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Introduction
Recent expansions in eligibility for

coverage of prenatal care services by the
Medicaid program reflect policy initiatives
to meet Year 2000 national health objec-
tives related to low birthweight and infant
mortality.' Increased utilization ofprenatal
care has been associated with improved
pregnancy outcomes.2-7 In an effort to re-
duce financial barriers to prenatal care,
Medicaid eligibility criteria were raised in
1990 to 133% of the federal poverty level,
with state options to extend coverage to
185% of poverty. One focus for evaluation
of this policy is the extent to which changes
in eligibility for state Medicaid coverage
will increase utilization ofprenatal care and
ultimately decrease low birthweight per-
centages and infant mortality rates.8

Prenatal care utilization is commonly
measured by composite indices, the most
notable being the Kessner Index of Ade-
quacy of Prenatal Care.2 This index con-
siders the month prenatal care began, the
number of prenatal care visits received,
and the gestational age at delivery to cat-
egorize prenatal care utilization as ade-
quate, intermediate, or inadequate. The
adequate category includes cases with a
first trimester initiation of care and prena-
tal care visits that are more than or equal
to a recommended number for a preg-
nancy of a given duration. More visits are
required as gestation increases. Initiation
of care in the second trimester or an earlier
initiation with less than the number of vis-
its recommended to achieve the adequate
category is termed intermediate care.
Cases with no prenatal care, initiation of
care in the third trimester, or an earlier
initiation of care with less than the number
of visits stipulated to achieve the interme-
diate category are labeled inadequate

care. Modifications and alternatives to this
index have been proposed3'," and used
to investigate the relationship of prenatal
care to a variety of pregnancy outcome
measures." ,9 Unfortunately, descrip-
tions of these indices have often failed to
specify how missing or implausible data
should be handled.

The treatment of missing data in the
construction of these indices is an impor-
tant issue. In the Kessner index, cases
with missing prenatal care data are clas-
sified as having inadequate prenatal care
utilization.2 Further, while various meth-
odologies have been suggested to impute
missing gestational age data,12-'5 a con-
vention for the use of imputed gestational
age data in the calculation of prenatal care
utilization indices has not been estab-
lished. The date of last menstrual period
(LMP), needed to calculate the gestational
age interval, has been estimated to be in-
complete on approximately 20% of the na-
tion's birth certificates.'2

State-specific analyses of trends in
prenatal care utilization before and after
adoption of Medicaid options and com-
parisons of prenatal care among states
with varying eligibility levels may be sub-
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ject to bias due to changes in the com-
pleteness ofreportingofthe variables used
to construct these indices and in method-
ologies employed to impute missing data.
This study investigates the potential im-
pact that completeness ofreporting ofpre-
natal care and gestational age variables
and strategies to impute missing data may
have on evaluations of the Medicaid ex-
pansion. Two study designs have been

employed: (1) examining 15 years of data
from a single state, and (2) comparing 1
year of data from four eastern states.

Data and Metods
Computerized South Carolina live

birth files for the years 1974 to 1988 were
used for the first component of this inves-
tigation. For the second component, ad-

ditional data from three mid-Atlantic
states with varying levels ofcompleteness
of reporting ofgestational age were drawn
from the Department of Health and Hu-
man Services (DHHS) Region III Perina-
tal Information Consortium's 1987 Live
Birth File.'6 Single births to resident
mothers were selected for both analyses.

Gestational age was calculated as the
interval from the date of last normal
menses to the date of birth and was trun-
cated into completed weeks.17 Two strat-
egies were employed for imputing missing
gestational age data."5 The "day 15"
method imputes a value of 15 for the day
of last normal menses for those births for
which this single piece of information pre-
vents the calculation of the gestational age
interval. The "preceding case" method
imputes gestational age by inserting the
calculated gestational age interval value of
a preceding birth with a corresponding
month ofLMP, 500-gbirthweight interval,
and race of mother.

Results
Table 1 displays the proportion of

South Carolina cases with missing prena-
tal care and gestational age information for
three 5-year periods. Nearly 6% of the
cases in the 1974 to 1978 period exhlbited
missing or nonspecific data on month or
trimester of pregnancy that prenatal care
began. Missing gestational age data were
found for more than 16% of the cases in
the 1974 to 1978 period, but dropped
markedly in later periods. After imputa-
tion methods were employed to recapture
cases with incomplete dates ofLMP, ges-
tational age was still missing for approxi-
mately 2% of the cases in each period.

Table 2 presents percentages of pre-
natal care utilization employing three dif-
ferent treatments of missing gestational
age data (no imputation, day 15, and pre-
ceding case). Based on no imputation, ad-
equate prenatal care utilizationwas lowest
in the 1974 to 1978 period (48.36%). When
cases with missing data were combined
with the inadequate category, the percent-
ages based on no imputationvaried across
the three periods from 27.21% to 14.97%
to 17.94%. The separate inadequate cate-
gory increased from 8.17% in the 1974 to
1978 period to 10.91% for 1984 to 1988.
There is little appreciable difference in the
prenatal care distribution percentages pro-
duced by the two alternative methods for
imputing missing gestational age values.

The next phase of the analysis uti-
lized 1987 data from four states. The pre-
ceding case method was selected to im-
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pute missing gestational age values. Table
3 depicts by state the percentages of cases
with missing gestational age data, before
and after imputation, and missing prenatal
care initiation and visit data. States B and
C revealed a relatively higher proportion
of missing gestational age data, 20.10%
and 17.58%, respectively. While imputa-
tion markedly reduced this proportion in
state C (5.73%), it had little impact in state
B, where most cases with missing gesta-
tional age data were missing the entire
date of LMP, not just the day value.

Prenatal care utilization percentages
by state and gestational age imputation
group are displayed in Table 4. These per-
centages are calculated in two different
ways. In part A, percentages are based on
a denominator of all live births with a sep-
arate category for cases with missing pre-
natal care or gestational age values after
the application of the indicated gestational
age imputation method. In part B, after
imputation where indicated, cases with
missing prenatal care and gestational age
data are excluded, and percentages are
based on a denominator of cases with the
prerequisite in-range data elements
needed to compute the index.

For statesA and B, the imputation of
gestational age had little appreciable effect
on prenatal care percentages based on all
cases (Table 4, part A). However, the pro-
portion of total missing cases was notice-
ably reduced by imputing gestational age
in the other two states. When calculations
only included cases with in-range or im-
puted datavalues (Table 4, part B), the use
of the gestational age imputation method
had little appreciable impact on the pre-
natal care utilization percentages. This re-
sult suggests that the prenatal care utiliza-
tion distribution for those cases for which
a missing gestational age value could be
imputed was only slightly less adequate
than that of cases with complete gesta-
tional age data. For example, in state C,
where gestational age was imputed for
more than 10% of the cases, the adequate
percentage was 71.55% before imputation
and 71.06% afterward.

Discussion
These data indicate that variations in

reporting, decisions regarding the treat-
ment of missing data, and choice of de-
nominator can alter prenatal care utiliza-
tion percentages. The true potential
impact of the Medicaid expansion on pre-
natal care utilization may be obscured due
to these factors. Therefore, evaluations of
the Medicaid expansion should include a

thorough examination of reporting com-
pleteness, a disclosure of strategies em-
ployed for imputing missing data, and a
description of the methods used to calcu-
late prenatal care percentages.

These data further suggest that it is
unwise to categorize cases with missing
prenatal care or gestational age data in the
inadequate care group. The distribution of
prenatal care utilization was not markedly
disparate for those cases with imputed
gestational age data and those cases with

complete reporting ofgestational age. This
result argues both for employing gesta-
tional age imputation strategies and not
assuming that cases with missing data had
inadequate prenatal care utilization. While
the prenatal care utilization of those cases
with missing data remains unknown, esti-
mates of inadequate prenatal care usage
that include cases with missing data may
be inflated.

Whether prenatal care percentages
should be calculated from all cases or only
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those forwhich the index can be generated
is illustrated by data from state B. Based
on all cases, 57% of women delivering in
that state were placed in the adequate cat-
egory. Excluding cases with missing data
from the calculation resulted in a place-
ment of 75% ofwomen into the adequate
category. The ease with which prenatal
care percentages can be manipulated into
adequate and other than adequate catego-
ries should not be ignored, given the po-
litical context of an impending evaluation
of a major public policy initiative. If we
assume that cases for which the index can
be calculated are roughly similar or only
marginally better in their prenatal care uti-
lization pattems than those without the
prerequisite data, the 75% figure may be a
better estimate of the proportion of all
births in the state with adequate prenatal
care utilization. To alternatively assume
that most cases with missing data have
less than adequate utilization of prenatal
care is unrealistic in areas with large pro-
portions of missing data. While cases with
missing gestational age data have been
shown to display higher risks ofpoor preg-
nancy outcomes,15 all cases with missing
data will not necessarily exhibit adverse
outcomes or less than adequate prenatal
care utilization. Care should be taken in
the analysis and reporting of these per-
centages to ensure that large missing
group percentages are not used to repre-
sent individuals with less than adequate
prenatal care utilization.

The choice between the day 15 or the
preceding case method to impute missing
gestational age data appears to have little
impact on prenatal care utilization distri-
butions. While the day 15 method has
been noted to inflate preterm percentages
in comparison with the preceding case
method,'2" 5 the amount of bias intro-
duced by this approach appears insuffi-
cient to produce a prenatal care utilization
distribution markedly different from that
obtained by the preceding case method.

Prenatal care utilization indices are a
useful but crude surveillance tool for as-

sessing needs and evaluating programs
and policy. Evaluation ofthe Medicaid ex-
pansion by these indices is a heuristic at-
tempt to provide accountability for a ma-
jor policy initiative that may enhance
maternal and infant health inways not eas-
ily appraised by available health measure-
ment tools. Because the components of
these indices are subject to reporting bias,
and because important characteristics of
prenatal care (e.g., quality, comprehen-
siveness, and continuity) are not consid-
ered, it is imperative that these indices be
prudently employed in evaluation efforts
and be continually scrutinized for bias.

Credible data for programmatic ef-
forts and policy discourse require both ac-
curate and complete reporting and logical
and systematic analysis. The three com-
ponent variables of prenatal care utiliza-
tion indices contain potentially large mea-
surement error. Vagaries in analytical
methods used to compute these indices
can further add to the uncertainty regard-
ing the proposed relation between prena-
tal care utilization and pregnancy out-
come and the possible impact of policy
initiatives. These methodological con-
cerns require ongoing attention, but they
should not be used to divert attention from
critically needed efforts to ensure that all
women have access to and are encouraged
to use prenatal care. a
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