diphtheria and tetanus toxoids and (acellular) pertussis vaccine; 3 or more doses of
poliovirus vaccine; 1 or more doses of measles-containing vaccine; 3 or more doses of Haemophilus influenzae type b
vaccine; and 3 or more doses of hepatitis B vaccine. Dashed lines are 95% confidence intervals for the regression line.

FIGURE 1—4:3:1:3:3 coverage: non-Hispanic Whites vs non-Hispanic Blacks.

TABLE 1—4:3:1:3:3 Coverage, by Race/Ethnicity

Non-Hispanic Hispanics, Non-Hispanic Non-Hispanic
Year Whites, % (95% Cl) % (95% Cl) Blacks, % (95% CI) Asians, % (95% CI)
1996 68.9 (67.7,70.1) 63.7 (60.8, 66.6) 66.8 (64.0, 69.6) 72.2(67.1,77.3)
1997 70.4 (69.3,71.5) 65.7 (62.8, 68.6) 65.6 (62.8, 68.4) 65.8 (60.4,71.2)
1998 75.6 (74.5,76.7) 68.7 (66.0, 71.4) 66.6 (63.9, 69.3) 729 (67.3,78.5)
1999 75.6 (74.5,76.7) 69.6 (67.3,71.9) 69.4 (66.8, 72.0) 73.4 (68.7,78.1)
2000 76.0 (74.9,77.1) 68.5 (66.3, 70.7) 68.2 (65.6, 70.8) 71.2 (66.0, 76.4)
2001 75.2(74.1,76.3) 74.1(72.1,76.1) 67.1(64.4,69.8) 74.1(69.4,78.8)

RESULTS

Immunization coverage rates among non-
Hispanic White, Hispanic, non-Hispanic
Black, and non-Hispanic Asian children 19 to
35 months of age during 1996 through
2001 are presented in Table 1. Regression
lines for the differences in rates between
non-Hispanic Whites and non-Hispanic
Blacks, Hispanics, and Asians, respectively,
are shown in Figures 1, 2, and 3. According
to these models, between 1996 and 2001,
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Note. Cl=confidence interval. 4:3:1:3:3=4 or more doses of diphtheria and tetanus toxoids and (acellular) pertussis
vaccine; 3 or more doses of poliovirus vaccine; 1 or more doses of measles-containing vaccine; 3 or more doses of
Haemophilus influenzae type b vaccine; and 3 or more doses of hepatitis B vaccine.

the immunization coverage gap between non-
Hispanic Whites and non-Hispanic Blacks
widened by an average of 1.1% (95% CI=
0.4%, 1.8%; P=.01) each year, and the gap
between non-Hispanic Whites and Hispanics
widened by an average of 0.5% (95% CI=
—0.5%, 1.5%; P=.14). The gap between non-
Hispanic Whites and non-Hispanic Asians
narrowed by an average of 0.8% (95% CI=
0.0%, 1.6%; P=.06) each year. We have
less uncertainty regarding the trend in the
White—Black gap, because the 95% confi-

dence interval for the slope of this compari-
son did not contain zero.

DISCUSSION

National childhood vaccination coverage
levels have increased substantially through-
out the past decade,™ and immunizations
have succeeded in reaching all populations in
a more effective manner than most other
health interventions; however, until coverage
is completely equitable this success is incom-
plete. Reasons for racial disparities in immu-
nization coverage are incompletely under-
stood but may include the following: limited
minority access to primary care, increased
guardedness among minority parents in
regard to the health care system, misconcep-
tions about the risks and benefits of vaccina-
tion, and diminished application or effective-
ness in minority populations of the standard
recommended interventions used to increase
immunization coverage.”

Limited access to preventive health care,
including immunizations, may be related to
certain known disparities in children’s health
care service use patterns. For example, White
children see physicians at twice the rate of
minority children.'® Black and Hispanic chil-
dren are overrepresented in emergency
rooms and hospital outpatient departments.”
Research on Black preschool children in
inner-city Los Angeles showed that late im-
munizations were more common among chil-
dren who were not consistently connected to
the health care system, and only 25% had
been fully immunized by 24 months of age.*
Assessment of vaccination status and vaccine
delivery is likely to be compromised among
children with fragmented care that results in
greater reliance on irregular health care set-
tings such as emergency rooms.

Patients’ trust in the health care system
and past experience with providers can influ-
ence their acceptance of health care.”® Con-
scious or unconscious stereotypes and atti-
tudes toward certain racial/ethnic groups on
the part of health care providers can signifi-
cantly shape interpersonal interactions and
expectations, although the way in which these
attitudes affect clinical behavior and decisions
is still poorly understood.” Experiences of
discrimination, whether real or perceived,
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Note. 4:3:1:3:3=4 or more doses of diphtheria and tetanus toxoids and (acellular) pertussis vaccine; 3 or more doses of
poliovirus vaccine; 1 or more doses of measles-containing vaccine; 3 or more doses of Haemophilus influenzae type b
vaccine; and 3 or more doses of hepatitis B vaccine. Dashed lines are 95% confidence intervals for the regression line.

FIGURE 2—4:3:1:3:3 coverage: non-Hispanic Whites vs Hispanics.

[3=—0.80; 95% Cl=—1.64, 0.04; P=.06.

10 —
(2]
€ 5
©
o
Q
0
©
€
3
& 0 —
o
o
-5 |
1 1 1 1 T 1
1996 1997 1998 1999 2000 2001
Year

Note. 4:3:1:3:3=4 or more doses of diphtheria and tetanus toxoids and (acellular) pertussis vaccine; 3 or more doses of
poliovirus vaccine; 1 or more doses of measles-containing vaccine; 3 or more doses of Haemophilus influenzae type b
vaccine; and 3 or more doses of hepatitis B vaccine. Dashed lines are 95% confidence intervals for the regression line.

could discourage members of minority groups
from seeking adequate health care or accept-
ing certain preventive services," including
Immunizations.
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FIGURE 3—4:3:1:3:3 coverage: non-Hispanic Whites vs Asians.

Parents who do not believe that the bene-
fits of vaccination exceed its risks may be less
likely to have their children immunized. Al-
though the NIS does not routinely collect

data on parents’ perceptions of vaccination,
some questions that provide insight into this
issue were asked in a special 2001 NIS mod-
ule. Results showed that parents from differ-
ent racial/ethnic groups did not differ regard-
ing whether they believed all children should
receive the same immunizations (95% of
non-Hispanic White parents, 94% of Black
parents, 97% of Hispanic parents, and 78%
of Asian parents responded that all children
should receive the same immunizations);
however, non-Hispanic White parents were
less likely than parents in other racial/ethnic
groups to believe that their children were
likely or very likely to become ill after vacci-
nation (10% of non-Hispanic White parents,
46% of Black parents, 29% of Hispanic par-
ents, and 47% of Asian parents responded
that it was likely or very likely that their chil-
dren would become ill). Although these re-
sponses were based on data from only one
quarter of the NIS sample, and the data from
this module are considered preliminary, such
differences in beliefs could affect acceptance
of vaccination and should be explored further.
Finally, although a number of interventions
are effective in raising immunization coverage
rates,”® the persistent gaps in immunization
coverage among racial/ethnic groups could
indicate that standard recommended inter-
ventions may not be equally applied or suffi-
ciently effective in certain populations. For ex-
ample, the US Task Force on Community
Prevention Services strongly recommends the
use of provider reminder/recall systems for
improving vaccination coverage rates, and
such systems have been shown to be effective
in several settings, raising coverage rates by
an average of 129.2*%' This increase, though
notable, is insufficient to close the gap in
many hard-to-reach populations; an example
is inner-city minority children, among whom
4:3:1:3:3 immunization coverage rates are
considerably lower (23%—57%) than the na-
tional rate (79.1% in 2001).>%*72* Moreover,
these interventions—which rely on stable
provider—patient relationships—are likely to
be less effective in the case of children who
have inadequate or no health insurance cov-
erage and no usual source of health care.
Thus, more concerted efforts or additional
strategies may be needed to address the
needs of minority populations.®® A recent
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study conducted in Monroe County, New York,
extended a recommended practice-level
intervention—patient reminder/recall and out-
reach—to the community level; the result was
significantly decreased racial ethnic disparities
in immunization rates.*® This study applied a
carefully implemented reminder/recall and
outreach intervention to the largest primary
care practices serving an inner-city commu-
nity where a large number of minority chil-
dren resided. Between 1995 and 1999, this
community-wide effort reduced immunization
rate disparities between White and Black chil-
dren (from 13% to 7%) and between White
and Hispanic children (from 15% to 1%). The
authors suggested that applying community-
wide interventions in geographic areas where
minority children reside may reduce dispari-
ties without the need for different interven-
tions according to race or ethnicity.

Interventions that link immunization with
distribution of Special Supplemental Nutrition
Program for Women, Infants, and Children
(WIC) food vouchers have shown improve-
ments in vaccination coverage rates ranging
from 4% to 34% in diverse, low-income pop-
ulations.”"*” Voucher incentive interventions
require families whose children are behind on
immunizations to return to the WIC site more
frequently than would otherwise be required
(e.g., monthly instead of every 2—3 months)
and involve a referral for immunizations at
the child’s medical home, where continuous,
coordinated, family-centered care is given.
This intervention effectively reaches minority
populations, and the average cost per addi-
tional child brought up to date over a 2-year
period is relatively low, ranging from $30 to
$73%%%; however, these linkages involve con-
siderable resource commitment on the part of
WIC clinic staff.

A key goal of Healthy People 2010 is to
eliminate racial/ethnic health disparities. In
line with this goal, we used fitted straight-line
projections to extrapolate immunization cov-
erage differences between non-Hispanic
Whites and the other racial/ethnic groups as-
sessed here through 2010. A major assump-
tion was made with these extrapolations: that
the rate of change in the differences is con-
stant over time. Obviously, a straight line can-
not represent all of the complex factors that
influence differences in immunization cover-
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age rates between Whites and minority
groups, and prediction limits are wide, espe-
cially as one extrapolates further out in time.
But given this critical caveat, if current trends
continue, the gaps in preschool immunization
coverage rates between non-Hispanic Whites
and non-Hispanic Blacks and Hispanics will
widen significantly (2010 coverage differ-
ences: White—Black, 18.8% [95% CI=
11.8%, 25.8%]; White—Hispanic, 13.2%
[95% CI=3.6%, 22.8%]), while the gap be-
tween non-Hispanic Whites and non-Hispanic
Asians will exhibit a reversal, with higher cov-
erage among Asians than among Whites
(2010 Asian—White coverage difference:7.3%
[95% CI=-3.4%, 18.0%)). Because the pre-
diction limits for the Asian—White projection
include zero, this result involves considerable
uncertainty.

However, an assumption we made could in
fact accentuate the differences just noted.
There is some evidence from the NIS that
members of racial/ethnic minority groups are
less likely to provide consent to have their
children’s providers contacted for vaccination
history information. Although statistical ad-
justments are made to correct for this differ-
ence, the correction assumes that racial/
ethnic minority children who do not have
provider-reported vaccination histories are
similar to racial/ethnic minority children who
have such histories. This assumption may not
be exactly correct, and it is possible that chil-
dren without provider data are less likely to
be fully immunized than children with
provider data. If this is the case, the trends in
disparities between White children and Black
or Hispanic children would be greater than
those reported here.

These rough projections should not be
taken as dire predictions but should be
viewed as a call to action. The sources of
these disparities are complex and relate to
both historic and contemporary inequities. To
eliminate disparities, comprehensive, multi-
level strategies should be developed that in-
volve a more complete recognition of the im-
portance of behavioral, social, economic, and
environmental influences on health.*® This is
also a call for increased awareness. Health
disparities must be more carefully measured
and monitored. Current data collection meth-
ods need to be improved so that racial/ethnic

health care disparities are adequately identi-
fied, adequately adjusted in terms of socio-
economic status, and adequately sampled, al-
lowing disparities to be understood at the
local or, at least, state level >

The nation made a commitment to in-
crease overall childhood immunization cover-
age rates with the enactment of the Child-
hood Immunization Initiative in 1993,> and
national childhood coverage rates have risen
substantially. It is possible to eliminate dispar-
ities in immunization, but efforts in this area
will require a similar commitment that is both
broad and sustained. ®
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