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Abstract To assess whether a measure of prenatal case
management (PCM) dosage is more sensitive than a
dichotomous PCM exposure measure when evaluating the
effect of PCM on low birthweight (LBW) and preterm birth
(PTB). We constructed a retrospective cohort study
(N = 16,657) of lowa Medicaid-insured women who had a
singleton live birth from October 2005 to December 2006;
28 % of women received PCM. A PCM dosage measure
was created to capture duration of enrollment, total time
with a case manager, and intervention breadth. Propensity
score (PS)-adjusted odds ratios (ORs), and 95 % confi-
dence intervals (95 % ClIs) were calculated to assess the
risk of each outcome by PCM dosage and the dichotomous
PCM exposure measure. PS-adjusted ORs of PTB were
0.88 (95 % CI 0.70-1.11), 0.58 (95 % CI 0.47-0.72), and
1.43 (95 % CI 1.23-1.67) for high, medium, and low PCM
dosage, respectively. For LBW, the PS-adjusted ORs were
0.76 (95 % CI 0.57-1.00), 0.64 (95 % CI 0.50-0.82), and
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1.36 (95 % CI 1.14-1.63), for high, medium, and low PCM
dosage, respectively. The PCM dichotomous participation
measure was not significantly associated with LBW
(OR = 0.95, 95 % CI 0.82-1.09) or PTB (0.97, 95 % CI
0.87-1.10). The reference group in each analysis is No
PCM. PCM was associated with a reduced risk of adverse
pregnancy outcomes for Medicaid-insured women in Iowa.
PCM dosage appeared to be a more sensitive measure than
the dichotomous measure of PCM participation.

Keywords Prenatal case management - Prenatal home
visiting - Birth outcomes - Dose-response relationships

Introduction

Over the years, numerous evaluations of prenatal case
management (PCM) have been conducted. PCM is a
community-based health related service offered to medi-
cally and/or socially vulnerable pregnant women to
improve maternal and infant health outcomes [1]. Many of
these studies have shown significant benefits for partici-
pants in mental health, substance use, employment attain-
ment, parenting skills, and educational attainment [2-9].
Unfortunately, studies examining outcomes such as low
birthweight (LBW) and preterm birth (PTB) have shown
little or no benefit from PCM participation [4, 9, 10].
Studies that do show a significant improvement in birth
outcomes seem to detect differences only in the extremes
of the outcomes, very PTB (<34 weeks) and very LBW
(<1,500 g) [4, 11]. Critiques of previous studies of PCM
suggest that the failure to detect an effect may be due to a
lack of statistical power resulting from a small sample size,
[6, 10, 12] selection bias, [9, 12] or failure to assess PCM
dosage [6, 10, 13—15].
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Background

PCM is a collaborative process in which a case manager
(CM) and a pregnant woman work together to develop an
individualized plan of care to address the woman’s needs
as identified through risk assessment [13, 15, 16]. Since
health and social needs differ among women, the inter-
vention breadth, amount of time spent with a CM, and
duration of enrollment in PCM is unique to each woman
[15]. Most studies evaluating the relationship between
PCM and pregnancy outcomes have only assessed the
effect of participation as a dichotomous exposure, giving
no consideration to variations in intervention intensity, and
the content of individualized care plans [10, 14, 15, 17].
This simple dichotomy fails to describe the amount of
effort expended by both the CM and the enrolled woman to
reach the targeted outcomes. Therefore, deriving a variable
that captures this effort or “dosage” is necessary to more
precisely measure the true effectiveness of PCM.

According to Slaughter and Issel [15], PCM dosage is
characterized by three aspects: duration of enrollment,
breadth of interventions, and amount of time spent with the
CM. Duration of enrollment captures the length of time a
woman is enrolled in PCM, beginning with the enrollment
visit and ending with the targeted outcome or loss to follow
up. Breadth of interventions describes the variety of
intervention types received by the woman while enrolled.
Finally, the amount of contact time measures the number of
hours/minutes the woman spends with her CM during
interventions delivered [15, 18].

In addition to a lack of attention to dosage, most studies
of PCM may have been influenced by selection bias due to
their study design. Like prenatal care (PNC) and the Spe-
cial Supplemental Nutrition Program for Women, Infants
and Children (WIC), different selection processes affect a
woman’s likelihood to enter PCM. These processes do not
occur at random, are often unobservable, and can be dif-
ficult to measure. Differences in selection processes may
stem from variations in women’s and providers’ knowl-
edge, attitudes, and perceptions surrounding the women’s
health practices and health status [19, 20]. These factors are
not only associated with women’s propensity to seek,
enroll, and stay engaged in PCM, but also have an
unknown contribution to the risk of having adverse preg-
nancy outcomes.

To control for selection bias, ideally researchers would
conduct a randomized control trial (RCTs) and randomly
assign women to varying levels of PCM dosage [21, 22].
Random allocation helps ensure that both unknown and
known confounding and selection bias factors are evenly
distributed between groups. Unfortunately, RCTs are expen-
sive and may not be ethically feasible for high-risk pregnant
women. Although some RCTs have been conducted in studies

of PCM, most suffer from small sample sizes and lack of
power to detect differences for rare outcomes (i.e., LBW and
PTB) [10, 17]. The majority of PCM studies investigating
pregnancy outcomes have been observational. In an obser-
vational study design groups are formed by “convenience” or
due to a woman’s willingness to participate in the PCM pro-
gram [22]. Consequently, the resulting treatment groups may
have different distributions of maternal characteristics; direct
comparison of these groups without accounting for differ-
ences could lead to biased estimates of treatment effect,
selection bias [21, 23].

Researchers have traditionally used matching, stratifica-
tion, and regression adjustment [23] to account for system-
atic differences in baseline characteristics and confounding.
Unfortunately, these traditional methods have limits. Strat-
ification and matching both suffer from dimensionality
problems, [24, 25] while regression adjustment is limited by
the amount of data available and degrees of freedom [23, 26].
This can lead to decreased statistical power and a failure to
reject the null hypothesis (type II error).

Propensity score (PS) methods were first introduced by
Rosenbaum and Rubin [27] as an alternative to traditional
methods to account for selection bias in observational
studies while examining the effect of a dichotomous
treatment on a health outcome [23, 28, 29]. In recent years,
PS methodology has been extended to assess dose—
response relationships with health outcomes [26, 30].

To date, no study on the effectiveness of PCM has
examined the dose-response relationship between PCM
and pregnancy outcomes, while using PS methods to con-
trol for selection bias. The objective of this study was to
assess whether PCM dosage is a more sensitive measure
than a dichotomous participation measure when assessing
the relationship between PCM and birth outcomes while
controlling for selection bias using PS methods. We
hypothesize that a measure of PCM dosage will have more
power to detect a protective association with adverse birth
outcomes than a dichotomous participation measure.

Methods
Iowa’s PCM Program

In Iowa, PCM is provided by twenty-one Maternal Health
Service Agencies (MHSA) serving Iowa’s 99 counties.
PCM interventions performed by MHSAs are paid for by
Medicaid fees and Title V funding and include risk
assessment, care coordination, health education, and
nutrition education, assistance with tangibles, counseling,
and workforce development. In 2010, approximately, 40 %
of Towa 38,514 births were reimbursed by Medicaid, and
28 % of these Medicaid births received PCM at a MHSA.

@ Springer
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Study Population

We conducted a retrospective study of Medicaid-insured
women residing in lowa who had a singleton birth between
October 2005 and December 2006. The cohort was con-
structed by linking Iowa’s birth certificate data, Medicaid
claims, and Women’s Health Information System (WHIS)
risk assessment data. Birth certificate and Medicaid claims
data were linked a priori by the Iowa Department of Public
Health. WHIS risk assessment data (90 %) were then
probabilistically [31] linked to the birth certificate-Medic-
aid claims data by the authors using maternal date of birth;
and maternal first, last, and maiden name. The constructed
birth cohort consisted of 19,280 Medicaid births.

Based on variables from the birth certificate, women
were excluded from analyses if maternal race was not
White or Black (3.1 %), or if plurality >1 (2.7 %). To
reduce bias from gestational age (GA) misclassification or
underreporting of live births, women with GA <22 or
>42 weeks (4.9 %) and/or birthweight <400 g (0.4 %)
were excluded. GA was calculated from the date of last
menstrual period (LMP). If the LMP-based gestation was
missing or the absolute difference between the LMP-based
gestation and the clinical estimate (CE) of GA >2 weeks,
then the clinical estimate of gestation was used.

Women were also excluded if they had no WHIS risk
assessment file but Medicaid claims data indicated that the
women received PCM (5.6 %) since dates to determine
enrollment into PCM were only available in the WHIS risk
assessment file. After exclusions, there were 16,657 Med-
icaid births: 4,639 births (28.1 %) had PCM and 12,018
(72.1 %) had no PCM. This study was approved by the
University of Illinois at Chicago, Office for the Protection
of Research Subjects on October 13, 2009.

Dependent Variables

The dependent variables for this study were LBW and
PTB. LBW was defined as birthweight <2,500 g and PTB
was defined as GA <37 weeks among live births.

Maternal Characteristics (Covariates)

Covariates chosen for this analysis were maternal charac-
teristics available on the birth certificate hypothesized to
affect the association between PCM and the birth out-
comes, LBW and PTB. Covariates were selected a priori
based on published literature, biologic plausibility, and
expert opinion [32-34]. Maternal characteristics were
examined for their association with PCM and each birth
outcome. Demographic variables from the birth certificate
included maternal education (<high school, high school,
>high school), marital status (married/unmarried),
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Hispanic ethnicity, maternal race (Black/White), maternal
age (<18 years, 18-34 years, >35 years), and rural/urban
residency (central city, metropolitan statistical area (MSA),
rural adjacent to an urban area, and rural not adjacent to an
urban area). Maternal medical conditions for LBW and
PTB were defined as the following: diabetes, anemia,
cardiac disease, lung disease, chronic hypertension, and
renal disease; pregnancy associated hypertension, uterine
bleeding, hydramnios, oligohydramnios, and incompetent
cervix. Others considered for inclusion were parity (nul-
liparous, primiparous, 2, >3 live births), smoking during
pregnancy, previous PTB (primiparous, multiparous with
previous PTB, and multiparous no previous PTB), and
adequacy of prenatal care entry. Month PNC began was
defined by Kotelchuck’s Initiation of PNC Index [35] as
inadequate (>6 months), intermediate (5-6 months), ade-
quate (3—4 months), and adequate plus (1-2 months).

Independent Variables
PCM Any_Participation

PCM Any_Participation is a dichotomous measure of
program participation. Women were classified as PCM
participants if they had a WHIS risk assessment file. Non-
participants were those women who had no WHIS risk
assessment file and their Medicaid claims data indicated
that they did not receive risk assessment, prenatal care
coordination, or health education.

PCM Dosage

Based on the conceptual framework of Huber et al. [36] for
case management, Slaughter and Issel [15] created a
measure of dosage for PCM. Briefly, PCM dosage was
defined as the average rank across 3 dimensions: duration
of enrollment, breadth of intervention, and amount of
contact time.

PCM dosage = (d”r ation + breadth + amoum>

3

Duration of Enrollment  Since the outcomes for this study
were LBW and PTB, duration of enrollment was measured
as the number of weeks between the first PCM visit and the
date of the infant’s birth or WHIS file discharge date. The
first PCM visit was defined as the date of the initial risk
assessment. Approximately, 2 % of PCM enrollees did not
have an initial risk assessment; therefore, the date that their
WHIS file was opened was used as a proxy for when
contact with a case manager started. Duration was cate-
gorized into four groups: O-none, 1-low (1-13 weeks),
2-medium (13-27 weeks), and 3-high (=28 weeks).
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Category cutoffs were based on the number of weeks in a
trimester.

Breadth of Intervention The following interventions were
included in the breadth dimension of PCM: (1) Medicaid
Prenatal Risk Assessment (WHIS risk assessment data); (2)
Care coordination visit (Medicaid Claims data); and (3)
Health education (Medicaid Claims data). Breadth ranged
from O to 3.

Amount of Contact Time The amount of contact time
(hours) spent with a CM during interventions was mea-
sured as the total amount of time billed to Medicaid for
health education (15 min increments) or care coordination
(30 min increments) visits. Time spent with a case manager
during the initial risk assessment was not included since
risk assessments were not billed in time increments. The
amount of contact time was categorized as: 0-none, 1-low
(0.1-1 h), 2-medium (1.1-3.25 h), and 3-high (>3.25 h).

PCM dosage was categorized into 4 levels: none (0),
low (0.1-1.4), medium (1.5-2.4), and high (2.5-3.0) based
on the distribution of women’s scores.

Statistical Analysis

Descriptive statistics were used to summarize the distri-
butions of the independent variables, dependent variables,
and all maternal characteristics. Covariates were assessed
for missing values. Although no single covariate exhibited
more than 2 % missing values, exclusion of all records
with missing data would have resulted in a loss of 6.6 % of
the records. Since data were not missing at random, the
expectation—-maximization (EM) algorithm was used to
impute missing values [37].

PS methods were used to control for overt selection bias:
multiple PS methods for PCM dosage and binary PS meth-
ods for PCM Any_Participation. For PCM Dosage, we first
checked for balance and comparability between each dosage
level (none, low, medium, and high) on covariates related to
both the exposure and the outcome, but not in the casual
pathway; this was done by regressing each categorical
maternal characteristic on PCM dosage via logistic regres-
sion (binary or multinomial). For continuous covariates,
balance was checked using ANCOVA with PCM dosage as
the fixed factor. Once balance was assessed, we estimated
the multiple PS as specified by Spreeuwenberg et al. [25]
Using multinomial logistic regression analysis we calcu-
lated a PS for each dosage level per individual in the dataset
(four PS per individual). Next, to ensure compatibility
between dosage groups we inspected the distributions of the
multiple PS using box plots for extensive overlap between
dosage groups. We also checked that balance was achieved
(Table 1) on all covariates by regressing (binary or

multinomial logistic) each covariate on the multiple PS and
PCM dosage. The above analysis was repeated for the
dichotomous measure PCM Any_Participation; however,
we used binary logistic regression to calculate the PS (See
Table 2 for balance check).

To estimate the effect of PCM dosage on the birth
outcomes (LBW and PTB) while adjusting for covariates, a
binary logistic regression model was used to regress PCM
dosage and the multiple PS on each birth outcome. Next,
binary logistic regression was used to regress PCM
Any_Participation and the binary PS on each birth out-
come. For each outcome, the PCM Dosage PS-adjusted
odds ratios (OR) and 95 % confidence intervals (CI) were
compared to the PCM Any_Participation Status PS-adjus-
ted OR and CIs. The analysis was conducted using SAS
Vo.2.

Results

The maternal characteristics in relation to birth outcomes
for the Iowa Medicaid birth cohort are presented in
Table 3. A majority (89.8 %) of the women were between
the ages of 18 and 34 years, White (93.0 %), had at least a
high school education (71.2 %), and 88.7 % entered pre-
natal care by their fourth month of pregnancy. Approxi-
mately, 72 % of women had no PCM, while 6.1, 10.3, and
11.4 % had high, medium, or low dose PCM, respectively.
Fewer than 7 % of the Medicaid-births were LBW, while
9.6 % were PTB.

PCM Dosage and PCM Any_Participation PS-adjusted
ORs and 95 % CI for each adverse birth outcome are
shown in Fig. 1. While controlling for maternal charac-
teristics using multiple PS methods, the OR for the asso-
ciation between PTB and high PCM dosage was 0.88
(95 % CI 0.70-1.11), for medium PCM dosage was 0.58
(95 % CI 0.47-0.72), and for low PCM dosage was 1.43
(95 % CI 1.23-1.67). PS-adjusted OR for the dichotomous
PCM Any_Participation measure was close to one and not
statistically significant, (OR = 0.97, 95 % CI 0.82-1.09).

For LBW, the PS-adjusted OR was 0.76 (95 % CI
0.57-1.00) for high, 0.64 (95 % CI 0.50-0.82) for medium,
and 1.36 (95 % CI 1.14-1.63) for low dosage PCM. Like
PTB, the PS-adjusted OR for PCM Any_Participation was
close to the null and not statistically significant (OR =
0.95, 95 % CI 0.82-1.09).

Discussion
Using an exploratory measure of PCM dosage, our study

demonstrated a relationship between PCM and adverse
pregnancy outcomes. On the other hand, no statistically

@ Springer
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Table 1 Unadjusted and multiple propensity score-adjusted associations between maternal characteristics and prenatal case management dosage

(high, medium, low, and none)

Maternal characteristics High dosage Medium dosage Low dosage No PCM p value
(n = 1,017) (n = 1,722) (n = 1,900) (n = 12,018)
% % % % Before PS After PS
(A) (B) (©) (D) correction (E) correction (F)
Age (years), mean (SD) 235 (5.1) 23.6 (5.0) 23.1 (5.0) 24.5 (5.3) <0.001 0.99
Education (years), mean (SD) 11.5 2.4) 11.7 2.1) 11.6 (2.4) 12.0 (2.2) <0.001 0.99
Parity, mean (SD) 1.8 (1.1) 1.9 (1.2) 1.9 (1.2) 22(1.3) <0.001 1.0
Married 30.4 334 30.9 36.5 <0.001 0.99
Hispanic 21.8 17.1 19.7 12.6 <0.001 0.88
Race <0.001 0.99
Black 6.0 5.6 52 7.6
White 94.0 94.4 94.8 92.4
Rural/urban residency <0.001 0.99
Central city 43.0 40.5 32.6 52.4
MSA 19.1 22.4 16.7 12.2
Rural adjacent Urban 16.2 15.0 19.6 18.7
Rural not adjacent Urban 21.7 22.0 31.1 16.7
Smoking 272 28.1 27.8 29.9 0.05 1.0
Previous PTB <0.001 0.99
Nulliparous 532 50.2 52.3 36.5
Previous PTB 25 1.8 23 3.0
No Previous PTB 444 40.0 45.4 60.5
PNC entry <0.001 0.98
>6 months 1.5 2.0 3.8 4.1
5-6 months 4.0 52 10.7 7.8
3—4 months 40.0 42.0 42.3 36.8
1-2 months 54.5 50.8 43.3 51.3
Chronic medical history
Anemia (yes/no) 2.2 24 2.1 2.3 0.92 1.0
Cardiac disease (yes/no) 0.4 0.4 0.5 0.5 0.97 1.0
Lung disease (yes/no) 2.5 1.5 1.6 1.7 0.23 0.94
Diabetes (yes/no) 54 5.1 5.5 4.8 0.56 0.99
Chronic hypertension (yes/no) 1.0 0.8 0.8 0.9 0.92 0.99
Renal disease (yes/no) 0.6 0.4 0.4 0.4 0.79 0.98
Genital herpes (yes/no) 2.0 1.3 0.9 1.7 0.03 0.91
Pregnancy medical complication
Pregnancy associated 6.7 5.5 5.8 4.7 <0.01 0.98
hypertension (yes/no)
Eclampsia (yes/no) 0 0.1 04 0.3 0.03 0.68
Uterine bleeding (yes/no) 0.8 0.4 0.5 0.7 0.39 0.99
Hydramnios (yes/no) 2.0 1.4 1.6 1.5 0.60 0.61
Hemoglobinopathy (yes/no) 1.2 0.1 0 0.2 <.001 <.001

significant associations were detected when using a
dichotomous PCM exposure measure to evaluate the effect
of PCM on adverse pregnancy outcomes. Receiving a
moderate to high amount of PCM decreased a woman’s
likelihood of having an adverse pregnancy outcome. In
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particular, women who received a medium dose of PCM
showed a statistically significant reduction in the likelihood
of having a LWB or PTB by 36 and 42 %, respectively.
Receiving a high dose of PCM corresponded with a 24
and 12 % reduction in the likelihood of having a LBW or
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Table 2 Unadjusted and propensity score-adjusted associations between maternal characteristics and prenatal case management (PCM) par-

ticipation status

Maternal characteristics PCM No PCM Before PS After PS correction
(n = 4,639) (n = 12,018) correction
% % p value p value (main p value
effect) (interaction)
Age <0.001 0.45 0.08
<18 years 6.9 4.6
18-34 years 89.2 90.0
>34 years 39 54
Education <0.001 0.37 0.24
<High school 33.8 26.3
High school 40.1 40.5
>High school 26.1 333
Unmarried 68.2 63.5 <0.001 0.87 0.71
Hispanic 19.2 12.6 <0.001 0.29 0.81
Race <0.001 0.95 0.25
Black 5.5 7.6
White 94.4 92.4
Rural/urban residency <0.001 <0.001 <0.001
Central city 37.8 52.4
MSA 19.3 12.2
Rural adjacent urban 17.2 18.7
Rural not adjacent urban 25.7 16.7
Parity <0.001 0.49 0.10
Nulliparous 51.7 36.5
Primiparous 23.8 30.0
2 15.0 18.9
>3 9.4 14.6
Smoking 27.9 29.9 <0.01 0.78 0.15
Previous PTB <0.001 0.85 0.27
Nulliparous 51.7 36.5
Previous PTB 2.1 3.0
No previous PTB 46.2 60.5
PNC entry <0.001 0.47 0.02
>6 months 2.6 4.1
5-6 months 7.2 7.8
3—4 months 41.7 36.8
1-2 months 48.5 51.3
Chronic medical history
Anemia 2.2 2.3 0.80 0.94 0.98
Cardiac disease 0.4 0.5 0.71 1.00 0.54
Lung disease 1.7 1.7 0.84 0.87 0.87
Diabetes 53 4.8 0.20 0.86 0.50
Chronic hypertension 0.8 0.9 0.65 0.79 0.40
Renal disease 0.4 0.4 0.99 0.94 0.54
Genital herpes 1.3 1.7 0.07 0.76 0.14
Pregnancy medical history
Pregnancy associated hypertension 6.1 4.9 <0.01 0.95 0.20
Eclampsia 0.2 0.3 0.31 1.00 0.66
Uterine bleeding 0.5 0.7 0.25 0.83 0.41
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Table 2 continued

Maternal characteristics PCM No PCM Before PS After PS correction
(n = 4,639) (n = 12,018) correction
% % p value p value (main p value
effect) (interaction)
Hydramnios 1.6 1.5 0.49 0.60 0.35
Hemoglobinopathy 0.3 0.2 0.05 <0.001 0.16

PTB infant. Although the results for women who received a
high dose of PCM were not statistically significant they do
trend in a positive direction which has clinical significance.
We hypothesize that the non-statistically significant results
are due to differences in unmeasured health behaviors or
other risk factors among “high dose” women that we were
not able to control for using propensity score methods.
Future research should examine the use of instrumental
variables methods as a way to account for unmeasured
selection bias.

In our study, a medium dose of PCM was related to the
greatest reduction in risk followed by a high dose of PCM,;
this may be due to the fact that women with a medium dose
of PCM had fewer risk factors than women in the high dose
group and the intervention of health education and care
coordination were able to better address the needs of the
women who received a medium dose of PCM.To be
included in the high dosage group women had to have
been, at minimum, enrolled in PCM for at least 28 weeks,
received all 3 types of interventions, and had at least 3.5 h
of case manger time billed to Medicaid. In some respects,
this characterization of a “high dose” seems more minimal
than optimal. Further research is needed to investigate what
would be an effective upper limit to a PCM dosage
measure.

Women with a low dose of PCM had a 36 % higher risk
of LBW and 43 % higher risk of PTB compared to women
with no PCM. Women in the low dose category were
enrolled in PCM for less than 13 weeks, only had the
assessment intervention, and had less than 1 h of case
manager time billed to Medicaid. A greater portion of the
low PCM dose women were under 18 years of age, lived in
rural areas and had inadequate PNC compared to women
who did not receive PCM, as well compared to women in
the high or medium dosage categories. These characteris-
tics suggest that women with a low dosage of PCM may
have a different set of issues and concerns (e.g., transpor-
tation, lack of financial resources) which compete for their
attention and thus reduce their likelihood of staying
engaged in PCM once enrolled [38]. A literature review
focused on retention in PNC found that women with
reduced resources who stay engaged in PNC appear to be
on average healthier and more likely to engage in healthier
lifestyle behaviors than those who are not retained [39].
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This suggests that to optimize the effect of the dosage of
PCM, motivational interventions may need to be incorpo-
rated into PCM program models to facilitate women’s
engagement.

The success in finding a difference in PCM effects by
dosage level constitutes a substantive advance in the
evaluation of PCM. As noted by Issel et al. [17] in a lit-
erature review of 28 studies assessing the effectiveness of
PCM on LBW and PTB, the dose of PCM received was not
measured. In fact, only half of the studies indicated GA
cutoff points for enrollment into PCM in their program
descriptions. The measurement of PCM dosage is essential
to understanding the relationship between PCM and birth
outcomes. PCM programs engage in a complex process in
which case managers match women’s needs to appropriate
services for best outcomes. To measure PCM participation
as a dichotomous exposure (e.g., participant vs. non-par-
ticipant) implies a “one size fits all” approach and ignores
important concepts such as timing of entry and program
engagement. It also ignores the potential threshold that
may exist, only above which a significant and beneficial
relationship may develop. Examination of dose-response
relationships allows us to ask four fundamental questions
about interventions: (1) Is there evidence of an intervention
effect? (2) Are there doses that lead a response different
from that of the unexposed cohort? (3) What is the nature
of the dose-response relationship? (4) What is the optimal
dose? [40]

Using an exploratory dosage measure in studies of PCM
in lieu of a dichotomous measure of PCM would allow
researchers, providers, and policy makers to demonstrate
the importance of the amount and type of interventions
provided in PCM. For example, such a measure can be
valuable to state agencies receiving funding from the
Patient Protection and Affordable Care Act’s Maternal,
Infant, and Early Childhood Home Visiting (MIECV)
Program. In their applications, states stipulated how their
PCM program model was to be implemented in targeted at-
risk communities and provided their criteria for evaluating
whether their programs addressed the specific needs of
families in the target communities [41]. Adding a measure
of dosage to their toolkit will allow for increased power in
their demonstration of an effect as well as a clear under-
standing of the nature of the effect. In addition, the use of a
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Table 3 Distribution of maternal characteristics and adverse pregnancy outcomes for Iowa’s medicaid-insured women from October 2005 to

December 2006 (N = 16,657)

Maternal Characteristics Total (n = 16,657) LBW (n = 1,110) P value’ PTB (n = 1,590) P value®
Age, mean (SD), year 24.2 (5.2) 24.1 (5.5) 0.52% 24.3 (5.2) 0.48%
Education, No. (%) 0.02 0.43
<High school 4,724 (28.4) 347 (31.3) 473 (29.8)
High school 6,727 (40.3) 457 (41.1) 628 (39.5)
>High school 5,206 (31.3) 310 (27.9) 489 (30.8)
Unmarried, no. (%) 10,802 (64.9) 764 (68.8) <0.01 1,065 (67.0) 0.06
Hispanic, no. (%) 2,406 (14.4) 121 (10.9) <0.001 187 (11.8) <0.01
Race, no. (%) 0.04 0.35
Black 1,170 (7.0) 95 (8.6) 121 (7.6)
White 15,487 (92.98) 1,015 (91.4) 1,469 (92.4)
Rural/urban residency, no. (%) 0.41 0.86
Central city 8,047 (48.3) 545 (49.1) 783 (49.3)
MSA 2,367 (14.2) 168 (15.1) 226 (14.2)
Rural adjacent urban 3,040 (18.3) 183 (16.5) 282 (17.7)
Rural not adjacent urban 3,203 (19.2) 214 (19.3) 299 (18.8)
Parity, no. (%) <0.001 0.01
Nulliparous 6,788 (40.8) 526 (47.4) 651 (40.9)
Primiparous 4,707 (28.3) 279 (28.3) 421 (26.5)
Diparous 2,972 (17.8) 154 (13.9) 269 (16.9)
>3 2,190 (13.2) 151 (13.6) 249 (16.7)
Smoking, no. (%) 4,885 (29.3) 441 (39.7) <0.001 540 (34.0) <0.001
Previous PTB, no. (%)
Nulliparous 6,788 (40.8) 526 (47.4) <0.001 651 (40.9) <0.001
Previous PTB 455 (2.7) 104 (9.4) 136 (8.6)
No previous PTB 9,414 (56.5) 480 (43.2) 803 (50.5)
PNC entry, no. (%) <0.001 <0.001
>6 months 617 (3.7) 58 (5.2) 78 (4.7)
5-6 months 1,268 (7.6) 87 (7.8) 127 (8.0)
3—4 months 6,360 (38.2) 354 (31.9) 520 (32.7)
1-2 months 8,412 (50.5) 611 (55.1) 868 (54.6)
Medical risk factors, no. (%)
Chronic 1,635 (9.8) 130 (11.7) 0.03 208 (13.1) <0.001
Pregnancy hypertension 874 (5.3) 156 (14.1) <0.001 194 (12.2) <0.001
Any PCM participation, No. (%) 4,639 (27.9) 305 (27.5) 0.77 430 (27.0) 0.45
PCM dosage, no. (%) <0.001 <0.001
High 1,017 (6.1) 58 (5.2) 89 (5.6)
Medium 1,722 (10.3) 77 (6.9) 97 (6.1)
Low 1,900 (11.4) 170 (15.3) 244 (15.4)
None 12,018 (72.2 805 (72.5) 1,160 (73.0)

Chronic medical conditions include anemia, cardiac disease, diabetes, lung disease, chronic hypertension, and renal disease

' Chi-square test

! Fischer exact test

dosage measure helps explicate the impact of interventions  score methodology is a rigorous analytical tool; however,
that are not being tested in RCT’s, but are implemented in ~ propensity score estimates are based on observed measured

real world settings.

characteristics. Selection bias may still be present as a

The results presented here need to be considered in the  result of unmeasured factors that influence a woman’s
context of this study’s limitations. Multiple propensity  likelihood to enroll and engage in PCM [23, 27]. Also, we
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Fig. 1 Propensity score-adjusted odds ratios for the association
between prenatal case management dosage and adverse birth
outcomes, and prenatal care case management participation status
among lowa Medicaid births, October 2005-December 2006
(N = 16,657). Reference group is PCM non-participants

chose to perform regression analysis instead of matching to
correct for the multiple propensity scores when estimating
the treatment effect of PCM dosage. We did this since
matching on all four multiple propensity scores would have
proven difficult and resulted in small treatment samples
[25]. For consistency, regression analysis was also used to
estimate the treatment effect of PCM Any_Participation on
the birth outcomes.

Additionally, data quality and registration completeness
are always an issue when using vital records. Possible
underreporting of maternal medical risk factors and
behaviors could have occurred [42]. Furthermore, this
study used administrative data (Medicaid claims data); and
only interventions which were billable and paid to Med-
icaid or required to be reported to the state were recorded
and an underestimation of breadth of interventions and the
amount of time spent with a case manager may have
occurred. A study by Kane and Issel [43] examining the
estimated cost of Medicaid PCM found that case managers
spent 20-67 % of their time providing interventions not
reimbursable by Medicaid, e.g., emotional support,
coaching, and assistance with tangibles. Consequently,
non-differential misclassification of the exposure is a pos-
sibility. In addition, there is a potential for preterm delivery
bias in our exploratory measure of PCM dosage since
women who deliver at term may receive more PCM than
women who deliver preterm simply due to the length of
their pregnancy and unrelated to their risk status.
Approaches that incorporate pregnancy length into a new
measure of PCM dosage are needed.

Finally, our findings may have limited generalizability to
more heterogeneous populations since our population con-
sisted of White Medicaid women who had live births in Iowa,

@ Springer

a predominantly rural state. The degree of rural isolation has
been associated with increased occurrence of LBW and PTB
due a to differences in socioeconomic characteristics and
access to health services [39]. In addition, white women may
have different risk factors for poor birth outcomes than
women of color as they do not experience racism or its
associated stress. However, the homogeneity of our popu-
lation provided assurance that there were fewer confounders.

Conclusion

In this study we were able to show that demonstrating a
program’s effectiveness can be hindered by inadequate
representation of intervention intensity or dosage. By using
a measure of dosage which accounts for the amount of time
a woman spends with her case manager, the duration of
enrollment in PCM, and the breadth of interventions a
woman receives while enrolled in PCM we were able to
show a significant and beneficial relationship between
PCM dosage and birth outcomes in a sample of lowa
Medicaid births. This has implications for both future
research and practice with respect to PCM.
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