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IMPORTANCE Mothers and children living in adverse contexts are at risk of premature death.

OBJECTIVE To determine the effect of prenatal and infant/toddler nurse home visiting on
maternal and child mortality during a 2-decade period (1990-2011).

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial was designed originally to
assess the home visiting program’s effect on pregnancy outcomes and maternal and child
health through child age 2 years. The study was conducted in a public system of obstetric and
pediatric care in Memphis, Tennessee. Participants included primarily African American
women and their first live-born children living in highly disadvantaged urban neighborhoods,
who were assigned to 1of 4 treatment groups: treatment 1 (transportation for prenatal care
[n=166]), treatment 2 (transportation plus developmental screening for infants and toddlers
[n =514]), treatment 3 (transportation plus prenatal/postpartum home visiting [n = 230]),
and treatment 4 (transportation, screening, and prenatal, postpartum, and infant/toddler
home visiting [n = 228]). Treatments 1and 3 were included originally to increase statistical
power for testing pregnancy outcomes. For determining mortality, background information
was available for all 1138 mothers assigned to all 4 treatments and all but 2 live-born children
in treatments 2 and 4 (n = 704). Inclusion of children in treatments 1and 3 was not possible
because background information was missing on too many children.

INTERVENTIONS Nurses sought to improve the outcomes of pregnancy, children’s health and
development, and mothers' health and life-course with home visits beginning during
pregnancy and continuing through child age 2 years.

MAIN OUTCOMES AND MEASURES All-cause mortality in mothers and preventable-cause
mortality in children (sudden infant death syndrome, unintentional injury, and homicide)
derived from the National Death Index.

RESULTS The mean (SE) 21-year maternal all-cause mortality rate was 3.7% (0.74%) in the
combined control group (treatments 1and 2), 0.4% (0.43%) in treatment 3, and 2.2%
(0.97%) in treatment 4. The survival contrast of treatments 1and 2 combined with treatment
3 was significant (P = .007); the contrast of treatments 1and 2 combined with treatment 4
was not significant (P = .19), and the contrast of treatments 1and 2 combined with treatments
3 and 4 combined was significant (post hoc P =.008). At child age 20 years, the
preventable-cause child mortality rate was 1.6% (0.57%) in treatment 2 and 0.0% (SE not
calculable) in treatment 4; the survival contrast was significant (P = .04).

CONCLUSIONS AND RELEVANCE Prenatal and infant/toddler home visitation by nurses is a
promising means of reducing all-cause mortality among mothers and preventable-cause

mortality in their first-born children living in highly disadvantaged settings.
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acial and economic disparities in adult mortality are

substantial’® and increasing in the United States,> with

therisk of death increasing in a nonlinear fashion asin-
come declines.? In recent decades, the disproportionately high
mortality associated with low income is applying to larger por-
tions of the US population.? Between 1992 and 2006, female
mortality increased in 43% of US counties®; variations in
county-level female mortality changes over time were ac-
counted for by the percentage of residents with a college de-
gree, who were of Hispanic heritage, and who did not smoke
but were not explained by medical care conditions, such as pro-
portions of primary care providers or uninsured within
counties.® Access to care is important,” but more fully reduc-
ing mortality associated with low income is likely to depend
on improving damaging behaviors and toxic contexts.9:

Mortality among US children and youth has declined sig-
nificantly over many decades,'*"" yet substantial disparities
persist for children and youth living in poorer communities
and for African Americans.'°*# A large portion of these dis-
parities is explained by higher rates of death due to sudden
infant death syndrome,#'> unintentional injuries,'** and
homicide."'* These causes of death are prime candidates for
prevention because they are thought to be influenced by the
degree to which the developing fetus is protected from
adversity, the child is well cared for,'>*” home environments
are safe,'” and children’s and youths’ behavior is well
regulated.'® As far as we know, there have been no random-
ized clinical trials of early interventions that have found
reductions in mortality for these causes.

Since 1990, we have been conducting, in Memphis, Ten-
nessee, arandomized clinical trial of a program of prenatal and
infancy/toddler home visiting by nurses for very low-income
mothers, primarily African American, bearing their first chil-
dren. The program is known today as the Nurse-Family Part-
nership (NFP).’*24 Nurses in the NFP are charged with im-
proving maternal and child health during pregnancy and the
first 2 years of the child’s life.?> The Memphis trial is the sec-
ond in a series of 3 conducted with different populations.>>33
The first trial of the NFP, begun in 1977, was conducted with a
primarily white sample with mixed sociodemographic risk
living in a semi-rural community in upstate New York
(Elmira).?°32 We focused the Memphis trial on women with
higher concentrations of sociodemographic risk because the
results of the Elmira trial indicated that the functional and eco-
nomic benefits of the NFP were more pronounced in these
higher risk segments of the sample.?°33 Earlier findings from
the Memphis trial included treatment-control differences in
children’s injuries revealed in the medical record,'® problems
with behavioral regulation at school entry,** and use of sub-
stances and internalizing disorders at age 12 years.>* For moth-
ersin the Memphis trial, enduring differences have been found
in the timing of subsequent pregnancies; use of welfare, food
stamps, and Medicaid; and behavioral impairment resulting
from substance use.'9>4

As part of an 18-year follow-up of the mothers and chil-
dren in Memphis, we monitored the rates of maternal and child
death as we traced the sample. We had not hypothesized pro-
gram effects on maternal and child mortality because we as-
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sumed that rates among mothers and children in these age
ranges would be too low to discern the effect of the program.
We report here, nevertheless, treatment-control maternal and
child mortality differences, given their public health impor-
tance. The current study was approved by the University of
Rochester Institutional Review Board. Participants were pro-
vided financial compensation for completing assessments.

Methods

We conducted a randomized clinical trial of the NFP in a pub-
lic system of obstetric and pediatric care in Memphis, Tennes-
see, designed originally to assess the program’s effects on preg-
nancy outcomes and maternal and child health through child
age 2 years.'

Participants

Atotal 0of 1138 of 1289 eligible women (88.3%) completed writ-
ten informed consent and were randomized from June 1, 1990,
through August 31, 1991. We primarily enrolled African Ameri-
can women at less than 29 weeks of gestation, with no previ-
ous live births, and with at least 2 of the following sociodemo-
graphic risk characteristics: unmarried, having less than 12
years of education, and unemployed. Of the women en-
rolled, 92.1% were African American, 98.1% were unmarried,
64.1% were 18 years or younger at registration, and 85.1% came
from households with annual incomes below the US federal
poverty guidelines. After completing informed consent and
baseline interviews, women were randomly assigned to 1 0f 4
treatment conditions described below.*®

Treatment Conditions

Asshownin eTable 1in the Supplement, women in treatment
1(n =166) were provided free transportation for prenatal care
appointments. Women in treatment 2 (n = 514) were provided
the transportation for prenatal care and developmental screen-
ing and referral services for their children at ages 6, 12, and 24
months. Those in treatment 3 (n = 230) were provided the free
transportation and nurse home visits during pregnancy plus
2 postpartum visits. Women in treatment 4 (n = 228) were pro-
vided the same services as those in treatment 3, plus home vis-
its through child age 2 years as well as developmental screen-
ing and referrals for their children. To maximize statistical
power and minimize costs, participants were disproportion-
ally assigned among treatments. Treatments 1 and 2 were com-
bined to form a control group, and treatments 3 and 4 were
combined to form a group visited during pregnancy for as-
sessment of the program’s effect on pregnancy outcomes. To
reduce research costs, participants in treatments 1and 3 were
not monitored originally for postnatal assessments.'®

Randomization

Random assignment was conducted by means of a computer
program based on methods that are extensions of those of
Soares and Wu.3* This procedure concealed randomization
from data gatherers directly involved with participants in Mem-
phis. We used slightly different assignment ratios and treat-
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ment allocation schemes during 3 time frames in the 15-
month sample recruitment period.*® This procedure was used
toaccommodate shifting expectations about completed sample
size (because of competition with other studies that sampled
the same population) and to manage a relatively large num-
ber of women enrolled during the first 2 months of recruit-
ment when only 10 of the 12 project nurses had been hired.
Treatment 1 was added to the design during the second and
third allocation periods to reduce the number of families as-
signed to the 2 nurse-visited conditions.

Home Visiting Intervention

Women in treatments 3 and 4 received a mean of 7 prenatal
visits, and those in treatment 4 received a mean of 26 visits af-
ter delivery. The NFP nurses are charged with (1) improving the
outcomes of pregnancy by helping women improve their pre-
natal health, (2) improving children’s subsequent health and
development by helping mothers provide more competent care
of their babies, and (3) improving women’s health and devel-
opment by helping them develop self-care practices, plan sub-
sequent pregnancies, complete their educations, and find em-
ployment. The program guidelines include specific activities
to support women’s protection of their health including eat-
ingbalanced diets; avoiding substance use, unsafe sexual prac-
tices, and risky social relationships; engaging in exercise and
hygiene; and advocating for themselves with providers of of-
fice-based care.?>:3%:3¢ The program guidelines provide exten-
sive support to caregivers in their efforts to care well for their
children, including promoting safe sleep practices (eg, plac-
ing babies on their backs during nap time and at night), en-
suring safe sleep environments, reducing hazards in the home,
and supporting regulated, responsive care of the child.?>:35:3¢

Mortality Outcomes

For the analysis of maternal mortality, we matched all women
randomized in each of the 4 treatment conditions with Na-
tional Death Index (NDI) records using the mothers’ names,
birthdates, sex, and Social Security Numbers. The NDI is the
criterion standard for ascertainment of mortality and cause of
death in the United States.3” For the study of child mortality,
we had identifying information for all but 2 live-born chil-
dren in treatments 2 and 4. Inclusion of children in treat-
ments 1 and 3 was not possible because background informa-
tion was missing on too many children. The NDI records were
available through December 31, 2011.

We categorized causes of maternal deaths into natural and
external categories using standard cause-of-death categories
from the International Classification of Diseases, Ninth Revi-
sion (ICD-9) and International Statistical Classification of Dis-
eases, 10th Revision (ICD-10) (ICD-9 for deaths before 1999 and
ICD-10 for deaths 1999-2011).38-3° Natural causes in this sample
included neoplasms, human immunodeficiency virus infec-
tion, sickle cell anemia, diabetes mellitus, endocarditis, stroke,
renal disease, acidosis, aortic dissection, and pulmonary em-
bolism. External causes included drug overdose, suicide, un-
intentional injuries, and homicide.

We classified the following causes of children’s deaths
as preventable: sudden infant death syndrome, uninten-
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Table 1. Sample Composition Through Birth by Treatment

Treatment
Participant Status, No. 1 2 3 4
Mothers allocated to each treatment 166 514° 230 228
Mothers interviewed after December 31, 2011 19 10
Data on mother sent to NDI 166 495 230 218
Mothers included in mortality analyses 166 514 230 228
Miscarriages 19 8
Stillbirths 5 2
Children born alive 490 218
Missing identifiers 1 1
Children interviewed after December 31, 2011 21 9
Child identifier data sent to NDI 468 208
Children included in mortality analyses 489 217

Abbreviation: NDI, National Death Index.

2 One person was randomized a second time following a miscarriage and was
subsequently excluded. Earlier reports?® of sample size showed 1139
participants and noted the exclusion of this case.

tional injuries, and homicide. There were no suicides. Natu-
ral causes of child death in this sample included multiple
congenital malformations, conditions due to an anomaly of
an unspecified chromosome, malignant neoplasms of the
brain, extreme immaturity, chronic respiratory disease
developing during the perinatal period, and infectious coli-
tis, enteritis, and gastroenteritis.

Table 1 reports the number of mothers randomized to treat-
ment conditions, the number of mothers in each condition in-
terviewed after December 31, 2011, the number of cases sent
to NDI for abstraction of mortality data, and the number of ma-
ternal and child cases for which we were able to ascertain sur-
vival status. We determined maternal survival status for all 1138
women randomized and child survival status for 706 of the 708
children in treatment groups 2 and 4 born alive. Across treat-
ment groups, participants studied for mortality status were es-
sentially equivalent on background characteristics at the time
of randomization (eTable 2 in the Supplement for mothers and
eTable 3 in the Supplement for children).

Mothers who had not died had a mean (SD) duration of fol-
low-up of 20.9 (0.4) years and a mean age of 39.4 (3.1) years at
this follow-up (range, 33.4-54.8 years). Children who had not
died had a mean age (follow-up time) 0of 20.6 (0.4) years (range
o0f 19.7-22.1 years).

Statistical Analysis

The Kaplan-Meier method was used to estimate survival func-
tions for all-cause mortality outcomes.*° The log-rank test was
used for comparing differences in survival functions. For ex-
ternal-cause mortality (for mothers) and preventable-cause
mortality (for children) we used competing risk analysis to es-
timate cumulative probabilities of failure.** The Gray test was
used to compare differences in cumulative probability
functions.*? For mothers, survival was assessed from their date
of randomization until the date of death or, if alive, until De-
cember 31, 2011, or the last time that we interviewed them. For
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Table 2. Deaths and Cause-of-Death Categories by Treatment Condition

Treatment

Cause of Death 1 2 3 4
Maternal deaths, No.

Natural (disease related) 5 11 1 4
External (unintentional injuries, suicide, 0 11 o0 1
drug overdose, homicide)

Total

Deaths 5 22 1 5

Sample size?
Child deaths, No.

166 514 230 228

Natural (disease related) 5 2
Preventable (SIDS, unintentional 9 0
injuries, homicide)
Total
Deaths® 14 2
Sample size© 489 217

Abbreviation: SIDS, sudden infant death syndrome.
2 Includes all cases randomized to all 4 treatment groups.

>We did not assess child deaths in treatments 1and 3 because we had
unacceptably high rates of missing data for purposes of matching children in
these two conditions. We had not conducted prior postnatal assessments of
women and children in these groups.

€ Includes all but 2 cases born alive in treatments 2 and 4.

live-born children, survival started from their date of birth un-
til the date of death or, if alive, until December 31, 2011, or the
last time we interviewed them.

For the analysis of maternal mortality, we conducted 3
treatment contrasts: control (treatments 1and 2 combined) vs
(1) prenatal and postpartum home visiting (treatment 3); (2) pre-
natal, postpartum, and infant/toddler home visiting (treat-
ment 4); and (3) the combination of treatments 3 plus 4 (a post
hoc test). For the assessment of child mortality, we con-
trasted treatment 2 with treatment 4. We made no adjust-
ments for multiple comparisons.

. |
Results

Maternal Mortality
Table 2 reports the number of maternal deaths from natural
and external causes. There were 27 deaths for all causes in treat-
ments 1and 2 combined, 1 in treatment 3, and 5 in treatment
4. There were 11 deaths in treatments 1 and 2 combined due
to external causes, none in treatment 3, and 1 in treatment 4.
Figure 1A shows the all-cause survival curves for moth-
ersin the 3 treatment conditions, with treatments 1and 2 com-
bined as the control group. At 21 years following randomiza-
tion, the mean (SE) all-cause mortality rate was 3.7% (0.74%)
in treatments 1 and 2 combined, 0.4% (0.43%) in treatment 3,
and 2.2% (0.97%) in treatment 4. The survival contrast of treat-
ments 1 and 2 with treatment 3 was significant (P = .007), the
contrast of treatments 1 and 2 combined with treatment 4 was
not significant (P = .19), and the contrast of treatments 1 and 2
combined with treatments 3 and 4 combined was significant
(post hoc P =.008).
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Figure 1. Survival Curves for Mothers in the Nurse-Family
Partnership Trial

E All causes of death

100 prmg—————————————— —— — 1

Treatment 3

99+
98+
97+

96

9 Treatments 1 and 2
5

(control)

Survival, %

94+
93+
92+
91+

90 T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22

Follow-up Time Since Randomization, y

External causes of death

Treatment 3
100 -

99 Treatment

98+ Treatments 1 and 2
(control)
97+
96
95
94

93+

Survival, External Causes, %

92+
914

90 T T T T T T T T T T d
0 2 4 6 8 0 12 14 16 18 20 22

Follow-up Time Since Randomization, y

A, All causes of death. B, External causes of death. All 1105 mothers who
survived had at least 20.2 years of follow-up after randomization. The numbers
atrisk of dying at 20.5, 21.0, 21.5, and 22.0 years after randomization were 898,
437,65, and 1, respectively.

Figure 1B shows the survival curves for external causes of
mortality. At 21 years after randomization, the external-cause
mortality rate was 1.7% (0.51%) in treatments 1 and 2 com-
bined, 0.0% (SE not calculable) in treatment 3, and 0.4%
(0.44%) in treatment 4. The external-cause survival analysis
contrast of treatments 1 and 2 combined with treatment 3 was
marginally significant (P = .053); with treatment 4 was not sig-
nificant (P = .18); and with treatments 3 and 4 combined was
significant (post hoc P = .02).

Child Mortality
Table 2 reports the number of child deaths for natural and pre-
ventable causes. There were 14 deaths for all causes in treat-
ment 2 and 2 deaths in treatment 4. Five of the deaths in treat-
ment 2 and 2 in treatment 4 were due to natural causes. Nine
of the deaths in treatment 2 were due to preventable causes,
whereas there were no deaths associated with preventable
causes in treatment 4.

Figure 2A shows the survival curves for children in treat-
ments 2 and 4, examining all causes of mortality. At child age
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20 years, the all-cause mortality rate was 2.7% (0.73%) in treat-
ment 2 and 0.9% (0.65%) in treatment 4. The nurse-control sur-
vival contrast was not significant (P = .11).

At child age 20 years, the preventable-cause mortality death
rate was 1.6% (0.57%) in treatment 2 and 0.0% (SE not calcu-
lable) in treatment 4. The preventable-cause survival con-
trast of treatment 2 with treatment 4, shown in Figure 2B, was
significant (P = .04).

|
Discussion

During the 2-decade period following registration in this trial,
women enrolled in the 2 nurse-visited groups were less likely
to have died than women assigned to the control group, and
by age 20 years, children whose mothers received home vis-
its during pregnancy and through child age 2 years were less
likely to have died from preventable causes compared with
their counterparts in the control group.

Although highly promising, these findings need to be un-
derstood in light of their limitations. First, the effect of the pro-
gram on mortality was not hypothesized because of the infre-
quency of death among most groups in this age range." Second,
the sparseness of the data and limited sample size for a study
of mortality mean that the findings are sensitive to relatively
small changes in the numbers of deaths in the intervention and
control conditions. Third, had we formulated hypotheses at
the start of this trial, we would have expected a linear order-
ing of home-visiting effects on maternal mortality, with the
strongest effect being present for treatment 4, the group that
received home visits through child age 2 years. Apparent dif-
ferences between treatments 3 and 4 in maternal mortality are
likely sampling artifacts.

Notwithstanding these limitations, the findings are notewor-
thy because mortality is an unequivocal outcome and its preven-
tion aligns with the goals of the program and earlier program ef-
fects. Nurses are charged with improving maternal and child
health by helping activate and support women’s motivations to
protect their children and themselves.?>:35:3° The program’s ef-
fect on maternal mortality from prenatal and postpartum visi-
tation alone is plausible because pregnancy and the birth of first
children activate mothers’ highly conserved brain-based systems
needed for children’s protection and development.**>#> Nurses’
support of mothers’ efforts to protect themselves and their
offspring*®is likely to buffer the damaging effects of toxic stress
onmothers’ rapidly changing neural circuitry and behavior dur-
ing pregnancy and the puerperium.*3-48

Thereduction in external-cause maternal mortality in the
2 visited groups is thus noteworthy. A significant portion of the
variance in these causes of maternal mortality is likely ex-
plained by maternal behaviors that require anticipation of risk
and regulated behavior (eg, wearing seat belts and avoiding
criminally involved individuals). Research*” with nullipa-
rous pregnant rats emphasizes that gestation is a period of par-
ticular vulnerability for the developing fetus and mother, with
mild stress affecting both maternal behavior and microRNA ex-
pression in the frontal cortex, a region involved in decision-
making and maternal care. Moreover, structural changes in hu-
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Figure 2. Survival Curves for Children in the Nurse-Family
Partnership Trial
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A, All causes of death. B, Preventable causes of death. All 690 children who
survived had at least 19.7 years of follow-up after birth. The numbers at risk of
dying at 20.0, 20.5, 21.0, 21.5, and 22.0 years after randomization were 620,
369,132, 4, and 1, respectively.

man brain regions involved in maternal motivation and
behavior occur immediately following delivery.4°

Given that the NFP is designed to help mothers antici-
pate risks and build skills to accomplish their goals,?>-35-3¢ it is
important that nurse-visited mothers in the Memphis trial re-
ported a greater sense of mastery after randomization than did
their counterparts in the control group'®->* and that self-
efficacy and uplifting experiences in other studies have been
found to attenuate pregnant women’s stress responses.>° More-
over, prenatal visitation produced positive changes before birth:
women visited during pregnancy were more likely to use other
community services and to have lower rates of yeast infec-
tion and pregnancy-induced hypertension than were women
in the control group.'® Although the earlier Elmira trial found
that the full program usually produced larger effects on ma-
ternal and child health than did prenatal visitation,>*-3 ado-
lescents whose mothers were visited during pregnancy alone,
like those who underwent the entire program, had fewer ar-
rests and convictions compared with adolescents in the con-
trol group.3?
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The reduction in child mortality due to preventable causes
is consistent with earlier program effects on children’s dura-
tion of hospitalization for injuries,'® home environments,*®
mothers’ beliefs associated with child abuse,'® mothers’ be-
havioral impairments resulting from substance use,?* chil-
dren’s behavioral dysregulation,> and children’s depression,
anxiety, and use of substances.>* Moreover, we chose not to
classify the following causes of infant mortality originating dur-
ing pregnancy and the newborn period as preventable: ex-
treme immaturity, chronic respiratory disease arising in the
perinatal period, and infectious colitis, enteritis, and gastro-
enteritis. These causes of mortality were present only in the
control group, so treating them as preventable would have in-
creased the significance of differences.

Five features of these findings make them noteworthy.
First, the findings are based on a randomized clinical trial with
more than 2 decades of follow-up. Second, unlike many other
outcomes, death is an unequivocal outcome measured val-
idly. Third, survival was measured for all women random-
ized and all but 2 of the children born alive, nearly eliminat-
ing possible attrition bias. Fourth, this study is close to a

Effect of Home Visiting by Nurses on Mortality

population-based effectiveness trial because it enrolled a very
large portion (88%) of the population invited to participate
through a public system of care, and the program was deliv-
ered through the Memphis/Shelby County Health Depart-
ment, where it was buffeted by many of the challenges found
in public health delivery settings. Fifth, the effects of the pro-
gram on both maternal and child mortality and their consis-
tency with the program’s goals, objectives, and earlier effects
increase the validity of each outcome. These findings should
be replicated in well-powered trials with populations at very
high levels of familial and neighborhood risk.

. |
Conclusions

The relatively lower rates of death found among nurse-
visited mothers and children compared with those in the con-
trol group are consistent with the effect of the program on ear-
lier aspects of maternal and child health. These findings suggest
that this intervention may have longer-term effects on health
and mortality as the mothers and their children grow older.
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