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easures of quality give purchasers of healthcare and con-
sumers of this care information about how insurance
plans perform. The Health Plan Employer Data and
Information Set (HEDIS) from the National Committee

for Quality Assurance (NCQA) provides comparative information
across health plans to measure the quality of care and preventive servic-
es for health plan beneficiaries. More than 66% of commercial health
plans report to NCQA, representing 85% of the commercially enrolled
managed care organization (MCO) population, or approximately 70
million to 73 million enrollees.1

Results have shown that differences in childhood immunization rates
vary depending on the collection methods (eg, National Immunization
Survey, National Health Interview Survey, or HEDIS).2 Investigations
using HEDIS data have described factors associated with immunization
rates (eg, physician credentials)3; however, little is known about factors
associated with immunization rates accounting for time. For HEDIS,
reporting these associations can help administrators of health insur-
ance plans in identifying characteristics that are more predictive of
delivery of immunization services. This knowledge can assist in the
development of strategies to maintain high immunization rates, as well
as inform potential purchasers of insurance plans about what plan char-
acteristics are associated with sustained high immunization rates over
time. The method of longitudinal regression analysis has been rarely
used when examining HEDIS data, although its necessity has been
acknowledged.3

Because 6 or more encounters with a healthcare provider are needed
in the first 2 years of life to fully immunize a child, timely receipt of child-
hood immunizations, captured in the immunization rates, are an indica-
tion of how well the healthcare delivery system is working. Influential
employers such as General Motors, a company that has given employees
significant financial incentives to choose health plans with better HEDIS

scores, emphasize childhood immuniza-
tion performance among important
measures to assess.4 In the present
study, longitudinal regression analysis
was used to examine the factors associ-
ated with higher childhood immuniza-
tions rates reported by public reporting
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Objectives:To examine recent trends in childhood
immunizations recommended by the Advisory
Committee for Immunization Practices measured
by the Health Plan Employer Data and Information
Set (HEDIS) and to describe the factors associated
with higher rates over time.

Design: The HEDIS performance measures from
1999 to 2002 and plan characteristics include
approximately 400 enrollees per plan each year.

Methods: Longitudinal regression analysis of
commercial managed care organizations’ HEDIS
measures. The outcome measure was the
proportion of children aged 24 to 35 months 
in the plan who received 4 doses of diphtheria-
tetanus-pertussis vaccine, 3 doses of polio vaccine,
1 dose of measles-mumps-rubella vaccine, 3 doses
of Haemophilus influenzae type b vaccine, and 
3 doses of hepatitis B vaccine.

Results:The mean immunization rate for health
insurance plans increased from 65.7% in 1999 to
67.9% to 2002. Plans that reported publicly had
higher childhood immunization rates than plans
that did not report publicly (P < .001). Plans 
with higher proportions of Hispanics or African
Americans had lower childhood immunization
rates (P < .001). Immunization rates varied signifi-
cantly by type of visit; plans with higher propor-
tions of children making visits to their primary
care physician had higher rates of immunization
(P < .001).

Conclusions: Managed care organizations’ per-
formance measured by childhood immunization
rates varies by organizational and demographic
factors. Our findings suggest that plans should
ensure efficient and accurate data collection 
systems and should encourage their providers to
assess for immunizations at sick-child and 
well-child care visits.
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and nonpublic reporting commercial health plans to the
NCQA.

MATERIALS AND METHODS
Design

The analyses included the HEDIS data sets from 1999 to 2002
for public reporting and nonpublic reporting commercial health
insurance plans (for care received from 1998 to 2001). Plans
included in the analyses were operating in all US states (except
Montana), in Guam, and in Washington, DC. The sample sizes
were 423 plans in 1999, 383 plans in 2000, 371 plans in 2001,
and 332 plans in 2002. Variables examined from the Consumer
Assessment of Health Plans survey included the proportions of
respondents by race/ethnicity.5 Variables were examined from 8
HEDIS measurement categories.5 The NCQA accreditation
status changed during the years, so plans were considered
accredited if their status was excellent, commendable, full accred-
itation, or 1-year accreditation; otherwise, the plan was not con-
sidered accredited by the NCQA. Because this study constituted
analysis of secondary data without identifiers, it did not require a
review by the Centers for Disease Control and Prevention
Institutional Review Board, and consent was not required.

Study Population
For HEDIS clinical measures (eg, immunizations) that

require medical record review, a sample of 411 enrollees is
required to obtain a valid rate. If the plan has fewer than
411 eligible persons for a particular measure, all eligible
enrollees are sampled. For measures that use administrative
data only (eg, child access to a primary care provider), the
health plan samples the entire eligible population. For the
Consumer Assessment of Health Plans survey, a minimum of
100 responses is required for reporting particular rates.

For immunization measures, children were systematically
selected from the enrollment cohort who reached their second
birthday in the reporting year and who met the continuous
enrollment criterion of no more than 1 gap in enrollment of up
to 45 days during the 12 months before their second birthday.
Children identified as having contraindications (eg, anaphy-
lactic reaction to a vaccine or its components) were excluded
from all immunization statistics.5 Childhood immunization sta-
tistics from plans were calculated and reported (1) by using
only administrative records specific to the plan (administra-
tive method) or (2) by using administrative data supplement-
ed with medical record data (hybrid method), which may
contain information about immunizations received outside of
the plan. To avoid ascertainment bias and to maintain data
comparability, only plans using the hybrid method were

included for immunization measures. Few plans that used the
administrative method were excluded (16 plans in 1999, 5
plans in 2000, 11 plans in 2001, and 8 plans in 2002).

Explanatory Variables
The plan characteristics examined were those groups of

measures, defined by NCQA, that have been shown previous-
ly in the literature to be associated with receipt of immuniza-
tions6 or those that could theoretically be associated with
preventive services, including receipt of immunizations.
These domains include access and availability of care and
health plan stability. Health plan descriptive characteristics
included NCQA accreditation status, region of operation,
public reporting status, vaccine policy of states of operation,
enrollment size (below or above the median), race/ethnicity
proportions (based on the sample of Consumer Assessment of
Health Plans survey respondents), and MCO type (eg, health
maintenance organization, point of service, or combined
health maintenance organization and point of service). The
Vaccines for Children program is a federal entitlement pro-
gram that supplies public and private healthcare providers
with federally purchased vaccines at no cost for administra-
tion to eligible children. Vaccine policies include (1)
Vaccines for Children program only, (2) Vaccines for
Children program and underinsured, (3) universal,7 and (4)
multiple states, in which the insurance plan operates in sever-
al states with various vaccine policies. Because of policy
changes, the vaccine policy variable was coded for the immu-
nization policy in effect in the state of operation for each year
that a plan reported to the NCQA. Variables assessing access
and availability of care were calculated and reported using the
administrative method and included the proportion of board-
certified providers per number of enrollees, proportion of total
providers per total commercial enrollees, proportion of chil-
dren aged 25 months to 6 years who made visits to their pri-
mary care physician during the reporting year (visits are for
well-child or sick-child care), and proportion of outpatient
sick-child care visits and emergency department visits made
by children younger than 1 year annually. Variables used to
assess health plan stability included the number of years in
business by MCO type and the practitioner turnover rate for
the reporting year. Plans reporting to be in business for more
than 25 years were considered as being in business for 25 years.

Main Outcome Measures
Because the NCQA releases data aggregated by managed

care plans rather than by enrolled individuals, the unit of
analysis was the plan. Childhood immunization statistics
were calculated as the proportion of children sampled in the
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plan who received 4 doses of diphtheria-tetanus-pertussis
vaccine, 3 doses of polio vaccine (inactivated from 1999 to
2002 and oral vaccine in 1999), 1 dose of measles-mumps-
rubella vaccine, 3 doses of Haemophilus influenzae type b vac-
cine, and 3 doses of hepatitis B vaccine as recommended by
the Advisory Committee for Immunization Practices. Im-
munizations were only included if they were determined to be
valid according to HEDIS criteria (Table 1). Because of the
vaccine shortages in 2001 and 2002, plans had the option to
report the previous year’s immunization statistics if the plan or
entity did not change (ie, did not merge or split into different
plans) and they had reported in the previous year.5 To include
all available data, all variables of interest reported by these
plans were included except for the redundant immunization
statistics reported during 2 consecutive years.

Statistical Analysis
Data were examined using SAS software version 9.1.3

(SAS Institute, Cary, NC). Data were modeled longitudinally
using PROC MIXED to fit linear mixed models that included
a random intercept, an unstructured covariance, and a robust
variance estimator, the sandwich estimator, which was used to
calculate valid standard errors while accounting for misspeci-
fication of the covariance and a normal distribution. Plan
characteristics were fixed effects. An advantage of fitting lin-
ear mixed models is that PROC MIXED uses all available data
in the analysis.8 Therefore, the plans that opted to report the
previous year’s immunization data during the years of shortage
were included in the model using their independent variables,
although the dependent variable data were missing. In the
bivariate analyses, variables of interest were modeled with the
year of report and an interaction term (eg, MCO type) to
determine if they were significantly associated with the
change in proportion immunized over time at P < .05. Testing
for interactions among variables was performed (NCQA
accreditation status with region, public reporting status, and
proportion of visits with primary care physicians), and region
was tested with race/ethnicity proportions. A significant inter-
action term consisting of an independent variable with time
(year or report) indicates that one group’s rate of change is
faster than another group’s rate of change. Backward elimina-
tion was used to determine the multivariate model; fit statis-
tics were used to determine the best fit of the model, and
variables significant at P < .05 remained in the model.

RESULTS

Immunization Rates
The rates for full immunization remained below 70% dur-

ing the study period. The mean ± standard deviation (SD)
rates were as follows: 65.7% ± 13.5% (range, 0.0%-93.6%)
for 1999, 63.3% ± 14.9% (range, 5.5%-92.9%) for 2000,
65.6% ± 13.7% (range, 11.9%-90.5%) for 2001, and 67.9% ±
12.2% (range, 17.6%-88.6%) for 2002 (Table 2).

Plan Characteristics
Two hundred forty-seven plans reported for 1 year, 132

plans reported for 2 years, 110 plans reported for 3 years, and
147 plans reported for 4 years. Health plan characteristics are
given in Table 2 and Table 3 for continuous and categorical
variables, respectively. The proportion of publicly reporting
plans increased from 67.7% in 1999 to 83.7% in 2002 (Table
3). Similarly, the proportion of NCQA-accredited plans
increased from 48.3% in 1999 to 65.2% in 2002. The propor-
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n Table 1. Definitions of Valid Doses of Vaccines

Vaccine Series Valid Vaccine*

Diphtheria-tetanus-pertussis Initial dose administered 
42 days after birth and 
followed by > 3 doses falling 
on or between the first and 
second birthdays  

Polio Initial dose administered 
42 days after birth and 
followed by > 2 doses with 
different dates of service 
before the second birthday  

Measles-mumps-rubella Single dose with a date of 
service falling on or between 
the first and second birthdays  

Haemophilus influenzae Initial dose administered 42 
type b days after birth and followed 

by > 2 doses with different 
dates of service before the 
second birthday, with > 1 of 
them falling on or between 
the first and second birthdays  

Hepatitis B† Three doses with different 
dates of service by the second 
birthday, with > 1 of them 
falling on or between the sixth 
month and the second birthday

*For all antigens, managed care organizations may count a member
as being vaccinated if there is evidence of the antigen, documented
history of the illness, or a seropositive test result.
†The first dose of hepatitis B vaccine can be given at birth.



tions of enrollees by race/ethnicity remained steady during the
4 years (Table 2).

Factors Associated With Higher Immunization Rates
Over Time

Bivariate Longitudinal Regression Analysis. Many
analyzed plan characteristics were significantly associated
with immunization rates over time (Appendix available at
www.ajmc.com). Time effects were significant for all the inde-
pendent variables; interactions between independent vari-
ables and time were not significant except for region and
proportion of Pacific Islanders.

Multivariate Longitudinal Regression Analysis. To
account for the variance within plans across years, we allowed
the intercept to vary randomly. Plan characteristic variables
were fixed effects. Factors that remained in the final multi-
variate model at P < .05 included region, year of report,
NCQA accreditation status, number of years in business, pro-

portion of Hispanics, proportion of Pacific Islanders, propor-
tion of African Americans, enrollment size (> 120 000 vs
< 120 000), reporting status (ie, public vs nonpublic), and pro-
portion of children aged 25 months to 6 years who made vis-
its to their primary care physician during the measurement
year. The only significant interaction detected was between
year of report and region (Table 4). Although immunization
rates dropped from 1999 to 2000, they increased significantly
from 1999 to 2001 (P = .04) and increased nonsignificantly
from 1999 to 2002 (P = .65). Publicly reported plans had 3.2
percentage point higher immunization rates than nonpublicly
reported plans. The NCQA-accredited plans had 2.6 percent-
age point higher immunization rates than the nonaccredited
plans. For each 10 percentage point increase in the propor-
tion of members in health plans that were of Hispanic or
African American race/ethnicity, plans had a 2.0 percentage
point decrease in immunization rates, and for Pacific
Islanders, plans had a 6.0 percentage point increase in immu-
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n Table 2. Health Plan Employer Data and Information Set Plan Mean Values by Year*

Year of Report

1999 2000 2001 2002

Continuous Variable No. Mean No. Mean No. Mean No. Mean

Proportion fully immunized† 389 65.7 349 63.3 261 65.6 195 67.9

Race/ethnicity proportions

American Indian 369 1.5 358 1.2 347 1.7 306 1.5

Asian 369 2.7 358 2.9 347 3.1 306 3.4

African American 369 7.9 358 9.2 347 9.4 306 9.0

White 369 82.0 358 80.5 347 82.7 306 82.9

Native Hawaiian or Pacific Islander 369 0.4 358 0.5 347 0.5 306 0.6

Hispanic 369 7.5 358 8.4 347 8.4 306 8.4

Practitioner turnover rate for primary care 360 7.6 344 9.0 318 10.0 290 8.2
physicians

Proportion of outpatient visits among  362 2.7 332 3.6 326 1.6 293 1.9
enrollees younger than 1 y

Proportion of emergency department visits  368 0.1 342 0.2 335 0.06 298 0.07
among enrollees younger than 1 y

Proportion of enrollees aged 25 mo to 6 y who 354 78.7 316 81.0 313 82.2 273 85.7
made visits to their primary care physician

Years in business, No. 402 15.2 370 14.2 354 14.8 319 15.6

Ratio of total providers to total 315 0.03 336 0.02 303 0.02 283 0.03
commercial enrollees

*Data are given as percentages unless otherwise indicated.
†Received 4 doses of diphtheria-tetanus-pertussis vaccine, 3 doses of polio vaccine, 1 dose of measles-mumps-rubella vaccine, 3 doses of
Haemophilus influenzae type b vaccine, and 3 doses of hepatitis B vaccine.



nization rates. For each 10 percentage point increase in the
proportion of children aged 25 months to 6 years visiting their
primary care physician in the year of report, plans had a 2.0
percentage point increase in immunization rates. Insurance
plans with at least 120 000 enrollees had a 2.2 percentage
point increase in immunization rates compared with plans
that had fewer than 120 000 enrollees. Insurance plans that
reported a region of operation other than the northeast had
significantly lower immunization rates. The only significant
interaction found was that the central region’s fully immu-

nized proportion dropped significantly and the northeast’s
fully immunized proportion increased faster during 2001 as
opposed to 1999.

After controlling for covariates, the mean predicted immu-
nization rates were 65.36% for 1999, 63.45% for 2000,
66.58% for 2001, and 67.10% for 2002. Although the mean ±
SD rate decreased by −1.96 ± 0.86 in 2000 from 1999, it was
not statistically significant (P = .16). In 2001 and 2002, the
mean ± SD rates increased by 3.13% ± 0.76% (P < .001) and
0.52% ± 0.68% (P = .99) compared with 1999. 

Managed Care Organizations’ Performance in Delivery of Childhood Immunizations

VOL. 13, NO. 4 n THE AMERICAN JOURNAL OF MANAGED CARE n 197

n Table 3. Health Plan Employer Data and Information Set Plan Characteristics by Year

Year of Report

1999 2000 2001 2002

Categorical Variable No. % No. % No. % No. %

NCQA accreditation status

Not accredited 208 51.7 163 44.1 136 38.4 111 34.8

Accredited 194 48.3 207 56.0 218 61.6 208 65.2

Vaccine policy in state of operation

Missing 7 1.7 14 3.8 5 1.4 1 0.3

VFC and underinsured 148 36.8 129 34.9 129 36.4 138 43.3

VFC only 120 29.9 108 29.2 109 30.8 81 25.4

Multiple states* 90 22.4 82 22.2 75 21.2 63 19.8

Universal 37 9.2 37 10.0 36 10.2 36 11.3

Reporting status

Nonpublic 130 32.3 92 24.9 90 25.4 52 16.3

Public 272 67.7 278 75.1 264 74.6 267 83.7

Type of managed care organization

HMO 165 41.0 136 36.8 122 34.5 105 32.9

Other 237 59.0 234 63.2 232 65.5 214 67.1

Region

Missing 6 1.5 14 3.8 5 1.4 1 0.3

Northeast 76 18.9 73 19.7 71 20.1 68 21.3

South 88 21.9 75 20.3 67 18.9 51 16.0

Central 101 25.1 88 23.8 94 26.6 94 29.5

West 111 27.6 102 27.6 100 28.3 90 28.2

Multiple 20 5.0 18 4.9 17 4.8 15 4.7

Enrollment size

Missing 67 16.7 20 5.4 20 5.7 22 6.9

<120 000 149 37.1 159 43.0 166 46.9 127 39.8

>120 000 186 46.3 191 51.6 168 47.5 170 53.3 

*Plan operating in more than 1 state with differing vaccine policies.
NCQA indicates National Committee for Quality Assurance; VFC, Vaccines for Children; HMO, health maintenance organization.



DISCUSSION
Overall, childhood immunization rates in these plans are

improving, and NCQA accreditation and public reporting
are associated with higher immunization rates. Plans with
higher proportions of African Americans or Hispanics had
lower immunization rates. Plans with higher proportions of

children aged 25 months to 6 years visiting their primary care
physician were also associated with higher rates of childhood
immunizations.

During our study (1999-2002), there were delays in the
receipt of vaccine9,10 (vaccine shortages) and suspension of
the thimerosal-containing hepatitis B vaccine for the birth
dose of this vaccine.11 Our finding that the proportion fully
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n Table 4. Multivariate Model of Factors Associated With Proportion Fully Immunized

β Estimate t
Fixed Effect (SE) Value P

Intercept 47.5 (5.3) 8.95 <.001*

Year [reference, 1999]

2000 −2.5 (1.1) −2.26 .02*

2001 2.3 (1.1) 2.02 .04*

2002 0.6 (1.2) 0.45 .65

NCQA accreditation status, yes vs no 2.6 (0.8) 3.40 <.001*

Public reporting status vs nonpublic reporting status 3.2 (1.2)  2.64 .009*

Proportion of Pacific Islanders 0.6 (0.1)  5.88 <.001*

Proportion of African Americans −0.2 (0.1) −2.46 .01*

Proportion of Hispanics −0.2 (0.1)  −3.39 <.001*

Proportion of enrollees aged 25 mo to 6 y who made visits 0.2 (0.1)  4.09 <.001*  
to their primary care physician

Enrollment size > 120 000 vs < 120 000 2.2 (0.8)  2.83 .005*  

Years in business 0.3 (0.1) 4.24 <.001*  

Region [reference, Northeast]

West −12.4 (1.9)  −6.51 <.001*    

Central −4.6 (1.7)  −2.76 .006*    

South −3.7 (2.0) −1.81 .07

Multiple −6.0 (3.1) −1.91 .06

Year of report-×-region — 2.07    .02*

2000-×−Multiple 2.5 (3.6) 0.68 .50

2000-×-West 2.5 (1.8) 1.36 .17

2000-×-Central −2.8 (1.7) −1.63 .10

2000-×-South 0.5 (1.8) 0.27 .79

2001-×-Multiple −1.3 (4.0) −0.33 .74

2001-×-West 0.3 (1.9) 0.13 .90

2001-×-Central −4.1 (1.7) −2.38 .02*

2001-×-South −0.1 (2.0) −0.07 .95

2002-×-Multiple 1.9 (5.5) 0.34 .73

2002-×-West 1.9 (2.0) 0.96 .34

2002-×-Central 0.8 (1.7) 0.48 .63

2002-×-South 1.3 (2.1) 0.60 .55

*P < .05.

SE indicates standard error; NCQA, National Committee for Quality Assurance.



immunized dropped from 1999 to 2000 could be due
to disruptions in vaccine supply; however, other
national investigations conducted during times of
vaccine shortage found no effect on receipt of the
first dose of measles-mumps-rubella vaccine and a
differential delay in receipt of the fourth dose of
diphtheria-tetanus-pertussis vaccine only among
children vaccinated at public clinics, with no similar
pattern found among children vaccinated at private
practices.12 The significant interaction between the
central and northeast regions during 2001 could pos-
sibly be explained by the supply disruptions,
although the national study12 examining this found that only
children living in the southern United States were differen-
tially affected by the shortages.

Consistent with previous findings,13 childhood immuniza-
tion rates improved from 1999 to 2002. This trend will likely
continue because this measure is an important factor in
employers’ purchasing decisions14 and in determination of the
NCQA’s requirements for accreditation. Consideration for
receiving a positive NCQA accreditation status includes
attaining at least the mean immunization rate for child-
hood vaccines among all health plans reporting in a given
year. In a survey of firms that offered insurance for health
maintenance organizations, 36% reported that NCQA or
other accreditation is considered important in selecting or
evaluating health plans.15 The finding that nonpublicly
reported plans have significantly lower immunization rates
might not be an important issue in the future, as 22 states now
require that insurance plans report to HEDIS,16 and it is
expected that more states will follow this direction. Perhaps
legislation will provide more incentive to increase immuniza-
tion rates among administrators of plans with low rates who
typically decide not to publicly report.

Plans with higher proportions of African Americans or
Hispanics had lower immunization rates, whereas plans with
higher proportions of Pacific Islanders had higher immuniza-
tion rates. This suggests that plans serving larger proportions
of some racial/ethnic groups might offer inferior services.
However, it is uncertain if African Americans and Hispanics
are enrolled in the plans with lower immunization rates; this
relationship merits further research.

Plans with higher proportions of children visiting their pri-
mary care physician within the past year were associated with
higher rates of childhood immunizations. The children
included in this measure had no more than 1 gap in enroll-
ment of up to 45 days during the 12 months before their sec-
ond birthday, so this finding may not be applicable to
members with more health insurance gaps. This finding is

consistent with a growing body of literature that has docu-
mented the association of low vaccination rates among chil-
dren who have dropped out of their medical home.17-19 There
may be opportunities to increase vaccination rates by being
more intent on ensuring at least an annual visit to a primary
care physician for every child to be screened for appropriate
immunizations; visits to primary care physicians include
appointments for prevention or for illness. Other investigators
found that missed opportunities at eligible sick-child care vis-
its may reflect practitioners’ failure to screen for immunization
status, unwillingness to provide preventive services during
sick-child care visits, or conservative interpretation of con-
traindication guidelines.20 Missed opportunities for immuniza-
tions could be avoided by encouraging providers to screen for
appropriate immunizations to ensure that children are up to
date at sick-child and well-child care visits.21

Despite the modest increases in immunization rates, many
plans’ immunization rates were lower than other nationally
reported figures by approximately 10 percentage points (eg,
the National Immunization Survey) and were lower than the
80% target established in Healthy People 200022 and reiterated
in Healthy People 2010.23 The HEDIS rates are likely lower
because the purpose of HEDIS is to measure immunization
rates for health plans to determine how well the healthcare
system is working (eg, including only valid doses and taking
into account timeliness of vaccination), whereas the National
Immunization Survey  measures immunization rates for geo-
graphic regions to give an idea of how well the population is
protected against vaccine-preventable diseases (eg, counting
all vaccine doses delivered).2 Another factor that could at
least partially explain why the HEDIS rates are lower than
other national figures may be that managed care plans may
not have adequate tracking systems to collect and document
vaccination status.13 Suboptimal immunization rates reported
to HEDIS indicate that managed care plans need to ensure
that their child members are being fully immunized against
vaccine-preventable diseases.
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Take-away Points
Health plan decision makers should be aware of the following regarding
childhood immunization rates:

n Plans that reported publicly had higher childhood immunization rates
than plans that did not report publicly (P < .001).

n Plans with higher proportions of Hispanics or African Americans
had lower childhood immunization rates (P < .001).

n Immunization rates varied significantly by the type of visit. Plans
with higher proportions of children making visits to their primary care
physician had higher rates of immunization, whereas plans with higher
proportions of infants making sick-child care visits (outpatient or 
emergency department) had lower rates of immunization (P < .001).



A limitation of this study was the aggregated nature of the
data. For example, it was not possible to examine individual
observations; it was only possible to analyze the plan-level
proportions. Also, not all plans reported data to HEDIS each
year. The method used assumes that missing data are missing
at random, yet this might not have always been the case. A
strength of this study is that selection bias was limited by
including nonpublicly reported plans.24 In addition, serial cor-
relation was accounted for by using a longitudinal model.
Because the data were observational, we can say that factors
were associated with immunization rates but were not neces-
sarily causal.

Our results strengthen the case for states to require man-
aged care plans to report to HEDIS to ensure efficient and
accurate data collection systems, as well as NCQA possibly
mandating a more stringent requirement for accreditation
for the childhood immunization measure closer to the Healthy
People 2010 goal of 80% instead of the mean of reporting
plans’ immunization rates. Finally, the findings of this study
indicate that further research is needed to improve adoption
among MCOs of interventions known to increase vaccination
rates and to identify new or modified strategies that may be
more effective and more acceptable in different managed care
environments.
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