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abstract

BACKGROUND AND OBJECTIVES:

The Military Health System provides universal coverage of all
recommended childhood vaccinations. Few studies have examined the effect that being insured by
the Military Health System has on childhood vaccination coverage. The purpose of this study was
to compare the coverage of the universally recommended vaccines among military dependents
versus other insured and uninsured children using a nationwide sample of children.

METHODS:

The National Immunization Survey is a multistage, random-digit dialing survey
designed to measure vaccination coverage estimates of US children aged 19 to 35 months old.
Data from 2007 through 2012 were combined to permit comparison of vaccination coverage
among military dependent and all other children.

RESULTS: Among military dependents, 28.0% of children aged 19 to 35 months were not up to
date on the 4:3:1:3:3:1 vaccination series excluding Haemophilus inﬂuenzae type b vaccine
compared with 21.1% of all other children (odds ratio: 1.4; 95% conﬁdence interval: 1.2–1.6).
After controlling for sociodemographic characteristics, compared with all other US children,
military dependent children were more likely to be incompletely vaccinated (odds ratio: 1.3;
95% conﬁdence interval: 1.1–1.5).
CONCLUSIONS: Lower

vaccination coverage rates among US military dependent children might be
due to this population being highly mobile. However, the lack of a military-wide childhood
immunization registry and incomplete documentation of vaccinations could contribute to the
lower vaccination coverage rates seen in this study. These results suggest the need for further
investigation to evaluate vaccination coverage of children with complete ascertainment of
vaccination history, and if lower immunization rates are veriﬁed, assessment of reasons for
lower vaccination coverage rates among military dependent children.

WHAT’S KNOWN ON THIS SUBJECT: Current
childhood vaccination coverage rates among
military dependents in the United States are not
known. Past studies on childhood vaccination
coverage in military dependents have shown
mixed results, with the majority showing lower
than ideal coverage rates.
WHAT THIS STUDY ADDS: This study analyzes
a national database with 6 years of data and
provider-conﬁrmed vaccination status to
describe the current documented vaccination
coverage rates among military dependents in the
United States.
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Vaccines are considered 1 of the 10
greatest public health achievements
of the 20th century. Each year,
vaccinations save thousands of lives
and result in substantial cost
savings.1,2 Although vaccination is an
important cornerstone of routine
pediatric care, a substantial
proportion of US children remain
susceptible to serious, vaccinepreventable diseases.
The US Department of Health and
Human Services has established
national objectives for select
individual vaccinations and
vaccination series in the Healthy
People 2020 agenda. Most universally
recommended vaccines (eg,
diphtheria-tetanus-acellular pertussis
[DTaP]; polio; measles, mumps, and
rubella; Haemophilus inﬂuenzae type
b [Hib]; hepatitis B; and varicella)
have a target of 90% coverage by
2020 among young children.
According to the 2011 National
Immunization Survey (NIS) of
children aged 19 to 35 months, .1 in
5 (22.4%) US children lack at least 1
recommended dose of DTaP, polio,
measles antigen–containing vaccine,
hepatitis B, or varicella.3 Further
efforts are needed to identify those at
greatest risk of incomplete
vaccination and to resolve health
system factors impeding the
attainment of the 2020 objectives.
A number of sociodemographic and
health system factors have been
identiﬁed as risk factors for
incomplete vaccination.
Sociodemographic characteristics
associated with incomplete
vaccination include nonwhite race/
ethnicity, living in poverty, young
maternal age, low maternal
education, and large household
size.4–11 With respect to health
system factors, barriers to primary
care access, such as long waiting
room times and difﬁculty making
appointments, are also related to
incomplete vaccination.12,13 In
addition, lack of an electronic health
record system and errors in

documentation have been associated
with lower vaccination rates.14–17
Type of health insurance can also play
a role in vaccination coverage rates.
Children with public insurance or
uninsured children have a higher
frequency of incomplete vaccination
than those with private health
insurance.18,19
Children of active-duty military
members comprise 2.6% of the
under-5 population in the United
States20 and represent a population
of special interest because these
children receive all well-child care
and recommended immunizations
free of charge with no copay,
eliminating many ﬁnancial barriers to
attaining high coverage.21 Despite the
lack of such barriers, the 6 studies
conducted to date on childhood
vaccination coverage in military
dependents have shown mixed
results, with the majority showing
lower than ideal vaccination coverage
rates.13,22–26 Several of these studies,
however, have been limited by the
potential biases introduced by the
acute care clinic settings in which
they were conducted.23–25
Furthermore, most were performed
in limited geographic settings and in
single branches of the
military,13,22,24,25 and all were
performed in the mid-1990s, which
also limits their generalizability to the
current situation.
As the United States seeks to achieve
its vaccination objectives, it is
important to understand the extent to
which current ﬁnancing and health
care delivery systems, such as the
universal care system for military
dependents, are on track to reach the
Healthy People 2020 targets and
identify those systems that are
particularly effective or which could
beneﬁt from further improvements.
We therefore undertook a study to
compare the coverage of the
universally recommended vaccines
among military dependents versus all
other insured and uninsured children
using a nationwide sample of children.

METHODS
We used data from the 2007–2012
NIS, an annual random-digit-dial
telephone survey designed to provide
vaccination coverage estimates of
children aged 19 to 35 months in the
United States.27 Until 2011, all NIS
interviews were conducted via
landline telephone. Beginning in
2012, interviews were conducted on
landline and cellular telephones.28
The survey has 2 components,
a questionnaire administered to
a parent or caregiver and a form
mailed to the parent-identiﬁed
vaccination providers. After
ascertaining that there is an eligible
child in the household and obtaining
informed consent, sociodemographic
information is collected and the
name of the child’s vaccination
provider(s) is obtained. Informed
consent is obtained from the person
in the household most knowledgeable
about the eligible child’s
immunization history. Informed
consent to contact the child’s
vaccination provider(s) is obtained at
the end of the interview. A form is
then mailed to providers to obtain
speciﬁc information on the
vaccinations received and the dates of
vaccination. The data collected in
each year’s NIS are weighted to
represent the general US population
of children aged 19 to 35 months.
In 2006, a module was added to the
NIS questionnaire to gather
information on health insurance
coverage of the child, and starting in
2007 this information was added to
the NIS public use ﬁles. If the parent
or caregiver responded “yes” to the
question, “Is child covered by Military
Health Care, TRICARE, CHAMPUS, or
CHAMP-VA?” the child was
considered to be a military dependent
for the purpose of this analysis. If the
answer was “no,” the child was
considered to have other insurance
coverage or to be uninsured. To
obtain sufﬁcient numbers of military
dependent children, we combined
data from the years 2007 through the
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2012 NIS. We limited our study to
those children for whom adequate
provider data were available.
Adequate provider data are deﬁned
and determined by the NIS to mean
sufﬁcient vaccination history
information was obtained from the
provider(s) to determine whether
a child is up to date with respect to
the recommended vaccination
schedule. Inadequate provider data
are deﬁned as having at least 1
identiﬁed provider not respond and
that completeness of provider
immunization history cannot be
determined. All other provider data
are deemed adequate. Adequate and
inadequate provider data deﬁnitions
take into account responses from
identiﬁed provider(s), shot card
documentation, and the child’s
immunization history per the
respondent.
Up-to-date vaccination is deﬁned as
a complete 4:3:1:3:3:1 vaccination
series at the time of interview. This
series includes at least 4 doses of
DTaP; 3 doses of poliovirus vaccine; 1
dose of measles, mumps, and rubella
vaccine (or any measles-containing
vaccine); 3 doses of Hib vaccine; 3
doses of hepatitis B vaccine; and at
least 1 varicella vaccine dose at or
after 12 months. Because of the Hib
vaccine shortage from December
2007 through September 2009, we
used the modiﬁed 4:3:1:_:3:1
vaccination series, which excludes the
Hib vaccine from the series.29
The NIS included data on child,
maternal, and household covariates.
Child data included the child’s gender,
age group at the time of survey
(19–23, 24–29, or 30–35 months),
and race/ethnicity (Hispanic, nonHispanic white, non-Hispanic black,
or non-Hispanic other or mixed race).
Available data on the mothers
included education (#12 years, .12
years non–college graduate, or
college graduate), age (#19 years,
20–29 years, or $30 years), and
marital status (married or never
married, widowed, divorced, or

separated). Household information
was also available for each child on
poverty status as determined by
federal poverty guidelines (below
poverty or at or above poverty), the
number of children ,18 years in
the household (1, 2–3, or $4), the
number of vaccination providers
identiﬁed by respondent (0, 1, or $2),
and geographic mobility status (child
moved states since birth or child has
not moved states since birth).
Because military families are
concentrated in certain states and
coverage levels vary widely between
states, a state tertile variable was
created on the basis of the combined
2007 through 2012 weighted
vaccination coverage levels.
Washington, DC, was considered its
own state for the purposes of creating
the state tertile variable. Children’s
state of residence was based on
current location at the time of the
survey.
In our analysis, we examined the
sociodemographic characteristics and
the coverage for individual vaccines
as well as full 4:3:1:_:3:1 coverage for
military dependents and for all
others. We calculated odds ratios
(ORs) and 95% conﬁdence intervals
(CIs) for not being up to date with the
full series by each of the child
characteristics, including military
dependent status, maternal
characteristics, and household
characteristics. P values were
calculated by using the x2 test. A
logistic regression model was
developed that included those
variables that were thought a priori
to be associated with incomplete
vaccination and could potentially
confound the relationship between
military dependent status and
incomplete coverage. The NIS
weighting assigned for children with
adequate provider data was used in
all analyses to provide nationally
representative estimates.30 All
statistical analyses were performed
by using SAS 9.2 (SAS Institute, Cary,
NC) taking into account the complex
survey design. Because of the large

number of children in the study,
ﬁndings were considered to be
statistically signiﬁcant only if the
P value was #.01.

RESULTS
The 2007–2012 NIS included data on
155 023 children, for whom 105 129
(67.8%) had adequate provider data.
All children with adequate provider
data were included in the description
of risk factors for being not up to
date. Children were excluded from
analyses involving the military
insurance variable if they had missing
information for that variable (n =
1322; 1.3% of children with adequate
provider data). Thus, the total
population included in the ﬁnal
analyses was 103 807. There is no
discernable trend in either increasing
or decreasing undervaccination rates
between 2007 and 2012.
Of the total study population, 3421
(weighted percentage: 2.8%) were
military dependents. The
characteristics of military dependents
and all other children are depicted in
Table 1. Except for child age group
and gender, statistically signiﬁcant
differences were seen for all
characteristics. The military
dependent group was less likely to be
Hispanic and more likely to be nonHispanic white and to have mothers
aged between 20 and 29 years, who
had .12 years of education, and who
were currently married. In addition,
the households of military
dependents were more likely to be at
or above the poverty line and to have
fewer children per household. Finally,
a greater proportion of military
dependents moved state residences
since their birth or had $2
vaccination providers compared with
those who were not military
dependents.
Coverage estimates of individual
vaccines and common vaccine series
are shown in Table 2. Military
dependents had lower levels of
coverage for each of the individual
vaccines, but differences were
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TABLE 1 Characteristics of Military Dependents and All Other Children Aged 19 to 35 Months: NIS, 2007–2012
Characteristic

Child age group
19–23 months
24–29 months
30–35 months
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other, non-Hispanic
Gender
Male
Female
Maternal education
#12 years
.12 years, non–college graduate
College graduate
Maternal age group
#19 years
20–29 years
$30 years
Marital status
Never/widowed/divorced/separated
Currently married
Poverty level
Below poverty
At or above poverty
Vaccine coverage tertile in state of residence
Highest
Middle
Lowest
Number of children in household
1
2–3
$4
Currently living in a state other than birth state
Yes
No
Number of vaccination providers identiﬁed by respondent
0
1
$2

Military Dependents (n = 342; 2.8%),
n (weighted %)

All Others (n = 100 386; 97.2%),
n (weighted %)

1032 (30.6)
1143 (34.8)
1246 (34.6)

29 245 (29.9)
33 880 (34.1)
37 261 (36.0)

2194
304
541
382

61 903
9690
18 460
10 333

Difference Between
Military Dependents
and All Others, P
.69

,.01*
(57.4)
(12.3)
(19.6)
(10.8)

(49.6)
(12.9)
(27.7)
(9.8)
.18

1760 (53.3)
1661 (46.7)

51 388 (51.1)
48 998 (48.9)

633 (34.9)
1376 (35.2)
1412 (29.9)

29 441 (49.3)
26 036 (20.0)
44 909 (30.8)

32 (1.2)
1425 (50.1)
1964 (48.7)

1795 (2.9)
32 793 (39.4)
65 798 (57.8)

379 (15.3)
3042 (84.7)

25 179 (33.8)
75 207 (66.2)

325 (13.7)
2980 (86.3)

22 181 (33.9)
74 697 (62.1)

1011 (28.8)
1519 (54.0)
891 (17.2)

28 870 (26.0)
41 019 (50.3)
30 497 (23.7)

832 (27.0)
2137 (61.5)
452 (11.5)

23 818 (24.2)
62 012 (60.0)
14 556 (15.9)

1262 (39.1)
2159 (61.0)

7038 (6.9)
93 348 (93.1)

4 (0.15)
1663 (45.1)
1754 (54.7)

267 (0.18)
67 754 (65.6)
32 362 (34.3)

,.01*

,.01*

,.01*
,.01*
,.01*

,.01*

,.01*
,.01*

N = 103 807. *Signiﬁcant difference between military dependents and all others at P # .01.

statistically signiﬁcant only for the
DTaP and inactivated polio vaccine
vaccines (77.9% vs 84.3%, P , .01,
and 88.5% vs 93.3%, P , .01,
respectively). In keeping with the
ﬁndings for individual vaccines,
military dependents also had lower
coverage levels of the 4:3:1:_:3:1
series (72.0% vs 77.9%; P , .01).
The risk factors for being not up to
date on the 4:3:1:_:3:1 vaccine series
are presented in Table 3. Children
who were military dependents, were
non-Hispanic black, or who were

younger than 30 months were at
signiﬁcantly higher risk of not being
up to date, as were children whose
mothers had less than a college
education, were aged 20 to 29 years,
or who were not currently married.
Children who came from households
below the poverty line, where there
was .1 child in the household, who
resided in a state in the lowest or
middle tertile of vaccine coverage,
who had moved states since birth, or
who had $2 vaccine providers were
also at signiﬁcantly increased risk.

Children who were non-Hispanic
other race/ethnicity had a lower odds
of incomplete vaccination compared
with white children.
The results of the multivariable
analysis are presented in Table 4. The
odds of not being up to date on
vaccination were 1.3-fold higher in
military dependents compared with
all others (95% CI: 1.1–1.5; P , .01).
Having a mother with less than
a college degree, maternal age 20 to
29 years, being younger than 30
months, having .1 child in the
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TABLE 2 Vaccine Coverage Levels Among Military Dependent and All Other Children Aged 19–35
Months, by Selected Vaccines: NIS, 2007–2012
Vaccination
$ 4 doses DTaPa
$ 3doses IPV
$ 1 dose MCV
$ 1 dose MMR
$ 3doses hepatitis B vaccine
$ 1 dose varicella vaccine
Combined series
4:3:1:_:3:1b

Military Dependents (n = 3421; 2.8%),
n (weighted %; 95% CI)
2679
3088
3066
3035
3057
2988

(77.9;
(88.5;
(90.2;
(89.1;
(89.0;
(87.8;

75.3–80.4)
86.5–90.1)
88.3–92.0)
87.2–91.1)
87.1–90.9)
85.8–89.7)

2476 (72.0; 69.3–74.8)

All Others (n = 100 386; 97.2%),
n (weighted %; 95% CI)
85 813
93 867
92 798
91 853
95 372
90 180

(84.3;
(93.3;
(92.4;
(91.4;
(91.9;
(90.3;

83.9–84.7)
93.0–93.6)
92.1–92.7)
91.1–91.8)
91.6–92.2)
90.0–90.7)

78 550 (77.9; 77.4–78.3)

N = 103 807. IPV, inactivated poliovirus vaccine; MCV, measles-containing vaccine; measles, mumps, and rubella vaccine.
a Also includes children who might have been vaccinated with diphtheria-tetanus toxoids-pertussis vaccine, and diphtheria and tetanus toxoids vaccine.
b Four or more doses of DTaP, $3 doses of poliovirus vaccine, $1 doses of MCV, $3 doses of hepatitis B vaccine, and $1
doses of varicella vaccine.

household, residing in a state in the
lowest or middle tertile of vaccine
coverage, having $2 vaccination
providers, and moving states since
birth remained statistically
signiﬁcant. In the multivariate
analysis, being Hispanic or nonHispanic other race/ethnicity was
associated with a lower odds of
incomplete vaccination compared
with white children.

providers were risk factors for being
not up to date on the 4:3:1:_:3:1
vaccine series. This ﬁnding held true
even after controlling for potential
confounding variables. In
multivariate analysis, being a military
dependent was associated with
a greater risk than low maternal
education, younger maternal age,
living below the poverty level, and
having $2 vaccination providers.

The majority of these children
(81.3%) received their vaccinations
from solely civilian providers or a mix
of military and civilian providers,
whereas 18.7% of these children
received their vaccinations from
solely military providers. Although
not statistically signiﬁcant at the 0.01
level, children who saw solely
military providers had signiﬁcantly
higher rates of incomplete
vaccination compared with children
who did not see military providers
only (35.4% vs 26.3%; P = 0.02). This
ﬁnding remained true in a logistic
regression model controlling for
mobility; the odds of not being up to
date on vaccination were 1.5-fold
higher in military dependents who
received vaccinations from solely
military providers compared with
those who did not see military
providers only (95% CI: 1.1–2.1).

Our study is the ﬁrst in recent years
to examine the vaccination coverage
levels of a large national sample of
military dependent children.
Furthermore, it was based on
provider-reported vaccination data
over a 6-year period. Although the
large sample size of this study
provides high power, the difference
in vaccination coverage between
military dependents and others is
clinically signiﬁcant when some
vaccine-preventable diseases
require a very high coverage to
achieve herd immunity (eg,
measles). A difference in vaccination
coverage of just a few percentage
points can mean the difference in
halting or not halting the spread of
disease in a population.

DISCUSSION
Our study found that being a military
dependent or seeing solely military

Nonetheless, our study has
limitations. First, vaccination
coverage may have been
underreported for some military
dependents. Caregivers may not have
reported all providers, especially if
they had moved frequently or if

multiple providers saw their child.
Failure of caregivers to recall all
vaccination providers would result in
an underrepresentation of
immunization status. Second, the NIS
determined health insurance status at
the time of the survey and it is
possible that some children who were
covered by the Military Health System
when the survey was done may not
have had such coverage previously
and vice versa. Last, the NIS is
a telephone survey and although data
are weighted for nonresponse and
nontelephone households and the
percentage of military dependents in
the NIS was similar to the percentage
in the general population, some bias
may remain.
Despite these limitations, our ﬁndings
are in keeping with 2 previous
population-based household studies
that did not focus on the military but
identiﬁed children covered by the
Military Health System.13,26 The
smaller of the 2, which had a total
study population of 749 children
including 295 military dependents,
was a door-to-door household survey
conducted in the state of Virginia and
which used provider records to verify
vaccine status. After controlling for
sociodemographic variables, military
dependents had higher odds of not
being up to date on recommended
vaccinations at 12 months (OR: 5.2;
95% CI: 2.9–9.5).13 Zhao et al26 used
National Health Information Survey
data for the years from 1993 to 1996
and had a total study population of
7535. This survey, which relied on
parental or caregiver report of
vaccination history, revealed that
being a military dependent was a risk
factor for incomplete vaccination
after controlling for parental or
caregiver educational level and
urbanicity; children with military
health insurance had an OR of 0.41
(95% CI: 0.28–0.61) of being up to
date on the 4:3:1:3 vaccine series.
Both studies, however, were
conducted in the 1990s and the
applicability of ﬁndings to the current
situation is not clear.
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TABLE 3 Risk Factors for Not Being Up to Date on the 4:3:1:_:3:1 Vaccination Series Among
Children Aged 19 to 35 Months: NIS, 2007–2012
Characteristic
Military dependent
Yes
No
Child age group
19–23 months
24–29 months
30–35 months
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other, non-Hispanic
Gender
Male
Female
Maternal education
#12 years
.12 years, non–college graduate
College graduate
Maternal age group
#19 years
20–29 years
$30 years
Marital status
Never/widowed/divorced/separated
Currently married
Poverty level
Below poverty level
At or above poverty level
Vaccine coverage tertile in state of residence
Highest
Middle
Lowest
Number of children in household
1
2–3
$4
Currently living in a state other than birth state
Yes
No
Number of vaccination providers identiﬁed by respondent
0
1
$2

n

Not Up to Date on 4:3:1:_:3:1
Series, n (weighted %; 95% CI)

3421
100 386

945 (28.0; 25.2–30.7)
21 836 (22.1; 21.7–22.6)

30 683
35 475
38 971

8800 (29.5; 28.6–30.4)
7215 (20.6; 19.9–21.4)
7083 (17.9; 17.2–18.6)

64 579
10 188
19 444
8955

14 135
2445
4205
2313

(22.5;
(24.8;
(21.7;
(19.8;

21.9–23.1)
23.5–26.1)
20.6–22.8)
18.5–21.2)

53 841
51 288

12 018 (22.4; 21.8–23.0)
11 080 (22.2; 21.5–22.9)

30 773
27 688
46 668

7624 (24.2; 23.4–24.9)
6404 (22.8; 21.9–23.7)
9070 (18.9; 18.3–19.6)

1880
34 745
68 504

459 (24.5; 21.2–27.8)
8436 (25.7; 23.9–25.4)
14 203 (20.6; 20.0–21.1)

26 072
79 057

6343 (24.2; 23.3–25.1)
16 755 (21.3; 20.8–21.9)

23 026
78 329

5789 (24.9; 24.0–25.9)
16 474 (21.0; 20.5–21.6)

30 306
43 083
31 740

5587 (19.1; 18.3–19.8)
9267 (22.2; 21.5–23.0)
8244 (26.1; 25.3–26.9)

24 924
64 916
15 289

4746 (19.1; 18.2–19.9)
13 706 (21.7; 21.1–22.3)
4646 (29.4; 28.1–30.7)

8402
96 727

2374 (29.4; 27.5–31.3)
20 724 (21.7; 21.2–22.2)

289
70 319
34 518

289 (100)
14 689 (21.4; 20.9–22.0)
8119 (23.5; 22.7–24.4)

N = 103 807. The 4:3:1:_:3:1 vaccination series = $4 doses of DTaP, $3 doses of poliovirus vaccine, $1 doses of measlescontaining vaccine, $3 doses of hepatitis B vaccine, and $1 doses of varicella vaccine.

By contrast, 4 studies showed
coverage levels among military
dependents to be greater than those
obtained in the general population at
the time the surveys were performed
in the mid-1990s.31 However, 3 of the
studies were performed in acute care
settings, resulting in limited
generalizability to the overall US
military dependent population.23–25
The fourth study used the Defense

Enrollment Eligibility Reporting
System to identify the study
population, but the data were
collected from a single site with
a small study population of 457
children.22
Reducing ﬁnancial barriers to
vaccinations has been shown to result
in improvements in coverage.
Initiated in 1994, the Vaccines for
Children (VFC) Program was

designed to reduce the ﬁnancial
barrier for children who were eligible
for Medicaid, uninsured or
underinsured, or American Indian/
Alaska Native.32 Vaccination coverage
rates for the 4:3:1 vaccine series (at
least 4 doses of diphtheria-tetanuspertussis vaccine or diphtheriatetanus toxoid, 3 doses of poliovirus
vaccine, 1 dose of any measlescontaining vaccine) increased from
75% of children aged 19 to 35
months in 1994 to 81% of children
aged 19 to 35 months in 1998, 1 year
after nearly all states had
implemented the VFC program.31,33
The VFC program may be in part
responsible for the lack of association
between coverage and type of health
insurance (public, private, or
uninsured) in the 2000 to 2003 NIS
surveys, a ﬁnding that persisted after
controlling for sociodemographic
variables.18,34
It is not clear why military
dependents have reported lower
rates of vaccination coverage in this
study given their universal access to
all recommended vaccinations and
well-child care visits, without copays
or cost sharing.21 Furthermore,
military dependents exhibited some
protective factors against incomplete
vaccination. Compared with all other
children in the study population,
military dependents were more
likely to live at or above the poverty
level and to have mothers who had
.12 years of education, were older
than 19 years, or were currently
married. However, military
dependents were more likely to have
moved cities since birth or have $2
health care providers, both risk
factors for being not up to date on
childhood vaccinations. Still, even
after controlling for these risk
factors, being a military dependent
resulted in higher odds of being not
up to date.
The military is a highly mobile
population and such mobility is
essentially a nonmodiﬁable risk
factor in this population. Mobility can
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TABLE 4 Final Logistic Regression Model of Risk Factors for Not Being Up to Date on 4:3:1:_3:1
Vaccination Coverage of Military Dependent Children Aged 19 to 35 Months: NIS,
2007–2012
Characteristic

OR (95% CI)

Military dependent
Yes
No
Child age group
19–23 months
24–29 months
30–35 months
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Other, non-Hispanic
Gender
Male
Female
Maternal education
# 2 years
.12 years, non–college graduate
College graduate
Maternal age group
#19 years
20–29 years
$30 years
Marital status
Never/widowed/divorced/separated
Currently married
Poverty level
Below poverty level
At or above poverty level
Vaccine coverage tertile in state of residence
Highest
Middle
Lowest
Number of children in household
1
2–3
$4
Currently living in a state other than birth state
Yes
No
Number of vaccination providers identiﬁed by respondent
0
1
$2

1.3 (1.1–1.5)
referent
2.0 (1.9–2.1)
1.2 (1.1–1.3)
Referent
Referent
1.0 (0.9–1.1)
0.8 (0.8–0.9)
0.8 (0.8–0.9)
Referent
1.0 (0.9–1.0)
1.2 (1.1–1.3)
1.1 (1.1–1.2)
Referent
1.2 (0.9–1.5)
1.2 (1.1–1.3)
Referent
1.1 (1.0–1.2)
Referent
1.0 (0.9–1.1)
Referent
Referent
1.3 (1.2–1.3)
1.5 (1.4–1.7)
Referent
1.3 (1.2–1.4)
1.9 (1.7–2.1)
1.5 (1.3–1.7)
Referent
N/A
Referent
1.1 (1.0–1.2)

N = 103 807. The 4:3:1:_:3:1 vaccination series = $4 doses of DTaP, $3 doses of poliovirus vaccine, $1 doses of measlescontaining vaccine, $3 doses of hepatitis B vaccine, and $1 doses of varicella vaccine. N/A, not applicable.

be associated with children having
multiple health care providers, which
may relate to incomplete reporting of
providers by caregivers, leading to an
incomplete provider record check and
record scattering. Record scattering
can compromise the ability to
accurately depict a population’s
vaccination coverage.35,36 Barriers to
establishing new primary care
providers with each move may

impact vaccination rates. In addition,
providers may be relying on caregiver
recall due to lack of documentation to
determine a child’s immunization
status. The Military Health System
does have electronic medical records,
which, in theory, should lessen the
risk associated with moving or having
multiple providers. However, it does
not have a comprehensive childhood
immunization registry. Studies have

shown that immunization registries
allow for more accurate surveillance
of vaccination coverage rates, rather
than relying on medical record
review.37,38 Within the military
system, routine entry of vaccination
data into records is problematic
because in military treatment
facilities failure to capture such data
does not have the economic
consequences seen in other settings.
In addition, children may receive
vaccinations at nonmilitary facilities
where information is not readily
shared with the military treatment
facilities. As mentioned in the study
limitations, the extent to which the
lack of accurate and complete records
rather than lack of actual vaccinations
may have affected the results of this
study is not known.
In addition to issues around recordkeeping in a highly mobile
population, other barriers associated
with low childhood vaccination rates
among military dependents have
been missed opportunities, long clinic
waiting times, and difﬁculty making
appointments.13,39 Furthermore, in
some military treatment facilities,
vaccinations are performed in
separate clinic areas, which may also
present an additional barrier,
especially if clinic waiting times to
see the primary care provider are
already prolonged. Many of these
barriers have been addressed by the
implementation of a primary care
medical home model within the
Military Health System. This new
model of military health was
designed to streamline the delivery
of primary care in the military and
continues to evolve. Still, currently
existing system barriers need to be
researched further and more fully
described to begin understanding
the reason for lower vaccination
coverage rates among military
dependent children and to ﬁnd
a solution to increase the coverage in
this population.
As the United States seeks to reform
its health care system, it is essential
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that we understand how policies will
affect health indicators. The
Affordable Care Act mandates that all
new health insurance plans offer all
childhood vaccinations recommended
by the Advisory Committee on
Immunization Practices at no cost to
the patient, including eliminating all
copays and cost-sharing
arrangements.40 All risk factors
associated with incomplete
vaccination, including ﬁnancial
barriers, should be clearly identiﬁed
and addressed to ensure adequate
vaccination coverage and to minimize
the morbidity and mortality due to
vaccine-preventable diseases.

CONCLUSIONS
Drawing from a database of providerreported vaccination status, we show
that compared with a national sample,
children who are military dependents
are less likely to be fully vaccinated.
The reasons for this association are not
clear and likely range from children
being truly undervaccinated to lack of
accurate and complete vaccination
documentation. If the actual reason is
the former, then a systematic process
to identify individuals who are not up
to date on vaccinations may be needed.
If the latter is the cause, a more robust
method of documenting vaccinations

may be needed. The NIS relies on
caregivers to recall all vaccination
providers, and thus limits the use of
the NIS to draw ﬁrm conclusions in the
highly mobile military dependent
population. Immunization registries
can help document vaccinations and
identify which vaccinations are
necessary to ensure a child is up to
date, which is especially important in
populations with multiple providers.41
Additional studies should be
conducted to verify our ﬁndings and to
further elucidate system factors
associated with the reported
incomplete vaccination within the
Military Health System.

Accepted for publication Feb 26, 2015
Address correspondence to Angela C. Dunn, MD, MPH, Department of Family and Preventive Medicine, University of California San Diego, 9500 Gilman Dr, No. 0811, La
Jolla, CA 92093-0811. E-mail: acdunn@cdc.gov
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2015 by the American Academy of Pediatrics
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: No external funding.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.

REFERENCES
1. Centers for Disease Control and
Prevention. Ten great public health
achievements—United States, 2001-2010.
MMWR Morb Mortal Wkly Rep. 2011;
60(19):619–623
2. Zhou F, Shefer A, Wenger J, et al.
Economic evaluation of the routine
childhood immunization program in the
United States, 2009. Pediatrics. 2014;
133(4):577–585
3. Centers for Disease Control and
Prevention. National, state, and local
area vaccination coverage among
children aged 19-35 months—United
States, 2011. MMWR Morb Mortal Wkly
Rep. 2012;61(35):689–696
4. Chu SY, Barker LE, Smith PJ. Racial/
ethnic disparities in preschool
immunizations: United States, 19962001. Am J Public Health. 2004;94(6):
973–977
5. Wood D, Donald-Sherbourne C, Halfon N,
et al. Factors related to immunization
status among inner-city Latino and

African-American preschoolers.
Pediatrics. 1995;96(2 pt 1):295–301
6. Klevens RM, Luman ETUS. U.S. children
living in and near poverty: risk of
vaccine-preventable diseases. Am J Prev
Med. 2001;20(4 suppl):41–46
7. Gust DA, Strine TW, Maurice E, et al.
Underimmunization among children:
effects of vaccine safety concerns on
immunization status. Pediatrics. 2004;
114(1). Available at: www.pediatrics.org/
cgi/content/full/114/1/e16
8. Luman ET, McCauley MM, Shefer A, Chu
SY. Maternal characteristics associated
with vaccination of young children.
Pediatrics. 2003;111(5 pt 2):1215–1218
9. Schuller KA, Probst JC. Factors
associated with inﬂuenza vaccination
among US children in 2008. J Infect
Public Health. 2013;6(2):80–88
10. Kim SS, Frimpong JA, Rivers PA,
Kronenfeld JJ. Effects of maternal and
provider characteristics on up-to-date
immunization status of children aged 19

to 35 months. Am J Public Health. 2007;
97(2):259–266
11. Lieu TA, Black SB, Ray P, Chellino M,
Shineﬁeld HR, Adler NE. Risk factors for
delayed immunization among children in
an HMO. Am J Public Health. 1994;84(10):
1621–1625
12. Connors J, Arushanyan E, Bellanca G,
et al. A description of barriers and
facilitators to childhood vaccinations in
the military health system. J Am Acad
Nurse Pract. 2012;24(12):716–725
13. Morrow AL, Rosenthal J, Lakkis HD, et al.
A population-based study of access to
immunization among urban Virginia
children served by public, private, and
military health care systems. Pediatrics.
1998;101(2). Available at: www.pediatrics.
org/cgi/content/full/101/2/E5
14. Fiks AG, Grundmeier RW, Biggs LM,
Localio AR, Alessandrini EA. Impact of
clinical alerts within an electronic health
record on routine childhood
immunization in an urban pediatric

Downloaded from www.aappublications.org/news by guest on November 28, 2020
PEDIATRICS Volume 135, number 5, May 2015

e1155

population. Pediatrics. 2007;120(4):
707–714
15. Dini EF, Linkins RW, Sigafoos J. The
impact of computer-generated messages
on childhood immunization coverage. Am
J Prev Med. 2000;19(1):68–70
16. Irigoyen MM, Findley S, Wang D, et al.
Challenges and successes of
immunization registry reminders at
inner-city practices. Ambul Pediatr. 2006;
6(2):100–104
17. Johnson KB, Davison CL. Information
technology: its importance to child
safety. Ambul Pediatr. 2004;4(1):
64–72

24. Lopreiato JO, Moriarty R. Immunization
status of a military dependent
population. Mil Med. 1993;158(6):371–373
25. Jones WS, Hall BH, Smalley JR, Schelonka
RL, Butzin CA, Ascher DP. Immunization
status of preschool children in a military
clinic. Arch Pediatr Adolesc Med. 1994;
148(9):986–989
26. Zhao Z, Mokdad AH, Barker L. Impact of
health insurance status on vaccination
coverage in children 19-35 months old,
United States, 1993-1996. Public Health
Rep. 2004;119(2):156–162

Prevention. National, state, and urban
area vaccination coverage levels among
children aged 19-35 months—United
States, 1998. MMWR CDC Surveill Summ.
2000;49(9 SS09):1–26
34. Allred NJ, Wooten KG, Kong Y. The
association of health insurance and
continuous primary care in the medical
home on vaccination coverage for 19- to
35-month-old children. Pediatrics. 2007;
119(suppl 1):S4–S11
35. Smith PJ, Stevenson J. Racial/ethnic
disparities in vaccination coverage by 19
months of age: an evaluation of the impact
of missing data resulting from record
scattering. Stat Med. 2008;27(20):4107–4118

18. Santoli JM, Huet NJ, Smith PJ, et al.
Insurance status and vaccination
coverage among US preschool children.
Pediatrics. 2004;113(6 suppl):
1959–1964

27. Centers for Disease Control and
Prevention. NIS—datasets and related
documentation for the National
Immunization Survey, 2005 to present.
Available at: www.cdc.gov/nchs/nis/
data_ﬁles.htm. Accessed March 22,
2013

19. Smith PJ, Stevenson J, Chu SY.
Associations between childhood
vaccination coverage, insurance type,
and breaks in health insurance
coverage. Pediatrics. 2006;117(6):
1972–1978

28. Centers for Disease Control and
Prevention. National, state, and local
area vaccination coverage among
children aged 19-35 months—United
States, 2012. MMWR Morb Mortal Wkly
Rep. 2013;62(36):733–740

20. US Department of Defense, Ofﬁce of the
Deputy Under Secretary of Defense
(Military Community and Family Policy).
Demographics 2010: Proﬁle of the
military community. Available at: http://
www.militaryonesource.mil/12038/MOS/
Reports/2010_Demographics_Report.
pdf. Accessed April 6, 2013

29. Santibanez TA, Shefer A, Briere EC, Cohn
AC, Groom AV. Effects of a nationwide Hib
vaccine shortage on vaccination
coverage in the United States. Vaccine.
2012;30(5):941–947

38. Kempe A, Beaty BL, Steiner JF, et al. The
regional immunization registry as
a public health tool for improving
clinical practice and guiding
immunization delivery policy. Am J Public
Health. 2004;94(6):967–972

30. Smith PJ, Battaglia MP, Huggins VJ, et al.
Overview of the sampling design and
statistical methods used in the National
Immunization Survey. Am J Prev Med.
2001;20(4 suppl):17–24

39. Mancuso JD. A limited measles outbreak
in U.S.-born children living in a military
community in Germany after vaccine
refusal and other vaccination delays. Mil
Med. 2008;173(8):776–779

31. Centers for Disease Control and
Prevention. State and national
vaccination coverage levels among
children aged 19-35 months—United
States, April-December 1994. MMWR.
1995;44(33):619–623

40. US Department of Health and Human
Services. The Affordable Care Act and
Immunization. Available at: http://www.
hhs.gov/healthcare/facts/factsheets/
2010/09/The-Affordable-Care-Act-andImmunization.htmlImmunization.html.
Accessed April 6, 2013

21. US Department of Defense. See what’s
covered—immunizations. TRICAREcovered immunizations. Available at:
www.tricare.mil/CoveredServices/
IsItCovered/Immunizations.aspx.
Accessed February 20, 2013
22. Weese CB, Krauss MRA. A ‘barrier-free’
health care system does not ensure
adequate vaccination of 2-year-old
children. Arch Pediatr Adolesc Med.
1995;149(10):1130–1135
23. Lopreiato JO, Ottolini MC. Assessment of
immunization compliance among
children in the Department of Defense
health care system. Pediatrics. 1996;
97(3):308–311

32. Hinman AR, Orenstein WA, Schuchat A;
Centers for Disease Control and
Prevention. Vaccine-preventable
diseases, immunizations, and MMWR—
1961-2011. MMWR Surveill Summ. 2011;
60(suppl 4):49–57
33. Herrera GA, Smith P, Daniels D, et al;
Centers for Disease Control and

36. Stokley S, Rodewald LE, Maes EF. The
impact of record scattering on the
measurement of immunization coverage.
Pediatrics. 2001;107(1):91–96
37. Stille CJ, Christison-Lagay J. Determining
immunization rates for inner-city infants:
statewide registry data vs medical
record review. Am J Public Health. 2000;
90(10):1613–1615

41. USA.gov. Increasing appropriate
vaccination: immunization information
systems. The Guide to Community
Preventive Services. Available at: www.
thecommunityguide.org/vaccines/
universally/imminfosystems.html.
Accessed November 1, 2013

Downloaded from www.aappublications.org/news by guest on November 28, 2020
e1156

DUNN et al

Childhood Vaccination Coverage Rates Among Military Dependents in the
United States
Angela C. Dunn, Carla L. Black, John Arnold, Stephanie Brodine, Jill Waalen and
Nancy Binkin
Pediatrics 2015;135;e1148
DOI: 10.1542/peds.2014-2101 originally published online April 13, 2015;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/135/5/e1148

References

This article cites 35 articles, 9 of which you can access for free at:
http://pediatrics.aappublications.org/content/135/5/e1148#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Preventive Medicine
http://www.aappublications.org/cgi/collection/preventative_medicine
_sub
Public Health
http://www.aappublications.org/cgi/collection/public_health_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on November 28, 2020

Childhood Vaccination Coverage Rates Among Military Dependents in the
United States
Angela C. Dunn, Carla L. Black, John Arnold, Stephanie Brodine, Jill Waalen and
Nancy Binkin
Pediatrics 2015;135;e1148
DOI: 10.1542/peds.2014-2101 originally published online April 13, 2015;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/135/5/e1148

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 345 Park Avenue, Itasca, Illinois, 60143. Copyright © 2015
by the American Academy of Pediatrics. All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on November 28, 2020

