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Objectives: To examine patterns and trends of under-
vaccination in children aged 2 to 24 months and to com-
pare health care utilization rates between undervacci-
nated and age-appropriately vaccinated children.

Design: Retrospective matched cohort study.

Setting: Fight managed care organizations of the Vac-
cine Safety Datalink.

Participants: Children born between 2004 and
2008.

Main Exposure: Immunization records were used to
calculate the average number of days undervaccinated.
Two matched cohorts were created: 1 with children who
were undervaccinated for any reason and 1 with chil-
dren who were undervaccinated because of parental
choice. For both cohorts, undervaccinated children were
matched to age-appropriately vaccinated children by birth
date, managed care organization, and sex.

Main Outcome Measures: Rates of undervaccina-
tion, specific patterns of undervaccination, and health care
utilization rates.

Results: Of 323 247 children born between 2004 and 2008,
48.7% were undervaccinated for at least 1 day before age
24 months. The prevalence of undervaccination and spe-
cific patterns of undervaccination increased over time
(P<.001). In amatched cohort analysis, undervaccinated
children had lower outpatient visit rates compared with chil-
dren who were age-appropriately vaccinated (incidence rate
ratio [IRR],0.89; 95% CI, 0.89-0.90). In contrast, under-
vaccinated children had increased inpatient admission rates
compared with age-appropriately vaccinated children
(IRR,1.21; 95% CI, 1.18-1.23). In a second matched co-
hort analysis, children who were undervaccinated be-
cause of parental choice had lower rates of outpatient vis-
its (IRR,0.94; 95% CI, 0.93-0.95) and emergency
department encounters (IRR,0.91; 95% CI, 0.88-0.94) than
age-appropriately vaccinated children.

Conclusions: Undervaccination appears to be an in-
creasing trend. Undervaccinated children appear to have
different health care utilization patterns compared with
age-appropriately vaccinated children.
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MMUNIZATION IS ONE OF THE MOST
significant public health achieve-
ments of the past 100 years. How-

logic challenges. First, identifying chil-
dren on intentional alternative vaccina-
tion schedules may be difficult because
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ever, an increasing number of
parents have expressed con-
cerns about immunizations, and survey
data'” have shown that more than 10% of
parents report delaying or refusing cer-
tain vaccinations for their children. These
concerned parents often request alterna-
tive vaccination schedules that either in-
crease the time between vaccinations or re-
duce the number of vaccinations in a single
well-child visit. Despite their concerns,
however, the safety of alternative vacci-
nation schedules is not known.
In an observational setting, examin-
ing the safety of alternative vaccination
schedules poses significant methodo-

there are many potential causes of under-
vaccination, including missed oppor-
tunities, barriers to health care, missing
immunization records, and medical con-
traindication to vaccination. Because

For editorial comment
see page 304

vaccine-hesitant parents have a wide range
of opinions on the benefits and risks of vac-
cination, it is also likely that there are nu-
merous alternative schedules to study.
Finally, parents who delay or refuse vac-
cinations may exhibit different health care—
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seeking behaviors than parents who allow vaccination ac-
cording to the recommended schedule of the Advisory
Committee on Immunization Practices (ACIP).° The lat-
ter issue is particularly problematic because systems for
active safety surveillance rely on automated health care
utilization data to identify vaccine adverse events. These
potential challenges suggest that, before conducting stud-
ies on the safety of alternative vaccination schedules, ad-
ditional data on the epidemiology of undervaccination
are needed.

The first objective of this study was to describe pat-
terns and trends of undervaccination in a large cohort
of children from 8 managed care organizations (MCOs)
during a 7-year period. The second objective was to com-
pare health care utilization rates between undervacci-
nated children and children who were age-appropri-
ately vaccinated according to the ACIP schedule. As part
of the second objective, we also compared health care uti-
lization rates among a subset of children who were un-
dervaccinated because of parental choice. We believe these
results will inform future observational studies that ex-
amine the safety of alternative vaccination schedules.

- EEETTEES

SETTING AND STUDY DESIGN

We conducted a retrospective cohort analysis within the Vac-
cine Safety Datalink, a collaborative project between the Cen-
ters for Disease Control and Prevention and 10 MCOs across
the United States.” The participating MCOs comprise a popu-
lation of more than 9 million members annually (3% of the US
population). Using a standardized data dictionary, each MCO
prepares electronic data files containing information on demo-
graphics, vaccination history, and medical encounters in the
outpatient, emergency department (ED), and inpatient set-
tings. Eight MCO sites contributed data to the analyses, and
each site’s institutional review board approved the study.

The study observation period was January 1, 2004, through
December 31, 2010. We first used Vaccine Safety Datalink da-
tabases to identify children born between January 1, 2004, and
December 31, 2008. For inclusion, each child had to be con-
tinuously enrolled in their MCO from at least ages 2 to 12
months. Children were followed up for a maximum of 36
months, and follow-up stopped if a child’s enrollment in his
or her MCO was discontinued. We excluded children with docu-
mented contraindications to some or all vaccinations, includ-
ing those with hematopoietic stem cell transplant, human im-
munodeficiency virus, and other immunodeficiencies, or receipt
of intravenous immunoglobulin.® To help ensure that chil-
dren were receiving primary care services within their MCO,
they also had to have at least 1 outpatient visit by age 12
months.”!® We then ascertained vaccination status on the re-
maining study population using the recommended ACIP sched-
ule as the standard.

AVERAGE NUMBER OF DAYS
UNDERVACCINATED

In this large study population, we calculated the average num-
ber of days undervaccinated (ADU) for each child across 8 vac-
cines during the first 24 months of life (Table 1). This calcu-
lation was based on a metric developed by Luman et al'! that
measures the difference between when the vaccine dose was

Table 1. Advisory Committee on Immunization Practices’
Recommended Early Childhood Vaccines
and Doses Studied?

No. of Vaccine
Doses Studied

1,2,3

Vaccine

Hepatitis B

Rotavirus 1

Diphtheria, tetanus, and pertussis 1

Haemophilus influenzae type b 1

Pneumococcal conjugate vaccine 1,
1
1
1

3 &y
3
3 &y

©w W www
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Polio
Measles, mumps, and rubella
Varicella

3 &y

2From Centers for Disease Control and Prevention.®

administered and when the vaccine dose should have been ad-
ministered according to the ACIP schedule (eTable; http://www
.jamapeds.com). For example, the first dose of diphtheria, teta-
nus, and acellular pertussis vaccine (DTaP) is due at age 2
months (60 days) but is not considered late until age 92 days.
Days undervaccinated for this dose would begin accruing on
day 93. In the analysis by Luman et al, a day for which a child
was undervaccinated was counted as 1 day regardless of how
many vaccines a child was undervaccinated for on that day. In
our analysis, we first calculated the number of days undervac-
cinated for each vaccine dose during the first 24 months of life.
We then summed the number of days undervaccinated to cal-
culate the total number of days undervaccinated. Last, we di-
vided the total number of days undervaccinated by the num-
ber of vaccines that a child should have received according to
the ACIP schedule. This calculation of ADU was adjusted for
each child’s follow-up time during the observation period, since
approximately 16% of the children did not have 24 months of
continuous enrollment in their MCO.

Our modified version of the metric of Luman et al'' can be
further described with the following example. A child in our
2008 birth cohort is due for a total of 8 distinct vaccinations
and 23 individual doses during the first 24 months of life. Sup-
pose that the parents of this child chose to follow a commonly
cited alternative vaccination schedule'? in which no doses
of hepatitis B, polio, varicella, and measles, mumps, and ru-
bella (MMR) vaccines were given in the first 24 months of life,
while all other vaccines were received on time. For this child,
the days undervaccinated for these respective vaccines were 638,
638, 242, and 242 (eTable), representing a total of 1760 days
undervaccinated. Given that the child was to receive a total of 8
distinct immunizations, the ADU across all vaccines was 220
days (1760/8) in the first 24 months of life.

Ouralgorithm for calculating the ADU also accounted for vac-
cine shortages and other changes to immunization policy during
the 7-year follow-up period (eTable). We accounted for the pneu-
mococcal (PCV) vaccine shortage in early 2004, the Haemophi-
lus influenzae type b (Hib) vaccine shortage from 2007 to 2009,
the addition of rotavirus vaccine to the ACIP schedule in 2006,
and changes in age recommendations for varicella vaccine
in 2007." In addition, because of the complexities of the changes
in the vaccination schedule and shortages during the follow-up
period, we conducted 3 subanalyses in which PCV, Hib, and ro-
tavirus vaccination were excluded from the calculations of ADU.

MEDICAL RECORD REVIEW
AND MATCHED ANALYTIC COHORTS

After calculating the ADU, we conducted a sample medical rec-
ord review to identify a subgroup of children whose parents
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Study population

323247 Children (born 2004-2008) from 8 managed-
care organizations participating in the Vaccine
Safety Datalink

Undervaccinated children

157454 Children (48.7%) undervaccinated
at any point before age 2 y

Children divided into deciles on the basis of
the number of average days undervaccinated

Children with a diagnosis code of vaccine
refusal identified™

Medical record review

642 Children across all deciles of undervaccination
490 Children with a diagnosis code of vaccine refusal

275710 Children in matched
analytic cohort 1

137855 Undervaccinated children
without a diagnosis code
of vaccine refusal matched
to 137855 children with
on-time vaccinations

75377 Children in matched
analytic cohort 2
6168 Undervaccinated children
with a diagnosis code of
vaccine refusal matched
t0 69209 children with
on-time vaccinations

Figure 1. Identifying matched analytic cohorts of undervaccinated children.
To be eligible for the study, children had to be born between 2004 and 2008,
be continuously enrolled in their managed care site from at least ages 2 to 12
months, and have at least 1 outpatient visit by age 12 months. Children with
certain contraindications to vaccinations were excluded from the study.
*Children were categorized as having a diagnosis code for vaccine refusal if
they had a V64.05 or V64.06 International Classification of Diseases, Ninth
Revision, Clinical Modification, code in their electronic medical record before
age 24 months.

had intentionally delayed or refused vaccinations for nonmedi-
cal reasons. The medical record review was conducted in 2
phases. We used Cochran’s* formula for calculating the sample
size, with an assumed confidence interval width of 0.10 and
o =.05.

In phase 1 of the review, we divided the population of un-
dervaccinated children into deciles of ADU, with an equal num-
ber of children in each decile. A medical record review was con-
ducted on a random sample of children from each decile.

The second phase of the review focused on children with
an International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM) code for lack of vaccination be-
cause of parental choice (V64.05 and V64.06). A medical rec-
ord review was conducted on a random sample of children with
an ICD-9-CM code for parental vaccine refusal and an ADU
greater than 0.

For both phases, a medical record abstractor at each MCO
examined medical records to identify documentation that a par-
ent had explicitly delayed or refused vaccinations for nonmedi-
cal reasons. Results from the review were used to calculate a
confirmation rate, measuring the proportion of undervacci-
nated children with documentation in the medical record that
the parent had intentionally selected undervaccination for his
or her child. The confirmation rates were used to identify a sub-
group of children with a high likelihood of being undervacci-
nated because of parental choice.

We manually reviewed 1132 medical records from 157 454
children who were undervaccinated at least 1 day (Figure 1).
The overall confirmation rate of parental vaccine refusal/delay
was 24.3% (95% CI, 22.9%-25.7%) across all 10 deciles
(Table 2). Decile-specific confirmation rates ranged from 9.4%

to 46.2%, with highest rates in the 8th through 10th deciles
(40.2% combined). In most instances, reasons for undervac-
cination were not documented (60.0%). In 4.5% of the medi-
cal records, the vaccines were documented as having been re-
ceived on time, and in 8.5% of the records, the vaccinations
were delayed for medical reasons. Among children with an ICD-
9-CM code for parental refusal, the confirmation rate was 93.7%
(95% CI, 93.1%-94.2%).

On the basis of these confirmation rates, we created 2
matched analytic cohort populations: one with children who
were undervaccinated without an ICD-9-CM code for vaccine
refusal/delay and the other with undervaccinated children with
an ICD-9-CM code. The former represented children who were
undervaccinated for any reason and the latter represented chil-
dren who were undervaccinated because of parental choice. To
create the analytic cohorts, we matched each undervaccinated
child to at least 1 age-appropriately immunized child by birth
date (+7 days), MCO, and sex. These children were followed
up for a maximum of 36 months after the matched birth date
to compare outcomes between the study arms.

OUTCOMES AND ANALYSIS:
STUDY POPULATION CHARACTERISTICS
AND HEALTH CARE UTILIZATION

Before the matched analytic cohorts were assembled, we con-
ducted a series of descriptive analyses. We first identified the
number of distinct patterns of undervaccination in the entire
study population. To identify these patterns, we calculated the
total number of possible combinations of individual vaccines
received. This calculation was based on the 8 vaccines studied
during the first 2 years of life. For each vaccine, we created 3
categories: (1) received all doses on time, (2) never received
any doses, and (3) certain doses either missing or not received
on time. On the basis of these categories, there was a theoreti-
cal total of 3% = 6561 possible vaccine combinations, and we
identified the actual number of distinct patterns of undervac-
cination in the study population.

A birth cohort analysis was also conducted in which we cal-
culated the mean and median ADU for children born in each
year from 2004 through 2008. In these 5 birth cohorts, we ex-
amined the prevalence of undervaccinated children and chil-
dren with specific patterns of undervaccination over time. These
patterns included children with all vaccinations delayed until
at least ages 4, 6, 12, and 24 months; children who did not re-
ceive DTaP on the same day as PCV and Hib vaccinations; and
children who did not receive hepatitis B, polio, varicella, and
MMR vaccines in the first 24 months of life. These 6 specific
patterns represent commonly cited alternative vaccination sched-
ules.'?*! Time trends were analyzed with linear regression and
Cochran-Armitage trend tests.

After the matched analytic cohorts were constructed, they
were merged with outpatient, inpatient, and ED data to com-
pare health care utilization rates between the cohort study arms
during the first 36 months of life. In one analysis, overall rates,
rates of well-child visits, and rates of minor acute illnesses (up-
per respiratory illness, fever, and pharyngitis) in the outpa-
tient setting were compared. In a second analysis, we com-
pared overall rates of hospitalizations and ED visits between
the cohort arms. These data were analyzed with conditional Pois-
son regression to calculate incidence rate ratios (IRRs) and 95%
Cls, controlling for preexisting chronic health conditions.***
In the children who were undervaccinated for any reason, the
regression analyses were stratified by decile of ADU.
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Table 2. Confirmation Rates of Medical Record-Confirmed Parental Delay or Refusal of Vaccination by Decile of Undervaccination

Average No. Total Medical Medical Records Confirmation Rate
of Days Undervaccinated Records With No Reason for Parental Refusal
Undervaccinated Children, Reviewed, for Undervaccination, of Vaccination for Nonmedical

Decile (range) No. No. No. (%)? Reasons, % (95% CI)?
1 1-4 15773 64 47 (73.4) 20.3 (16.3-24.3)

2 5-9 15852 64 43 (67.2) 141 (11.1-17.0)

8 10-19 15677 63 49 (77.8) 11.1 (8.7-13.6)

4 20-22 15639 65 43 (66.2) 18 5(14.8-22.1)

5 23-25 16 035 64 51 (79.7) 4 (7.3-11.4)

6 26-39 15015 65 30 (46.2) 29 2 (24.2-34.3)

7 40-60 15882 63 42 (66.7) 19.0 (15.2-22.8)

8 61-99 15874 64 28 (43.8) 35.9 (30.3-41.6)

9 100-213 15881 65 27 (41.5) 38.5(32.7-44.2)

10 214-592 15826 65 25 (38.5) 46.2 (40.1-52.2)
Total 157454 642 385 (60.0) 24.3 (22.9-25.7)

2Percentages do not total 100%. In 4.5% of the medical records, the vaccines were not delayed, and in 11.3% of the records, the vaccines were delayed for
other reasons (eg, child was ill at the well-child visit or child missed the scheduled well-child visit).

Table 3. Trends in Undervaccination by Birth Cohort

Birth Cohorts Birth Cohort

Characteristic Combined 2004 2005 2006 2007 2008
Children in the study population, No. 323247 62 922 64 842 68553 69882 57048
Children undervaccinated, No. (%) 157 454 (48.7) 26327 (41.8) 28227 (43.5) 33571 (49.0) 38292 (54.8) 31037 (54.4)
Average No. of days undervaccinated
Mean (SD)P: 36 (89) 28 (79) 33 (87) 36 (89) 40 (90) 44 (98)
Median® 0 0 0 0 4 3

2Cochran-Armitage trend test, P < .001.

bSignificant linear trend using linear regression: P < .001.

¢Mean and median of average number of days undervaccinated were calculated for the entire study population within each birth cohort. Mean and median of
average number of days undervaccinated were also calculated using the Advisory Committee on Immunization Practices’ catch-up immunization schedule. For the
birth cohorts combined, the mean average number of days undervaccinated decreased to 34. The trend of increasing magnitude of undervaccination persisted
across the 5 birth cohorts. The median average number of days undervaccinated remained the same.

BN  RESULTS R

STUDY POPULATION AND TRENDS
OF UNDERVACCINATION

We identified 323 247 children born between 2004 and
2008; 157 454 of these children (48.7%) were undervac-
cinated (Figure 1). The ADU for each child ranged from
1 to 592, with an overall mean (SD) of 36 (89) days
(Table 3). The ICD-9-CM code for parental vaccine re-
fusal was used in 6172 of the undervaccinated children
(3.9%). In the overall study population, there were 1399
distinct patterns of undervaccination. Among those with
an ICD-9-CM code for vaccine refusal, there were 756 dis-
tinct patterns of undervaccination. Based on the medi-
cal record confirmation rates (24.3% for the overall un-
dervaccinated population and 93.7% for children with
an ICD-9-CM code), the estimated prevalence of under-
vaccination because of parental choice was 13.0% (95%
Cl, 11.9%-14.2%).

The prevalence of undervaccinated children in-
creased significantly across the birth cohorts from 2004
to 2008 (Table 3). Across the birth cohorts, the mean of
the ADU increased by more than 50%, and the median
increased from O to 3 days. The trends remained signifi-

cant in the 3 subanalyses in which PCV, Hib, and rota-
virus vaccine were removed from the calculation of ADU.

There was also an increasing trend of children on 1
of 6 specific patterns of undervaccination displayed in
Figure 2. A total of 8939 children (2.8%) were identi-
fied as being on one of these possible alternative vacci-
nation schedules, and approximately 911 children (10.2%)
were up-to-date for all of the following vaccines by age
24 months: 4 DTaP, 3 polio, 1 MMR, 3 Hib, 3 hepatitis
B, 1 varicella, and 4 PCV.**

MATCHED ANALYTIC COHORTS

We created 2 matched analytic cohorts in which under-
vaccinated children were matched to age-appropriately
vaccinated children by birth date, MCO, and sex. Of the
157 454 undervaccinated children, 151 282 did not have
an ICD-9-CM code for vaccine delay/refusal and repre-
sented children who were undervaccinated for any rea-
son. For the first analytic cohort, we were able to indi-
vidually match 137 855 of the 151 282 undervaccinated
children (91.1%) to an age-appropriately vaccinated child,
resulting in a total cohort size of 275 710 children. The
average follow-up time per child in the cohort was 956
days.
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® Received first vaccine at age 4-5 mo

B Received first vaccine at age 6-11 mo

A Received first vaccine at age 12-23 mo

A No vaccines before age 24 mo

0O No hepatitis B, polio, MMR, or varicella vaccines

O First 3 doses of pneumococcal and Hib given on
the same day but on a different day from DTaP

120+

100+

80

60

404

No. of Children per 10000 in Study Population

20

2006 2007 2008

Birth Cohort

01— T
2004 2005

Figure 2. Trends in delayed start to vaccinations and select vaccination
patterns by birth cohort before age 2 years. Across all birth cohorts, 8939
children (2.8%) were on specific nonstandard vaccination schedules. All
trends were significant at P < .001 using the Cochran-Armitage trend test.
DTaP indicates diphtheria, tetanus, and pertussis vaccine; Hib, Haemophilus
influenzae type b vaccine; and MMR, measles, mumps, and rubella vaccine.

For the second analytic cohort, we individually
matched 6168 of the 6172 undervaccinated children
(99.9%) with an ICD-9-CM code for vaccine delay/
refusal to a median of 10 age-appropriately vaccinated
children. The total cohort size was 75 377 children, and
the average follow-up time per child was 940 days.

HEALTH CARE UTILIZATION
Children Undervaccinated for Any Reason

Rates of health care utilization differed between the co-
hort study arms (Table 4). Undervaccinated children had
lower outpatient visit rates than children who were vacci-
nated on time (IRR, 0.89; 95% CI, 0.89-0.90). Undervac-
cinated children also had lower rates of well-child visits and
encounters for specific minor acute illnesses in the outpa-
tient setting. The utilization differences generally in-
creased as the decile of undervaccination increased. These
decile-specific IRRs ranged from 1.03 to 0.58, and most
(88%) were statistically significant (P < .01).

The opposite pattern was observed in the inpatient
setting. Overall, undervaccinated children had higher
inpatient admission rates than age-appropriately vacci-
nated children (IRR, 1.21; 95% CI, 1.18-1.23). The
decile-specific IRRs ranged from 1.04 to 1.37, with the
largest IRRs in the 6th through 10th deciles.

In the ED setting, utilization rates were slightly higher
among undervaccinated children (IRR, 1.03;95% CI, 1.03-

1.04). Across the deciles of undervaccination, the IRRs
varied, but no pattern was observed.

Children Undervaccinated
Because of Parental Choice

Children who were undervaccinated because of paren-
tal choice had significantly lower utilization rates of the
ED and outpatient settings—both overall and for spe-
cific acute illnesses—than children who were vacci-
nated on time (Table 5). The IRRs for these associa-
tions ranged from 0.88 to 0.94 and were statistically
significant (P < .001). The IRR for inpatient admission
rates was not statistically significant (IRR = 0.98; P = .50).

BN COMMENT Ry

This large multisite cohort study suggests that undervac-
cination is an increasing trend. We used vaccination and
health care utilization data captured from electronic health
records to create longitudinal cohorts of children born be-
tween 2004 and 2008. Among these birth cohorts, we ob-
served increases in the prevalence and magnitude of un-
dervaccination in children in the first 2 years of life. Our
results also suggest that specific patterns of undervaccina-
tion have been occurring with greater frequency over time.
In addition, our cohort analyses comparing undervacci-
nated and age-appropriately vaccinated children demon-
strated differences in health care utilization, which appear
to increase as the magnitude of undervaccination in-
creases. We believe these results have important implica-
tions for studying the safety of alternative vaccination sched-
ules in an observational setting.

Approximately 49% of the children in this insured
study population were undervaccinated for at least 1 day
in the first 24 months of life—a figure that is lower than
a published national estimate of 74%.'! In our cohort, we
also estimate that approximately 13% of children were
undervaccinated because of parental choice, which
aligns with other published estimates of 10% to 25% from
cross-sectional survey and population-based ecologic stud-
ies.">» However, this likely represents an underesti-
mate of the true prevalence of intentional undervacci-
nation and alternative vaccination schedules. Reasons for
undervaccination were not documented in 60% of the
records in our review. These insured children were
continuously enrolled in their MCO from at least ages
2 to 12 months, and even the most significantly under-
vaccinated children from the 8th to 10th deciles had
amedian of 12 clinic visits by age 36 months. This, in turn,
suggests that most of these children were using primary
care services. It is therefore reasonable to assume that a
certain proportion of undervaccinated children without
documentation in the medical record represent those who
were undervaccinated because of parental choice, thereby
underestimating the true prevalence of intentional un-
dervaccination.

The ICD-9-CM codes for parental vaccine refusal/
delay had a high confirmation rate (93.7%), suggesting
that it correctly classifies children as being undervacci-
nated because of parental choice. For this reason, we used
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Table 4. Health Care Utilization From Birth to 36 Months in 137 855 Undervaccinated Children Without an /CD-9-CM Code
for Parental Vaccine Refusal Matched to 137 855 Children With On-Time Vaccinations

Type of Visit, IRR (95% CI)2

Upper
Respiratory

Decile Inpatient? ED Outpatient Well-Child Iliness Fever Pharyngitis
All deciles ~ 1.21 (1.18-1.23)  1.03(1.03-1.04)  0.89 (0.89-0.90)  0.86 (0.86-0.86)  0.89 (0.89-0.90)  0.89 (0.88-0.90)  0.91 (0.89-0.92)
1 112 (1.06-1.18)  1.04 (1.01-1.07)  0.95(0.95-0.96)  0.94 (0.93-0.95)  0.98 (0.96-0.99)  1.03 (0.99-1.07)  0.97 (0.92-1.02)
2 119 (1.12-1.26)  1.05(1.02-1.08)  0.94 (0.94-0.95)  0.93 (0.92-0.94)  0.97 (0.95-0.98)  0.95(0.92-0.99)  0.98 (0.93-1.03)
3 1.15 (1.09-1.22) 1.05 (1.02-1.08) 0.93 (0.93-0.94) 0.92 (0.91-0.93)  0.96 (0.95-0.98) 0.93 (0.89-0.97)  0.98 (0.93-1.04)
4 1.09 (1.02-1.16)  0.97 (0.95-1.00)  0.95 (0.94-0.95)  0.92 (0.91-0.93)  0.94 (0.92-0.96)  0.93 (0.89-0.96)  0.98 (0.92-1.04)
5 1.04 (0.98-1.11) 0.99 (0.97-1.02) 0.94 (0.94-0.95)  0.91(0.90-0.92)  0.92 (0.91-0.94) 0.93(0.89-0.97)  0.99 (0.94-1.04)
6 127 (1.19-1.35)  1.02 (0.99-1.05)  0.92 (0.92-0.93)  0.89 (0.88-0.90)  0.91 (0.89-0.92)  0.93 (0.89-0.97)  0.91 (0.86-0.96)
7 1.34 (1.26-1.43) 1.05 (1.02-1.07) 0.91(0.90-0.91)  0.87(0.86-0.88)  0.92 (0.91-0.94) 0.85(0.81-0.88)  0.92 (0.87-0.97)
8 137 (1.28-1.45) 1.1 (1.08-1.14)  0.87 (0.86-0.87)  0.83 (0.82-0.83)  0.87 (0.86-0.88)  0.90 (0.87-0.94)  0.90 (0.85-0.95)
9 1.32 (1.24-1.41)  1.09 (1.06-1.12)  0.77 (0.77-0.78)  0.74(0.73-0.75)  0.78 (0.77-0.79)  0.80 (0.77-0.84)  0.78 (0.74-0.83)
10 127 (1.19-1.36)  0.98 (0.95-1.01)  0.63 (0.62-0.63)  0.58 (0.58-0.59)  0.62 (0.60-0.63)  0.64 (0.61-0.67)  0.63 (0.59-0.67)

Abbreviations: ED, emergency department; /CD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; IRR, incidence rate ratio.

2|RR, adjusted for presence of chronic conditions (yes/no), was calculated using conditional Poisson regression analyses.

b All inpatient visits between birth and age 8 days were excluded from analyses.

the code to define our second analytic cohort popula-
tion to compare health care utilization rates of under-
vaccinated children with those of children who are age-
appropriately immunized. However, this code is
infrequently used (3.9% of the unvaccinated cohort) and
has a low sensitivity. This implies that the population of
children with an ICD-9-CM code for parental vaccine de-
lay/refusal may not be representative of the larger popu-
lation of children who are undervaccinated because of
parental choice. The code should therefore be used cau-
tiously when defining cohorts to study the safety of al-
ternative vaccination schedules.

We identified 1399 distinct patterns of undervacci-
nation in the overall study population and 756 patterns
in the cohort who were undervaccinated because of pa-
rental choice. Although this variability creates an oppor-
tunity to study the safety of alternative vaccination sched-
ules, it also poses significant analytic challenges in trying
to identify appropriate comparison groups.*® Moreover,
these estimated numbers of patterns of undervaccina-
tion are an underestimate of the total number of pos-
sible patterns. Our criteria for identifying different com-
binations of patterns did not consider the number of
combinations in which certain doses in a series can be
missing or the specific timing of doses that have been de-
layed. Accounting for these factors could result in bil-
lions of possible combinations, thus highlighting the chal-
lenges of trying to study the safety of specific alternative
vaccination schedules in an observational setting.

In our matched cohort analysis, children who were
undervaccinated for any reason had lower rates of out-
patient visits and higher rates of ED encounters and in-
patient admissions compared with children who were age-
appropriately vaccinated. Prior work?”*® has shown similar
associations when comparing health care utilization across
strata of socioeconomic status. However, in our study,
the undervaccinated population likely represents a mix
of children, including those who were deliberately un-
dervaccinated for personal reasons, children with vac-
cine contraindications, children receiving their care out-

Table 5. Health Care Utilization From Birth to 36 Months
in 6168 Undervaccinated Children With an /€D-9-CM Code
for Parental Vaccine Refusal Matched to 69209 Children
With On-Time Vaccinations

Types of Visit IRR (95% CI1)?
Inpatient® 0.98 (0.92-1.04)
Emergency department 0.91 (0.88-0.94)
Outpatient 0.94 (0.93-0.95)
Well-child 0.89 (0.88-0.90)
Upper respiratory illness 0.88 (0.87-0.90)
Fever 0.89 (0.85-0.94)
Pharyngitis 0.89 (0.83-0.95)

Abbreviations: /CD-9-CM, International Classification of Diseases, Ninth
Revision, Clinical Modification; IRR, incidence rate ratio.

2|RR, adjusted for presence of chronic conditions (yes/no), was calculated
using conditional Poisson regression analyses.

b All inpatient visits between birth and age 8 days were excluded from
analyses.

side of the MCO, those who were ill at their well-child
visit, children of families experiencing barriers to care,
and those whose parents simply missed their scheduled
well-child visits. Such heterogeneity implies that there
may be several factors influencing differences in health
care utilization between the cohort arms.

Children who were undervaccinated because of pa-
rental choice had lower rates of outpatient visits, lower
rates of ED encounters, and no significant difference in
inpatient admission rates compared with age-
appropriately vaccinated children. These results sug-
gest inherent health care-seeking behavioral differ-
ences between the 2 groups of parents. For example,
published survey data*'? have shown that parents who
choose not to have their children vaccinated are less likely
to trust health care professionals and more likely to use
complementary/alternative medicine providers than are
parents who have their children fully vaccinated. It is
therefore possible that parents who delay or refuse im-
munizations are less likely to use the traditional health
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care system when their children contract minor acute ill-
nesses but will seek medical care when their children be-
come seriously ill. Such differences could create a selec-
tion bias in studies that attempt to examine the risk of
potential adverse events following vaccination. Future sur-
vey work with parents across a range of vaccination con-
cerns could help explain these differences in health care
utilization rates.

Although most parents choose to have their children vac-
cinated according to the ACIP-recommended schedule, an
increasing number of parents appear to be delaying or re-
fusing vaccines. These parents express concerns about the
safety of vaccines; however, they may be placing their chil-
dren at increased risk for infectious diseases that are al-
most 100% preventable with vaccination.”* For these rea-
sons, there is national interest in studying the safety of
alternative vaccination schedules.*® Our results demon-
strate the potential public health impact of alternative vac-
cination schedules and highlight the obstacles to studying
their safety. We therefore believe the findings of this study
should be carefully considered when designing and con-
ducting observational studies to examine the safety of al-
ternative vaccination schedules.
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