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Background: The Michigan Maternal and Infant Health Program (MIHP) is a population-based
home-visitation program providing care coordination, referrals, and visits based on a plan of care.
MIHP is available to all Medicaid-eligible pregnant women and infants aged ≤1 year in Michigan.

Purpose: To assess the effects of MIHP participation on maternal and infant healthcare utilization.

Methods: Propensity-score matching methods were used to assess differences in healthcare
utilization between MIHP participants and nonparticipants using 2009—2010 Medicaid claims and
administrative data obtained from the Michigan Department of Community Health. Data were
analyzed between October 2011 and March 2013.

Results: MIHP participants had higher odds of receiving any prenatal care compared to matched
women not participating in MIHP (OR¼2.94, 95% CI¼2.43, 3.60) and higher odds of receiving
adequate prenatal care (OR¼1.06, 95% CI¼1.01, 1.11). MIHP participants had higher odds of
receiving an appropriately timed postnatal visit (OR¼1.50, 95% CI¼1.43, 1.57). Infants participat-
ing in MIHP had higher odds of receiving any well-child visits over the first year of life (OR¼1.70,
95% CI¼1.51, 1.93) and higher odds of receiving the appropriate number of well-child visits over
their first year of life (OR¼1.47, 95% CI¼1.35, 1.60) compared to matched nonparticipant infants.

Conclusions: The results from Michigan provide strong evidence for the effectiveness of a
Medicaid-sponsored population-based home-visitation program in improving maternal prenatal
and postnatal care and infant care. This evidence is important to consider as the federal healthcare
reform is implemented and states are making decisions on the expansion of the Medicaid program.
(Am J Prev Med 2013;](]):]]]–]]]) & 2013 American Journal of Preventive Medicine
Introduction
Home visiting is a service delivery strategy used to
provide a broad set of services to families with
pregnant women and young children to address

issues such as access to services, maternal and child
health, safe home environments, and parenting.1 Such
programs are relevant as, in general, the participants are
low-income populations and other at-risk groups expe-
riencing worse health outcomes and underutilization of
services.2,3 The federal 2010 Patient Protection Afford-
able Care Act recently reaffirmed the need for evidence of
the effectiveness of home-visitation programs.4,5 As a
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result, the DHHS launched Home Visiting Evidence of
Effectiveness (HomVEE) to review home-visitation
research studies and assess the evidence of effectiveness
for home-visitation programs.6

Medicaid covers 40% of the births in the U.S. and 45%
of the births in Michigan.7,8 Medicaid-eligible women are
at higher risk, including having a higher likelihood of
unintended pregnancies, initiating prenatal care later
than the first trimester, smoking during pregnancy, and
having low–birth weight infants compared to women
with private insurance.9 The Maternal and Infant Health
Program (MIHP) is a population-based home-visitation
program available to all Medicaid-eligible pregnant
women and infants aged ≤1 year in Michigan. MIHP is
the largest program dedicated to serving all Medicaid
pregnant women and infants in the state. MIHP provides
support to promote healthy pregnancies, positive birth
outcomes, and healthy infants. MIHP is intended to
supplement medical prenatal and infant care through
home-based care coordination, referrals, and interven-
tions based on individual care plans. Similar to the
vier Inc. Am J Prev Med 2013;](]):]]]–]]] 1
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federal call, recent Michigan legislation emphasizes the
need for evidence-based home-visitation programs.10

Rigorous evaluation designs meeting high and moderate
HomVEE study ratings consist of RCTs and quasi-
experimental designs, including matched comparison
group, single-case design, and regression discontinuity.11,12

In a review of the literature, it was found that studies
examining the effects of home-visitation programs on
maternal and infant preventive care are scarce, not easy
to generalize in racially diverse populations, and provide
little evidence of the favorable effects of such programs.
There were few rigorous evaluations of the effects of home-
visitation programs on improving prenatal care, and all
were small sample RCTs.13–15 In an RCT evaluation of 121
pregnant adolescents, Koniak-Griffin and colleagues14

found that participation in an early intervention program
did not increase the total number of prenatal visits.14

A Nurse Family Partnership RCT evaluation by Kitzman
et al.15 found that participation in that program did not
increase the total number of standard prenatal care visits
among low-income women with no previous live births.
To our knowledge, no RCTs or quasi-experimental

studies have evaluated the effects of home-visitation
programs on the rate of women receiving the recom-
mended postnatal visit. Few rigorous evaluations ana-
lyzed the effects of home-visitation programs on well-
child visits. RCT evaluations of the Healthy Steps
program, which targets children aged 0–3 years, found
that participating infants were more likely to have the
1-month and the 24-month well-child visit.16,17 The
Healthy Families San Diego program, which focuses on
pregnant women and their children, increased the
number of well-child visits at the third-year follow-up
in a clinical trial.18

The purpose of the current study was to assess the
effects of MIHP participation on maternal and infant
healthcare utilization among Medicaid-eligible women
and infants in Michigan using propensity-score matching
methods. It was hypothesized that maternal prenatal and
postnatal care and infant care among participants in
MIHP would be improved compared to the care in a
matched sample of nonparticipants.
Methods
Study Design

This cohort study used a quasi-experimental design to assess the
effects of MIHP on maternal and infant healthcare utilization.
Specifically, the study used the matched comparison group
methodology to compare the outcomes of MIHP participants with
a matched group selected from among the Medicaid beneficiaries
who did not participate in MIHP. The study received approval
from the Michigan State University IRB.
Study Population and Data Sources

The study population is represented by the cohort of women who
delivered a Medicaid-insured singleton birth between January 1,
2010, and December 31, 2010, in Michigan and their infants
(N¼60,653). Infants and mothers were linked based on unique
Michigan Department of Community Health master record
numbers, with a linking rate of 495%. All data were available
through the data warehouse from that department.
Data for this cohort of mothers and infants consisted of all

Medicaid maternal medical claims during pregnancy and 12 months
postpartum, monthly Medicaid eligibility from 3 months prior to
conception through the first 12 months postpartum. Data also
included other program participation (such as cash assistance) linked
to infant birth records (including maternal demographics and
reproductive history) and monthly infant Medicaid eligibility and
infant medical claims for the first 12 months of life. Prenatal MIHP
risk screening data was also linked to the data set. All data sources
used the unique master record numbers.
Measures

Outcomes. All the outcomes were defined based on administrative
data. Adequacy of prenatal care was defined based on the
Adequacy of Prenatal Care Utilization (Kotelchuck) Index con-
sidering both initiation and number of visits received (Inadequate,
Intermediate, Adequate, or Adequate Plus) reported on the birth
certificate.19 As women receiving Adequate Plus care tend to be
medically high risk, a first analysis defined a binary outcome coded
1 if the Kotelchuck Index was “adequate” and 0 if it was
“intermediate or inadequate,” excluding women who received
Adequate Plus care. An alternative definition, consistent with
state20 and federal reporting (mchdata.hrsa.gov/tvisreports/Meas-
urementData/HSCI/HsciMenu.aspx) was coded 1 if the Kotel-
chuck Index was “adequate or adequate plus” and 0 if it was
“intermediate or inadequate.”
Another outcome of interest was the presence of prenatal care

(binary), coded 1 if there was any prenatal care and 0 otherwise.
The postpartum visits were determined based on qualifying
current procedural terminology (CPT) and ICD-9 codes on
maternal Medicaid claims with a date of service between 21 and
56 days after delivery.21 The outcome of interest (binary) was
coded as 1 if the mother had any qualifying postpartum visits and 0
otherwise. Women who lose Medicaid after they give birth become
eligible for Plan First! coverage for family planning services. A
binary outcome was coded 1 for women who enrolled in Plan First!
in the first 12 months postpartum, and 0 otherwise.
Well-child visits were identified based on CPT codes on infant

Medicaid claims. An indicator for “any well-child visits” was coded
1 if the infant had any such visits during the first year of life and 0
otherwise. The American Academy of Pediatrics recommends
seven well-child visits by age 1 year. A binary indicator was coded
1 if the infant had at least seven well-child visits in the first year of
life and 0 otherwise.
The analyses of maternal outcomes, except Plan First!, included

all women, because all retain Medicaid eligibility and MIHP
(if participating) throughout pregnancy and for at least 60 days
postpartum. The Plan First! outcome was analyzed for women who
lost Medicaid eligibility postpartum. Infant well-child visits,
derived from Medicaid claims, were analyzed for the infants who
www.ajpmonline.org



Table 1. CPT, ICD, and HCPCS codes used in variable definitions

Variable Codes

Postpartum visit CPT: 57170, 58300, 59400, 59410, 59430, 59510*, 59515, 59610, 59614, 59618, 59622, 88141-88143,
88147, 88148, 88150, 88152-88155, 88164-88167, 88174, 88175, 99501

HCPCS: G0101, G0123, G0124, G0141, G0143, G0144, G0145, G0147, G0148, P3000, P3001, Q0091

ICD-9: 89.26, 91.46, V24.1, V24.2, V25.1, V72.3, V76.2

Well-child visit CPT: 99381—99385, 99391—99395, 99432, 99461

ICD-9: V20.2, V20.3, V70.0, V70.3, V70.5, V70.6, V70.8, V70.9

MIHP participation Maternal CPT or HCPCS: 99402, A0100, A0110, A0170, H1000, H2000, S0215, S9442, T1023.

Infant CPT or HCPCS: 96154, 99402, A0100, A0110, A0170, H2000, S0215, S9444.

Asthmaa ICD-9: 491—493

Diabetesa ICD-9: 250

Hypertensiona ICD-9: 401—405

aFor asthma, diabetes, and hypertension, qualifying diagnostics were considered only if they were present in the primary or secondary diagnostic
fields.
CPT, Current Procedural Terminology; HCPCS, Healthcare Common Procedure Coding System; MIHP, (Michigan) Maternal and Infant Health Program
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retained Medicaid eligibility for the entire 12 months postpartum
(480%) in order to observe the outcomes consistently for the
entire analytic sample.

Michigan Maternal and Infant Health Program participation. If
at least one maternal claim with MIHP CPT or Healthcare
Common Procedure Coding System codes submitted by an MIHP
provider was present during pregnancy, or an MIHP prenatal risk
screening record was identified, the maternal MIHP indicator was
coded “yes”; otherwise, it was coded “no.” Infant MIHP parti-
cipation was similarly defined based on Medicaid claims. If at least
one infant MIHP claim was submitted by an MIHP provider
during the infant’s first 12 months of life, or the mother
participated in MIHP during pregnancy, or she had an MIHP
claim in the first 12 months postpartum, then the infant MIHP
indicator was coded “yes”; otherwise, it was coded “no.”

Matching maternal baseline characteristics. Maternal age, mar-
ital status, race/ethnicity, smoking status during pregnancy, first-
time pregnancy, and repeat pregnancy within 18 months were
assessed. Two SES measures were also included. The first (yes/no)
identified pregnant women with income at ≤33% of the federal
poverty level (FPL) based on their participation in the Low-Income
Family Program and receipt of cash assistance. The second
indicator distinguished between (1) Medicaid-eligible pregnant
women who had Medicaid before pregnancy (qualifying income
≤63% FPL if aged 419 years, the majority in the present study;
and ≤150% FPL if aged ≤19 years) and (2) higher-income women
who became eligible after confirming the pregnancy, with qualify-
ing income of ≤185% FPL regardless of age.7

The baseline characteristics also included three binary indica-
tors for maternal chronic conditions not specific to pregnancy. The
presence of related claims during pregnancy, based on diagnostics
and procedure codes, was considered evidence of maternal chronic
disease. To minimize the likelihood of measurement error,
] 2013
including the potential for disease onset after MIHP enrollment
during pregnancy, some of the most prevalent conditions were
selected: asthma (including chronic bronchitis and emphysema);
diabetes; and hypertension (excluding gestational diabetes and
hypertension). Table 1 identifies all relevant codes used in the
definitions above.
Analytic Approach

The propensity-score matching method was used to account for
potential differences between MIHP participants and nonpartici-
pants. First, comparability between the MIHP participants and all
nonparticipants was assessed (Table 2). Then, the expected
probability of MIHP participation (the propensity score) was
estimated for the entire population as a function of all the above
baseline characteristics using logistic regression.22,23 Estimations
were performed separately for black women and women of other
races and ethnicities. Next, 1:1 random-sort nearest-neighbor
matching without replacement on a Mahalanobis distance with a
caliper of 0.2 SD was used within the same race (black versus
others) to select a matched group from among the nonpartici-
pants.24 Further, bivariate conditional logistic regressions were
used to assess baseline equivalence across all covariates between
the MIHP participants and the matched comparison group
(Table 2).

Propensity-score models were adjusted, with consideration
given to interactions, higher-order terms, and multiple matches
to ensure maximum balance on baseline covariates.22,25 Using the
residence county as a baseline covariate (versus state regions)
minimized the number of duplicate propensity scores, at the cost
of not accomplishing balance on the individual counties. MIHP
enrolled 18,798 pregnant clients who delivered a singleton birth in
2010. The reported propensity-score analysis matched, one-to-
one, 485% of the MIHP clients with nonparticipants. The other
15% were excluded because of missing relevant baseline data or



Table 2. Baseline comparisons: MIHP participants, all nonparticipants, and the matched comparison group

2010 Medicaid birth cohort

Characteristic (covariates)
MIHP clients
n¼18,798

All not in MIHP
n¼41,855

Matched controlsa

n¼16,044

Age (years) 25.3 26.7 25.5

Smoked during pregnancy 30.64 28.42 30.74

Race

White 51.22 65.91 50.38

Black 38.04 23.38 39.38

Hispanic 7.71 5.97 7.25

Other 3.02 4.74 2.99

Rapid repeat pregnancy

o18 months from prior pregnancy 24.69 26.57 25.62

≥18 months from prior pregnancy 31.70 37.23 33.35

First pregnancy 39.32 31.53 36.38

Unknown 4.62 4.65 4.59

Income ≤33% FPLb 17.89 10.66 17.06

Medicaid before pregnancy (income ≤63%–150% FPL)c 65.57 53.17 63.84

Marital status

Married 33.17 21.88 33.23

Mother only on birth certificate 24.13 38.45 24.71

Not married, paternity acknowledged 42.70 39.67 42.07

Asthma 15.34 9.65 13.09

Diabetes 4.61 3.33 3.92

Hypertension 5.45 3.70 4.96

Note: Boldface indicates significant differences (po0.05) between MIHP prenatal participants and all Medicaid-eligible pregnant women not in MIHP.
There were no significant differences between MIHP prenatal participants and the matched controls.
aThe comparisons were made in the matched sample (n¼16,044 program–control pairs).
bBinary indicator: a pregnant woman living at ≤33% federal poverty level (FPL) based on her participation in the Low-Income Family Program and
receipt of cash assistance

cBinary indicator: a Medicaid-eligible pregnant woman who had Medicaid before the pregnancy (qualifying income ≤63% FPL if aged 419 years
[which describes the majority of participants in the current study] and ≤150% FPL if aged ≤19 years)
FPL, Federal Poverty Level; MIHP, (Michigan) Maternal and Infant Health Program
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because a match was not found within the caliper. The matching
process yielded a 499% propensity-score overlap between the
MIHP group and the matched comparison group.
Finally, to test the hypothesis that MIHP has favorable effects on

maternal and infant outcomes, comparisons were made between
the MIHP participants and the matched comparison group,
adjusting for the county of residence, using conditional logistic
regressions (Table 3). To determine the sensitivity of the results to
the fact that there were duplicate propensity scores in the MIHP
group and the matched group, the MIHP effects were re-estimated
five times, with the propensity scores being randomly sorted in
each iteration. The results were essentially unchanged, suggesting
that the identical scores did not affect the evaluation.
The MIHP effect unbiased estimations relied on the assumption
that the probability of MIHP participation based on the observed
covariates is the same in the participant group and the matched
comparison group. Estimated program effects may be biased if
relevant unobserved variables are not included in the propensity-
scores estimation. To assess the robustness of the results to hidden
bias, the potential effects of unobserved variables causing differ-
ences in the odds of treatment assignment between the MIHP and
the matched comparison group were calculated. The larger the
required hidden bias needed to invalidate the MIHP effects, the
more likely the findings were to be robust (Table 4). SAS, version
9.1.3, and Stata, version 11, were used to perform the analyses
between 2011 and 2013.
www.ajpmonline.org



Table 3. MIHP effects on maternal and infant health care: propensity-score matching analyses

2010 Medicaid birth cohort

MIHP clients (%) Matched controls (%) OR (95% CI)

Maternal prenatal and postnatal care

Any prenatal care 99.17 97.44 2.94 (2.43, 3.60)

Adequate prenatal care (adequate
vs intermediate/inadequate) 39.60 38.16 1.06 (1.01, 1.11)

Adequate prenatal care (adequate/adequate-plus
vs intermediate/inadequate) 64.75 63.46 1.06 (1.01, 1.11)

Appropriate postnatal visit 50.14 41.14 1.50 (1.43, 1.57)

Enrolled in postnatal Plan First! family planning 12.19 11.13 1.14 (0.99, 1.29)

Infant care

Any well-child visits 97.02 94.54 1.70 (1.51, 1.93)

Appropriate number of well-child visits 92.18 89.67 1.47 (1.35, 1.60)

Note: Boldface indicates significantly different than zero at the po0.05 level, two-tailed test.
MIHP, (Michigan) Maternal and Infant Health Program
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Results
Baseline Equivalence
Statewide, pregnant women participating in MIHP,
compared to the Medicaid-insured pregnant women
not participating in MIHP, were more likely to be
younger (mean age 25.3 vs 26.7 years); smoke during
pregnancy (30.6% vs 28.4%); be black (38% vs 23.4%);
carry a first pregnancy (39.3% vs 31.5%); have family
income below 33% FPL (17.9% vs 10.7%); be married
(33.2% vs 21.9%); and have chronic disease. All differ-
ences were significant (po0.05). The results (Table 2)
also show that using propensity scoring to select a
matched group of the nonparticipants established base-
line equivalence on all the characteristics included in the
analyses (except on individual county of residence:
results not shown).
Maternal and Infant Healthcare Utilization
The MIHP participants had higher odds of receiving
any prenatal care compared to matched nonpartici-
pants (OR¼2.94, po0.05; Table 3). Women enrolled in
MIHP during pregnancy had higher odds of scoring
“adequate” on the Kotelchuck Index (OR¼1.06,
po0.05). MIHP participants had higher odds of
receiving an appropriately timed postnatal visit
(OR¼1.50, po0.05). The odds of eligible women who
participated in MIHP during pregnancy enrolling in
Plan First! postpartum were not different from those of
matched women not participating in MIHP. Infants
participating in MIHP had higher odds of receiving any
well-child visits over the first year of life compared to
] 2013
matched nonparticipant infants (OR¼1.70, po0.05;
Table 3). They also had higher odds of receiving the
appropriate number of well-child visits over their first
year of life (OR¼1.47, po0.05).

Sensitivity Analysis
Unobserved characteristics would have to cause differ-
ences in the odds of treatment assignment between the
MIHP group and the control group as high as OR¼2.7 to
invalidate the findings on MIHP and receipt of prenatal
care (Table 4). The required hidden bias OR values to
invalidate the findings on the MIHP effects on postnatal
visits, any infant well-child visits, and appropriate
number of well-child visits were 1.55, 1.5, and 1.4,
respectively. A hidden bias of as low as OR¼1.02 would
invalidate the findings on the MIHP effects on adequacy
of prenatal care.

Discussion
This quasi-experimental evaluation of MIHP revealed
several important findings. Participation in Michigan’s
Medicaid Maternal and Infant Health Program (MIHP)
increased the odds of receiving any prenatal care, the
adequacy of prenatal care, and the odds of new mothers
receiving appropriate postnatal visits. Prior RCTs of
other home-visitation programs did not find positive
effects on the use of prenatal care.13,15

To our knowledge, there are no prior RCT or quasi-
experimental evaluations of the effects of home-
visitation programs on the receipt of appropriate
postnatal care. Positive MIHP effects on infant use of



Table 4. Sensitivity analyses for selected MIHP favorable effects

2010 Medicaid birth cohort
Maternal and infant healthcare outcomes required hidden biasa (OR)

Any prenatal care 2.7

Adequate prenatal care (Kotelchuck Index: adequate) 1.02

Adequate prenatal care (Kotelchuck Index: adequate or adequate-plus) 1.02

Mother had appropriate postnatal visit 1.55

Any well-child visits 1.5

Appropriate number of well-child visits 1.4

aFor MIHP effects to lose significance; OR¼threshold ORs of difference in MIHP assignment between the MIHP and the matched control group in order
for MIHP favorable results to lose significance. Higher OR implies robustness of results to potential hidden bias.
MIHP, (Michigan) Maternal and Infant Health Program
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preventive health services were found. These included
increased odds of ever presenting for well-child visits
and of receiving the appropriate number of such visits
over the first year of life. The findings of improved
infant use of preventive services were in line with RCT
evaluations of other home-visitation programs.16,18

The favorable MIHP effects are consistent with the
roles of the MIHP case manager coordinating care with
the medical care provider and Medicaid Health Plan
and removing barriers to participation in care. Most of
the favorable MIHP effects were robust to potential
unobserved confounders.
The current study has application to the national

debate over healthcare reform, in particular the decision
at the state level on expanding Medicaid in conjunction
with the federal changes in health care. In addition, the
findings are relevant as states and the federal government
reaffirm evidence-based programs for pregnant women
and children as priorities.4,5 The results lend support to
the Medicaid MIHP in Michigan as an evidence-based
home-visitation program with a population-manage-
ment approach. Other state-sponsored enhanced prena-
tal services programs are similar to MIHP in eligibility,
service content, and increase in coverage with state
Medicaid expansion.26—31 This may suggest improve-
ments in maternal prenatal and postnatal care and infant
care as states expand Medicaid coverage as a result of the
federal 2010 Patient Protection Affordable Care Act and,
implicitly, enhanced prenatal service coverage.

Strengths and Limitations
This quasi-experimental evaluation of MIHP had several
distinct strengths. First, the propensity-score matching
study design was rigorous, contrasting with most of the
prior statewide evaluations of state-sponsored home-
visitation programs.26—31 The design accounts for poten-
tial bias by matching on observed selection factors and
assesses the robustness of the findings to potential hidden
bias. Second, the study population was a complete state-
wide birth cohort of Medicaid-insured infants and their
mothers. The findings are generalizable to all participants
in MIHP in Michigan, a racially and ethnically heteroge-
neous population. Third, by linking and observing mothers
and infants from preconception through the first 12
postbirth months, and using multiple sources of data,
program effects characterize an extensive period of time.
Although the analysis was balanced on factors likely to

influence participation inMIHP, matching was limited to
observable characteristics, with other potential selection
factors unmeasured. However, it is reassuring that the
hidden bias analyses suggest that, for most of the
favorable MIHP effects, the extent of bias induced by
unobserved selection factors needs to be large to invalid-
ate the findings. Another limitation was that timing and
dosage of the MIHP was not assessed in this study; these
should be explored in future research, along with addi-
tional health outcomes. However, this lack of assessment
may reinforce the results, as it is possible that the findings
of MIHP favorable effects are conservatively estimated.
Infants with continuous Medicaid eligibility for

12 months, although a majority, represent a select
sample. Future research should include infant outcomes
that are more generally applicable. Additional limitations
characteristic to using administrative data include potential
inaccuracies due to the inability to validate diagnostics by
reference to medical records, potential underdiagnosing of
some diseases, and somewhat limited sociodemographic
characteristics.

Conclusion
The results from Michigan provide strong evidence for
the effectiveness of a Medicaid-sponsored population-
based home-visitation program in improving maternal
prenatal and postnatal care and infant care. The findings
www.ajpmonline.org
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are especially relevant as Medicaid covers a large
proportion of pregnancies and births in the U.S. and
Medicaid-insured mothers and infants represent a dis-
advantaged group. These factors are important to con-
sider as the federal healthcare reform is implemented and
states undertake decisions on the expansion of the
Medicaid program.

The Michigan Department of Community Health (MDCH)
funded, in part, all the authors of this paper. The findings and
conclusions in this paper are those of the authors and do not
necessarily represent the views of the MDCH. The authors are
thankful to Joseph Gardiner and Zhehui Luo for advice on the
propensity-score matching methodology.

No financial disclosures were reported by the authors of
this paper.
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