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Abstract To compare infant injuries in the first year of life

betweenMaternal InfantHealth Program (MIHP) participants

and matched comparison groups. The population was the

cohort of Medicaid-insured singleton infants born in 2011 in

Michigan who had continuous Medicaid insurance and sur-

vived the first year after birth (N = 51,078). Propensity score

matching was used to compare participants in MIHP to mat-

ched comparison groups from among the nonparticipants.

Injury episodes were defined based onMedicaid claims in the

first year of life. Matched comparisons were performed using

McNemar, Bowker, and Wilcoxon signed rank tests to assess

the effects of program participation on infant injuries. Infants

ofMIHPparticipantsweremore likely to have injury episodes

(11.7 vs. 10.4 %, p\ 0.01) and a higher rate of episodes

(126.9/1,000 infants vs. 109.6/1,000) compared to matched

nonparticipants. Infants of MIHP participants were more

likely to have superficial injuries (4.9 vs. 3.9 %,p\ 0.01) and

a higher rate of episodes related to superficial injuries (49.7/

1,000 vs. 39.6/1,000), which mainly accounted for the dif-

ference in injury visits between groups. Similar results were

found among those enrolled and risk-screened in the program

by the 2nd pregnancy trimester and who received a dosage of

at least three additional MIHP contacts when compared to

matched nonparticipants. MIHP participants did not experi-

ence reductions in infant injuries in the first year of life

compared to matched nonparticipants. Possible explanations

may include increased health-seeking behavior of themothers

participating in MIHP or improved recognition of infant in-

juries that warrant medical attention.

Keywords Home visitation � Medicaid � Infant injury �
Enhanced prenatal and postnatal services

Introduction

Prenatal and early infancy home visiting programs provide

a broad set of services to address issues such as access to

services, maternal and child health, safe home environ-

ments, parenting, and child development [1]. In general,

these programs support underserved, low-income popula-

tions, and other at-risk groups [2, 3]. The federal 2010

Patient Protection Affordable Care Act supports the ex-

pansion of evidence-based home visitation programs [4, 5]

and reaffirmed the need for evidence of the effectiveness of

home-visitation programs [6].

While there is consistent evidence that home visiting

improves child health, maternal health, parenting practices,

and child development, the evidence on the effects of home

visiting programs on the incidence of infant injuries is

mixed [6]. Some prior randomized controlled trials (RCT)

found that nurse home visiting reduced the infant injury-

related encounters during the first 2 years of life [7, 8].

C. I. Meghea � Z. You
Institute for Health Policy, College of Human Medicine,

Michigan State University, East Lansing, MI, USA

C. I. Meghea (&) � L. A. Roman

Department of Obstetrics, Gynecology, and Reproductive

Biology, College of Human Medicine, Michigan State

University, East Fee Hall, 965 Fee RD, Room A632B,

East Lansing, MI 48824, USA

e-mail: Cristian.meghea@hc.msu.edu

C. I. Meghea

Center for Health Policy and Public Health, College of Political,

Administrative and Communication Sciences, Babes-Bolyai

University, Cluj-Napoca, Romania

L. A. Roman

Department of Obstetrics, Gynecology, and Women’s Health,

Spectrum Health, Grand Rapids, MI, USA

123

Matern Child Health J (2015) 19:2119–2127

DOI 10.1007/s10995-015-1724-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s10995-015-1724-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10995-015-1724-z&amp;domain=pdf


Another RCT found that a home visiting enhanced inter-

vention did not reduce the risk of infant injury during the

first 3 years of life [9, 10]. A recent quasi-experimental

evaluation revealed that children participating in a state-

wide initiative providing nurse home visitation to high-risk

first time mothers were more likely to have injury visits

during the first 2 years of life compared to a propensity

score matched group of non-participants [11].The study

found that significantly higher rates of superficial injuries

mainly accounted for the difference in injury visits between

the two groups.

The Maternal and Infant Health Program (MIHP) is a

population-based enhanced prenatal and postnatal care

(EPC) program that includes home-visitation available to

all Medicaid-eligible pregnant women and infants aged

B1 year in Michigan. MIHP is the largest EPC program in

Michigan, with participants and providers in all counties.

While overall approximately a third of all Medicaid-eligi-

ble pregnant women in Michigan enroll in the MIHP pro-

gram during pregnancy, there is geographic diversity in

participation across the state. The MIHP enrollment rate

varies along the entire range across counties, with two-

thirds of the 83 Michigan counties experiencing rates be-

tween 20 and 63 % in 2011 (authors calculations). Medi-

caid-insured pregnant women may enroll in the program at

any time during their pregnancy. While some women self-

refer, most women are referred to the MIHP program either

through physician offices, the Special Supplemental

Nutrition Program for Women, Infants and Children

(WIC), Medicaid health plans, or other social service

community programs. MIHP supplements medical prena-

tal, postnatal, and infant care through home-based care

coordination, referrals, and risk-specific interventions with

the aims of promoting healthy pregnancies, positive birth

outcomes, and healthy infants. The MIHP program in-

cludes specific components focusing on infant safety, in-

cluding safe sleep, not shaking the baby, child proofing the

home, and other infant safety education. Approximately

45 % of the infants born in Michigan and 40 % of all US

infants are Medicaid-insured at birth [12, 13]. Medicaid-

insured women and their infants are at higher risk, in-

cluding having a higher likelihood of unintended preg-

nancies, initiating prenatal care later than the first trimester,

smoking during pregnancy, adverse birth outcomes, infant

mortality, and infant injury compared to women with pri-

vate insurance [14–17].

Prior evaluations of the MIHP using propensity score

matching found that the program was effective in im-

proving healthcare utilization for mothers and infants and

in reducing the risk of adverse birth outcomes [18, 19].

This study builds upon our previous work, with the goal of

assessing program effectiveness in reducing infant injuries

in the first year of life.

Methods

Study Design

This study used a quasi-experimental cohort design to

assess the effects of participation in MIHP on infant in-

juries. The study compared the outcomes of MIHP par-

ticipants with a matched group selected from among the

Medicaid beneficiaries who did not participate in MIHP.

The study received IRB exempt status from the Michigan

State University IRB because it was considered research

not involving human subjects due to the use of retrospec-

tive de-identified data.

Study Population and Data Sources

The study population was represented by the cohort of

Medicaid-insured singleton-born infants born between

January 1, 2011 and December 31, 2011 in Michigan who

survived the first year after birth and had continuous

Medicaid insurance during the first year of life

(N = 51,078). Infants and mothers were linked based on

unique Michigan Department of Community Health

(MDCH) master record numbers (linking rate [95 %),

with all data available through the data warehouse from

MDCH. Continuous Medicaid was defined based on

monthly infant Medicaid eligibility in each month of the

first year of life. Data for this cohort of infants consisted of

all birth and death records, Medicaid maternal and infant

medical claims during pregnancy and during the first year

after birth, and monthly Medicaid eligibility from 3 months

prior to conception until 1 year after birth. Data also in-

cluded other program participation (such as cash assis-

tance). Over 99 % of the infants in the study population

were linked to Medicaid claims in the first year of life

(Tables 1, 2).

Measures

Outcomes

We identified injury episodes based on the primary diag-

noses recorded on the Medicaid claims (the ICD-9 codes

are presented in Tables 3, 4). Following Spady and Saun-

ders [20] and Lestina, Miller, and Smith [21], to avoid

over-counting injury events due to follow-up visits, we

defined an injury episode as follows: (1) within 180 days,

different injury diagnoses (of primary diagnosis) that fall

into the same category of injury were counted as one

episode, assuming that the same category of injury does

not occur more than one time within 180 days; or (2)

within 7 days, primary diagnoses that fell into different

injury categories. We then categorized the injury episodes
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into 17 categories, following Spady and Saunders [21]

(Tables 3, 4).

MIHP Participation

A first MIHP participation indicator was coded ‘‘yes’’ if at

least one maternal claim with MIHP CPT or HCPCS codes

submitted by an MIHP provider was present during preg-

nancy, otherwise it was coded ‘‘no’’ [22]. Previous studies

showed dosage effects of home visiting programs im-

proving birth outcomes [18, 23]. To capture the effects of

MIHP enrollment timing and dosage, a second MIHP

participation indicator was coded one if women enrolled in

MIHP and were screened in the 1st or 2nd trimester and

had at least three additional MIHP contacts at any time

during pregnancy and 0 if not participating in MIHP. Prior

work revealed that pregnancies of those enrolled in MIHP

in the 3rd trimester were more likely to be carried full-

term, potentially biasing our analyses, and offering another

reason to exclude those with 3rd trimester MIHP enroll-

ment from the 2nd MIHP definition [18].

Program eligibility is based on prenatal Medicaid cov-

erage, as all pregnant women with Medicaid coverage

qualify for services, and MIHP and Medicaid eligibility

continue through pregnancy and 60 days after birth for all

mothers. Medicaid-insured infants are eligible for MIHP

for the entire first year of life. We chose to define MIHP

based on prenatal participation only, and excluded from

among participants those who enrolled in MIHP after birth,

so that MIHP pre-dates the infant injury analyzed out-

comes, and therefore avoiding the potential issue of se-

lection into MIHP related to infant injury. The vast

majority of those enrolled in MIHP during pregnancy

continue in the program during the infant’s first year of life.

Matching Maternal Baseline Characteristics

Maternal age at birth,marital status, race/ethnicity, county of

residence, smoking status during pregnancy, first-time

pregnancy, and repeat pregnancy within 18 months were

available and used as baseline characteristics potentially

associated with MIHP participation. Two SES measures

were also included. The first binary indicator identified

pregnant women with income at B33 % of the federal

poverty level (FPL) based on their participation in the Low-

Income Family Program and receipt of cash assistance. The

Table 1 Baseline comparisons: MIHP participants versus nonparticipants

Characteristics MIHP

(n = 16,430)

No MIHP

(n = 34,648)

p value MIHP First or Second Trimester

Enrollment and[3 Total

Contacts (n = 9,850)

No MIHP

(n = 34,648)

p value

N (%) N (%) N (%) N (%)

Mother race \ 0.01 \ 0.01

White 9,307 56.6 24,351 70.3 5,607 56.9 24,351.0 70.3

Black 6,157 37.5 7,281 21.0 3,675 37.3 7,281.0 21.0

American Indian 130 0.8 174 0.5 85 0.86 174.0 0.5

Other 772 4.7 2,695 7.8 441 4.48 2,695.0 7.8

Unknown 64 0.4 147 0.4 42 0.43 147.0 0.4

Married 4,058 24.7 13,362 38.6 \ 0.01 2,414 24.5 13,362.0 38.6 \ 0.01

Smoked during pregnancy 5,243 31.9 9,931 28.7 \ 0.01 3,096 31.4 9,931.0 28.7 \ 0.01

Prior pregnancy \ 0.01 \ 0.01

\18 months 3,990 24.3 9,056 26.1 2,200 22.3 9,056.0 26.1

C 18 months 5,677 34.6 13,245 38.2 3,354 34.1 13,245.0 38.2

No prior pregnancy 6,073 37.0 10,782 31.1 3,857 39.2 10,782.0 31.1

Unknown 690 4.2 1,565 4.5 439 4.46 1,565.0 4.5

Income B 33 % of FPL 4,806 29.3 5,510 15.9 \ 0.01 2,848 28.9 5,510.0 15.9 \ 0.01

Medicaid before conception 11,196 68.1 19,665 56.8 \ 0.01 6,797 69 19,665.0 56.8 \ 0.01

Asthma 2,596 15.8 3,594 10.4 \ 0.01 1,626 16.5 3,594.0 10.4 \ 0.01

Diabetes 762 4.6 1,092 3.2 \ 0.01 493 5.01 1,092.0 3.2 \ 0.01

Hypertension 919 5.6 1,331 3.8 \ 0.01 580 5.89 1,331.0 3.8 \ 0.01

Mean SD Mean SD Mean SD Mean SD

Mom age at birth (in years) 24.5 5.5 25.8 5.6 \ 0.01 24.4 5.5 25.8 5.6 \ 0.01

All p values were based on the Chi square test except for mother age, based on the two-sample t test
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second indicator distinguished between: (1) Medicaid-

eligible pregnant women who had Medicaid before preg-

nancy (qualifying incomeB63 %FPL if aged[19 years, the

majority in this study; andB150 % FPL if agedB19 years);

and (2) higher-income women who became eligible after

confirming the pregnancy, with qualifying income of

B185 % FPL regardless of age [24]. Three binary indicators

for maternal chronic conditions were also included, coded 1

if any relevant claims during pregnancy were identified

based on diagnostics and procedure codes, and 0 otherwise.

To minimize the likelihood of measuring disease onset after

MIHP enrollment during pregnancy, some of the most

prevalent conditions were selected: asthma (ICD9; 250),

diabetes (ICD9, 401–405), and hypertension (ICD9;

491–493).

Analytic Approach

Comparability between the MIHP participants and all

nonparticipants was first assessed using appropriate bi-

variate statistical tests (Table 1). Then, the expected

probability of MIHP participation (the propensity score)

was estimated for all participants and non-participants as a

function of all the above baseline characteristics using

Table 2 MIHP participants versus the propensity score matched comparison groups

Characteristics MIHP

(n = 13,660)

No MIHP

(n = 13,660)

p value MIHP First or Second

Trimester Enrollment and[3

Total Contacts (n = 8,919)

No MIHP

(n = 8,919

p value

N (%) N (%) N (%) N (%)

Outcomes

Any injury first year 0.00 0.00

No 12,058 88.3 12,244 89.6 7,837 87.9 7,976 89.4

Yes 1,602 11.7 1,416 10.4 1,082 12.1 943 10.6

Injury episodes first year 0.00 0.01

0 12,058 88.3 12,244 89.6 7,837 87.9 7,976 89.4

1 1,478 10.8 1,339 9.8 995 11.2 889 10.0

2 117 0.9 73 0.5 80 0.9 50 0.6

3 7 0.1 4 0.0 7 0.1 4 0.0

Baseline covariates

Mother race 0.96 1.00

White 7,730 56.6 7,748 56.7 4,925 55.2 4,931 55.3

Black 5,057 37.0 5,057 37.0 3,468 38.9 3,468 38.9

American Indian 95 0.7 87 0.6 64 0.7 69 0.8

Other 725 5.3 710 5.2 421 4.7 406 4.6

Unknown 53 0.4 58 0.4 41 0.5 45 0.5

Married 3,617 26.5 3,615 26.5 0.98 2,241 25.1 2,250 25.2 0.87

Smoked during pregnancy 4,073 29.8 4,113 30.1 0.94 2,695 30.2 2,733 30.6 0.68

Prior pregnancy 0.07 0.43

\18 months 3,458 25.3 3,525 25.8 2,077 23.3 2,113 23.7

C18 months 4,863 35.6 4,884 35.8 3,149 35.3 3,156 35.4

No prior pregnancy 4,745 34.7 4,651 34.0 3,280 36.8 3,239 36.3

Unknown 594 4.3 600 4.4 413 4.6 411 4.6

Income B 33 % of FPL 3,533 25.9 3,538 25.9 0.94 2,483 27.8 2,497 28.0 0.80

Medicaid before conception 8,992 65.8 9,012 66.0 0.79 6,071 68.1 6,087 68.2 0.79

Asthma 1,900 13.9 1,889 13.8 0.84 1,376 15.4 1,361 15.3 0.74

Diabetes 559 4.1 549 4.0 0.76 410 4.6 383 4.3 0.33

Hypertension 713 5.2 693 5.1 0.58 496 5.6 474 5.3 0.47

Mean SD Mean SD Mean SD Mean SD

Mom age at birth (in years) 24.8 5.5 24.8 5.5 0.42 24.6 5.6 24.7 5.5 0.67

(1) Comparisons between MIHP and the control groups; (2) all p values in the table were based on paired comparisons of McNemar test or

Bowker’s test of more than two response categories, except mom age for which paired t-test applied
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logistic regression [25, 26]. Next, 1:1 random-sort nearest-

neighbor matching without replacement was used within race

(Black and others), within a±0.05 SD caliper, where SDwas

the standard deviation of the linear predictor (the logit-trans-

formed propensity score), to select comparison groups. Fur-

ther, matched comparisons were performed to assess MIHP

effects on infant injuries and baseline equivalence across all

covariates between the MIHP participants and the matched

comparison groups according to both MIHP indicators

(Table 2). Paired comparisons were performed using McNe-

mars test, Bowker’s test, and t test, as appropriate.

To test whether MIHP has favorable effects in reducing

injury visits in specific injury categories, paired compar-

isons were made between the MIHP participants and the

matched comparison groups, within each injury category,

using Wilcoxon signed rank tests and McNemar tests

(Tables 3, 4). Injury episodes counts and rates per 1,000

infants, as well as counts and rates of infants with injuries

were compared. All analyses were performed by using the

SAS version 9.3, Cary, NC: SAS Institute Inc.

Results

Significant differences were observed between MIHP par-

ticipants and non-participants along all the baseline char-

acteristics, according to both MIHP participation

indicators. More mothers in MIHP identified as Black (38

vs. 21 %); were first time mothers (37 vs. 31 %); had a

family income\33 % FPL (29 vs. 16 %); and were more

likely to have chronic disease (Table 1).

Table 2 shows that after selecting a matched comparison

group using the propensity score method, we established

baseline equivalence on all the characteristics included in

our analyses using both MIHP participation indicators

(except on the individual county of residence, unreported

results). Table 2 also shows that infants whose mothers

participated in MIHP were more likely to have injury

episodes compared to a matched group of non-participants,

both among those with any MIHP participation (11.7 vs.

10.4 %, p\ 0.01) and among those who enrolled and risk-

screened in the program by the 2nd trimester and who

received at least three additional MIHP contacts (12.1 vs.

10.6 %, p\ 0.01).

When defining MIHP participation as ‘‘any MIHP con-

tact during pregnancy’’ (Table 3), there were more super-

ficial injury episodes among the infants in MIHP (679

episodes, 49.7/1,000 infants, p\ 0.01) versus the matched

non-participant infants (538 episodes, 39.6/1,000,

p\ 0.01). There were also more open wounds (16.8 vs.

13.3/1,000, p\ 0.01), foreign body injuries (13.6 vs. 10.3/

1,000, p\ 0.01), and intracranial injuries (6.2 vs. 4.4/

1,000, p = 0.04).

Infants whose mothers enrolled in MIHP in the first two

pregnancy trimesters and had at least three MIHP prenatal

contacts in addition to the enrollment risk screening

(Table 4) had more superficial injury episodes (484 vs. 360

episodes, 54.3 vs. 40.4/1,000, p\ 0.01) compared to in-

fants in the matched non-participant group.

Discussion

The propensity score matched analyses found that MIHP

participation did not reduce risk of injury-related visits for

infants in their first year of life. The odds of having any

injury and the injury episode rates in the first year of life

were higher among infants of MIHP participants compared

to matched non-participants. The finding was mostly ex-

plained by higher rates of superficial injury episodes

among children born to MIHP participants.

While some randomized trials showed reductions in

encounters for injury in the first 2 years of life for children

participating in home visiting programs [7, 8], others, fo-

cusing on the first 3 years of life, did not [9, 10]. A recent

evaluation of a statewide initiative providing nurse home

visitation to high-risk first-time mothers used propensity

score matching and found that participating children were

more likely to have at least one injury visit, and had more

overall injury visits in the first 2 years of life than com-

parison children [11]. The study concluded that the finding

was explained mostly by more superficial injuries among

children participating in NFP, and that visit rates for more

serious injuries were similar.

While similar in methodology and findings with the

study described above [11], our analyses add to the re-

search literature in several ways. Our study population was

a statewide birth cohort of Medicaid-insured infants and

their mothers, and, unlike other programs, MIHP is avail-

able to all Medicaid beneficiaries regardless of age, gra-

vidity, or other characteristics. With population-based

program eligibility, the results of the study are more gen-

eralizable compared to other programs’ evaluations as the

Michigan population is racially heterogeneous, including

rural and large metropolitan areas. Another benefit of the

population-based eligibility was the significantly larger

sample size compared to prior studies. As randomized trials

or lotteries are, in general, not feasible with programs

with population-based eligibility, the quasi-experimental

propensity score matching approach used here relied on the

most rigorous available methods to reduce selection bias.

Our analyses also accounted for the timing of enrollment in

the program and for the dosage of services to test whether

the participants who enrolled early during pregnancy and

were more engaged experienced different program effects.

While comparable to these studies, it is relevant to note that

Matern Child Health J (2015) 19:2119–2127 2125

123



our analyses focused on the infants’ first year of life, when

the rates and sources of injuries may be different than in the

toddler years.

The early enrollment and a dosage of prenatal MIHP was

shown to improve prenatal care and reduced risk of adverse

birth outcomes [18, 19], which in turn may have influenced

infant injuries. To test whether birth outcomes and their

relationship with MIHP influenced our analyses, we repli-

cated the infant injuries paired comparisons in conditional

logistic regressions adjusted for indicators of preterm birth

and low birth weight, with virtually unchanged results (un-

reported results available from the authors).

Noting that the approach used in this study made use of

the best available methods to account for potential selec-

tion bias, several limitations are to be mentioned. The

analysis balanced on selection factors expected to influence

participation in MIHP, yet, as with other observational

studies, our matching was limited to observable charac-

teristics. Other unobserved selection factors may impact

our findings. For example, women who enroll in MIHP

may have higher psychosocial resources, have greater

readiness to engage in services, and have a more active

health-seeking behavior, which may explain our findings.

Additional unobserved sources of potential bias due to

imbalances between those in MIHP and the matched non-

participants include maternal involvement with child pro-

tective services, mother’s status as primary caregiver, and

availability of childcare. As a specific example, the higher

rates of intracranial injuries in the MIHP group may be due

to child protective services becoming more involved with

the MIHP families due to the increased surveillance by the

home visitors, as these injuries could suggest maltreatment

in children of this age. While overall, only 7 % occur in the

neonatal period (first 4 weeks), injuries in some categories

do occur at significantly higher rates in the neonatal period,

and could be due to birth trauma. As an example, over

40 % of the upper limb fractures (by far the largest share

within any category, authors’ calculations) occurred in the

first 4 weeks of life. These injuries may not have been

preventable by MIHP participation. The exclusion of in-

fants who died in the first year of life from our study

population reduced the potential of including non-pre-

ventable (by MIHP) injuries due to birth defects/injuries.

However, a possible limitation is the fact that infants

whose death was due to maltreatment may have had in-

juries that were potentially unobserved. We acknowledge

this may be a limitation if the MIHP and matched non-

participant groups were imbalanced in this regard.

Our prior program of research revealed that MIHP

participation increased appropriate use of maternal and

infant health care, including receiving appropriate well-

child visits through the first year of life. It is plausible that

MIHP participation could increase the general health-

seeking behavior of mothers, resulting in more encounters

with the health system. A potential mechanism may be that

MIHP participation improves the ability to navigate the

health system. Another possibility is that MIHP participa-

tion improves the parental recognition of infant injuries

that may need medical attention, as a result of the direct

interaction with MIHP home visitors or participation in

parenting education group classes. Both increased health-

seeking behavior and improved parental recognition of

infant injuries needing medical attention could have re-

sulted in increased medical episodes related to infant in-

juries and are supported by our finding of higher rates of

superficial injuries among program participants [17].

To conclude, participants in a state Medicaid-sponsored

population-based EPC program did not experience reduc-

tions in infant injuries in the first year of life compared to

matched nonparticipants. The majority of the infant in-

juries were superficial and accounted for most of the dif-

ference in injury episodes between MIHP participants and

the matched controls. Potential mechanisms explaining the

increased infant injury among MIHP participants include

better recognition of injuries that need medical attention,

improved ability to navigate the health system, and in-

creased maternal health-seeking behavior. Further research,

including qualitative reviews of the program delivery and

fidelity, may confirm these mechanisms of MIHP effect or

suggest alternative explanations. Our findings are espe-

cially relevant as Medicaid covers a large proportion of

pregnancies and births in the US and Medicaid-insured

mothers and infants represent a disadvantaged group.
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